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An Empirical Study on Factors Influencing Consumer Adoption of Cashless 
Payment in Bengaluru 

Kiran Anandan 
Bangalore University, Bengaluru, Karnataka, India  

ABSTRACT 
In this study, a well-established unified theory of technology adoption and use is used to evaluate factors 
impacting the adoption of cashless payment in Bangalore. To test the hypotheses, a total of 150 completed and 
useable surveys were gathered from customers. Explanatory variables Performance Expectancy, Facilitating 
Condition, Social Influence, Innovation, and Perceived Technology Security were found to have a substantial 
impact on the outcome variable Variable Adoption of Cashless Payments by multiple regression analysis. The 
Adoption of cashless payments was found to be influenced by factors such as Performance Expectancy, 
Facilitating Conditions and Perceived Technology Security. Policymakers might use these insights to address 
consumer concerns and make the move to a cashless world a success. SPSS 20 statistical analysis tool is used 
for analysis and data management.  

Keywords: Cashless Payment, Technology adoption, Multiple Regression, SPSS 

INTRODUCTION 
Globally, a cashless society and technological innovation are gaining popularity (Fabris, 2019) Consumers 
make financial transactions without physical cash (Bilińska-Reformat & Kieżel, 2016) mostly utilizing cards or 
electronic ways. 

Adopting cashless payments has numerous advantages for consumers. Paying using cash is cumbersome and 
time-consuming (Teo, Tan, Ooi, Hew, & Yew, 2015) . Unlike traditional cash transactions, cashless payments 
reduce the risk of robbery and other cash-related crimes, according to (Armey, Lipow, & Webb, 2014). The 
majority of studies revealed that consumers who desire to go cashless must first have access to financial 
services as well as macroeconomic and cultural factors. These are a few of the determinants of whether or not 
people would use cashless payment systems, and we examine them in our research. 

Consumer cashless payment difficulties, according to (Swiecka, 2019) are an important and diverse topic in 
financial research. The practicalities of cashless payments must be weighed against theoretical achievements. 
To better understand the phenomenon under study, we need to acquire new descriptive and exploratory 
knowledge. Commercial and policy proposals for cashless transactions may be aided by this understanding as 
well. One of the best indicators of economic progress today is the use of electronic funds transfers, or "cashless 
payments." Cashless payment adoption will be examined as part of this research project. We asked this question 
since the study's purpose was to find out what factors influence customers' adoption of cashless payment 
systems. The primary goal of this study is to have a better understanding of how customers feel about cashless 
transactions. Vendors of technology frequently concentrate on the system as a whole, oblivious to the needs of 
end-users. 

Section two reviews the literature on cashless payments, covering non-cash payment, mobile payment, 
adoption, and technology information. Section three focuses on the goals and hypotheses that go along with 
them. The study's methodology is described in Section four, while the results and analysis are discussed in 
Section five. Section six wraps up and sums up the Conclusion. 

2 . LITERATURE REVIEW 
(Mandaa & Margana, 2016) The Demonetization of high denomination banknotes in India in 2016 may lead to 
a cashless society. With varying degrees of success, several countries worldwide are trying out cashless 
transactions. India's global practices and user perception are investigated. The survey data is analyzed to learn 
more about customer payment difficulties. What makes customers go cashless? What hinders cashless 
transactions? To promote India's cashless economy, what can the general public, banks, and governments do? 

(Parmar, 2018) Financial transactions in a cashless society are carried out utilizing digital information (typically 
the computer representation of money). Transactions can now be completed without the use of cash thanks to 
the advent of digital currencies such as cookies and Bescker and other means of trade. Legal tender (money) is 
present in this article, but its digital counterpart is recorded and replaced, meaning that we are moving toward a 
"cashless society." Because it's intended for a specific audience, the phrase can only be shared digitally. The 
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cash-based economy in India is beneficial for several reasons. Using paper to lubricate economic activity has 
drawbacks. According to a Tufts University study, cash operations cost the RBI and commercial banks over 
Rs21, 000 crore yearly. In a fiscally constrained society, a shift away from cash will also make it more difficult 
for tax evaders to hide their income. This paper examines the benefits and drawbacks of a cashless society. 

(Lele, 2019) In November 2016, India demonetized 500 and 1000 rupee notes to foster a cashless economy and 
fight corruption. The sudden demise of currency and the time it took to restore it forced consumers and 
merchants to seek alternate payment alternatives. Unorganized retailers were hit the worst. This produced 
cashless choices like card payment POS machines and Smartphone apps. Mobile phones and cheap data bundles 
have increased the appeal of cashless transactions among consumers and small enterprises. Several surveys 
demonstrate an increase in cashless payment acceptance among Indian retailers during the last three years. The 
current study aims to assess cash payments in Pune. Small businesses accept cashless payments in 85%. Paying 
with a card is expected to produce around 45% of retail transactions. Mobile apps now account for 48% of 
cashless payments in Pune. 

(Rahman, Ismail, & Bahri, 2020) This study examines the determinants of Malaysia's adoption of cashless 
transactions using the UTAUT2 theory of unified technology adoption and use. Valid questionnaires from 
Malaysian clients were obtained for testing the hypothesis. The data was analysed and AMOS analysis was 
applied using Structural Equation Modeling (SEM). Performance expectations and conducive conditions are 
found to have the greatest impact on the uptake of cashless payments, according to the findings. There is a 
substantial correlation between the acceptance of cashless payment and the perception of technology security. 
Cashless payment adoption is also linked to hedonic motivation, social influence, and innovation, according to 
the findings. Using these insights, governments may be able to address current consumer concerns for a 
successful cashless society transition. 

(Cwynar, Świecka, Filipek, & Porzak, 2021)People need to know how to safely and successfully use cashless 
marketplaces in the wake of the COVID-19 epidemic, which has accelerated the international digital revolution. 
Using information collected from a representative sample of Polish adults, we devised and tested an innovative 
knowledge measure for cashless payment systems (CPK scale). Within the CPK framework, our Item Response 
Theory analyses have uncovered other subdomains worth exploring. The CPK's distinct dimensions are 
combined into a single scale in this scale. Based on factors such as education level and household size, the CPK 
score favorably influences safe cashless behavior and is associated with the CPK score. It is possible that the 
findings could help financial institutions and governments reduce risks associated with knowledge gaps and 
improve financial literacy. 

(Srishti & Mahender, 2021) As the Internet has grown, so too has the possibility for online shopping grown. It's 
a problem for potential customers because of the rise of Internet shopping. This research tries to find the 
challenges and hurdles that prevent online customers from making payments through cashless means. Using a 
standardized questionnaire, 600 participants were interviewed. The acceptability of cashless payment by online 
customers is unaffected by demographic features such as gender, as revealed by t-Test and ANOVA. A complex 
system, perceived risk and lack of trust, the habit of cash payments, self-inefficacy, and security difficulties 
were identified as the five elements that were analyzed. 

3. OBJECTIVE OF STUDY 
1) To find the relationship between Performance Expectancy, Facilitating Condition, Social Influence, 

Innovativeness, and Perceived Technology Security 

2) To find whether there is Impact of explanatory variable such as Performance Expectancy, Facilitating 
Condition, Social Influence, Innovativeness, and Perceived Technology Security on outcome variable 
Adoption of Cashless Payments 

HYPOTHESIS 
H1: there is Impact of explanatory variables such as Performance Expectancy, Facilitating Condition, Social 
Influence, Innovativeness, and Perceived Technology Security on outcome variable Adoption of Cashless 
Payments 

4. METHODOLOGY 
The proposed hypotheses are tested using a self-administered questionnaire. In order to better understand why 
people utilise cashless payment methods and what drives their adoption, a variety of cashless payment systems 
are being investigated. Respondents' opinions on cashless payments were measured on a Likert scale of 1 to 5, 
with 1 being "strongly disagree" and 5 being "strongly agree." The replies varied from "strongly disagree" (1) to 
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"strongly agree" (2). (5). The poll includes internet banking, non-cash transactions, and other online transactions 
for the purchase of products and services. Responses from 100 people were gathered by using Convenient 
Sampling. The investigation was carried out in the southern part of Bangalore. Use multiple regression analysis 
to examine the influence of independent variables such as performance expectations, facilitation conditions and 
social influence on the adoption of cashless payments. In addition to data management and statistical analysis, 
SPSS version 20 is employed. 

5. DATA ANALYSIS AND INTERPRETATION 
To test the hypothesis that there is an Impact of explanatory variables such as Performance Expectancy, 
Facilitating Condition, Social Influence, Innovativeness, and Perceived Technology Security on outcome 
variable Adoption of Cashless Payments Multiple Regression is applied. The descriptive statistics of the 
parameters of the hypothesis is depicted in the table below 

Table 1: Descriptive statistics 

Parameters Mean Std. Deviation N 

Adoption of cashless payments 4.09 .750 150 
Performance expectancy 3.99 .737 150 

Facilitating condition 4.23 .639 150 
Social Influence 4.19 .673 150 
Innovativeness 4.11 .700 150 

Perceived Technology Security 4.11 .72 8 150 

From the table, it is evident that there is no presence of multicollinearity as all the independent variables are not 
highly correlated and the VIF values of all predictor variables are less than 10. 

Table 2: Table of Multicollinearity 
Variables Collinearity Statistics Findings 

Tolerance VIF 

Performance expectancy .721 1.387 MultiCollinearity 
Facilitating condition .691 1.447 MultiCollinearity 

Social Influence .537 1.862 MultiCollinearity 
Innovativeness .673 1.486 MultiCollinearity 

Perceived Technology Security .763 1.311 MultiCollinearity 

From the model summary table, it is evident that R=0.607 indicates a positive correlation between the 
Performance Expectancy, Facilitating Condition, Social Influence, Innovativeness, and Perceived Technology 
Security. The R2 value indicates the contribution of independent variables on the dependent variable 

Table 3: Model summary 
Model R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson 

1 .607a .369 .347 .606 1.786 

The Analysis of Variance table indicates that the regression model statistically predicts the outcome variable 
which is the Adoption of cashless payments as the p-value is less than 0.05. Therefore we can conclude that the 
relationship between Performance Expectancy, Facilitating Condition, Social Influence, Innovativeness, and 
Perceived Technology Security is significant. 

Table 4: ANOVA Table 

 
Sum of Squares df Mean Square F Sig. 

Regression 30.952 5 6.190 16.844 .000b 
Residual 52.921 144 .368   

Total 83.873 149    
The Coefficient Table predicts the Adoption of cashless payments from the independent variables Performance 
Expectancy, Facilitating Condition, Social Influence, Innovativeness, and Perceived Technology Security. Out 
of five independent variables, three variables, Performance Expectancy, Facilitating condition, and Perceived 
Technology Security are statistically significant as P-value is less than 0.05. Therefore we can conclude that 
there is the impact of Performance Expectancy, Facilitating condition, and Facilitating Condition on Adoption 
of cashless payments significantly. 
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Table 5: Coefficients 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
(Constant) .298 .420  .709 .479 

Performance expectancy .174 .079 .171 2.198 .030 
Facilitating condition .223 .094 .190 2.384 .018 

Social Influence .171 .101 .153 1.697 .092 
Innovativeness .155 .086 .144 1.789 .076 

Perceived Technology Security .194 .078 .188 2.480 .014 

6. CONCLUSION 
Key factors that influence adoption of cashless payments are the focus of this study. The analysis found that all 
of the explanatory variables are linked together. It was determined that Performance Expectancy, Facilitating 
conditions, and Perceived Technology Security had a substantial impact on the Adoption of cashless payments 
by applying multiple regression analysis. 

REFERENCES 
1. Armey, Lipow, & Webb. (2014). The impact of electronic financial payments on Crime. Information 

Economics and Policy, 46–57. 

2. Bilińska-Reformat, & Kieżel. (2016). Retail banks and retail chains cooperate for the promotion of cashless 
payments in Poland. . Proceedings of 15th International Marketing Trends Conference, Venice, Poland. 

3. Cwynar, A., Świecka, B., Filipek, K., & Porzak, R. (2021). Consumers' knowledge of cashless payments: 
Development, validation, and usability of a measurement scale. Journal of Consumer Affairs, 1-6. 

4. Fabris. (2019). Cashless society–the future of money or a utopia? Journal of Central Banking: Theory and 
Practice, 53-66. 

5. Lele, U. (2019). Adoption of Cashless Payments by Small Retailers in Pune City: An Empirical Study. 
International Journal of Research in Engineering IT and Social Sciences, 20-26. 

6. Mandaa, V. K., & Margana, S. (2016). Transformation towards Cashless Economy – An Indian Perspective. 
SSRN-Elsevier, 1-8. 

7. Parmar, R. (2018). A Study Of Cashless System And Cashless Society: Its Advantages And Disadvantages. 
Indian Journal Of Applied Research, 1-2. 

8. Rahman, M., Ismail, I., & Bahri, S. (2020). Analyzing consumer adoption of cashless payment in Malaysia. 
Elsevier, 1-11. 

9. Srishti, & Mahender. (2021). Problems and Challenges in Adoption of Cashless Payment Mode by Online 
Consumers. The IUP Journal of Management Research, 20-36. 

10. Swiecka. (2019). A comparative survey over time between cash and cashless payments in Poland. 
Contemporary issues in behavioral finance. Emerald Publishing Limited. , 139-152. 

11. Teo, Tan, Ooi, Hew, & Yew. (2015). The effects of convenience and speed in m-payment. Industrial 
Management and Data Systems, 311–331. 

 

  



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

5 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

An Overview of the Adguard Based Security System for Hybrid Model 

Shambhu Sharan Srivastava and Abhishek Mishra 
Department of Computer Science and Engineering, IFTM University, Moradabad, India 

ABSTRACT 
Retrieval from several current approaches was determined in this experiment which resulted to a secure system. 
The issue of developing operating systems which fulfil the criteria is a concern. Understanding what to create is 
only the first move; the how to create must come next. Both are troublesome, even though they are 
interdependent. The concept of the hybrid system network security system is suggested. The following is a 
summary of the research goal: 

‘Strengthen system as well as system security methodologies (what), by modifying, expanding, and integrating 

diverse techniques (how), and used by technology and computer networks (to whom), and developing resilient 

computer networks (with what objective) which are dynamic and trustworthy (to which quality aspects).’ 

METHODOLOGY 
The research methodology for this study is to create a hybrid model which can also be said as an integrated 
model that will be able to provide two levels of security in the network. The entire methodology for this 
research is based on the DNSSEC applications and survey of literature in order to obtain possible security issues 
faced. The model that is proposed and implemented is also to be verified and validated. 

The key aspects that will be used in structuring such methodology are presented in this chapter before delving 
into the models as well as its design aspects. 

DNS Features of AdGuard – AdGuard DNS is a failsafe solution to block tracking and advertisements on the 
Internet without having to download any software. It's simple to use, protects your privacy, is completely free, 
and can be easily installed on any device. It blocks adverts, trackers, harmful websites, and pornographic 
content, among other things (optionally). 

Set up the Domain Name System (DNS) addresses instead of the ones provided by your service provider to 
begin utilising AdGuard DNS. AdGuard DNS is available for personal usage at no cost. 

Working Mechanism - When AdGuard DNS is enabled, our server responds with an empty answer every time 
a browser or app sends an ad request. AdGuard maintains a database of domain names that provide 
advertisements, trackers, and fraud which is updated on a regular basis. AdGuard DNS can be used in one of 
two settings. Ads, counters, harmful and phishing websites are all blocked in the Default Mode. In addition to 
filtering adult content and enabling safe search for your browser, the Family Mode performs the same. 

 
Figure 1: Adguard Working Mechanism 

Designed Hybrid Model - The Adguard Home is going to be used in designing the proposed hybrid model. Ad 
Guard Home is a network-wide, open source program that allows users to block advertising and trackers while 
also having complete control over all traffic on their home network. AdGuard Home, with standard ad blocks 
which only work on a single system or perhaps a single browser, will encompass all devices on your home Wi-
Fi network once you've installed it, and you won't have to download the client-side software for each. With the 
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exception of trackers ads as well as blocking, AdGuard Home can (also was designed to) do a range of other 
things, like encrypted traffic. AdGuard Home features a straightforward web interface that allows users to 
regulate traffic from everywhere, especially their smartphones. 

This strategy works by transforming it into a DNS server that redirects ads as well as tracking urls to the "black 
hole," prohibiting customer machines from responding to them. It's centered on the very same software which 
drives the well-known accessible AdGuard DNS, although there is a lot of code in common. 

The Dashboard of the model is shown in the figure 2(a), (b), (c) below: 

 

 

 
Figure 2 (a, b, c): Dashboard of the Hybrid Model 

The model primary characteristics are as follows: 

1. As seen from figure 2 (a), the main options in the hybrid model are the Dashboard, Settings, Filters, Query 
log, Setup guide. As the name implies, the Dashboard gives the main home screen panel, and the settings 
give the different setting modes that are possible. Filters give the different filtering options in terms of DNS 
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block lists, DNS allow lists and so on. The query log option present gives the list of all the queries that were 
encountered by the model. 

2. The top of the main panel gives the number of DNS queries that were encountered by the system. The 
number of queries blocked by the filters along with the percentage of queries blocked is given. In addition, 
the blocked malware or phishing and blocked adult activities are also displayed on the home screen. 

3. In the middle of the panel, the general statistics and top clients in the last 90 days are listed which can be 
refreshed whenever required. In addition, the request count from each of the clients is listed. 

4. In the bottom half of the home screen, the top queried domains and the top blocked domains are displayed. 
In this, the different websites' names and the requests count will be displayed. 

The next sections present insights on each of the options accessible on the dashboard once you've seen the 
overall layout of the model created as well as the dashboard information. 

Settings Options - The settings options are located next to the dashboard in the main panel. The different setup 
options which have been added to the panel are shown in Figure 3. 

 
Figure 3: Settings Options 

The different settings possible in this model are: 
 General 

 DNS 

 Encryption 

 Client 

 DCHP 

The different features of each of these settings are discussed below. 

General Settings - The general settings features are shown in figure 4 (a), (b), (c) where the different options 
possible are displayed. 
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Figure 4 (a, b, c): General Settings of the Model 

Most of the options are self-explanatory like enabling safe search options, how long the model needs to store the 
statistics, query log retention details and so on. 

DNS Settings - The DNS refers to the domain name system that acts like the phone book of the internet. The 
various DNS settings incorporated are shown below. 

 
Figure 5: DNS Settings – Upstream DNS Servers 

Starting with the first parameter that can be changed, which is the upstream domain name system servers. 
AdGuard Home refers to a DNS proxy which routes domain name system requests from the user to upstream 
servers. The customer can change multiple upstream servers or perhaps a domain name system server for 
AdGuard Home settings to search selected urls. If this option is kept empty, AdGuard Home will automatically 
use Quad9. The client, on the other hand, has the choice of picking some other server. 

The next options are: 
 Load Balancing: If the user has a fast and stable internet connection, no changes are required in load 

balancing. 

 Parallel Requests: If the user has an inconsistent Internet or are using numerous unstable DNS servers at the 
same time, then, the parallel requests option can be used. 

 Fastest IP address: If a country uses IP blocking, switching to the fastest IP address makes sense (such as 
the cases of Russian Roskomnadzor blockings, The Great Firewall of China, and so on). It will help in 
discovering not just the fastest but also the most widely accessible address in this case. Please remember that 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

9 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

a domain name system server isn't a virtual private network, there could be instances when no Internet 
Protocol address is available. 

 

 

 

 
Figure 6: The implementation of different options in the model 
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Access Settings - The access settings help in specifying the rules implemented for accessing the DNS server. 
The options about allowed clients, disallowed clients, and disallowed domains can be found here as well as set 
here if required. 

 
Figure 7: Access Settings 

Encryption Settings - The encryption settings here will support both the DNS and admin web interface as 
shown: 

 

 
Figure 8 (a), (b): Encryption settings of the model 

Client Settings - The client settings are mainly provided for configuring devices that are connected to Adguard 
Home. This will contain the details of the client like name, settings, blocked service, upstream, tags, request 
counts, and the actions taken in each case. There is also an option for adding the client. The clients (runtime) 
give the data of the clients that are using this model. However, this is not stored in the configuration. 
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Figure 9 (a), (b): Client Configurations 

Dynamic Host Configuration Protocol (DHCP) Settings - As previously said, DHCP configuration stands for 
Dynamic Host Configuration Protocol, which is a standardized network protocol that assigns reusable IP 
addresses inside the network. The DHCP settings implemented in the model are shown below: 
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Figure 10 (a), (b), (c): DHCP Configurations 

Filter Options - An important aspect of a DNS server configuration is DNS filtering. DNS filtering is the 
process of restricting access to specified websites for a specific reason, most commonly content screening. If a 
website, or a group of websites, is judged a threat, its IP address is blocked by a DNS filter, and access to it is 
blocked. Adult, gambling, productivity sinks, and sites considered to represent a major virus risk are all 
examples of sites that may be blacklisted. 

DNS filtering is essential for all organizations because it may drastically minimize the number of threats that a 
network is exposed to, reducing the remediation workload for MSPs and IT professionals. Effective DNS 
filtering can keep up to 88 percent of internet-borne malware out of the network. Business owners can regain 
control of their networks by setting DNS filtering policies to block unwanted access to certain websites and so 
on. 

The different DNS filter settings applied in this research model are shown in the figure below. The filter settings 
possible are DNS block list, DNS allowlist, DNS rewrites, blocked services, and custom filtering rules. 

 
Figure 11: Possible Filter Options Available 
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Query Log Options - As mentioned earlier, the next option in the model designed is the query log options. The 
figure below, show the different options available in query logs. There is also a place where the options to be 
displayed can be filtered - All queries (if all the queries are to be listed), Filtered (showing the queries that were 
filtered), Blocked (showing the list of queries that were blocked), and so on. In addition, a general search box is 
provided in which the user can enter a specific domain or client name and obtain the query log for that. 

 
Figure 12: Possible Query Log Options Available 

Thus, the different aspects of the designed hybrid model have been presented along with the different features 
available in this model. It is possible to obtain real-time data in this by using the "refresh statistics" option. This 
helps to clearly assess the security threats that are occurring. 

DISCUSSIONS  
Even though Domain Name System (DNS) is an important factor of the website, most people from outside 
networking are probably unaware that they utilize it on a daily basis to complete tasks, check email, as well as 
waste precious time on their smartphones. 

Even at the most fundamental level, the domain name system is a database of names which match numerical 
values. The digits in this example correspond to internet protocol addresses that are used by systems to 
communicate with each other.  The directory of domain name system, that translates names to digits, is not 
entirely confined to a single dark portion of the web. Only one directory would've been big enough, including 
over a million web addresses. Just like with the World Wide Web, the directory is distributed globally and is 
maintained upon domain name servers which connect with each other on a continuous basis to provide changes 
as well as redundancy. 

DNS is organized in a hierarchical framework that helps in maintaining proper operation. As an illustration, 
suppose you desired to access networkworld.com. 

As explained previously, a recursive resolver is used to make an initial request for internet protocol address. To 
resolve the domain name (networkworld.com) to its IP address, the recursive resolver determines which further 
DNS servers to query. This request is directed to a root server, which is knowledgeable about top-level domains 
such as.com, .net, and.org, and also country-specific domains such as .uk (United Kingdom) and .cn (China). 
Since root servers are distributed throughout the worldwide, the system will typically direct you to one that is 
spatially closest to you. 

After reaching the appropriate root server, the request is routed to TLD (top-level domain) name server that 
stores information about SLD (second-level domain), the words preceding the .org, .com, as well as .net such as 
the information for networkworld.com is "networkworld". The request is then routed to DNS that maintains 
information about the site and its IP address. After determining the IP address, it is sent to the customer, who 
may now use this to visit the web. This all occurs within milliseconds. 

DNS is one of a collection of so-called "utility protocols" which facilitate Electronic communications. These are 
strong protocols which maintain traffic flow and server communication, although the majority of users are 
ignorant of their presence. While the Network Time Protocol, Border Gateway Protocol, as well as, obviously, 
Domain name system all seem to be essential for keeping the Internet's availability, they are often outside the 
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purview of security personnel. The administrators who install and operate the systems which support such 
protocols are frequently unaware of the security risks associated with them. 

As a result of the absence of security understanding and the comparative secrecy of such protocols, they are 
easy to attack, as cybercriminals have learned. As a consequence of this seeming gain, a black hat community 
has seen a considerable increase in exploitation as well as vulnerabilities study in such protocols. Additionally, 
security community has conducted much research on how to effectively protect such processes. However, there 
is a substantial divergence between the study conducted by researchers and the persons who handle the 
operations on a daily basis. This creates plenty of possible DNS security issues. Among the numerous available 
options, AdGuard DNS enables the formulation and construction of a private DNS. 

Without the need to install any application, AdGuard DNS is a reliable solution for blocking tracking and ads on 
the website. It's easy to use, maintains your confidentiality, is entirely free, and it can be downloaded on any 
computer. It, among several other things, bans advertisements, hackers, malicious links, and pornographic stuff 
(optionally). 

Whenever the server is configured with the desired DNS, it answers with an unfilled response whenever a 
website or app submits an ad requests. AdGuard provides a regularly updated directory of domain names which 
serve advertising, trackers, and scams. AdGuard DNS is available in two configurations. In Default Setting, 
advertisements, counters, malicious, and fake websites are all banned. Along with censoring pornographic 
content as well as allowing appropriate search on your website, Family Mode does the same thing. AdGuard 
DNS is compatible with a wide range of devices, including smartphones and tablet computers. There are no 
restrictions on the type of equipment that can be used. 

The essential nature of DNS security cannot be overstated. Due to the numerous network and security issues 
which exist, this study has built a Private DNS which provides the user with complete control over the network 
and its operations. They do not simply spoon-feed customers filtered output; they equip them with the necessary 
tools to create the Website effectively. The essential nature of DNS security cannot be overstated. Due to the 
numerous network and security issues which exist, this study has built a Private DNS which provides the user 
with complete control over the network and its operations. 

All requests will be routed through a dedicated DNS server that will filter out all advertising and pop - ups from 
the source. Similar to pop-up blockers, adblock browser plugins work similarly. Everything advertising-related 
is prohibited. The primary advantage of this functionality is that it enables rootless system-wide ad banning on 
Android devices. Such that, once configured, all of your applications as well as websites will be ad-free as well 
as powered by adblockers. 

MODEL BENEFITS 
 It does not require the installation of any programs. 

 All modern DNS privacy protocols are supported, including DNSCrypt, DNS-over-HTTPS, and DNS-over-
TLS. 

 It has two modes: "Default," which blocks adverts and trackers, and "Family," which adds parental control 
features to the same functionality. 

Thus, the results of the model designed have been presented here and the various aspects and features discussed. 

CONCLUSION 
Intrusion detection systems (IDSs) attempt to detect attacks while they occur or after they have occurred. IDSs 
collect network traffic data from a specific location on the network or computer system and utilize it to secure 
the network. Misuse detection or anomaly detection are two types of intrusion detection systems. IDSs based on 
misuse detection can only detect known attacks, but IDSs based on anomaly detection can detect novel attacks 
using heuristic approaches. By merging the two techniques in one system, this study proposes a hybrid IDS. The 
hybrid IDS is created by merging anomaly-based IDSs such as packet header anomaly detection (PHAD) and 
network traffic anomaly detection (NETAD) with the open-source misuse-based IDS Snort. The MIT Lincoln 
Laboratories network traffic data (IDEVAL) is used as a testbed for the hybrid IDS. The number of assaults 
identified by a misuse based IDS on its own is compared to the number of attacks detected by a hybrid IDS 
created by combining anomaly-based and misuse based IDSs, demonstrating that the hybrid IDS is a more 
powerful system. 
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ABSTRACT 
From 2019 to 2021, the researcher looked at IPO performance on the day of listing as well as from the issue 
price to the last trade price in India. In this study, we selected six firms from each year from 2019 to 2021, three 
of which performed exceptionally well on the day of listing, and three of which did not do well on the day of 
listing. It has been discovered that firms that did not perform well on the initial public offering (IPO) day may 
perform well in the secondary market and that companies that earned the highest return on the initial public 
offering (IPO) day may not earn the same proportion of earnings in the future.As a result, a thorough grasp of 
the firm in which the investor is investing is critical. They should also know when to enter and exit the stock 
market in order to maximize their profits. 

Keywords: Initial Public Offering, Issue Price, Last Trading Price, Listing Day Gain. 

INTRODUCTION 
The Financial Market may be defined as a large group of people who get together to trade financial assets. 
Financial Markets are a type of financial system that connects firms in need of capital with investors wanting to 
engage in a profitable venture. As a result, it supports institutions and organizations who require funds in 
obtaining them, as well as the general public in saving. There are two sorts of financial markets: primary and 
secondary markets. The primary market is where securities are originated; corporations sell (float) new stocks 
and bonds to the general public for the first time during this market. A primary market is exemplified by an 
initial public offering or IPO. Investors acquire and deal in securities they already possess on the secondary 
market. It's also known as the stock exchange. National exchanges such as the New York Stock Exchange 
(NYSE) and the Nasdaq Stock Market (NASDAQ) are secondary markets. 

When a business needs money, the typical line of action is to go to the bank. Banks, on the other hand, may not 
be willing to offer large sums of money for a long period, especially if the returns are not guaranteed. The 
greatest way to raise money is through the sale of stock, and the answer is the initial public offering. The major 
goal is to make it easier for savers to transfer money to entrepreneurs who want to start new businesses or grow 
and diversify current ones. The primary market is used by both the state government and the private sector to 
raise revenue. To put it another way, the Primary Market, together with the Securities Market, is a vital aspect 
of a country's capital market. 

The Initial Public Offering (IPO) is a company's first public offering of securities after its formation. Going 
public or issuing an initial public offering (IPO) is the process of converting a business held by one or more 
persons into a business owned by many. It means selling equity securities to the public which 
means exchanging money for a portion of the company's ownership (stock). Because investors are given 
ownership in the form of equity shares, the IPO dilutes ownership stakes and diffuses corporate control. 
Significant access to investment funds, some stock price support after the listing, and so on are some of the 
benefits of becoming public. While there are certain drawbacks to going public, such as the high cost of an IPO 
for small businesses, etc. SEBI regulates the Indian capital market, including initial public offerings (IPOs). 
When it comes to launching an IPO in the market, there is a set of norms and guidelines that every firm must 
follow. The performance of an initial public offering (IPO) may be influenced by a variety of factors such as the 
size of the offering, the time it takes to list, the pricing, and so on. 

The number of initial public offerings (IPOs) issued in a given year reflects an investor’s risk appetite. Investor 
sentiment may have an impact on market performance, causing stock prices to rise or decrease. Investor feelings 
can influence the IPO issue, and so can the business age, issue size, subscription rate, issue managers reputation, 
market conditions, promoters' holdings, firm returns, market cycle, and IPO grading, among other factors. One 
of the most critical aspects impacting the performance of an IPO is the issue price. The current research 
examines the performance of initial public offerings (IPOs) on the BSE/NSE on their listing day, as well as the 
performance of IPOs from the issue price to the last trading price for a period of 3 years from 2019 to 2021. 
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LITERATURE REVIEW 
IPO is at the forefront of innovation in the financial market withthe aim to increase return and reduce risk. 
Investors from all around the world have been attracted to these products. IPO plays an important role in the 
financial market as it is one of the most preferred tools for investment by investors in the market.(Muliya, 2015) 

The process of raising funds through an initial public offering (IPO) is quite complicated. It involves the 
analysis and execution of many commercial laws pertaining to IPOs-Prospectus. SEBI Guidelines and 
Eligibility Criteria are very important to be understood. It is necessary to fulfill these criteria by the organization 
to raise capital.(Nadkarni, 2011) 

This paper studied the performance of IPO from the issue price to last trade price in India during, 2013 to 2015, 
listed in National Stock Exchange (NSE) India. The researcher found that there ison average a significantly 
positive return. The investment done in the securities by the investors is mainly done only by the image of the 
company but not based on the fundamental analysis.(Ambily, 2016) 

The relation between return on listing and issue price, issue size, business age, and issue capital listing were 
found to be negative by the researcher. It was discovered that the relationship was statistically significant. The 
relation between return on listing and foreign equity issue rating, on the other hand, was discovered to be 
positive. This study also revealed that in the long term (five years after listing), the return on IPOs falls 
dramatically, with returns becoming negative from the second to the fifth year after listing.(Madan, 2003) 

The short-run performance of the companies is examined in this study in order to understand the anomaly of 
unusual returns, as well as the long-term performance of the IPOs in order to assess their long-term 
performance. The research period spans from January 2013 to December 2014. The analysis involves nine 
companies that are publicly traded on the National Stock Exchange.(Poornima, 2016) 

They presented a weighted sentiment score to examine investor fundamental attribution bias in book-building 
against fixed-price Initial Public Offerings (IPOs). The researchers looked at data from 1995 to 2007. The 
findings demonstrated that IPO cycles drove sentiment, which is consistent with behavioral IPO 
literature.(Gupta & Samdani, 2010) 

The performance of IPOs issued through the book-building procedure in India from 1999 to 2006 is examined 
in this paper. The sample includes 156 companies that used the NSE's book building route to sell their stock. 
The IPOs on average provided positive returns to investors upon listing, and the opening returns accounted for a 
major portion of the closing day returns on the listing day. In the long run, IPOs provided favourable returns for 
the first twenty-four months, but they then underperformed the market.(Kumar, 2010) 

The research aims to measure the value of the share premium and price on the day of the IPO, as well as the 
IPO return's progressive rise. The Wilcoxon Signed Rank Test is used to assess the short-term and long-term 
performance of IPO returns. Twenty-six firms are included in the sample, all of which had successful IPOs in 
2016. (Khan, 2021) 

During the first 240 trading days after their IPO DATES, the price clustering of initial public offerings in the 
secondary market trading. The study shows that the substantial price differential between IPOs in the primary 
market and matching equities in the secondary market essentially vanishes on the first trading day following the 
IPO.(Wang, 2010) 

They investigated approximately 92 initial public offerings between 1999 and 2003. They investigated the 
impact of the book-building mechanism on IPO pricing and discovered that book-built issues had less 
underpricing than fixed-price issues. They also observed less underpricing for larger issues and more 
underpricing for smaller issues.(Madhusoodanan, 2004) 

There are 2 methods of pricing an IPO- 
1. Fixed price issue- If the shares are issued at a set price in an initial public offering (IPO), this is referred to 

as a Fixed price issue. This is the second most popular method of launching an IPO. The issuer must provide 
a logical and appropriate justification for the price established in the offer document. In general, corporations 
use fixed pricing issues only when the management believes that a reasonable price can be determined 
among them without testing the market. 

2. Book building method-A process of price discovery is called book building. It's a system in which investors 
submit bids at various levels above or equal to the floor price during the IPO's open period. After the bid 
deadline, the price of the offer is determined. 
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 Fixed Price Issue Method Book Building Method 

Offer Price 
The price at which the securities are 

offered and would be allotted is made 
known in advance to the investors 

A 20% price band is offered by the issuer 
within which investors are allowed to bid 
and the final price is determined by the 

issuer only after the closure of the bidding 

Demand 
Demand for the securities offered is 

known only after the closure of the issue 

Demand for the securities offered, and at 
various prices, is available on a real-time 
basis on the BSE/NSE website during the 

bidding period 

Payment 
100% Applications Supported by 

Blocked Amount 
100% Applications Supported by Blocked 

Amount 

Reservations 
50% of the shares offered are reserved 

for applications below Rs. 2 lakh and the 
balance for higher amount applications. 

50% of shares offered are reserved for 
QIBS, 35% for Non-Retail and 15% for 

Retail Investors 

PROBLEM STATEMENT 
Many recent studies have focused on determining the long-term success of initial public offerings (IPOs) rather 
than the performance on the day they are listed on the stock exchange. As a result, the present research focuses 
on the performance of initial public offerings (IPOs) on the day of the Issuance, as well as the performance of 
IPOs from the issue price to the last trading price. We learned during our research that the price mechanism is 
also important during the IPO process. We also determined that some of the initial public offerings were under-
priced, resulting in poor performance on the first day of trading. 

OBJECTIVES 
 To study the performance of initial public offerings (IPOs) on their first day of trading. 

 To assess the performance of the IPOs from the issue price to the last trading price, as well as the percentage 
change. 

 To understand the methods of pricing an IPO. 

HYPOTHESIS 

 Null Hypothesis- There is no significant difference in the performance of the IPO on the listing day of the 
IPO to the last trading price of the stock. 

 Alternative Hypothesis- There is a significant difference in the performance of the IPO on the listing day of 
the IPO to the last trading price of the stock. 

RESEARCH METHODOLOGY 
This research project is both descriptive and analytical. We used secondary data from websites like 
chittorgarh.com and moneycontrol.com to analyse the success of the IPOs. To examine the performance of 
IPOs, we havechosen 6 companies from each year from 2019 to 2021. We've chosen the top three firms that did 
the best on the first day of trading and the top three companies that underachieved on the first day of trading. 

DATA ANALYSIS 
1. Performance of IPOs on Listing Day 
The issue price and the closing price were used to assess the IPO's performance on the day of its launch. The 
performance can be categorized as under-pricing or over-pricing based on the increase or decrease in stock 
prices on the listing day.When stock prices close above the issue price, they are considered under-priced, and 
when they close below the issue price, they are considered over-priced. 

The issue price is the price at which the corporation sells its stock to the public. The price might be comparable, 
higher, or lower. When shares are issued, the price may change depending on market demand. 

The price at which a stock closes on its first day of trading on the stock exchange is referred to as the listing day 
close. This allows us to see how the stock performed at the time of its initial public offering. We may calculate 
the investor's gain on the first day of the listing by using the closing price on the listing day. 

The following formula can be used to compute the gain on the listing day of the IPO: 

IRi = Pi1 − Pi0/ Pi0 

Where, 
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IRi = Gain on the first day of trading. 

Pi1 = Closing price of the IPO on the first day of trading. 

Pi0 = Issue price of the IPO. 

Performance of IPO on the listing day in 2019 

Company name 
 

Issue price 
(Pi0) 

Listing Day 
Close (Pi1) 

Listing Day Gain 
(IRi) 

Performance 
 

IRCTC Limited 320 728.6 127.69% Under-priced 
CSB Bank Limited 195 300.1 53.90% Under-priced 

Ujjivan Small Finance Bank Ltd 37 55.9 51.08% Under-priced 
Prince Pipes and Fittings Ltd 178 166.6 -6.40% Over-priced 
Sterling and Wilson Solar Ltd 780 725.35 -7.01% Over-priced 

Xelpmoc Design and Tech Limited 66 59.85 -9.32% Over-priced 
Table 1.1 

INTERPRETATION 
It can be seen from the above table that IRCTC Limited had a gigantic gain of 127.69 percent on the IPO's 
listing day, whereas Xelpmoc Design and Tech Limited had a loss of 9.32 percent. As a result, we might 
conclude that the IRCTC limited issuance price was under-priced. They should have considered market demand 
while determining the issue's pricing. 

Performance of IPO on the listing day in 2020 

Company name 
 

Issue price 
(Pi0) 

Listing Day 
Close (Pi1) 

Listing 
DayGain  (IRi) 

Performance 
 

Burger King India Limited 60 138.4 130.67% Under-priced 
Happiest Minds Technologies Ltd 166 371 123.49% Under-priced 
Mrs. Bectors Food Specialities Ltd 288 595.55 106.79% Under-priced 

SBI Cards and Payment Services Ltd 755 683.2 -9.51% Over-priced 
Angel Broking Ltd 306 275.85 -9.85% Over-priced 

UTI Asset Management Company Ltd 554 476.6 -13.97% Over-priced 
Table 1.2 

INTERPRETATION 
It can be seen from the above table that Burger King India Limited had a gigantic gain of 130.67 percent on the 
IPO's listing day, whereas UTI Asset Management Company Ltd had a loss of 13.97 percent. As a result, we 
might conclude that the Burger King India Limited issuance price was under-priced. They should have 
considered market demand while determining the issue's pricing. 

Performance of IPO on the listing day in 2021 
Company name 

 
Issue price 

(Pi0) 
Listing Day 
Close (Pi1) 

Listing Day 
Gain (IRi) 

Performance 
 

Sigachi Industries Limited 163 603.75 270.40% Under-priced 
Paras Defence and Space 

Technologies Limited 175 498.75 185% Under-priced 
Latent View Analytics 

Limited 197 488.6 148.02% Under-priced 
Shriram Properties Limited 118 99.4 -15.76% Over-priced 

Rategain Travel 
Technologies Limited 425 340.5 -19.88% Over-priced 

One 97 Communications 
Limited 2150 1564.15 -27.25% Over-priced 

Table 1.3 

INTERPRETATION 
It can be seen from the above table that Sigachi Industries Limited had a gigantic gain of 270.40 percent on the 
IPO's listing day, whereas One 97 Communications Limited had a loss of 27.25 percent. As a result, we might 
conclude that the Sigachi Industries Limitedissuance price was under-priced. They should have considered 
market demand while determining the issue's pricing. 
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2. Performance of IPO from the issue price to last trading price and percentage change 
In this study, we compared the IPO's issue price to the stock's last trading price to see how it performed in the 
short term. We also computed the percentage change in order to see how much the stock has changed over time. 

Issue price-Prior to the new issue trading on the secondary market, the price at which the new security will be 
delivered to the general public. Also referred to as the "offering price." 

Last trading price-The last traded price is the price at which the financial asset was traded last. The occurrence 
of the last traded price, or LTP, is determined by market liquidity, and the last traded price, or LTP, might have 
occurred a few seconds or even a day ago. 

Percentage change- It is the change in the stock price from the day it was issued to the last trading price over a 
period of time. The following formula may be used to compute it: 

Percentage change= (Last Trading Price – Issue Price/Issue Price) * 100 

PERFORMANCE FROM ISSUE PRICE TO LAST TRADING PRICE IN 2019 
Company Name Issue Price Last Trading Price Percentage Change 
IRCTC Limited 320 861.35 169.17 

CSB Bank Limited 195 241.1 23.64 
Ujjivan Small Finance Bank Ltd 37 19.75 -46.62 

Prince Pipes and Fittings Ltd 178 701.9 294.33 
Sterling and Wilson Solar Ltd 780 396.05 -49.22 

Xelpmoc Design and Tech Limited 66 379 474.24 
Table 2.1. 

INTERPRETATION 
From the above table,it is seen thatXelpmoc Design and Tech Limited has the highest percentage of 474.24 
percent change from the day of issue to the last trading price and Ujjivan Small Finance Bank Ltd and Sterling 
and Wilson Solar Ltd have performed badly over the period of time with a loss of 46.62 percent and 49.22 
percent respectively. 

PERFORMANCE FROM ISSUE PRICE TO LAST TRADING PRICE IN 2020 

Company Name Issue Price Last Trading Price Percentage Change 
Burger King India Limited 60 135.4 125.67% 

Happiest Minds Technologies Ltd 166 1267.05 663.28% 
Mrs. Bectors Food Specialities Limited 288 371.95 29.15% 
SBI Cards and Payment Services Ltd 755 850.5 12.65% 

Angel Broking Ltd 306 1515.15 395.15% 
UTI Asset Management Company Ltd 554 1036.85 87.16% 

Table 2.2 

INTERPRETATION 
From the above table, it is seen that Happiest Minds Technologies Ltd. has the highest percentage of 
663.28percent change from the day of issue to the last trading price and SBI Cards and Payment Services 
Ltdand Mrs. Bectors Food Specialities Limited have not performed great over the period of time with a gain of 
12.65percent and 29.15 percent respectively. 

PERFORMANCE FROM ISSUE PRICE TO LAST TRADING PRICE IN 2020 
Company Name Issue Price Last Trading Price Percentage Change 

Sigachi Industries Limited 163 366.3 124.72% 
Paras Defence and Space Technologies  

Limited 175 689.25 293.86% 
Latent View Analytics Limited 197 552.45 180.43% 

Shriram Properties Limited 118 110.05 -6.74% 
Rategain Travel Technologies Limited 425 431.55 1.54% 

One 97 Communications Limited 2150 959.9 -55.35% 
Table 2.3 
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INTERPRETATION 
From the above table, it is seen that Paras Defence and Space Technologies Limitedhas the highest percentage 
of 293.86percent change from the day of issue to the last trading price and One 97 Communications Limited 
and Shriram Properties Limitedhave not performed great over the period of time with a loss of 55.35percent and 
6.74percent respectively. 

FINDINGS AND SUGGESTIONS 
 Investors buy securities mostly based on the company's image, rather than on fundamental analysis. 

 Investors that are looking for a quick return can consider investing in the stock market through an initial 
public offering. 

 Since the primary market is volatile and the shares are being issued for the first time in the market, we can't 
anticipate the share's stability. 

 However, it is believed that with more risk comes greater reward, thus an investor might participate in a 
company's initial public offering (IPO) by doing a thorough examination of the company's history and 
performance. 

 Investors should pick IPOs of firms that have continuously performed successfully in order to make the most 
money from their investment. 

 An initial public offering (IPO) might be a fantastic way for a beginner to learn how to invest in the stock 
market. 

CONCLUSION 
The study attempted to assess IPOs success in both the primary and secondary markets in order to determine 
IPO performance growth. In the primary market, we looked at IPO performance on the day they were listed, and 
in the secondary market, we compared the issue price to the last trading price to see how much the stock had 
changed since the day it was issued to the last trading price. 

It was observed that even though the stock may not perform well on the day of its initial public offering, it 
might provide excellent returns to its investors in the secondary market. Xelpmoc Design and Tech Limited, 
Prince Pipes and Fittings Ltd, and Angel Broking Ltd did not perform well on the day of their initial public 
offering, but they are performing well on the secondary market and earning larger returns for their 
investors.While stocks like Ujjivan Small Finance Bank Ltd and Mrs. Bectors Food Specialities Limited 
performed well on the day of their first public offering, they are not providing investors with substantial returns 
in the near run. 

In India, investment has become more of a security requirement than a way of life. As a result, it is critical for 
an investor to understand when to invest in a firm and when to quit a company based on fundamental and 
technical research. In addition, the investor should be knowledgeable of the company's history and performance. 
To invest in the company's stocks, it is critical to have a thorough understanding of the stock market. 

LIMITATION AND FUTURE OF THE STUDY 
The research is restricted to six firms from each year from 2019 to 2021 that performed well on the first day of 
trading and companies that did not do well on the first day of trading. This research may be broadened to 
include all initial public offerings (IPOs) that have been listed on the stock exchange.This analysis may also be 
done on the basis of different sectors to see which sectors' IPOs do well in comparison to others. 
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ABSTRACT 
Great and rapid scientific developments witnessed and witnessed by the world added a huge amount of 
information and scientific knowledge, and produced advanced technical products that facilitated many aspects 
of life in different and diverse disciplines - and this would require human energies that include all disciplines on 
the one hand, and on the other hand, would require human energies that include all disciplines on the one hand, 
and on the other hand, would require human energies that include all disciplines on the one hand, and on the 
other hand, would require human energies that include all disciplines on These findings have resulted in 
scientific innovations that are directly related to morals and social values, and because the educational system is 
a part of this vast world, it has become necessary to keep up with and absorb these scientific developments, as 
well as to assume its responsibilities in the preparation of these diverse human energies, This preparation will 
not be possible unless all of the necessary materials are available. Some of the fundamental features of the 
school curriculum are reflected in the material (the textbook), the instructor who implements it, and the student 
whose curriculum attempts to bring about the required adjustments in order to grow in all of its dimensions. As 
a result, our educational system today urgently requires educational content that accommodates this wide range 
of knowledge, as well as the correct scientific methods for dealing with technological devices and tools, with 
special attention paid to anything that contradicts morals and sound social values, and efforts made to 
incorporate them into the school curriculum. In addition, this approach must aid in the preparation of teachers 
with a strong scientific culture. 

Keywords: Science Ethics, Science Book, First Middle School 

NEED FOR THE STUDY 
Because we live in the modern world, with its breadth of knowledge in all areas and its vast and rapid scientific 
changes, it is critical that the curriculum take these changes into account in order to raise a generation capable 
of keeping up with developments and confronting the challenges that it faces, in a scientific spirit characterized 
by flexibility and adaptation to what happens and will happen. The classroom curriculum represented by the 
book, as well as the teacher who is sprinting out, are undeniably linked, They will be the container that 
accommodates all the changes that occur, and therefore the process of analyzing the curriculum content is one 
of the processes that the educational process is indispensable for, because of its importance in revealing the 
extent of what that content contains of new issues and then knowing what it lacks in cognitive developments, 
and knowing the possibility of merging them, or modifying or deleting some of the information contained in 
them that may not be compatible with the spirit of the times. 

(Rabie, 2006: 11) 
The Science Book is well-known as one of the branches of natural sciences, with a significant impact and role 
in a variety of sectors of life as a result of the numerous and significant innovations it has presented to serve 
society and attain human well-being and happiness. This science is concerned with researching the qualities of 
matter, its composition, basic changes that occur in it, and changes in its exterior and interior properties, as 
defined by numerous specialist scientists. 

(Mohammed, 1989: 2) 
During the last quarter-century, a wave of scientific and technological activity swept the developed world, and 
as a result of the extension of this scientific activity to various fields of life, it altered people's thinking in 
problem-solving, and advanced peoples were able to eliminate many harmful traditions, myths, and false beliefs 
that stymied society's progress, thanks to the spread of scientific culture (Atef, 1995: 41),Therefore, it has 
become necessary for students to acquire the dimensions of scientific culture in the field of science, in order to 
be able to keep pace with the rapid and diverse scientific developments and technological innovations in all 
countries of the world. This is achieved through the contents of the curricula of these dimensions related to 
scientific developments and the formulation of educational goals in their light. Teaching science in the 
contemporary time seeks, among its main objectives, to provide the learner with scientific culture, linking him 
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to the world in which he lives, the reality of his environment, his daily life and his interests, to feel the value of 
what he learns His motivation increases and his scientific tendencies and trends grow. 

(Al-Hudhaifi, 2010: 6) 
Many countries around the world have recognized the value of scientific culture for their children and have 
begun to take steps to include scientific culture standards in their curricula, as this may lead to the preparation 
of students who are able to use scientific information and appropriate processes in making personal decisions, as 
well as a sense of attitudes and excitement resulting from an understanding of the natural world, and the 
expansion of professional opportunities, They appeared with the emergence of contemporary scientific 
innovations in the fields of science in general, such as the various and varied uses of radioactive elements in 
civil and military fields, nuclear weapons, ozone layer erosion by some chemicals, global warming, and the 
expansion of the use of chemicals, carcinogens, and many others, Because such techniques and scientific 
innovations are a double-edged sword, it has become necessary and very important for curricula to pay attention 
to the aspect of ethical scientific awareness, in addition to the positives of some of them, there are many ethical 
problems, It has many virtues and advantages, but it also has disadvantages and flaws that deserve attention and 
caution, because these issues are directly related to values and morality, and they have prompted much debate 
among scientific, religious, social, and political communities. 

The ethics of science is a topic that has captivated many segments of society, with priests, philosophers, 
educators, media professionals, and others participating. Many ethical difficulties presented in scientific study 
were covered by the media, for example. On the technical side, there are nuclear tests and chemical and 
biological weapons experiments, while on the humanitarian side, there are secret Cold War experimentation on 
humans, animal cloning experiments, genetic engineering, and map control. IVF, surrogacy, and so-called 
euthanasia are all examples of genetics, And many other controversial scientific innovations. There are also a 
number of unethical cases in the fields of academic scientific research that have been recorded by some scholars 
and government officials in some countries. Examples include: Scientific thefts, deception, failure to 
acknowledge the efforts of others, tampering with some research results, and giving priority to the private 
interest over the public interest. There is another factor that imposes itself and makes interest in the ethics of 
science urgent, which is the mutual relationship between scientists and commercial and industrial companies, as 
this relationship produces a conflict between scientific ethical values on the one hand, and the values of trade 
and market and the principle of profit and loss on the other hand, which may lead to abandonment The scientist 
expresses his ethical principles for the benefit of the company or commercial entity that funds his research in 
order to obtain personal economic gains. 

OBJECTIVE OF THE STUDY 
What is the extent to which the  Science Ethics Are Included In The Science Book For The First grade in 
Middle School 

LIMITS OF RESEARCH 
Defining theScience Ethics Are Included In The Science Book For The First Grade In Middle Schoolfor the 
academic year (2021-2022). 

TERMS & DEFINITIONS 
SCIENCE ETHICS: It is a set of scientific and ethical rules and provisions that direct a person’s behavior for 
the better in the direction of ethical issues and problems raised by scientific and technological applications in 
various fields, and thus determine the proper framework for directing scientific innovations for the benefit of 
humanity 

SCIENCE BOOK: It is the second version, which was finished in 2017 by a group of specialists from the 
Ministry of Education, with the help of a UNESCO committee. 

FIRST MIDDLE SCHOOL: It is the first stage of the middle school stage, It comes after primary school, a 
span of time that begins when you are twelve years old and concludes when you are fifteen years old. 

METHODOLOGY-IN-BRIEF 
The study used a descriptive-analytical method, which is defined as "a scientific diagnosis of a phenomenon and 
a quantitative insight into it using language and mathematical symbols." 

(Anwar and Adnan, 2007: 191) 
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RESEARCH SAMPLE 
The scientific book for the middle stage in Iraq for the academic year 2021/2022, which is a statistical 
community, was part of the research community, as stated in Table (1) 

TABLE 1: RESEARCH SAMPLE 

No Name of the book Stage Edition Publication Page No 
1 science book for the 

middle stage in Iraq 
First Grade In 
Middle School 

second 2017 144 

THE RESEARCHER EXCLUDED: 
 Introduction in each chapter the book. 

 Questions at the end of each chapter. 

 Content list. 

This procedure is among the rules of analysis, because these aspects do not represent scientific content that is 
directly related to the purpose of the research, or because of the difficulty of dividing some of them into specific 
and clear thought, in addition to being a familiar procedure in content analysis studies. 

The number of pages of the book subject to analysis was 125, mean  86.8% of the total number of pages. 

RESEARCH TOOL 
Experts in research methods confirmed that content analysis requires the existence of a classification system 
that fits with the research problem, and Ker linger considers it (Kerlinger, 1973) the most important step in 
content analysis because it is a direct reflection of the problem to be studied. 

(Samara& others, 1989:150) 

THE PURPOSE OF THE SEARCH TOOL 
The tool aims to determine the standards of ethics in science and its indicators that should be included in the 
science book for the first intermediate grade, and they include the following 

1- Academic issues 

2- Humanitarian issues 

3- Application issues 

4- Objectivity 

5- The role of scholars 

FACE VALIDITY 
It signifies that the scale measures what was intended to be measured or accomplishes the goal for which it was 
designed, the researcher was able to check the validity of the scale by relying on the correctness of the opinions 
of a group of experts and professionals, the scale was found to be legitimate for the objectives for which it was 
created. 

(Ebel, 1972:554) 

The researcher gave a group of experts in educational psychology, instructional methods, sciences, curricula, 
measurement, and assessment the scientific ethics scale and requested them to comment on the validity of the 
scale's components. It received a minimum approval rate of 85.58 percent, and the classification of scientific 
ethics norms was defined in its final form, as shown in Table (2) 

Table 2: Percentage of experts' agreement on the research tool 
No Standards Percentage Of ExpertsAgreement 

1. Academic Issues 83,55% 
2. Humanitarian Issues 81,27% 
3. The Role Of Scientists 87,36% 
4. Objectivity 90,13% 
5. Application Issues 93,21% 

Total 342.31% 
Average 85.58% 
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PROCEDURES FOR ANALYSIS 

1. The Unit of Analysis 
The content was separated into categories or units by the researcher so that each unit could be studied separately 
by computing its own frequency. The nature of the analyzed material and the nature of the problem under 
investigation determine the unit of analysis, In order to analyses the content, the researcher used the following 
two units: 

A. Unit for Recording 
The smallest part of the analyzed material through which to count what has to be diagnosed in that content is the 
unit of record. Berelson and Budd state that there are five basic units of analysis: the word or symbol, the idea 
or phrase that carries the idea, the subject unit, the personality, and the distance and time measures (Berelson, 
1959:509). The researcher chose the idea unit, which is one of the most important and largest units of content 
analysis and is divided into two types: the explicit idea and the implicit idea. 

B. Unit of Context 
In this unit, the researcher recorded units using counting and measuring methods based on explicit and implicit 
notions after carefully analyzing them to determine the substance of the scientific expression and encoding it in 
the correct dimension. 

2. Enumeration Unit 
The researcher employed the Frequency technique as a unit to enumerate the emergence of thinking in each of 
the classification's paragraphs and fields, which is the most extensively used method in content analysis. 

ANALYTICAL VALIDITY 
To confirm the validity of the analysis, the researcher offered the method of analysis to specialists with a model 
for it, as well as instructions on how to extract the idea and categories it within its areas using markers of 
scientific ethical norms, The researcher's appendix (1) was approved by the majority of specialists, resulting in a 
percentage of agreement of 0.80, which is an excellent proportion,  Table (3) depicts an analysis model for the 
first intermediate grade in the topic of chemistry and industry. 

Table 3: Model for analysis 

No Idea Standard 
1- Using the sciences of chemistry and chemical reactions 

to produce new chemicals 
2 

2- Changing raw materials obtained from mines and 
agriculture into other useful materials in our daily life 

3 

3- Treating cancerous tumors by radioactive cobalt 5 

ANALYZE RELIABLE 
Because the Reliable is one of the most essential aspects that must be examined in content analysis studies, it 
refers to the compatibility of the results of content analysis for a number of professionals using one 
measurement tool. 

(Kidd and Wadsworthe,1989: 197) 

The analysis was used by the researcher through time and comparison analysis with a researcher taught by the 
researcher and a specialized researcher in order for the analysis to be objective and restrict the subjectivity of 
the single analyst, The researcher used (Holstey) equation to calculate the reliability coefficient or the 
agreement coefficient between the analysts. The three, as shown in Table (4). 

Table 4: Reliable of analysis for analysts 
No Analysis Reliable of analysis 

1-  The researcher is with himself after 30 days have passed 91.97% 

2-  Researcher and the first Analyst %80.95  

3-  Researcher and the second Analyst %83.90  

4-  Average 85.61% 

Three weeks had passed between the researcher's analysis of himself throughout time, and the (Holstey) 
equation was used to determine the tool's stability, as shown in the statistical techniques, he researcher with 
himself, the researcher with the trainee researcher, and the researcher with the specialist. 
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The Reliable coefficients obtained by the researcher are within the range and at a high level sufficient to ensure 
confidence in the stability of the analysis. And more, it indicates that the level of stability is high. 

(Ober & other, 1971: 85) 

STATISTICAL TREATMENTS: 
1. Holstey's equation: to find the stability of the book analysis between the researcher and himself and other 
analysts. 𝑹 = 𝟐(∁𝟏, 𝟐)∁𝟏 + ∁𝟐 

2. PERCENTAGE: 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑝𝑎𝑟𝑡𝑠𝑡𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑡𝑒𝑠 × 100% 

(Zangana and Adnan, 2008: 237) 

SHOW THE RESULTS: 
The Main Standards Of Ethics In Science: 
The researcher extracted (626) ideaswere extracted from the content of the science book for the first 
intermediate grade of science approved for the academic year 2021-2022, and they were distributed among the 
five main standards of science ethics, as shown in the following table (6): 

Table 6: Frequencies and percentage of standards of ethics in science in the science book for the first 
intermediate grade 

No Standards Frequencies percentage 

1. Academic Issues 339 %54.15  

2. Humanitarian Issues 138 %22.04  

3. The Role Of Scientists 78 %12.46  

4. Objectivity 25 %3.99  

5. Application Issues 46 %7.34  

Total 626 %100  

Table (5) shows that the book got (626) sequelae spread across five Standards, and the Standards of (academic 
issues), (humanitarian issues) and (practical issues) got the highest percentage, which is (54.15%), (22.02%), 
(12.46%) respectively, and the (objectivity), (the role of scholars) had the lowest percentage, which is (2.64%), 
(3.9%), (7.15%), respectively. The book did not neglect any dimension of the dimensions, and the Chart (1) 
Explain the differences between the dimensions. 

Chart 1: The difference between the standards of ethics in science 

 
We conclude from the above results that the content of the science book for the first intermediate grade gave 
great importance to the standards of (academic issues), (humanity issues) (applied issues) more than 
(objectivity) and (the role of scientists). 
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CONCLUSIONS 
1. The science book for the first middle grade focused in the first degree on academic issues, humanitarian 

issues, and applied issues and did not give more attention to other standards. 

2. Emphasis on including all standards of ethics in science in the science book for the first middle grade and 
equally. 

RECOMMENDATIONS 
Based on the findings of the study, the researcher suggests the following: 

1. Rethinking the content of the first middle school science book by adding science ethics in it, emphasizing the 
incorporation of new trends in curricula, and emphasizing the relevance of students' understanding of this 
interaction for their lives on the one hand and their society on the other. 

2. Developing a science book for the first intermediate grade that adheres to scientific ethics. 

SUGGESTIONS 
Conducting a similar study to analyze books of other scientific subjects and for different academic levels. 
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APPENDIX: 
Appendix1: Ethics of Scientists 

Main Standards Aspects 

1. Academic Issues  Mutual cooperation between scientists in 
scientific fields. 

 Scientific secretariat. 
2. Humanitarian Issues  Explanation of the psychological effects 

of some scientific activities on humans. 
 Explain the dangers of scientific 

experiments conducted on humans. 
 Understand the concept of science ethics. 

 Included to mention the scientific 
innovations that raise controversy from an ethical 

point of view. 
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3. The Role of Scientists  Chemical and atomic weapons. 
 Nuclear reactors. 

 Mechanism for the disposal of toxic 
nuclear and chemical waste. 

 Chemical pesticide spraying devices. 
 Drugs and drugs. 

 Mechanism of genetic modification with 
chemicals 

4. Objectivity  Determine the benefit of criticism. 
 Accept directions and advice 

 Paying attention to criticism from others 
and not neglecting it 

 Adjusting positions in light of criticism 
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A Study on Job Satisfaction amongst Anganwadi Workers in Mumbai Region 
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ABSTRACT 
ICDS is one of the flagship programmes of the Government of India and represents one of the world's largest 
programmes for childhood care and development. Anganwadi workers play the role of bridge between the 
community and the ICDS department with the object to fight against reducing infant mortality and child 
malnutrition. Job satisfaction is a feeling of contentedness towards one’s job. It is a very important aspect in the 
life of every working person. The personnel who work under the Integrated Child Development Service Scheme 
(ICDS) are no exception to this. The present study provides an overview of Anganwadi Centres in Mumbai 
region and also job satisfaction amongst the Anganwadi workers. Anganwadi Worker (AWW) and 
Anganwadi helpers both are the main pillars of this program. They play an active role in bringing the services to 
the doorstep of the beneficiaries even with lack of infrastructure, shortage of place and part-time honorary. 
Anganwadi centres are meant for providing benefits to the society but to make this scheme more effective and 
result oriented due care should be given to the staff employed for the same. 

Keywords: ICDS, Anganwadi Workers (Teacher and Helpers) and Job Satisfaction. 

1. INTRODUCTION 
“It doesn't matter whether you do small or big Job; what matters is job Contentment.” 

MOHITH AGADI 
Job satisfaction is a feeling of contentedness towards one’s job. It is a very important aspect in the life of every 
working person. It affects positively the professional, personal and social life of an individual. Absence of job 
satisfaction amongst employees will lead to lower productivity, high absenteeism and high employee turnover 
in the organisation. It is therefore essential to identify the factors responsible for influencing job satisfaction 
amongst workforces. The personnel who work under the Integrated Child Development Service Scheme (ICDS) 
are no exception to this. 

ICDS is one of the flagship programmes of the Government of India and represents one of the world's largest 
programmes for childhood care and development. It was launched on October 2, 1975. It provides a package of 
six services such as., supplementary nutrition, immunization, health checkups, referral services, nutrition and 
health education for a child, pregnant women, nursing mothers and also to adolescent girls. Anganwadi workers 
play the role of bridge between the community and the ICDS department with the object to fight against 
reducing infant mortality and child malnutrition. As their main task, Anganwadi workers lead the country’s war 
against under nutrition. They play an active role in bringing the services to the doorstep of the beneficiaries 
even with lack of infrastructure, shortage of place and part-time honorary. Even during the Covid-19 pandemic 
and the subsequent lockdown across the country, these social educators were assigned additional task of moving 
door to door and creating public awareness about the pandemic, they were also involved in collecting data from 
households. To ensure the effective implementation of ICDS programme it is imperative that the Anganwadi 
workers feel contented with their work. The present paper is, therefore, an attempt to understand the level of job 
satisfaction amongst Anganwadi workers. 

2. REVIEW OF LITERATURE 

 Sandhyarani M. et al., (2013)1., in their paper, have focused on the role and responsibilities of Anganwadi 
workers in the Mysore district. They stated that the Anganwadi workers are very active in serving their 
services to the beneficiary groups of the society. They not only reach a variety of beneficiary groups but also 
provide them with different services under one roof with part-time honorary, which is very minimal 
compared to their service in the society. They also reveal, to provide proper service to a beneficiary in 
future, the Department of Women and Child Welfare has to consider the right remuneration for Anganwadi 
Workers. 

 Desai G.  et al., (2012)2., in their paper, reveal that the Anganwadi Worker and helper, are the basic 
functionaries of the ICDS. Their role is not limited; the AWWs are overworked and are not able to justify 
their routine work. Despite low remuneration, their activities are very extensive. They are also involved in 
other National Health Programmes such as pulse polio etc. Therefore, the paper suggests that the 
government health authorities should cater to the Anganwadi workers as per their need. 
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 Borgoha H. et al., (2017)3., in their paper, evaluated the job satisfaction of Anganwadi Workers in the 
Sivasagar district of Assam. They stated that being as Anganwadi workers, working with the children in 
public service earns respectability from society, which produces a high level of job satisfaction compared to 
those who work in other departments. But as compared to their work honorarium, and workload, Anganwadi 
workers and helpers are not satisfied with the component of salary and over workload. 

3. OBJECTIVE OF THE STUDY 
The objectives of the study are stated as follows: 

1. To take an overview of Anganwadi Centres in Mumbai region. 

2. To examine the level of job satisfaction amongst the Anganwadi workers in Mumbai region 

4. RESEARCH METHODOLOGY OF THE STUDY 
To execute the present study the information has been collected through primary and secondary sources. 
Primary data are collected with the help of a structured questionnaire in the regional language (Marathi). It was 
distributed through Google Form link amongst Anganwadi Teachers and Helpers. With the help of Convenient 
Random Sample Technique 25 Anganwadi centres in Mumbai were selected. The Anganwadi Teachers and 
Helpers who are working in these Anganwadi centres were considered as samples of the study. Thus, the total 
sample size of the study is 50, comprising of 25 Anganwadi Workers (Sevika) and 25 Anganwadi Helpers 
(Madatnis). The secondary data has been gathered from sources such as the Official website of ICDS 
Maharashtra, reference books, Newspapers, Journals etc. To facilitate interpretation collected data was 
compiled and tabulated. Statistical tools such as percentages and Averages are applied with the help of 
statistical package software. 

5. FINDING AND ANALYSIS 
The Integrated Child Development Services (ICDS) Scheme is one of the world's largest and unique 
programmes for childhood care and development running under the Government of India.  It is to provide these 
complimentary services in an integrated manner with the object to reduce infant mortality and child 
malnutrition.  In this programme, many of them take the initial part to carry such responsibilities on their 
shoulders such as Anganwadi Workers, Anganwadi Helpers, CDPO, Supervisor, Auxiliary Nurse Midwife 
(ANM), Accredited Social Health Activist (ASHA), NGOs etc. 

Anganwadis are the prime units of the Integrated Child Development Services to be focused on child and 
mother care and development. It includes many activities such as delivering high-quality healthcare, nutrition to 
children, pregnant women, and nursing mothers, teaching mothers about child nutrition, community education, 
giving pre-formal school education, immunisation, as well as counselling to the teenage girls under Kishori 
Shakti Yojana (KSY). Normally, An Anganwadi centre covers a population of 1000 people in rural as well as 
urban areas and 700 people in tribal areas. Anganwadi Worker (AWW) and Anganwadi helpers both are the 
main pillars of this program and play an active role in bringing the services to the doorstep of the beneficiaries. 
The primary services performed by them are- 

 The Anganwadi workers are responsible for taking care of the children between the age group of 3yrs to 
5yrs. They provide freshly prepared nutritious food for the children at Anganwadi Centre. 

 They provide nutritious food for pregnant mothers on regular basis. Once in a month they go for pregnant 
mother’s survey to curb maternal mortality. They not only give nutritious food to pregnant mothers but also 
take them to the government hospitals for a regular check-up to keep the infant in the womb healthy. After 
the delivery, they also guide mothers about the scheme of Bhagyalakshmi programme, where a bond of ten 
thousand rupees is deposited for a girl child. But the benefits of the scheme are restricted to two girl children 
from below poverty line families only. 

 Under Kishori Shakti Yojana (KSY) Anganwadi Workers provide training, counselling, conducting 
discussions on the maintenance of personal hygiene, intake of nutritious food, adolescent puberty problems, 
etc. to teenage girls (kishoris) who belongs to poor family background and is within the age limit of 11yrs to 
18 yrs. 

 Apart from the above activities, they are also involved in other National Health Programmes such as setting 
up a pulse polio programme in their respective Anganwadi centre. They do door to door survey of the 
children belonging to the age group of below five years to bring under vaccination programme. 
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5.1 Overview of Anganwadi Centres in Mumbai Region 
Maharashtra is the second largest state in the country where 1,08,005 Anganwadi/Mini Anganwadi Centres are 
operated by around 2 Lakhs Anganwadi Workers and Anganwadi Helpers with 4,000 Supervisors. Mumbai is 
the biggest metropolis of Maharashtra state and also one of the most densely populated cities in the world. 
According to census 2011, out of the total population of Mumbai, 42 per cent of the population lives in slums. 
Around 5,130 Anganwadi centres are running in these slum areas under Integrated Child Development Services 
programme. 

Table-1 Number of Anganwadi Centres in Mumbai (As of March 2019) 
Sr. 
No. 

Region No. of 
Anganwadi 

Sr. 
No. 

Region No. of 
Anganwadi 

1 Andheri-1 144 18 Khar (West)  Santacruz (East 220 
2 Andheri-2 145 19 Khar , Santacruz 102 
3 Andheri-3 155 20 Kurla (U) 169 
4 Bhandup (East) 135 21 Mahim 150 
5 Bhandup (West) 165 22 Malvani 115 
6 Bandra (West) 175 23 Mankhurd (U) 162 
7 Borivali-1 121 24 Mulund (East) 100 
8 Borivali-2 185 25 Mulund (West) 150 
9 Chembur 150 26 Prabhadevi 147 
10 Colaba 100 27 Red Light Area 109 
11 Dharavi (U) 300 28 Shivajinager 135 
12 Ghatkopar (U) 154 29 Trombe 115 
13 Ghatkopar -2 103 30 Tungamohali 175 
14 Goregaon (East) 193 31 Vikholi 146 
15 Goregaon (West) 159 32 Wadala/Shivadi 269 
16 Gowandi (U) 150 33 Worli (U) 190 
17 Jogeshwari 142    

Total 5,130 
Source: Report on State of Health of Children in Anganwadis and Municipal Schools in Mumbai November 

2019. 

Table-1 shows the distribution of 5,130 Anganwadi Centres running in 33 different areas of Mumbai under 
Integrated Child Development Services, as of 31st March 2019. Dharavi is the largest slum area of Mumbai 
where maximum i.e. 300 Anganwadi Centres are running, which is the highest in Mumbai. Similarly, Colaba 
has the least that is 100 Anganwadi Centres. 

The Anganwadi Services envisages the Anganwadi Workers (Anganwadi Sevika) and Helpers (Anganwadi 
Madatnis) as honorary workers from local community who come forward to render their services, on part time 
basis, in the area of child care and development. Being honorary workers, they are paid monthly honoraria as 
decided by Government from time to time. 

Table-2 Number of Functionary of Integrated Child Development Services in Mumbai (As on March 2019) 
Position No. of post 

Sanctioned 
No. of post 
Functioning 

Shortage 
/Differences 

Anganwadi Worker 5,130 4,977 153 (3%) 
Anganwadi Helper 5,130 4,316 814 (16%) 

Supervisor 206 129 77 (38%) 
Child Development 

Project Officer (CDPO) 
33 20 13 (40%) 

Source: Report on State of Health of Children in Anganwadis and Municipal Schools in Mumbai November 
2019. 

Table-2 exhibits number of functionary of Integrated Child Development Services in Mumbai as of 31st March 
2019. The total sanctioned post of Anganwadi workers was 5,130 out of which only 4,977 workers are 
appointed. Similarly, the sanctioned post for Anganwadi helpers is 5,130 but only 4,316 positions are filled. The 
Supervisors, who guide Anganwadi workers & helpers, their total sanctioned post is 209 out of which only 129 
supervisors are appointed. Whereas, for CDPO out of the 33 total post sanctioned only 20 CDPO positions are 
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filled and they are controlling 5130 Anganwadi Centres of Mumbai. It can be seen from Table-2 that there is 
shortage of functionary in ICDS programme, which results in overload for the existing functionaries which 
further results into dissatisfaction and compromises in the quality of service. 

5.2 Level of job satisfaction amongst the Anganwadi workers in Mumbai region 
Job satisfaction amongst employees of any organisation is important to achieve organisational objectives. In 
order to ascertain the level of job satisfaction amongst ICDS workers a primary survey was conducted in 25 
Anganwadi centres. Simple random and convenient sampling method was used to select these Anganwadi 
centres. The data was collected from 25 Anganwadi Workers (Sevika) and 25 Anganwadi Helpers (Madatnis) 
working in above centres. The demographic profile of respondents is presented as below- 

    

  
Source: Self Complied 

Figure-1 shows that maximum respondents i.e. 70 percent fall between the age group 36 to 50 years. Figure-2, 
depicts the education qualification of respondents; out of the total respondent 24 percent are IX passed, 34 
percent respondents are SSC and 36. Percent respondents are HSC passed and only 6 percent are graduates.  
Figure-3 displays the marital status of respondents.  It shows that 84 percent of respondents are married, 10 
percent are divorced and 6 percent are single. The survey also collected information with respect to the length of 
service of AWW; Figure-4 shows that 30 percent of respondents have more than 20 years of experience 
working as Anganwadi workers. 

The present study in order to determine job satisfaction amongst the Anganwadi workers conducted a primary 
survey. The study included questions related to various parameters related to working conditions and job 
satisfaction of Anganwadi workers and the respondents were asked to rate their level of satisfaction as per the 
scale given. The responses for the same is compiled and exhibited below in Figure-5. 
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Source: Self Complied. 

 With regards to place provided for Anganwadi centre, Figure-5 shows that out of the 50 respondents 24 are 
satisfied, whereas 14 respondents are found to be dissatisfied with the place allocated for Anganwadi Centre. 
It is observed that at most of the places there is no separate place for Anganwadi Centre, normally AWW 
function their centres either in public place or a residential house in a slum area on monthly rental basis. It 
was also noted that there is not enough space to store supplementary nutrition food, Register notebook, 
teaching materials, weight loss machine etc. 

 Regarding hygiene and cleanliness facilities in Anganwadi Centre, 12 respondents are satisfied with the 
facilities, 6 are highly satisfied and 10 respondents are moderately satisfied. However, 22 respondents are 
dissatisfied with these facilities. This is due to the absence of a separate place for storage. It was also found 
that the supplies gets damaged and spoiled and due to lack of appropriate provisions for safety and it 
becomes difficult to protect the stock from insects, rats, cockroaches etc. 

 The study further marked that 28 respondents are satisfied with the availability of drinking & water facilities 
in Anganwadi Centre and 7 respondents are highly satisfied with this facility. However, 14 respondents are 
not satisfied with the availability of drinking & water facilities as they are getting these facilities from the 
local municipality public water tab. 

 Regular training programmes are a must for job satisfaction and high morale as they keep employees 
updated with their work. In Anganwadi service, training is imparted to the functionaries on a regular basis. It 
includes various programmes on role and responsibilities of Anganwadi workers, pre-primary education, 
psychosocial development program of children below the age of 3 years, food & nutrition balance diet 
programme, personal hygiene care for Kishori girls, pregnant women and feeding women etc. The 
respondents’ response towards Training & Development Programmes organised by ICDS shows that 16 
AWW are highly satisfied and 27 are satisfied with such programmes. (Some write-up) 

 Job remuneration is the prime factor for which people work. The study, therefore, further enquired about the 
honorarium paid by the authority to the Anganwadi workers. It was found that 34 respondents are 
dissatisfied regarding their honorarium and 10 respondents are moderately satisfied. It was found that the 
Anganwadi sevika receives an honorarium around Rs. 8,000/- per month and helpers receive around Rs. 
4,250. It was found that AWWs find their honorarium very low as compared to the responsibilities and 
duties handled by them. It was further noted that the payment is delayed most of the times which also 
negatively affects the workers. 

 Every employee expects progression in job. Promotion therefore is an important indicator of job satisfaction. 
The study found that 22 respondents are dissatisfied and 22 are highly dissatisfied with the procedure of job 
promotions at Anganwadi centres. It was observed that there is no direct promotion process based on 
experience or result oriented performance. Promotions for AWW depend on written tests and interviews. 

 Work satisfaction also depends upon the behaviour of superiors. In the context of Anganwadi Centre CDPO 
and Supervisor are the superiors who are involved with Anganwadi workers for different activities. Out of 
50 respondents, 26 respondents are satisfied and 22 are highly satisfied with the Behaviour of their superiors. 
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 Job security is another important parameter that keeps an employee satisfied. The present study shows that 
30 respondents are dissatisfied with their job status that lacks security. They are working under the ICDS 
scheme on a part-time basis with basic honorarium. 

 Pension, another parameter of job satisfaction, is a monetary benefit, other than wages, paid at regular 
intervals to a person or to the person's surviving dependents in consideration of past services. There is a 
provision of retirement benefits to Anganwadi Workers and Helpers. They are paid approx. Rs. 1,00,000 
after their retirement.  It was found in the present study that 30 Anganwadi workers are not satisfied with the 
pension Scheme provided by the ICDS. 

 The present study further enquired about job satisfaction with respect to the medical facilities provided by 
the authorities. It was found that 22 AWW are dissatisfied and 25 AWWs are highly dissatisfied with 
medical facilities provided by ICDS for them. Anganwadi workers and helpers are actively involved in 
bringing the public health services to the doorstep of the beneficiaries but for their own health and workplace 
safety no such provisions are available. 

6. CONCLUSION 
Anganwadi Services Scheme of ICDS has come up with differential approaches across the States. The present 
study provides an overview of Anganwadi Centres in Mumbai region and also job satisfaction amongst the 
Anganwadi workers. It was found that more than 80 per cent of Anganwadi centres are running in a tiny room 
of the Mumbai Slums area. Sometimes, there is no space for children to sit also; therefore separate and adequate 
space is required for Anganwadi centres.  The basic facilities like drinking water, cleanliness and hygiene, 
storage facility etc. are must for the overall efficiency of anganwadi centres.  Anganwadi workers are 
overloaded due to inadequate manpower therefore there is a need to fulfil the vacant posts. AWWs are expected 
to provide consistent services to the beneficiary groups and in return their bare minimum expectation is modest 
and timely honorarium by the concerned authority. There are areas of concern such as job progression, job 
security, pension etc. that are essential to ensure job satisfaction amongst AWWs. However, amidst all these 
factors there are parameters like regular training for skill and knowledge updating that are well placed. The 
senior officials are found to be supportive that encourages AWWs to keep performing. It can be concluded that 
Anganwadi centres are meant for providing benefits to the society but to make this scheme more effective and 
result oriented due care should be given to the staff employed for the same. 
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ABSTRACT 
World Health Organization informed pneumonia cases of unknown cause in Wuhan City, China on December 
31st 2019. A novel coronavirus identified by Chinese authorities on January 7 ,2020 and named it as covid-19. A 
novel coronavirus (nCov) characterized by illness ranging from common cold to more severe disease. WHO 
issued recommendations for general public to avoid contact with anyone and maintain social distance. In India, 
first case of covid-19infection reported in Kerala. Government of India decided to impose a nationwide 
lockdown on March 24,2020 to contain virus. Coronavirus induced lockdown led to shutdown of world 
economies including agriculture, manufacturing and service sector. Lockdown led to imposition on 
displacement of migrants, job losses as well as hitting world trade at rock bottom level. Consequently Indian 
economy also severely hit by global pandemic. Indian economy contacted by 7.3 percent in April-June 2020 
quarter. India’s 2.9 trillion dollar economy remain shuttered except some essential services and activities. All 
major sectors of economy badly hit except agriculture. Agricultural business initially trembled but over a period 
of time it came back on track. Even it shows a higher growth rate than previous financial year. Proposed paper 
will examine responsible factors for growth of agriculture sector in Indian economy during covid-19 induced 
crises. How agriculture sector became a savior for human lives as well as for economy of India whereas others 
shaken? 

Keywords: Covid-19, Agri-business, Supply Chain, AEPDA 

INTRODUCTION 
Agriculture is primary source of livelihood accounted for approximately 58 percent of India’s population. 
Estimation of Gross Value Added by Agriculture, forester and fishing stood at US $ 276.37 billion in financial 
year 2020 (PIB 2020).India has immense huge potential for value addition, particularly within food processing 
industry. Indian food processing industry is a source of 32 percent of country’s total food market. Indian food 
and grocery market is world’s sixth largest and fifth largest in context of production, consumption, export and 
expected growth. Indian agri-export in global agri market accounts over2.5 percent. Major export destinations 
of Indian agro-produce are U.S.A., Saudi-Arabia, Iran, Nepal, Bangladesh. Agriculture dominant Indian 
economy dynamically making efforts to become a leader in particular sector but it got a major stoke when world 
economies trapped into disastrous cycle of global pandemic of covid-19. India not leftuntouched from curses of  
pandemic crises (FOUNDATION, 2021). 

Origination of pandemic traced from December 31 2019 when Chinese authorities informed cases of pneumonia 
detected in Wuhan city in Hubei province of China. WHO continuously in contact with network of researchers 
and experts to coordinate global work on modeling, diagnostic, clinical care and treatment to cure the disease. 
WHO has issued guidance for countries to take precautions to contained the disease (World Health 
Organization, January2020).WHO guidelines for containment of disease includes keep physical distance of at 
least one meter, avoid crowds and close contact, wear mask properly, clean hand frequently. As a result 
economic activities globally started to shutdown in order to maintain social distance (WHO, February 2020). 
OnJune 2020 Global Economic Prospect reported a baseline forecast envision a 5.2 percent contraction in 
global GDP. Per capita income contracted in largest fraction ofcountries globally since 1870. Advanced 
economies projected to shrink by 7 percent and emerging market and developing economies contracted by 2.7 
percent (Global Economic Outlook: World Bank, June 2020). 

Textiles, clothing, leather and footwear industries started to crippling as workers started stay at home, factories 
shutdown and global supply chain halted. Teachers have to adopt universal distance education as nearly 94 
percent learners faced school closure. Small and medium enterprises have hardest hit and millions of job at risk. 
Automotive industry hit by triple whammy: factory closure, supply chain disruption and collapsed demand. 
Agri workersfacing hurdles in procurement of agri-inputs as well as difficulties to transport agro produce from 
farm gate to market. Food retail workers at high risk of exposure while food and related stuff declared under 
essential commodities guaranteed food security (ILO). 

In India, government declared stringent lockdown on March 24, 2020 which further extended as per 
updatedguidelines of WHO. Coronavirus pandemic proved to be fatal in terms of human lives and economic 
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activities in India also.Manufacturing industry reached a sudden stop. Factory workersquite to come at work 
with resulting impact on quality, cost and volume. Top software companies like Tata Consultancy Services, 
Infosys and HCL reduced technological spending as felt drop in spending from U.S. and Europe. HDFC 
securities predicted 2-7 percent reduction in IT revenue. India’s development in final quarter of fiscal year 2020 
declined to 3.1 percent as per Ministry of Statistics(Sidhu et al. 2020). 

Worst happened in agriculture sector also,when lockdown imposed and severe trust deficit occurred. In India, 
agricultural workers and farmers engage in agriculture activities seasonally. Based on seasons, Indian crops 
divided into three types – (a)- Rabi (harvested in March- April), (b)- Kharif (Sep-Oct), (c)- Zaid (early maturing 
crops, grown and harvested between March-June). Rest of the period they used to migrate in cities to earn daily 
wages for their livelihood. Global pandemic struck agriculture sector when Rabi crops about to harvest (March-
April). Wheat is the main rabi crop. India is second largest producer of wheat in the world. Uttar-Pradesh 
account for more than one third of crop production (35%), followed by Punjab (21.5%)and Haryana (13.2%). 
These states largely depend on labour force for harvesting crop and weighing the produce. But pandemic 
induced lockdown prohibit displacement of labors to their villages from cities where they work on daily basis. 

Framers had no experience to handle such a pandemic situation. They suffered from problem of suspension of 
transportation, shortage of supply of farming machinery and equipments including harvester and gunny bags 
(used to store wheat produce) supply from West-Bengal.Under transportation inter-state movement banned so 
agriculture supply chain distorted.Procurements centers of agriculture inputs partially opened or closed. 
Consequently blockages entered in working of mandis.A fragmented demand arose as public started to store 
extra grain in panic. Aggregate demand and supply of agro-produces shrank causing crippling effect on 
employment and income. This demand and supply disruptions led to a fall in prices of commodities. Upward 
trend in retail prices associated with increased transaction  cost for retailers. On a large scale prices risen at end 
consumer side. Farmers saw a steep decline in fragmented prices.(radyot Ranjan Jena n.d.) 

Government of India relaxed restrictions from April 14, 2020 for agriculture sector after first phase of 
lockdown. Government has magically taken charge over the situation to provide food security to public.India 
Council of Agricultural Research issued guidelines for farming activities for farming activities with physical 
distance and hygiene standards. Government made policies to ensure uninterrupted supply chain of milk, 
vegetables and fruits and maintain smooth agribusiness operations throughout the country. 

LITERATURE REVIEW 
1. GLOBAL SCENARIO 
An unprecedented rise in food storage pushes price hiking of agricultural produce. Myanmar, Vietnam suffering 
from labor shortages and logistics disturbances while Thailand continued to export. China sufferedfrom surge in 
rice demand witnessing import by 60 percent. Malaysia and Philippines have stock piled importing from 
Thailand, Combodia and India. Myanmar and Laos government has paused loans and Micro Finance Institution 
also suspended operations. Covid-19 caused food insecurity as decline in income because of stringent lockdown 
globally. As per the author, covid-19facilitated uncertainty for farmers and job losses (Fox, Promkhambut, and 
Yokying 2020). Latin America faced problem of fatling of commodities and decline in export volume in China, 
U.S.A. and Europe(Karolien and Hogenboom 2020). Sub Saharan African countries mitigate effects of 
pandemic. Trade policies augmenting domestic food supply by releasing grain via Food Reserve Agency 
(FRA). Imported agricultural products ranging from essential staples maize, wheat, rice to fruits, vegetables 
meat and processed food pandemic affected food supplies through commodity price volatility, availability of 
food supplies and farmers’ planting decision. Author highlighted disruptions in key market of different 
countries in respect of agricultural commodities. Larger food system subjected to vulnerability, so political 
leaders more aggressively put pressure on private sector to remain operational. African government made 
strategic interventions to contain effect of food market under two categories-: (a) FRA operations, restricting/ 
facilitating regional cross border trade. (b) food production policies- targeting small holder farmers through 
input subsidies to ensure timely provisions of inputs and credit finance (Sihlobo, Kapuya, and Baskaran 2021). 
E-commerce enables farmers to sell products and mitigate pandemic impacts on farmers’ income losses. 
Agricultural insurance played important role in stabilizing farmers’ vegetables production and supply. 
Improvements in agricultural insurance policies, eighty percent intended to buy agriculture insurance. Food 
market instability and price fluctuations raise consumers food safety knowledge and change their behavior (GU 
and WANG 2020).World Bank and credit rating agencies have reduced India’s development for financial year 
2022. Owing to lockdown, around fifty three percent of enterprises across the country will be chained into stress 
and lack of transparency in streamlining about essential commodities (Das 2020). 
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2. INDIAN SCENARIO 
In India agricultural labors and workers migrated to urban areas unable to return to their villages. Unavailability 
of these labors disrupted harvesting activities. Agricultural labour supply declined in 70% of districts according 
to a survey done by NABARD. Farm gate prices have not declined significantly in crop sector whereas prices in 
allied sector had declined from 2% to 18%(NABARD 2020). Media reports show that closure of hotels, 
restaurant, sweet shops and tea shops during lockdown depressed milk sales. Poultry farmers hit badly due to 
myth spread amid chicken are carriers of covid 19 (Sandeep Kumar et al. 2020). Restriction on interstate 
movement of harvesters hampered post-harvest activities such as threshing, winnowing, loading and storage and 
transportation of agri-produces to mandis. Barriers on number of farmers’ entry in mandis and quantities they 
can sell lead to hike in prices of agri-produces. For example in Rohtak, Haryana procurement of wheat and 
mustard at local mandis began on April 2020. Unlike past they had to wait for grant of token to enter into 
mandis with produces. In Ranchi and Jharkhand farmers forced to sell vegetables on low prices to agents who 
come to village on alternate day (Rawal et al. 2020).Majority of consumers (75.31%) experienced price increase 
due to inaccessibility to food market. Producer benefited less and consumers paid more. A divergence between 
retail and wholesale prices observed. This divergence indicate a widened gap between farm gate prices and 
consumer prices, a direct result of lockdown (Cariappa et al. 2021). Over 80 % farms reported some extent 
decline in sales and over 20% farms reported devastating declines. Price reductions reported by 80% farmers. 
Women farmers less suffered from lack of labour but more suffered from low prices of agro commodities. 
Women experienced a stronger disruption to price of their vegetables. Farmers experienced reductions in sales 
due to covid-19 sold their produce through multiple marketing channel and through collectors and middlemen 
(Harris et al. 2020). Author analyzed weekly average food prices from March to May. In result found that while 
staple grain prices remained stable, prices for nutritious food like pulses and vegetables and eggs have risen. 
Surge in demand due to disruptions in supply chain caused a sustained in retail prices for all pulses. Onion retail 
prices more than doubled in all cities attributed to low arrivals because of transportation bottlenecks. Stability in 
cereal prices directly associated with their status 

Urban resident all over India find it difficult to buy groceries as commodities became scare in beginning of 
pandemic. The major reason was panic buying and hoarding among people. Restrictions on food supply chain 
increases the transaction cost and consumer prices. Speculative hoarding may occur and trigger price increases. 
An increase in demand for pulses as a result of panic buying and disruptions in supply chain contributed to 
rising trend in prices. Disruptions in supply chain included inability of farmers to move produce to Agricultural 
Produce Marketing cooperatives because of lack of transport. Constraints in supply chain began easing from 
May onwards (Imai 2020). Initially lockdown adversely affected agriculture and food supply chains. However 
on passage of two months of lockdown activities seems to have been recovering to some extent. Retail prices of 
cereals and vegetables which had gone up have been reversing. Rabi crop period witnessed high production of 
wheat, mustard, gram sesame etc. 

Agriculture proved to be saving grace for Indian economy as manufacturing and manufacturing recorded a 
negative growth financial year 2021. The provisional estimates of National Statistical Office (NSO) shows GDP 
growth in agriculture increased from 2.4 percent in financial year 2020. Trade in agriculture improved in 2019-
2020 as nominal GDP growth rate accounted 11.4 percent as compared to real growth 4 percent (Dev Mahendra 
and Sengupta 2020). Despite restrictions that government has imposed on mobility of labor, although with some 
problems, supply of basic necessities normally assured. Interruptions to food transfer was minimal ensuring 
stable food supply(Agropecuaria and 2020 n.d.) 

Union Home Ministry in a very momentous move, notified to keep out movement of farmers, farm labors and 
harvesting and sowing related machines from purview of lockdown(Padhee 2020). A phone based surveys 
covering 1515 farmer in Indian States Odisha and Haryana provided insights on how farmers’ livelihood 
disrupted and how they responded to these challenges. Winter pulses harvested manually during March and 
April, protected by Minimum Support Prices. Central government allowed some exceptions in guidelines of 
lockdown impositions. No restrictions on agricultural activities, marketing of agricultural goods, customs hiring 
and inter-state movement of agricultural equipments and manufacturing activities of agricultural inputs. These 
exceptions maintained in further guidelines supported by opening up of more agri-inputs stores, machinery 
repair shops and agribusiness. Hundred farmers entering mandis per day as number of mandis increased from 
477 to 2000 and nearly 5 lac farmers who had registered for this procurement system able to sell their produces 
this way. Odisha state government announced procurement of pulses and oilseeds through a range of channels 
including state marketing federations, cooperative societies, farmer producer organization and village marketing 
commodities (Ceballos, Kannan, and Kramer 2020). A considerable resilience on agricultural business 
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transactions during covid-19 shocks which buffered by adequate policy support. Consumers buying behavior 
has changed with greater online transaction and home delivery services (Varshney, Roy, and Meenakshi 2020). 
Technological options such as direct seeded rice, staggered nursery transplanting and crop diversification  
helped in addressing these challenges but require new approaches to policy and incentives for 
change(Balwinder-Singh et al. 2020). 

State governments rescued farmers by providing online platform for direct selling of mangoes. Karnataka State 
Mango Development Corporation and Marketing Corporation Limited (KSMDMCL) started a portal 
(Krishimangoes.karnataka.gov.in) for helping farmers to sell mangoes. Department of Horticulture, Government 
of Telangana in association with Telangana State Horticulture Development Corporation Limited started a web 
portal named T-Fresh (t fresh.org) to supply fresh fruits and vegetables to consumers at a doorstep. Many 
progressive farmers and wholesalers partnered with food delivery apps for direct selling of mangoes (Kunal 
Mazumdar 2020). 

After removing restrictions loss in highly perishable products – tomatolead to shrink in prices.. Food 
Corporation of India released cereal in open market to manage any pending shortfall in their supply. Pandemic 
period record high rabi procurement prevented any immediate shortage of wheat and rice (Payal Seth 2020 ). 
Rise in non-cereal prices diverted consumer spending toward staples. Food Corporation of India and state run 
granaries manage staples from time to time, supply additional grain in open market to stabilize prices. Central 
government has taken extensive measures to curtail adverse impact of covid-19 on agricultural sector (Bhaskar 
Mittra 2020). Toensure food security to vulnerable sections, government continued with subsidized pricing 
under National Food Security Act (Economy Survey 2020). 

Disruptions created by covid-19 induced lockdown negatively affected the performance of non-agricultural 
sector but agriculture came up with a robust growth rate of 3.4% at constant prices during 2020-21. Various 
measures and policies on credit, market reform and food processing under Atma Nirbhar Bharat announcements 
push a thrust in agriculture sector. Under this package 5 kg per person per month distributed for 4 months (May-
Aug). under Pradhan Mantri Garib Kalyan Anna Yojna, 1809.60 beneficiaries provided additional food grains. 
Amidst all adversities due to pandemic, continuous supply of agricultural commodities especially rice, wheat, 
pulses and vegetables had maintained to enable food-security. Agriculture credit flow target for year 2019-20 
was fixed at 1350000 million and against this target achievement was 13924690.10 million. Agriculture 
Infrastructure Fund announced as part of Atma Nirbhar Bharat Abhiyan boost credit flow to agriculture sector. 
Ministry of Food Processing and Industries launched PM-Formalisation of Micro Food Processing Enterprises 
with total outlay 100 billion over a period of 2020-25. Central government assistance of 36.7982 billion 
released to state government to meet the expenditure incurred on intra-state movement of food-grains (Economy 
Survey 2020). 

In November 2020, Production Linked Incentive Scheme introduced in 10 key sectors including food 
processing sector for enhancing India’s manufacturing capabilities and export.As per commerce industry, 
India’s export has beaten the pandemic crises recording a growth of 17.34 percent to $ 41.25 billion in 2020-21. 
Outstanding growth of agri-exports in financial year 2021 after it remained stagnant for past 3 years (Tiwari 
2020). Press Information Bureau declared that measures taken during pandemic ensured uninterrupted export. 
Despite covid-19 crises, balance of trade in agriculture has improved by 42.16%. Largest market for India’s 
agriculture products are – China, USA, Bangladesh, UAE, Vietnam,Saudi-Arabia, Indonesia, Nepal, Indonesia 
(102.42%), Bangladesh (95.93%), and Nepal (50.49%). Government make arrangement for online issuance of 
various certificates required for exports. During lockdown period, virtual inspection introduced for new pack 
house applicants. Agriculture Export Policy Development Authority has developed, in house, a platform for 
organizing virtual trade fairs (VTF)to establish contact between Indian exporters and importers (Bureau 2021). 

RESEARCH METHODOLOGY 

OBJECTIVES:- 
1- To assess the contribution of agriculture sector with respect to industry and service sector to Economy of 

India during pandemic crises. 

2- To understand trend of FDI inflow in agriculture sector during pandemic. 

3- To examine registered growth in agriculture export recorded in pandemic year 2020-21 from previous years. 
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DATA COLLECTION 
Data has taken from secondary sources including literature from Government of India websites, Indian 
agricultural organizations’ report, international organizations’ websites, local media reports, research papers and 
newspapers. 

DATA AND INTERPRETATION 

OBJECTIVE 1-: 
To assess the contribution of agriculture sector with respect toindustry and service sector to economy of India 
during pandemic crises. 

Table 1-Share of GVA (Gross Value Added) of Agriculture, Industry and Service Sector in 2019-20 &2020-
2021 

S.NO.                 Sectors                                   2019-20 (%)                        2020-21 (%) 

1                    Agriculture Sector                 18.4                                      20.19 
2                    Service Sector                       55.3                                      54.3 

3                    Industry Sector                     29.6                                       24.29 
Source:- Press Information Bureau, Economic Outlook 

Graph 1- Graphical Representation of share of GVA of Agriculture, Industry and Service Sector. 

 

INTERPRETATION 
Table 1 shows that share of GVA of service sector and industry sector both declined by 0.0180 percent and 5.31 
percent whereas GVA of agriculture sector increased by 0.097 percent in 2020-21 in comparison to previous 
year.Graph 1 shows the share of GVA of Agriculture, Industry and Service Sector. 

OBJECTIVE 2-: 
To understand trend of FDI inflow in agriculture sector during pandemic. 

Table 2:- FDI Inflows in the Agriculture Sector in India 
Year                          Amount of FDI Inflows                     Rate of Change 
(In Rs. Crore)         (In US Dollar Million) 

2012-13                          1392                    257 

2013-14                          845                  140                                 -0.455 
2014-15                   796                             130                                 -0.071 

2015-16                        673                         103                                 -0.207 
2016-17                         618               92                                  -0.106 

2017-18                         821.3                 127.4                              0.384 
2018-19                        664.7                              93.9                           -0.262 

2019-20                         1040.64              148.04                         0.576 

2020-21 
(April-Sep)                   1502.72 201.07                            0.358 

Source: Department for Promotion of Industry and Internal Trade (DPIIT) 

TABLE 3:- FDI Equity and total FDI Inflow in Commerce and Industry Sector 
Year                                     FDI Equity inflow          Total FDI Inflow   Rate of Change 

(US $)                           (US $) 

     2015-2016                                   40.00                                 55.56 
2016-17                                  43.48                                 60.22                    0.083 
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2017-18                                  44.86                                 60.97                    0.012 

2018-19                                  44.37                                 62.00                     0.016 
2019-20                                 49.98                                  74.39                     0.199 

2020-21(up to Sep,2020)     30.00                                   39.9                       -38.9 
Source:- Reserve Bank of India 

GRAPH 2- Graphical representation of rate of change in FDI inflows in agriculture and industries and 
commerce sector over 5 Financial Years (2016-17). 

 

INTERPRETATION  
Table 2 accounted for FDI inflows in agriculture sector in India from financial year 2012-2013.Table 3 
represent FDI equity and total FDI inflow in Commerce and Industry sector from 2015-16 to 2020-21. Graph 2 
shows that there is positive rate of change in FDI inflow in agriculture sector whereas industries and commerce 
sector passes through a decline phase in attraction of FDI. 

Table 4: Agricultural export from 2017-18 to 2020-21 
S. NO.                            Year                                        Export (In USD $ Billion) 

1                                      2017-18                                    USD 38.43 

2                                      2018-19                                     USD 38.74 

3                                      2019-20                                     USD 35.16 
4                                      2020-21                                     USD 41.25 

Press Information Bureau. 

GRAPH 3- Graphicalrepresentation of agricultural export 

 

INTERPRETATION 
Table 4 represent agricultural export from 2017-18 to 2020-21.Table shows that agricultural export in financial 
year 2020-21 increased by 0.173 percent from its previous financial year 2019-20.Graph 3 showsa comparative 
representation of agricultural export from 2017-18 to 2020-21 which shows that export in agriculture sector 
boost even during pandemic time. 

DISCUSSION 
From above it is envisaged that agriculture the only sector contributes to economy. Initially agriculture sector 
also stuck in traps of impacts of coronavirus. Worst happened to agriculture field when pandemic hitting 
harvesting rabi crops. Farmers community about to shaken specifically those who primarily depend on 
agriculture for their livelihood. A darkness in agriculture sector magically managed by Government of India. 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

42 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

Indian Council of Agriculture Research in association with central government exempted agriculture and allied 
activities from lockdown restrictions including agencies engaged in procurement of agricultural products and 
mandis operated by Agricultural Produce Marketing committee. Farmers instructed by ICAR to wear mask 
during threshing, winnowing, grading, sorting and packaging operations at farm level as it protect them against 
aerosol and dust particlesto prevent them from respiratory disease. They have to ensure proper drying of 
packaging stuff prior to storage of grains and not to use previous season jute bags. Use treated and a gunnies 
after soaking in 5 percent neem solution. Government of India has initiated to help farmers by announcing that 
first installment of PM-KISAN Yojana payment (Rs 2000) to farmers will be paid up to farmers. RBI 
announced a moratorium on agriculture term loans for a period of three months. Indian Railway eased the 
transport logistics of agricultural produce (Nayyar 2020). Prices of essential commodities remained stable due 
to better supply chain management and procurement picked up in May and June 2020. Central government 
announced social assistance package of 25 billion US dollar. Pradhan Mantri-Garib Kalyan Yojna provided 
additional benefits to farmers and rural household (Joshi 2021). Ministry of Finance made announcement of 
economic stimulus package worth USD 22.2 billion. Fifteen percent of package allocated to agriculture sector. 
Under the action plan, Atmanirbhar Bharat Abhiyan (Self-Reliant Initiative) launched. Under the initiative 
NABARD provide fund to small and marginal farmers. Micro Food Enterprises supported in technical up 
gradation to attain Food Safety and Standard Authority of India (FSSAI) food standards lead to growth in retail 
and export market. Operation Green – “top to total” extend from tomatoes, onion and potatoes to all fruits and 
vegetables (Rahul Kapur 2020). Pandemic proved to be catalyst pushing agriculture sector to rise up with 
innovative solutions for uncertainties by lockdown. Social distancing hit on ground of advisory services, so 
more farmers shifted to online portal to discuss their crop issues. Agricultural networking platforms increased 
by thirty percent. Agri tech companies found virtual ways to inform and educate rural farmers about 
advancements and usage of technological innovation and their services and sell their products through e-
commerce nationwide (Shukla 2020).Various initiatives taken by government to boost agriculture export during 
pandemic time as Transport and Marketing Assistance (TMA) scheme for marketing and export of specified 
agricultural produces and to promote brand recognition for Indian agricultural products in the specified overseas 
markets. Agriculture sector registered a positive Foreign Direct Investment while other sectors attracted 
negative FDI. 

SUGGESTIONS 
Global pandemic affect every walks of life. Agriculture sector no remained untouched. Indian government 
magically handled worst situation ever in agriculture. Additionally it can more to go as coordinated policy 
responses needed to support agri-business and working conditions of  millions of agricultural worker in line 
with various relevant international labor standard. Online transaction tools like Google Pay, Paytm, PhonePe 
more to be promoted to smoothing the agri-business related transactions. ICT infrastructure e-choupal, Kisan 
rath and many more apps and online platforms should penetrate among small and marginal farmers. Online 
delivery partners like Groffers, bigbasket should grant recognition to work with government organization 
because their real time delivery very fast. Door step meals delivery partners working in India as swiggy and 
zomato shown a dramatic increase in demand as they follow safety measures as they follow safety measures of 
lockdown. They claim to provide hundred percent safety measures of safety and cleanliness from preparation of 
food to delivery at door step. Government should provide incentive and funds to establish larger number of agri- 
entrepreneurs and support local value addition. More impetus should flow in agricultural infrastructure 
including, storage, logistics and transportation. Measures must be taken to efficiently utilize IT infrastructure in 
agri business to reach the unreach. Strengthening supply chain of agri-business to make it useful farmers as well 
as small, medium and large enterprises. Strengthening community based enterprises, federations and 
cooperatives to utilize larger base. Government already planned to connect all agri-market e-NAM (National 
Agriculture Market) in financial year 2021- 2022. Government should create space for more innovation in 
agriculture sector, whether it is farm practice or IT based agribusiness from farm to agro-processing industries. 
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ABSTRACT 
India's automobile sector is a major contributor to the country's economic prosperity and improvement in 
technology. About 32 million people are employed directly and indirectly by the automobile sector, which now 
contributes more than 7% of the total GDP. The Indian automobile sector has risen to the position of world 
leader as a result of strong local demand and favourable government policy. Electric vehicles (EVs) and 
intelligent transportation systems (ITS) are likely to undergo big changes in the Indian auto industry, as they do 
in many other nations, in an effort to address current problems such as traffic congestion, fuel dependence, air 
and noise pollution, and so on. 

Keywords: Automotive, Industry, Indian, Economy, Environmental etc. 

INTRODUCTION 
Economic growth has resulted in a rise in the use of raw materials and energy, reducing their availability and 
creating environmental issues. When it comes to keeping consumers and the natural environment safe and 
healthy, this has become a huge concern for businesses. Keeping environmental concerns in mind, organisations 
are embracing green business practises because they see the benefits of doing so. Businesses are being 
compelled to use green marketing strategies by government laws, public concern about global warming, and 
other environmental problems This is a distinct definition of "green marketing," which is the total of efforts by 
corporations to make their goods less harmful to the environment by producing, promoting, packaging, and 
reclaiming them. There was a glaring omission from their criteria, however, when it came to the environmental 
impact of consumption and disposal of goods. Although material procurement and transportation in an 
environmentally friendly manner were not included in these standards. It is essential for companies to obtain 
raw materials from green sources and build green supply chain management systems in order to execute entire 
green marketing strategies. The term "green marketing" refers to all of the strategies used to attract and keep 
environmentally conscious consumers. 

Indian Passenger Car Industry 
There has been a dramatic rise in industrial activity in recent decades, resulting in environmental damage and 
serious consequences. Since 1962, environmental issues have been brought into closer emphasis. Governments 
and non-governmental organisations in affluent nations are increasingly concerned about environmental issues. 
North American, European, and Asian industrialised nations have made significant efforts to conserve the 
environment, yet many of these efforts have failed to provide the expected effects. Consumer environmental 
consciousness is rising along with environmental legislation at the national and international levels in today's 
technologically advanced globe. Consumers are becoming more concerned about the environment, which is 
prompting companies to implement environmental policies. Companies are increasingly taking the lead in 
efforts to promote sustainable production and consumption patterns as a problem to be tackled by private 
players rather than governments. Companies began developing environmentally friendly goods to combat 
environmental deterioration in response to government laws and an increase in consumer environmental 
consciousness. They are also adopting green marketing methods including environmental advertising, eco-
labelling, and eco-branding to capitalise on their environmental initiatives. Customers' awareness and 
understanding of green product traits and characteristics can assist firms develop a positive image of their 
brands as a result of these efforts. 

REVIEW OF LITERATURE 
(Deniz and Onder 2017) studied "Determinants Of Brand Equity In Green Products: The Relationships Among 

Green Brand Image, Green Trust And Green Satisfaction" and discovered that "Brand" is a widely talked and 
researched marketing term. Name, word, symbol, or any other element that distinguishes one seller's goods and 
services from those of other sellers is defined as a brand by the American Marketing Association. While 
marketing activities help companies position items that are similar in terms of quality, usefulness, and 
effectiveness, brands offer a connection and relationship with customers that are distinct from those established 
by marketing activities. 
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(Hussain and Waheed 2016) studied "Building green brand relations: The role of green brand image as 

significant driver" The impact of green brand image in generating trust, connection, and commitment to a green 
brand was discovered by researchers. An additional benefit of the research was the creation and validation of 
scales to assess two new concepts: "green brand attachment" and "green brand commitment". The research 
provided an integrated theoretical model after conducting a literature assessment and identifying gaps. 
Validation using confirmatory factor analysis showed that the results were reliable, convergent, and 
discriminatively valid. 

(Fonseca 2015) studied "the impact of green marketing practices on consumer buying decision" as well as 
discovered that colour may be a powerful motivating factor for consumers. Since then, corporations have been 
using green marketing methods, such as making goods more environmentally friendly and including features 
that have a less effect on the environment. 

(Jagdev n.d.) studied "Decoding the Indian Passenger Vehicle Market" that the Indian automobile sector is 
presently responsible for roughly 7% of GDP, with a goal of increasing this to 10% by 2026 under the 
automotive mission plan. As the world's third biggest car market, India is expected to be a lucrative one in the 
not-too distant future. Passenger car demand is on the rise because of rising incomes and expectations. 
International passenger car manufacturers are eager to invest and join the Indian market or expand their current 
operations in light of these favourable developments.. 

(2019)studied "Indian automotive sector: Creating future-ready organisations" and uncovered that Now, the 
Indian automotive sector is experiencing five megatrends that are predicted to have a significant impact on the 
industry. In today's global and Indian auto markets alike, rapidly changing consumer demands, disruptive 
technological influence, dynamic regulatory environments, shifting patterns of mobility, and global 
interconnection are all having an effect on how automakers conduct business. Until recently, the sector has 
never seen such a wide-ranging transformation. Technology like self-driving cars and ride-hailing services are 
changing the way people get around. 

(Miglani, 2019) studied "The Growth of the Indian Automobile Industry: Analysis of the Roles of Government 

Policy and Other Enabling Factors" and noted that India's car sector is one of the country's most significant 
drivers of economic development and one that participates heavily in global value chains. Because of the 
significant government backing, this industry has been able to carve out its own niche in Indian manufacturing. 
Autos made in this nation are specifically targeted towards the low- and middle-income segments of the 
population, making it unusual among the countries that create automobiles. 

(Mu 2019) studied "Indian Automobile Industry Analysis" 

The car industry in India is the fourth biggest in the world. During 2019, India ranked fourth in the world for 
automobile production and seventh for commercial vehicle production. This sector in India will generate 
between Rs 16.16 and 18.18 trillion (US$ 251.4 and 282.8 billion) in revenue by 2026. According to statistics 
given by the Department for Promotion of Sector and Internal Trade (DPIIT), the industry received US$ 24.21 
billion in FDI from April 2000 to March 2020. (DPIIT). Between FY16 and FY20, domestic vehicle 
manufacturing climbed by 2.36 percent CAGR, resulting in a total of 26.36 million cars produced in the nation. 

(Hasan et al. 2019) studied "Green business value chain: a systematic review" Since environmental 
repercussions must be taken into account promptly, conventional corporations are becoming more and more 
environmentally conscious. The findings of this research have consequences for environmental protection, 
social security, and commercial stability. 

Overview of the Indian Automobile Industry 
Until the country's independence, the Indian automobile market was seen as a market for foreign automobiles, 
although General Motors and other manufacturers' cars were manufactured there. Servicing, dealership, 
financing, and maintenance of automobiles were the primary functions of the Indian automotive business. 
Manufacturing began after a decade of independence. Until the 1950s, India's transportation needs were mostly 
provided by the Indian Railways. India's car sector has experienced several difficulties since independence. The 
government's primary goal was to spur economic growth by implementing long-term, capital-intensive 
initiatives like steel manufacture. Priority was given to product quality and customer satisfaction. The 
government requires a licence to set up a manufacturing facility. Despite these difficulties, the industry 
expanded. Passenger automobile manufacturing was restricted to 40,000 units for over three decades after the 
country's independence. Production was limited to three companies: Standard Motors, Hindustan Motors, and 
Premier Automobiles. In the industry, there was no R&D or specialisation. In the beginning, workers were 
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inexperienced and had to learn on the job via trial and error. It was in the 1950s when Morris Oxford and Fiat 
1100 were dubbed Ambassador and Premier Padmini, respectively. Nearly all of the automobiles on the road in 
the 1960s were designed and built in the United States. The car industry had seen considerable transformations 
by the decade's conclusion in the 1970s. Joint ventures for light commercial cars, for example, were strong 
attempts that failed. The new models, Contessa, Rover, and the Premier 118NE, went on sale. As far back as the 
1980s, India's economy remained mostly socialist and closed to the outside world. Delicensing of the sector and 
subsequent opening up of the sector to 100 percent FDI via the automatic method marked a fresh beginning for 
the Indian automobile industry in 1991. India's economic reforms and deregulation have made it a desirable 
investment location. India has already become one of the world's fastest-growing car markets. 

Global automobile manufacturers – 
Increasingly, Japanese automakers Suzuki and Honda, as well as Korea's Hyundai Motor Company, depend on 
their Indian operations to help them grow. The fact that nine out of the top 10 global automakers have a 
presence in India shows just how critical the country's automotive sector is. By aggressively investing in new 
product development and product technology advancements, global rivals are increasingly focusing on India 
and generating India-centric goods. In addition, the cost structures of multinational firms are becoming 
competitive due to the rising use of local sourcing and development in India. Hatchbacks and sedans were the 
primary emphasis of many MNC OEMs when they first entered the Indian market. As a result, there is a lot of 
severe rivalry in the UV market. Future rivalry is projected to be more intense as global rivals bring decades of 
international expertise, global size, sophisticated technology, and huge financial resources with them. A decade 
after setting up shop in India, MNC OEMs have taken 84.9 percent of the domestic Passenger Vehicles (PV) 
market share and are increasingly utilising India as an export base, with 22.1 percent of their output exported. 
However, with a market share of 96.1%, Indian original equipment manufacturers (OEMs) continue to rule the 
commercial vehicle business. 

GOVERNMENT POLICY 
The development of India's car sector would not have been possible without the government's strong policy 
backing. With no minimum investment requirements and refunds on R&D spending, the government announced 
Auto Policy 2002 in 2002, which gave automatic clearance for foreign equity investment up to 100% and 
boosted R&D. The government's "Make in India" policy will play a major role in the expansion of the car sector 
after the shift from the UPA to the NDA. Faster Adoption & Manufacturing of Electric Hybrid Cars (FAME) 
was introduced by the government in April 2015 and would encompass all vehicle sectors, including hybrids 
and pure electric vehicles, until 2020. In order to make electric vehicles more accessible and popular, this 
programme provides subsidies. It is the goal of the government to turn India into a worldwide centre for 
manufacturing and for research and development. According to the Automotive Mission Plan (AMP) 2016–26, 
which was announced in January 2016, India's car industry was expected to increase fourfold between 2016 and 
2026. 

CONCLUSION 
Environmental and consumer expectations are always putting pressure on the global automobile sector. Fuel 
efficiency, gas emissions, safety, and affordability are some of the challenges confronting the business. More 
than ever, automobile manufacturers are under intense pressure to provide automobiles that are both affordable 
and high quality, as well as easy to manufacture. Vehicle efficiency and fuel economy will improve as a result 
of the automotive industry's use of lightweight materials that fulfil these performance and cost standards. As a 
result, EU safety and economic requirements are impacting the selection of automobile materials, notably the 
vehicle mass and performance. The company's employees should be well-versed on environmental issues. 
When it comes to hiring new employees, companies should look for those that are environmentally sensitive 
and pose probing questions. 
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ABSTRACT 
The present 21st century is driven by technology in all phases of human life, people change and adapt to the new 
normality in all spheres especially this pandemic has turned life upside down for the majority. Though many 
new technologies were introduced and successfully being adopted by the people, education is one sector which 
faced a chaotic situation during the pandemic, many students, teachers and other stake holders had a bitter 
experience with the online classes and meetings. Education in India is a novel service which aims to upgrade the 
skills of the students not just by academic achievements but also mould the students to exhibit a personality 
with good traits, qualities and importantly building empathy. Many Institutions are striving hard for the 
betterment of skill development in students, the foremost concentration would be on how an Individual 
expresses and manages his own emotions – The Emotional Intelligence. This paper aims to find out the 
relationship between Emotional Intelligence and Academic Performance in rural and urban areas, effectiveness 
of five competencies given by Daniel Goleman is also analyzed. The findings of the paper prove that the two 
variables are not interdependent and all the five competencies are equally effective in determining the EI of an 
individual. 

Keywords: Academic Performance, Competencies, Emotional Intelligence 

INTRODUCTION 
Emotional Intelligence is a less spread topic though it was coined in the year 1990 by the eminent psychologists 
Peter Salavey and John D Mayer. Further, Daniel Goleman popularized the term as it had a direct impact on the 
success factor of an Individual, his theory on Emotional Intelligence proved a success in the field of education. 
The on-going pandemic the world has been facing is still not concluded and has been testing the humans in all 
levels, research proves that the number of cases on anxiety and depression has increased over the year and 
people with high score of emotional intelligence see more success than the people with low score, this factor 
makes emotional intelligence more imperative. 

REVIEW OF LITERATURE 
1. Lawrence A. S., Arul & et al., (2013). The authors in their paper titled “Emotional Intelligence and Academic 

Achievement of High School Students in Kanyakumari District” has studied the relationship between 
academic achievement and emotional intelligence of students using two tools; the findings of his study prove 
that there is no relationship between these factors and recommended few self-motivational guest lectures, 
seminars by eminent educationalist which would have a favorable impact on the socio economic aspect of 
students. 

2. Ramesh, S, Thavaraj & et al., (2016) made a study on the paper “Impact of Emotional Intelligence on 
Academic Achievements of College Students – A Review”, in this paper the researchers had emphasized on 
the success factor of entrepreneurs, made a review analysis on the earlier studies made and has highlighted 
that there is a significant relationship between the two variables, the findings of his study prove there is a 
positive relationship among the factors. 

3.  Praveen Kumar Pandey, Namita Gupta & et al., (2019) The authors in their paper titled “The Impression of 
Emotional Intelligence on University Students’ Academic Performance”  has made the study to understand 
the effect of EI on academic performance of students, the prevailing scenario and also suggested points to 
improve the intelligence to the next level, his study has resulted that the relationship between the well-being 
and the emotionality is not positively associated with one another, further there is a positive correlation 
between various factors (that contains Emotionality, Well-Being, Self- Control and Sociability) of Emotional 
Intelligence that states that Emotionality is positively correlated with Wellbeing, Self-Control is positively 
correlated with Sociability, Self- Being is positively correlated with Self-Control and Emotionality s 
positively correlated with Sociability and concluded The faculties educating to the PG students particularly 
to administration need much focus on the university students than that of the university students to build up 
their EI levels which is much fundamental for them to contend in the current circumstances. 
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4.  Dr. S. Chamundeswari. (2017), in her paper titled “Emotional Intelligence and Academic Achievement 
among Students at the Higher Secondary Level” has assessed the emotional intelligence based on Hydes 
scale and compared with the academic scores using various statistical tools and has concluded that there is a 
positive correlation between the two factors, further the study has found that students from central board 
schools have higher level of EI and have good academic performance compared to state board students. 

5.  Banat, Bassam & Rimawi, Omar. (2018), in the paper titled “The Impact Of Emotional Intelligence on 
Academic Achievement: A Case Study of Al- Quds University Students”, the author has evaluated EI using 
a 33 items index  efforts to identify the impact of EI on academic achievement, the findings revealed that 
students indicated a high level of EI. 75.2% students exhibit a positive dependency on academic 
performance, recommended instructional programs to exhibit negative emotions, cross sectional study 
among various cultures for a broader understanding. 

6.  Shaikh S. J. & Ghoti R. M. (2020), In the paper titled “The Influence of Emotional Intelligence on Academic 
Achievement”, the author has drawn conclusion on two domains namely- self emotion appraisal and 
understanding of emotions, which has a positive association with EI, further the author has recommended 
that universities and autonomous colleges need to instill elements of EI in curriculum, activities and modules 
would help students and teachers to develop a vital skill for managing the emotions. 

OBJECTIVES OF THE STUDY 
1.  To study the Emotional Intelligence of rural and urban students. 

2.  To study the applicability of various factors under Daniel Goleman Emotional Intelligence score on the 
students. 

3. To study the correlation between emotional intelligence and academic performance of rural and urban 
students 

SIGNIFICANCE OF THE STUDY 
Generally, students from the urban cities tend to manage emotions both in personal and college life as they have 
wide exposure to opportunities; they meet new people, being active in social media, socialize with people and 
adapt quickly to the new changes. Further, the students from rural areas are hesitant to socialize with people; 
many students do not own a smart phone and resist for change, as they lack opportunities or sometimes do not 
wish to take up an opportunity. 

These factors play a major role in expressing his/her own emotions, many at times students tend to suppress 
their emotions which might lead to depression and other mental illness. The main purpose of the study is to 
understand the pattern of emotions dealt with the students in rural and urban areas, in the influence of emotions 
on academic scores. The findings would help in drawing suggestions or ways to improve the management of 
emotions in rural and urban students. 

RESEARCH METHODOLOGY 
The study was conducted by collecting the data from primary and secondary sources 

PRIMARY DATA 
A structured questionnaire containing fifty questions on emotions from Daniel Goleman’s Emotional 
Intelligence score was circulated to the students of KLE Institution at Haveri and Bangalore city. The collected 
data was compared with the II PUC marks scored and further analysis was done using various statistical tools. 

SECONDARY DATA 
Various newspaper articles, vlogs and research articles were referred for the study. 

SAMPLE SIZE AND TECHNIQUE 
A total of 112 respondents have been chosen for this study, of which 56 respondents were selected each from 
KLE Institution at Haveri (rural) and Bangalore (urban). Simple random sampling technique was used in 
selecting the respondents. 

DATA ANALYSIS – FINDINGS AND INTERPRETATION 
To test the correlation between Emotional Intelligence and Academic Performance of students, 1.Karl 
Pearsons Correlation test was applied. 

Dependent variable: Academic Performance 

Independent variable: Emotional Intelligence 
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H0: There is no significant relationship between Emotional Intelligence of a student from rural area and his/her 
academic performance. 
H1: There is significant relationship between Emotional Intelligence of a student from rural area and his/her 
academic performance 

 Emotional Intelligence Academic performance 
Emotional Intelligence 1  
Academic performance 0.247 1 

INTERPRETATION 
From the above table, it is concluded that since the r value is 0.247, there is a positive correlation between the 
two variables but weak and less important. Hence, emotional intelligence is less dependent on the academic 
performance of a student in rural areas. 

H0: There is no significant relationship between Emotional Intelligence of a student from urban area and his/her 
academic performance. 
H1: There is significant relationship between Emotional Intelligence of a student from urban area and his/her 
academic performance. 

 
Emotional Intelligence Academic Performance 

Emotional Intelligence 1 
 Academic Performance -0.059 1 

INTERPRETATION 
From the above table, it is concluded that since the r value is -0.059, there is a negative correlation between the 
two variables. Hence, emotional intelligence is not dependent on the academic performance of a student in 
urban areas. 

Frequency Distribution - Qualitative 
      

Rural 
  

Urban   

 
frequency percent  frequency percent 

Gender 0 0.0 Gender 0 0.0 
Male 29 51.8 Male 33 58.9 

Female 27 48.2 Female 23 41.1 
 56 100.0  56 100.0 

2. Kruskal wallis test 
As the Daniel Goleman’s Emotional Intelligence score calculates the EI of an individual based on the total 
scores obtained in each of the five competencies namely Self Awareness, Managing Emotions, Motivating 
Oneself, Empathy and Social skill, the below test is conducted to know the effectiveness of individual 
competencies. 
H0: All the five emotional competencies do not have equal effectiveness in the interpretation of emotional 
intelligence. 
H1: All the five emotional competencies have equal effectiveness in the interpretation of emotional intelligence 

 Median n Avg. Rank 
 

  
32.00 56 160.55 SA   
28.50 56 105.21 ME   
31.50 56 152.15 Mo   
31.00 56 137.48 E   
31.00 56 147.11 SS   
31.00 280 

 
Total   

  15.744 
H (corrected for 

ties) 
Table value  

9.4877 
  4 d.f.   
  .0034 p-value   
 multiple comparison values for avg. ranks 
 42.95 (.05) 50.35 (.01)  
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INTERPRETATION 
Since the calculated value 15.744 is greater than the table value 9.4877 and the p-value of 0.0034 is lesser than 
the alpha value of 0.05, the null hypothesis is rejected and the alternate hypothesis is accepted. 

DECISION 
All the five emotional competencies have equal effectiveness in the interpretation of emotional intelligence. 

3. Wilcoxon - Mann/Whitney Test 
To analyze the main objective of the study that is, to know if there is a significant difference in the emotional 
intelligence of students from rural and urban areas, the below test is conducted. 

H0: There is no significant difference between the Emotional Intelligence of students from rural and urban 
areas 

H1: There is significant difference between the Emotional Intelligence of students from rural and urban areas 

 

 

 

 

 

 

 

INTERPRETATION 
Since the calculated value -2.24 does not lie between the critical limits of -1.96 to +1.96, also the p value of 
0.0250 is less than the alpha value of 0.05 the null hypothesis is rejected and the alternate hypothesis is 
accepted. 

DECISION 
It is concluded that the emotional intelligence of students from rural and urban areas are significantly different. 

Figure 1: Graphical Representation 
Following is the graphical representation of Emotional Intelligence and Academic Performance of students in 
rural and urban areas 

 
Fig 1.1       Fig 1.2 

INTERPRETATION 
In both the above figures, the curve of emotional intelligence and academic performance variate in different 
direction and do not move in the same direction, hence the relationship between two variables are significantly 
different. 

SUGGESTIONS 
1.  In order to equip the students with necessary skills, the educational Institutions need to inculcate activities, 

engage motivational talks etc, which would help the students to identify, analyze and manage his/her own 
emotions to reach success. 

n sum of ranks   
56 2778.5 Urban  
56 3549.5 Rural  

112 6328 total  
    
 3164.00 expected value 
 171.81 standard deviation 
 -2.24 z, corrected for ties 
 .0250 p-value (two-tailed) 
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2.  Students may perform well in academics but hide their emotions, lack in expressing it or sometimes may not 
identify their own emotion, in this case it is the responsibility of the teacher, parent and the society as a 
whole to teach, adapt and transform the individual as a better person. 

3.  Each individual should try to comprehend his reactions and behaviors for the events at the end of the day, as 
this will help for better self-regulation. 

4.  The mentors at the Institution should help their mentees to develop the ability of assessing and managing 
his/her own emotions. 

5.  Students should not be resistant to change and practice to carry a positive attitude and analyze every 
situation with critical thinking. 

CONCLUSION 
Emotional Intelligence cannot be changed as it is a built in trait of every individual, but it can be improved by 
way of reading, learning and developing smart skills to have a control over one’s own emotions, if this practice 
is made right from school and college an individual can see success and lead a fulfilled life. To conclude, 
emotional intelligence can change the way individual sees himself, the inner personality and the people around 
him. It is all about behavioral manifestation. 
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ABSTRACT 
The past two decades were marked with the outbreaks of many viral diseases such as Chikungunya, Ebola, 
Zika, Nipah, H7N9 Bird flu, H1N1, SARS and MERS. The world woke up to this decade with a new disease 
outbreak. An outbreak of a novel Coronavirus emerged in Wuhan city in the Hubei province of China in 
December 2019. Most of the initially identified patients were traced back to the ‘wet market’ where live animals 
are slaughtered and sold. The market might have played a role as an amplification hotspot from where the virus 
spread to other parts of China and subsequently to 213 countries and territories in a very short time. The WHO 
named this disease ‘COVID-19’, which is an acronym of Coronavirus Disease 2019 on 11 February 2020. As of 
17 August 2020, a total of 21.2 million confirmed cases and 761,000 deaths have been reported globally. The 
worst outbreaks of COVID-19 are reported in the USA, India, Brazil and Russia where the number of cases has 
surpassed the confirmed cases in China. The WHO declared the current outbreak of COVID-19 a ‘Public Health 
Emergency of International Concern’ on 30 January 2020 and a ‘pandemic’ on 11 March 2020. 

In this paper we will study how to tackle Covid-19 situation using AI concepts. 

Keywords: Transmission, Clinical Symptoms, Prevention and Control, Screening and Diagnosis, Application of 
AI. 

INTRODUCTION 
Although the fatality rate of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2; 2.9%) is much 
less compared with SARS-CoV (9.6%) and MERS-CoV (34.4%), the high infectivity rate of SARS-CoV-2 
compared with other coronaviruses has become a global concern. Mortality and vulnerability to COVID-19 
were found to be higher in males compared with females, which could be attributed to other gendered practices 
such as smoking. The fatality rate of COVID-19 varied with an age gradient and it was also influenced by 
underlying co-morbidity, in other words, conditions such as diabetes, hypertension, cancer, cardiovascular 
diseases and chronic respiratory disease. Vertical transmission of COVID-19 infection from mother to baby was 
not observed. Children are vulnerable to COVID-19 but tend to show only mild symptoms. 

TRANSMISSION 
COVID-19 mainly spreads from human to human through direct contact by respiratory droplets during 
coughing or sneezing and through indirect contact route by fomites and regularly touched surfaces. SARS-CoV-
2 can remain viable on various surfaces for several hours to days. Air-borne transmission is possible in a 
medical or hospital setting in processes that generate aerosols. Although fecal–oral transmission of COVID-19 
has not been reported to date, it remains a potential route. 

CLINICAL SYMPTOMS 
Most patients experience mild flu-like symptoms including fever, cough, malaise, fatigue, sputum production 
and respiratory problems. Less common symptoms such as headache, hemoptysis and gastrointestinal 
symptoms with diarrhea and serious symptoms like pneumonia and bronchitis were also observed. 
Complications like Acute Respiratory Distress Syndrome, RNAaemia, acute cardiac injury, acute kidney injury 
and secondary infections were reported in some patients. Other lab parameters associated with COVID-19 were 
low white blood cells and lymphocyte count, an increase in erythrocyte sedimentation rate, C-reactive protein, 
infiltrates and bilateral ground-glass opacity in lung CT scans. 

PREVENTION &CONTROL 
It is imperative to adopt control measures such as case isolation, contact tracing, quarantine to limit human-to-
human COVID-19 transmission. Personal hygiene measures such as frequent hand washing, respiratory 
hygiene, social distancing, use of face masks/shields and disinfection of surfaces can help in reducing the 
transmission. 

SCREENING & DIAGNOSIS 
Discriminant clinical features like hyposmia (loss of smell) and hypogeusia (loss of taste) can be explored for 
preliminary diagnosis in telemedicine and mass screening. Specimen samples collected from oropharyngeal and 
nasopharyngeal swabs or blood samples are used for diagnosis. Although routinely used for COVID-19 
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diagnosis in outbreak settings, sole reliance on CT scans can be misleading due to indistinguishable images with 
other viral pneumonia. Molecular test reverse transcriptase-PCR (RT-PCR) is recommended by WHO as the 
method of choice for detecting the SARS-CoV-2 nucleic acid for diagnosis of COVID-19. As the false-negative 
rate of RT-PCR is high, it is imperative to use CT scan of the chest as a supplementary diagnostic measure to 
confirm the diagnosis. Point-of-care immunodiagnostic assays that detect proteins from the COVID-19 virus or 
human antibodies generated against the virus in blood samples are also being used routinely to complement 
molecular tests due to low cost and fast results, but these methods suffer from poor sensitivity and are only 
qualitative. Utility of these serological methods in public health settings for contact tracing and evaluating the 
success of nonpharmaceutical interventions has been discussed elsewhere. These serological methods have now 
received Emergency Use Authorization by the US FDA. CRISPR-Cas12-based assay that provides rapid results 
can be used in point-of-care testing in the future. 

Application of Artificial Intelligence in COVID-19 disease management: 
Unprecedented pace of efforts to address the COVID-19 pandemic situation is leveraged by big data and 
artificial intelligence (AI). Various offshoots of AI have been used in several disease outbreaks earlier. AI can 
play a vital role in the fight against COVID-19. 

AI is being successfully used in the identification of disease clusters, monitoring of cases, prediction of the 
future outbreaks, mortality risk, diagnosis of COVID-19, disease management by resource allocation, 
facilitating training, record maintenance and pattern recognition for studying the disease trend. Several 
applications of AI that are garnering a lot of interest and raising hopes in the fight against COVID-19 are as 
follows: 

AI in prediction & Tracking: 
AI can be harnessed for forecasting the spread of virus and developing early warning systems by extracting 
information from social media platforms, calls and news sites and provide useful information about the 
vulnerable regions and for prediction of morbidity and mortality. 

AI in contact tracing: 
AI can augment mobile heath applications where smart devices like watches, mobile phones, cameras and range 
of wearable device can be employed for diagnosis, contact tracing and efficient monitoring in COVID-19. 

AI in monitoring of COVID-19 cases: 
AI techniques are applied for monitoring patients in clinical settings and prediction of course of treatment. 
Based on the data derived from vital statistics and clinical parameters, AI may provide critical information for 
resource allocation and decision-making by prioritizing the need of ventilators and respiratory supports in the 
Intensive Care Unit. 

AI in early diagnosis: 
AI was used for the detection and quantification of COVID-19 cases from chest x-ray and CT scan images. 
Researchers have developed a deep learning model called COVID-19 detection neural network (COVNet), for 
differentiating between COVID-19 and community-acquired pneumonia based on visual 2D and 3D features 
extracted from volumetric chest CT scan. 

AI in reducing the burden from medical practitioners & healthcare staff: 
AI-based triage systems can help in reducing the work burden of medical staff and healthcare workers by 
automating several processes such as imparting training to practitioners, determination of the mode of treatment 
and care by analyzing clinical data using pattern recognition approaches, digitalization of patient’s reports and 
also by offering solutions that minimize their contact with the patients. 

AI in protein structure prediction: 
AI can help in predicting the structure of important proteins crucial for virus entry and replication and provide 
useful insight that can pave way for drug development in a very short time. 

AI in development of therapeutics: 
AI techniques can boost and complement traditional technologies by reducing the time required in bringing a 
drug from bench to bed by speeding up lead discovery, virtual screening and validation processes by a huge 
margin. 

AI in development of vaccines: 
Never before has mankind witnessed such a race for the development of a vaccine against a pathogen. The pace 
of the discovery can be accelerated manifold by harnessing the power of AI. 
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AI in curbing spread of misinformation: 
Due to the avalanche of information, this pandemic has turned into an infodemic. Understanding knowledge, 
awareness and practices toward COVID-19 by tapping information from social media platforms like Twitter, 
Facebook etc. can help in devising the strategy to assemble and disseminate timely and correct information for 
mitigating the impact of COVID-19. 

CONCLUSION & FUTURE PERSPECTIVE 
Adopting a three-pronged approach based on testing, isolation and contact tracing is warranted to combat 
COVID-19. It is necessary to exploit the available knowledge base to develop effective chemotherapeutic 
agents against COVID-19, taking cues from lessons learnt in the past during other such outbreaks. 
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ABSTRACT 
India has a huge health care framework; however there stay numerous distinctions in quality among rustic and 
metropolitan regions just as among public and private medical care. Regardless of this, India is a famous 
objective for clinical sightseers, given the generally low expenses and top calibre of its private medical clinics. 
Worldwide understudies in India ought to hope to depend on private clinics for cutting edge clinical 
consideration. 

Contemplating in India offers various wellbeing challenges that understudies from created nations might be 
unused to, so know how the medical care framework in India works. 

Keywords: India, health care framework, wellbeing, medical, metropolitan regions, etc. 

INTRODUCTION 
India's healthcare industry has been developing at a Compound Annual Growth Rate of around 22% starting 
around 2016. Going on like this, it is relied upon to arrive at USD 372 Billion of every 2022. Medical services 
have become perhaps the biggest area of the Indian economy, as far as both income and work. In 2015, the 
medical services area turned into the fifth biggest business, utilizing 4.7 Million individuals straightforwardly. 
According to gauges by the National Skill Development Corporation (NSDC) medical services can create 2.7 
Million extra positions in India between 2017-22 - more than 500,000 new positions each year. 

India's healthcare industry contains emergency clinics, clinical gadgets and gear, health care coverage, clinical 
preliminaries, telemedicine and clinical the travel industry. These market portions are relied upon to enhance as 
a maturing populace with a developing working class progressively leans toward safeguard medical care. Also, 
the rising extent of way of life sicknesses brought about by elevated cholesterol, hypertension, stoutness, less 
than stellar eating routine and liquor utilization in metropolitan regions is helping interest for specific 
consideration administrations. 

Notwithstanding these segment and epidemiological patterns, COVID-19 is probably going to catalyze long 
haul changes in mentalities towards individual wellbeing and cleanliness, health care coverage, wellness and 
nourishment just as wellbeing observing and clinical check-ups. The pandemic has additionally sped up the 
reception of advanced advances, including telemedicine. 

SIGNIFICANCE OF THE STUDY 
This paper mainly discusses about the conceptual framework of healthcare system in India. It strives to describe 
the benefits and future of healthcare system in India. 

RESEARCH METHODOLOGY 
The prepared paper is a descriptive study in nature. The study has been carried out based on the collection of the 
relevant secondary data. Secondary data collection was based on various sources such as published books, 
articles published in different journals & newspapers, periodicals, conference paper, working paper and 
websites, etc. 

OBJECTIVES 
The objectives of study were based on: 
1. To study the concept and overview of healthcare system in India. 

2. To study the market size of healthcare in India 

3. To understand benefit of healthcare system in India. 

4. To analyse the challenges or reasons why healthcare system in India is struggling. 

5. To understand Indian healthcare 2030 and beyond. 

MEANING & DEFINITION OF HEALTH CARE 
Health care is the upkeep or improvement of wellbeing by means of the avoidance, conclusion, therapy, 
recuperation, or fix of infection, disease, injury and other physical and mental disabilities in individuals. 
Medical care is conveyed by wellbeing experts and united wellbeing fields. 
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The Healthcare business in India is comprised of clinics, clinical device, clinical preliminaries, revaluating, 
telemedicine, clinical the travel industry, health care coverage, and clinical gear. The business is ascending at an 
exceptional speed inferable from its supported inclusion, administrations and extra consumption by the general 
population just as private financial backers. 

MARKET SIZE 
The medical services market can build three overlap to Rs. 8.6 trillion (US$ 133.44 billion) by 2022. In Budget 
2021, India's public use on medical care remained at 1.2% as a level of the GDP. 

A developing working class, combined with rising weight of new illnesses is supporting the interest for health 
care coverage inclusion. With expanding interest for reasonable and quality medical services, infiltration of 
health care coverage is ready to extend before long. In FY21, gross composed expenses in the wellbeing portion 
developed at 13.7% YoY to Rs. 58,584.36 crore (US$ 8.00 billion). The wellbeing section has a 29.5% offer in 
the complete gross composed expenses procured in the country. 

BENEFITS OF HEALTHCARE SYSTEMS OF INDIA 
 Foreign Exchange: Every patient spends around 3500-6000 USD in India which brings significant foreign 

exchange. 

 Goodwill: Medical tourism is responsible for the establishment of goodwill for India in foreign nations. This 
has helped create friendliness between India and African countries and this goodwill helps in securing Indian 
investments overseas and progress in bilateral relations. 

 Boosting Economy: States like Andhra Pradesh are improving their economy due to the influx of large of 
tourists seeking medical help. 

 Employment Generation: Inflow of patients and money into healthcare system leads to the creation of jobs 
and opportunities which help in solving the unemployment crisis. 

 Promotion of alternative healthcare systems: It helps the promotion of healthcare systems of India such as 
AYUSH (Ayurveda, Yoga & Naturopathy, Unani, Siddha and Homeopathy). 

 Start-up India: With many new Start Up’s like Practo, Portea, Advancells, Lybrate etc. emergent in the 
field of the health sector, Medical tourism can motivate setting up a number of new start-ups. 

 

5 REASONS WHY INDIA’S HEALTHCARE SYSTEM IS STRUGGLING 
There's a need to make individuals and cycles in the medical services area made more responsible; for that more 
prominent functional straightforwardness should be acquired critically. 

India's medical services framework has been doing combating different issues, including the low number of 
foundations and not exactly satisfactory HR for a long time now. 

Basically, a three-level design characterized the Indian medical care framework — essential, optional and 
tertiary consideration administrations. The Indian Public Health Standards (IPHS) states that the conveyance of 
essential medical care is given to the provincial populace through sub-focus, essential wellbeing place (PHC), 
and local area wellbeing focus (CHC), while optional consideration is conveyed through region and sub-region 

http://medkaizenglobal.com/tourism.html
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clinics. Then again, tertiary consideration is stretched out at provincial/focal level foundations or super strength 
clinics. 

While there is desperation to zero in on every one of the three degrees of essential, auxiliary and tertiary 
medical care, it is basic that the public authority look towards working on essential medical care as a public 
decent. 

1. LACK OF INFRASTRUCTURE 
India has been battling with inadequate framework as absence of exceptional clinical foundations for a 
surprisingly long time now. To add to it, the pace of building such clinical educating or preparing offices stays 
less when contrasted with the need of great importance. 

For a significant time frame, the public authority guideline ordered that private clinical schools should be based 
on no less than five sections of land of land. Therefore, many private universities were implicit rustic regions, 
where it turned out to be very hard to enroll sufficiently qualified, full-time specialists because of absence of 
legitimate day to day environments, other than low compensation scales. 

It is just now that the recently comprised National Medical Commission (NMC) has advanced the plan to get rid 
of the necessity of least five sections of land of land for setting up a clinical school. 

Further, the commission has proposed to diminish the base number of beds needed as an extent of the quantity 
of seats in the school. 

Furthermore, the new guidelines have additionally set out the prerequisites for address theatres, libraries, labs, 
least bed necessity of the connected clinical school, and area of staff workplaces and convenience of 
understudies. 

2. SHORTAGE OF EFFICIENT AND TRAINED MANPOWER 
Perhaps the most squeezing issues in Indium stays an extreme lack of prepared labour in the clinical stream; this 
incorporates specialists, attendants, paramedics and essential medical care labourers. The circumstance stays 
troubling in provincial regions, where very nearly 66% of India's populace lives. 

The specialist to-patient proportion remains wretchedly low, which is only 0.7 specialists per 1,000 individuals. 
This is contrasted with the World Health Organization (WHO) normal of 2.5 specialists per 1,000 individuals. 
Advancing the present circumstance keeps on excess a drawn out process. 

The issue can be appropriately tended to by expanding the limit of existing instructing and preparing 
foundations while adding new ones over the long haul. 

3. UNMANAGEABLE PATIENT-LOAD 
Indeed, even before the flare-up of the Covid-19 pandemic, medical care offices had been feeling the strain 
because of unmanageable patient-load. In addition, serving a populace of 1.4 billion remaining parts a 
Herculean errand in itself with regards to reasonably overseeing medical care offices. 

There is a need to take on innovation any place conceivable to smooth out the functional and clinical cycles for 
medical services offices to oversee effective patient stream. Also, there is the test to think past the self-evident 
and advance virtual consideration conventions, and telehealth administrations, which can be utilized to lessen 
the patient load weight generally. 

4. PUBLIC HEALTH POLICY AND PROACTIVE HEALTHCARE 
The general wellbeing strategy should be focussed towards proactive medical care, not responsive medical 
services. In addition, on account of the public authority's Ayushman Bharat conspire, the Pradhan Mantri Jan 
Arogya Yojana (PM-JAY), the general health care coverage plot, has gotten extensive consideration and assets 
than the wellbeing and wellbeing focuses (HWCs) part. This unevenness should be reasonably tended to for the 
development of medical services later on. 

5. High out-of-pocket expenditure remains a stress factor:- 
While public emergency clinics offer free wellbeing administrations, these offices are understaffed, 
ineffectively prepared, and found for the most part in metropolitan regions. It's obviously true that available and 
reasonable medical care in the public area can impressively decrease the ascent in reliance on private 
organizations. Be that as it may, legislative offices leave no other options except for to get to private 
organizations and causing high cash based costs in medical care. Most wellbeing administrations are, in this 
way, given by private offices, and 65 percent of clinical costs in India are paid cash based by patients. 
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A potential answer for address the issue could be to build the reception of health care coverage. In such manner, 
the public authority and private establishments both need to cooperate. Reception of advanced protection 
handling arrangements incorporated with the medical care environment for quicker turnaround time for 
protection cycles will likewise spur reception of health care coverage. 

What essentially upsets the medical care framework is that there has been an overall absence of spotlight on the 
vertical from the public authority. Throughout recent years, automatic response work is being seen towards the 
improvement of nature of administration. 

To summarize it, there is desperation to make medical care administration and specialist co-ops more 
straightforward functionally. This will assist with guaranteeing individuals and cycles can be made effectively 
responsible to give better medical care administrations. It is really at that time that the medical care framework 
can inhale somewhat more straightforward. 

INDIAN HEALTHCARE 2030 AND BEYOND:- 
The year 2019 has been a troublesome stage for India's medical care area. The area encountered a few 
headwinds, with controllers acquiring tough arrangement intercessions, for example, value cap for drug gadgets 
and directed shock attacks for quality checks and so on some private medical care organizations battled to 
remain above water as associations combat to adjust cost and productivity. The speculation situation in medical 
care was likewise impacted. 

In any case, fortunately industry examiners, wellbeing financial analysts, speculation specialists and the public 
authority all appear to predict a promising future in the following decade. The medical care market is assessed 
to reach $ 372 billion by 2022. 

The Ministry of Health and Family Welfare wants to additional upgrade its medical care financial plan to 2.5% 
of GDP by 2025. The Indian Government has likewise fostered a Sustainable Development Goals (SDG) 
designated to be accomplished by 2030. This is an endeavour to guarantee wellbeing, end destitution and 
guarantee flourishing and harmony for individuals. As a feature of this plan, one of the SDGs centres 
emphatically around wellbeing. It expects to advance the sound living and prosperity for individuals of all age 
bunches by killing all types of ailing health and accomplishing widespread admittance to safe drinking water, 
cleanliness and disinfection. 

On the private medical care front, examiners expect a flood in the ventures. The rising reception of advanced 
advances, computerization and more will be the critical drivers for development. It will likewise cover patterns 
moulding the future medical services scene to achieve supportable wellbeing frameworks; arising advances; 
new age medical care and clinical schooling news, new exploration necessities, natural medical problems, 
joining of medical services administrations; wellbeing financing, financial aspects and protection; patient-based 
consideration and enabling the patient and new models of care. 

CONCLUSION 
Indian is one of the highest milk producing country then also per capita milk  production  in  Indian  is  much  
low  compare  to  other  milk producing county. India is not able to meet its local milk demand. The average 
milk production per cow and buffalo per year in India is too low. The cost of milk in India is too high. Indian 
cattle farm is working on very low efficiency. ndian is one of the highest milk producing country then also per 
capita milk  production  in  Indian  is  much  low  compare  to  other  milk producing county. India is not able to 
meet its local milk demand. The average milk production per cow and buffalo per year in India is too low. The 
cost of milk in India is too high. Indian cattle farm is working on very low efficiency. 

India has gained noticeable headway in wellbeing guidelines in the post-freedom time. All things considered, 
many feel that the monetary assets for the wellbeing area ought to be expanded. Worldwide advancements in 
data innovation should be applied at the public level in an endeavour for wellbeing information documentation. 
The proceeded with endeavours to control the nation's populace and the political assurance to walk towards the 
thousand years advancement objectives in wellbeing will assist India with having a significant effect on the 
global wellbeing scene. 

Considering this specific development of Indian medical services, it is assessed that there will be an inborn 
requirement for more medical services and clinic executives to appropriately supply the labour expected to 
enhance the development of the business. Consequently there will be an increment in the requirement for 
schooling in this specific field. Remembering this specific need, there will be a new wave for the training 
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courses conferring information about emergency clinic organization, medical services the executives just as 
general wellbeing. 

Rather than this development of medical care industry, all of the estimation has been disturbed because of the 
Coronavirus pandemic. Albeit the significance of the requirement for a set up medical care industry and the 
presence of gifted medical care laborers and overseers is more obvious at this point. 
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ABSTRACT 
Business land area is in blast in India. Over the most recent fifteen years, post advancement of the economy, 
Indian land business has taken an upswing and is expected to develop from the current USD 14 billion to a USD 
102 billion in the following 10 a long time because of this the investigation of the proposed research work is 
critical. The new development in the Indian economy has animated interest for land and grown land the nation 
over. Thinking about the rising interest for private, business and retail land, the Finance Bill 2012 had proposed 
inclusion of segment 194LAA in the ITA to deduct charge via TDS @ 1% on thought for move of undaunted 
property (other than farming area) if the worth of the property surpasses Rs. 50 lakhs in metropolitan regions 
and Rs. 20 lakh if the property is arranged in some other regions so the investigation of the land area is huge. 
This paper studies the current day difficulties of the land area are progressively intricate and various. The 
business is confronting the headwinds of late administrative changes, swelling, declining request, shortage of 
gifted labour, significant expense of money, deteriorating selling costs and expanding land cost. Additionally, 
keeping up with believability while meeting client assumptions as far as quality and convenient conveyance is 
another major challenge tormenting the area due to this the investigation of the land area is critical. 

Keywords: Land, Residential Area, RERA 

INTRODUCTION 
The Indian economy is as of now the second quickest developing economy on the planet with a normal genuine 
GDP development of 7% (2004). India can possibly develop at rates higher than 5% throughout the following 
30 years outperforming the GDP of created economies such as Italy, Germany and Japan simultaneously. India's 
home-grown GDP is relied upon to develop from current $585bn to a trillion dollars by 2012. Indian financial 
development over the previous decade has primarily been upheld by lightness found in utilization. India is 
among the not many economies in the locale where family utilization represents practically 65% of GDP. The 
financial development has additionally been upheld by positive changes in the segment structure like rising pay 
levels, changing age profile, and so forth in the country. Indian economy is encountering a primary segment 
change. The key elements liable for this segment change can comprehensively be ascribed to; 

a) Rising Income levels 

b) Changing age profile-somewhat youthful populace 

c) Attitudinal movements 

d) Nuclearization of families 

e) Emerging working class-300 million 

f) Rising portion of administrations organizations and 

g) Changing utilization design reserve funds rate declining and utilization expanding. 

Good changes in the segment structure are likewise been upheld by the falling financing cost situation making 
credit less expensive and expanding monetary advantage as far as concession on head and premium 
reimbursements by the public authority for interests in land by people. 

Family utilization keeps on being a key development driver for the Indian economy (representing about 65% of 
GDP) upheld by a vertical development in lodging request, which has assisted with giving some lightness to the 
housing market. The significance of the 

lodging in land area in India can likewise be measured from the reality that for each one rupee put resources 
into the development of houses, an expected 75 80% (Rs0.75-0.80) is added to the GDP and the area is 
compliant to the improvement of more than 250 other subordinate businesses The land area is among the main 3 
business generators in India. Market examination gauges gets back from land in India at a normal of 10-12% 
every year referenced in show 12, with an upsurge in business land by virtue of the Indian BPO and protection 
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blast. Rent rentals have been getting consistently and there is a vast interest for quality foundation. The lodging 
area has been developing at a normal of 34% every year, while the neighbourliness industry saw a development 
of 10-15% last year. Further, the entrance levels are still extremely low across India, notwithstanding the new 
development seen across lodging demonstrated by the way that the home loan to GDP proportion in the nation 
is about 3% analysed to more than half in the US. Notwithstanding, regardless of whether one was to 
benchmark with more practically identical partners, the proportion ranges between 15-20% for most South East 
Asian nations. In this manner the infiltration level of home loans is miniscule when contrasted and the 
deficiency of lodging units. Practically 80% of land created is private space and the rest involved office, 
shopping centres, lodgings and clinics. Business land improvement is being driven progressively by the off-
shoring business, including top of the line innovation the Indian land industry has been on an exciting ride since 
2005. Resulting to the public authority's arrangement to permit Foreign Direct Investment (FDI) in this area, 
there was a blast in speculation and formative exercises. The area not just seen the passage of numerous new 
home-grown realty players yet additionally the appearance of numerous unfamiliar land venture organizations 
including private value reserves, benefits reserve what's more, advancement organizations entered the area 
tricked by the significant yields on speculations. The land area has been riding through numerous highs and 
lows from that point forward. The industry accomplished new statures during 2007 and mid-2008, described 
by a development in request, significant turn of events and expanded unfamiliar ventures. Be that as it may, by 
mid-2008, the impacts of the worldwide financial lull were obvious here as well, and the industry took a 'U' 
turn. FDI inflow into land dropped fundamentally and what had arisen as perhaps the most encouraging 
business sectors for unfamiliar investment encountered a down turn. 

Significance and statement of the study: - 
Today, the land area is wrestling with various difficulties like lack of talented labour, heightening task cost and 
delayed development period. Innovation holds the way to address a portion of these issues, yet in addition a 
guarantee for the area to respond to the changing economic situations all the more adequately and productively 
because of it the investigation of the land area is huge. 

The customary strategies for advertising development projects have ended up being incredibly tedious and 
incapable at offering helpful data of structures like plan and intending to possible clients. With clients looking 
for additional data for settling on educated choices while making buys, organization of innovation gives a 
chance to keen designers to separate their showcasing endeavours from that of their rivals. Across the area, 
designers are putting resources into giving virtual voyages through their undertakings to their expected clients to 
adequately market their undertakings while saving both time and cost. Consequently, the analyst needs to know 
the issues of the land area. 

India has every one of the qualities to draw in global interests in the Real bequest area and give relatively more 
significant yields. There are sure difficulties that India needs to defeat to foster a favourable climate for drawing 
in economical long-haul capital hence the investigation of the land area is huge. 

The Indian property market has low straightforwardness when contrasted with the more adult also, grew 
housing markets. In spite of the fact that market straightforwardness has improved, solid and reliable data on the 
Indian property market is as yet not without any problem accessible. There are additionally more expert due 
perseverance and valuation foundations required. This remains constant in any event, for the Tier I urban areas. 
So, the investigation of the land area is huge. 

Loan fees, expansion and conversion scale chances are among the significant macroeconomic markers and have 
shown diminished unpredictability. The arrangement of offices, is in numerous districts, still insufficient 
(training, transport foundation). These danger factors are not liable to vanish soon, obstructing the improvement 
of the land area. Absence of data and low straightforwardness in the land fragment in India, combined with the 
deep-rooted property related issues debilitate the venture of the huge players in the semi metropolitan and rustic 
regions along these lines loosen a general development of the land area for all above reasons the investigation of 
the land area is huge. 

In the proposed research work the scientist will attempt to discover appropriate answer for the accompanying 
difficulties or issues looked by land area in Thane locale. The key difficulties that the land business is 
confronting today are: 

 absence of clear land titles, 

 nonappearance of title protection, 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

65 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

 nonappearance of industry status, 

 absence of sufficient wellsprings of money, 

 lack of work, 

 rising labour and material expenses, 

 Approvals and procedural challenges. 

THE OBJECTIVES OF THE STUDY 
To know the current exhibition and the difficulties before the land area the specialist has chosen following 
destinations, 

1. To investigate the course of advancement and difficulties in land in India during post change period. 

2. To assess the commitment of land area to pay and work. 

3. To think about the development and difficulties during Pre and Post FDI Policy. 

4. To evaluate the job of land area in unfamiliar exchange. 

5. To draw out the elements answerable for the land areas development. 

6. To assess the difficulties looked by land area in India. 

7. To examine the basic elements influencing the land esteem. 

8. To introduce the future imperatives of land interest in India. 

HYPOTHESIS OF THE STUDY 
1. The age of pay and work by the land area increment hugely. 

2. The Real Estate areas development is capable because of instruction, major league salary flexibility and 
foundation advancement. 

3. The family from monetarily middleclass incline toward land area more than financially lower-class family. 

SCOPE OF THE STUDY: - 

1. TEMPORAL SCOPE: - 
With the end goal of study, basically the term of the year's I. e.2002 to 2012 is thought of. Any place vital 
reference will make to the past and current conditions. 

2. GEOGRAPHICAL SCOPE: - 
An investigation has been for the most part bound to the Thane areas of Maharashtra state. 

3. FUNCTIONAL SCOPE: - 
The motivation behind the investigation is to obtain data about the presentation of genuine home area for 
government assistance of families and to think about the public authority strategy for land area. 

RESEARCH METHODOLOGY 
The current examination work is an investigation of the Prospects and Challenges of Real Estate Sector in India: 
with extraordinary Reference of Thane District." in the Maharashtra state and its significance with monetary 
turn of events and development, just as the expectation for everyday comforts of the people groups During the 
time of Ten years for example from 2002-2003 to2011-2012. This is an unmistakable, scientific, in view of 
chronicled realities. This is an observational examination. Thusly the examination model that is chosen that of 
unmistakable, observational, quantitative and recorded examination. The significant viewpoints are as per the 
following: - 

PRIMARY DATA 
Essential information is the establishment of this examination. Following procedure will took on to gather the 
fundamental data to investigate and give the exact outcomes, 

1. Polls. 
With the assistance of these Questionnaires information will gather and measure through factual techniques. 
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SECONDARY DATA 
Auxiliary information is likewise one of the establishments of this investigation. The specialist will gather 
auxiliary information from the distribute sources, for example: 

1. Yearly report of Real Estate Companies. 

2. Government gives an account of Real Estate. 

3. Magazines on Real Estate area. 

4. Utilization of web and so forth 

TOOLS EMPLOYED 
Different factual instruments will utilize, for example, Tables, pie diagrams, histograms and construction will 
utilize in clarifications to draw out the point all the more unmistakably. Accordingly considering this, while 
introducing contentions in principle, diagrammatic, primary, realistic portrayal will sort on some vital cases 
shows will provide for draw, made estimation of rate, positions and method for examination. 

LIMITATIONS OF STUDY 
Despite the fact that its accomplishment, this exploration has a few constraints that ought to be tended to in 
future investigations. The first is the set number of specialists and respondents include in the investigation. The 
second impediment it is restricted for a very long time period for example 2002 to 2012. Another limit it is 
restricted to the given targets by the specialist. 

DATA ANALYSIS AND INTERPRETATION: 

Figure 1: Government intervention expected by real estate developers in response to COVID-19 

 
Sources: Secondary data collection 

The public authority on its part has given a gigantic help bundle to support the economy post the lockdown. The 
public authority's alleviation measures for the land area reported between April 2020 to August 2020 can be 
assembled under three significant heads: Increment liquidity in the framework: Steps, for example, bringing 
down financing costs, implantation of INR 15,000 crores in NHB (in two tranches) to further develop long haul 
subsidizing prerequisites of NBFCs and HFCs, ban on all term advances for a time of a half year and the new 
declaration of a one-time advance rebuilding. Consistence under RERA and IBC: summoning power majeure1 
proviso under RERA and expanding project enlistment and consummation courses of events by a half year for 
all activities enrolled under RERA. Expanding edge limit for Insolvency procedures for INR 1 L to INR 1 crore. 
Decrease in expenses to support lodging interest: Reduction in stamp obligation on reasonable lodging projects 
by states like Karnataka (stamp obligation scaled down from 5% to 3% for properties esteemed under INR35L 
and to 2% on properties esteemed not as much as INR 20L) and Maharashtra (stamp obligation discounted from 
5%-2% between September-December 2020 and to 3% from January to March 2021 in metropolitan regions 
across value portions), decrease in TDS on special of property by 25% and expansion for documenting GST and 
Income Tax. 
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Figure 2: Distribution of respondents based on percentage of unsold inventory in under-construction and 
completed projects 

 
Sources: Secondary data collection 

As indicated by our overview, 54% of the respondents had 25% or less unsold stock in their finished 
undertakings, at the end of the day prepared to move in properties. The focal point of these designers will be on 
deals of this stock to help work on their sources of income. To accomplish this, valuing is either going to be 
steady or at a limited cost as on account of a couple of engineers who are under serious liquidity stress. As 
indicated by our overview, 22% of the study respondents had thought about a decrease in cost. Be that as it may, 
value decrease has its own difficulties for both the purchasers and venders as far as tax assessment. 

Figure 3: Sales strategy post lock-down 

 
Sources: Secondary data collection 

The third significant concern is to back development of continuous undertakings. Once rebuilding of credits for 
corporates and people, a new advance taken by RBI (in August 2020), is relied upon to give truly necessary 
relief to the land area. On the stockpile side it will help designers affected by COVID rebuild their current 
credits with a long-term ban without ordering these advances as Non-Performing Assets (NPAs). This will help 
private engineers raise last mile financing for their tasks adhered because of COVID-19. On the interest side, 
rebuilding individual home credits will help purchasers who are affected by employment cutback and pay slices 
to deal with their EMIs. In any case, crisp loaning to the area from Banks and Non-Banking Finance Companies 
(NBFC) will stay repressed as their emphasis will be on rebuilding of existing advances. 
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Figure 4: Distribution of under-construction projects under various stages of  Construction 

 
Sources: Secondary data collection 

Without assets from Banks and NBFCs, engineers will turn towards PE reserves. In spite of the fact that PE 
subsidizing in the land area has decreased fundamentally in the primary portion of 2020, it is relied upon to 
recuperate in the coming a very long time as these assets have adequate dry-powder to contribute, yet are 
holding back to comprehend the full effect of this pandemic on resource valuations. While most PE assets might 
zero in on resources, for example, server farms and distribution centres, in the private fragment PE reserves are 
relied upon to choose projects that are approaching finishing because of their generally safe profile. As per our 
overview, 23% of the respondents had projects that were approaching fulfilment (over 75% complete). Elective 
banks, for example, Private Debt Funds and Special Situation Funds will be dynamic during the following a 
year. 

At last, the following 12-year and a half are likewise liable to observe a second round of combination (a first 
round of union had begun because of strategy changes like RERA and GST and the NBFC emergency), where 
exceptionally utilized, little to medium sized designers with enormous unsold stock, helpless execution 
capacities, and above all, neglected to put resources into innovation are probably going to exchange their 
resources at upset valuations. IIMB RERI will direct a second round of this overview in September 2020 to 
comprehend the effect of these strategy measures on the area. 

CONCLUSION 
Urban communities assume three significant parts. They are spots of creation, spots of utilization and spots to 
live. These contending requests make rivalry for how space is utilized. This is especially the situation in 
downtown areas, where the advantages of nearness have prompted a blast in both downtown areas working and 
living in spots like Manchester and Leeds as of late. For strategy producers, this metropolitan restoration 
implies that inexorably decisions and compromises must be made over how to distribute space in these focuses. 

In settling on these choices comprehend the connections between the various jobs that urban communities play. 
The development of occupations in numerous downtown areas has been driven by the longing of higher-gifted, 
administration based businesses to be situated in thick downtown areas. Thusly, by both giving better 
admittance to occupations and driving up interest for conveniences, like shops and cafés, this development in 
positions has started a restoration in downtown area living in effective downtown areas. Yet, this accompanies a 
danger – give an excess of land over to private space and land for business space becomes crushed, with 
suggestions for the capacity of a downtown area economy to proceed to develop and make occupations later on. 
Thus, this has suggestions for usefulness, wages and thriving. Right now public arrangement chances crushing 
the business heart of urban areas. The National Planning Policy Framework and strategies, for example, allowed 
improvement rights appropriately centre on handling lodging deficiencies. PDR, specifically, has assumed  a 
significant part in conveying new houses in specific pieces of the nation, changing over neglected business 
space into private use, and has permitted the market to direct these choices. In any case, it does this by changing 
business space over to private, instead of empowering new homes to be constructed. It will likewise be critical 
that approach keeps on supporting the job of urban communities as spots to live. This will require both 
structures up and out in our best urban areas. At present various strategies, like preservation regions, London's 
secured sees and the green belt limit this, crushing the measure of new space accessible and stirring up rivalry 
between various land employments. An unwinding of these principles at the neighbourhood and public level 
that permits densification inside urban areas and key improvement of the greenbelt is required assuming we 
need to both stock the homes we need and facilitate the tension on business space in the focuses of urban 
communities. 
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ABSTRACT 
Background: In the past year, the COVID-19 pandemic has quickly and dramatically accelerated the need for 
new workforce skills. The rapid rise of digitization and remote work has placed new demands on employees 
who, in many instances, now require different skills to support significant changes to how work gets done and 
to the business priorities their companies are setting. Also skilled commerce employees are required to bring 
transformation in commerce & management for economic development and sustainability because skill 
employees are one of the essential factors that impacts the growth of the business. 

Methods: Primary Data has collected from 121 recruiters working as HR of different companies and HR 
consultancy firm based in Mumbai. The research has used convenient sampling technique for the data 
collection. The secondary data has been collected from various literature published in journals and thesis. 

Findings: There is significant difference between skills acquired by commerce graduates and employers’ 
expectation. 

Interpretation: From the present study it can interpreted that, due to pandemic there is an increase in 
technology, digitalization and professionalism, companies and their business is changing in the fastest way. Due 
to COVID-19 Pandemic businesses are adopting digitalization. In present scenario business needs techno savvy 
employees to cope up with this digital age and helps businesses to achieve its sustainability goals during 
pandemic 

Keywords: Commerce Graduates, Skill Gap, COVID-19 Pandemic, Economic Development and Sustainability 

INTRODUCTION 
High level competition, especially among the frontline workforce, has contributed to the growth and 
development of skill competition.  The skill needed to be successful in today’s designing industry has changed 
over a period of time and have an impact not only on the profession but also on workforce in the designing 
industry.  Although the organization provides education and training, still there is large gap that is detrimental to 
the growth of organization Skill gap describes the situation in which workers skills are incompetent for doing 
the job. There is a lack of interest in employees as well as employer in assessing the skill gap.  Skill gap has the 
potential to lower the company’s productivity level and increase the company cost.  In addition, the skill gap 
can reduce the company’s profit level and have an adverse effect on the company’s sustainability.  So, finding 
new ways to enhance employee’s performance is very important for the organization, so that they can use the 
resources effectively and efficiently.  Measuring expected skills and employees’ ability to perform the job are 
therefore very important to improve performance in order to achieve objectives of the company 

REVIEW OF LITERATURE 
Today's complex economy, organizations are finding difficult to sustain the competition because of huge skill 
gap in the workforce. Since analysis of skill gap provide crucial information of the employees so that the 
managers can focus on necessary skills that are required to enhance performance. The purpose of the study was 
to assess the skill gap and to know the relationship between skills and performance of the employees in 
designing industry. The research concluded that, considered skill will impact employee performance except 
technical skills inferring implication of technical skill is minimal in improving performance of company. 
Organization should therefore take necessary initiation to improve skill of the employees required in the 
workplace (Manjunath Shivaramu & M B Shravan Murthy (2019). According to economic theory, skill 
mismatch is used to describe the gap between labor supply and demand (Bound & Holzer, 2006). Many 
economists used the word skill mismatch to describe the unemployment situation, in which jobs are available 
but cannot be filled due to lack of skills (Green 2011). In neo-classical economics, skill is one of the main 
ingredients in human capital, while wealth is other. Human capital can be viewed as the discounted value of 
current and future earnings of the person from individual point of view (Becker 1964, Mincer 1974).    
Trainings are provided to increase human capital of organization.  Training and development  are  therefore  
investments in  skills to  be  used in uncertain  period  of  time  (Bhattacharya  &  Wright,  2005).  The  major  
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limiting  factor  of neoclassical economics: The use of skills in the organization is limited by the extension of 
relationship with organization quality and culture (Hashmito 2010, Stevens, 1999 and 2002, Acemoglu & 
Pischke, 2002). The concept of  skill in  sociology looks  skill  concept from  employee and  employer frame 
work i.e. within the production process with main focus on the complexity of the activities which are bundled 
into job (Attewell, 1990). In order to perform these complex tasks, greater learning and high rewards are 
needed. The important contribution of sociology to understand the concept of  skills is  skill can  be socially 
constructed  during the process  of performing complex activities ( Attewell, 1990, Wajcman, 1991, Stearns & 
Cockburn, 2006). The concept of skill in psychology has  come from  a long way since it is  part of  inherent 
learning.  The  skill  is  defined  as  a  complex  ability  to  reinforce  positive  rate  (Libet  & Lewinsohn, 1973)  
and social accepted behavior that make the person interact with the others. From the literature the definition of 
skills revolves around the communication and interaction with  others.  But  the  modern  concept  of  skill  in  
psychology  defined  as  the  ability  to successfully perform a variety of tasks at a high level of performance. 
Skill gap: The American society for training and Development (ASTD) defines skill gap as gap between the 
current capability of organization and skills it needs to achieve its goal. So it can  be  referred  as  perceived  
mismatch  between  employer’s  skill  need  and  the  available workforce’s  skill.  Some people  often  refer  to  
the  skill  gap  as  a compensation  gap  where employers are not willing to pay  sufficiently to  bring in the skill 
required. Others call it  a training gap where employers do not provide necessary training or the gap in the 
education and the employers need (EMSI 2013). The skill gap in the organization can be defined as the gap 
which does not allow to grow or to remain competitive as it is unable to find employees with right knowledge to 
fit into the critical job. Thus the performance of the company will be hampered by skill gap due to low 
productivity and lack of quality. (Bennett & McGuinness, 2009)  It is therefore necessary to identify the skills in 
the workplace of the company rather than to identify gap in the workforce prior to selection due to difficulties in 
recruiting skilled labor  despite paying  high salaries.  Quietly often,  the company  tends to  hire incompetent 
workers not due to lack of skill availability but due to the selection process. Also reiterated in recent exploration 
(Andrew Weaver 2013) that it is not the skill shortage creates problem, it is the mechanism and suggested  that 
instead  of focusing on external  skill labor  supply, it  is better to focus on the factors that make job process 
complicated. 

OBJECTIVE OF THE STUDY 
1. To understand technical gap amongst commerce graduates 

DATA ANALYSIS AND INTERPRETATION 
Table: 1 TECHNICAL SKILL GAP AMONGST COMMERCE STUDENTS 
Skills SA A SWA NAND SWD D SD TOTAL 

Computer Skills 80 21 20 0 0 0 0 121 

Technical literacy skills 0 86 16 0 0 0 19 121 

MS-Office suite 0 50 32 19 0 0 19 121 
Email writing 0 71 50 0 0 0 0 121 

Content development skills 13 89 0 0 0 0 19 121 
Internet surfing skills 19 32 31 0 0 19 19 121 

Virtual learning skills 19 35 29 0 0 0 38 121 
Source: Primary Data collected by Researcher 

Graph: 1 Technical Skill Gap Amongst Commerce Students 

 

The above table and graph reveal that, 
 80 (66%) recruiters strongly agree, 21 (17%) agree and 20 (17%) recruiters somewhat agree with the 

computer skills amongst commerce graduates. 
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 86 (71%) recruiters agree, 16 (13%) recruiters somewhat agree and 19 (16%) recruiters strongly disagree 
with the technical literacy skills amongst commerce graduates. 

 86 (71%) recruiters agree, 16 (13%) recruiters somewhat agree and 19 (16%) recruiters strongly disagree 
with the technical literacy skills amongst commerce graduates. 

 50 (42%) recruiters agree, 32 (27%) recruiters somewhat agree, 19 (16%) recruiters neither agree nor 
disagree and 19 (16%) recruiters strongly disagree with the MS-Office Suite skills amongst commerce 
graduates. 

 71 (58%) recruiters agree and 50 (42%) recruiters somewhat agree with the Email writing skills amongst 
commerce graduates. 

 13 (11%) recruiters strongly agree, 89 (73%) recruiters agree and 18 (16%) recruiters strongly disagree with 
the content development skills amongst commerce graduates. 

 19 (16%) recruiters strongly agree, 32 (27%) recruiters agree, 31 (26%) recruiters somewhat agree, 19(16%) 
recruiters disagree and 19 (16%) recruiters strongly disagree with the internet surfing skills amongst 
commerce graduates 

 19 (16%) recruiters strongly agree, 35 (29%) recruiters agree, 29 (24%) recruiters somewhat agree and 38 
(32%) recruiters strongly disagree with the virtual learning skills amongst commerce graduates 

FINDINGS 
The findings based on primary data is as follow as: 

 80 (66%) recruiters strongly agree with the computer skills amongst commerce graduates. 

 86 (71%) recruiters agree with the technical literacy skills amongst commerce graduates. 

 86 (71%) recruiters agree with the technical literacy skills amongst commerce graduates. 

 50 (42%) recruiters agree with the MS-Office Suite skills amongst commerce graduates. 

 71 (58%) recruiters agree with the Email writing skills amongst commerce graduates. 

 89 (73%) recruiters agree with the content development skills amongst commerce graduates. 

 32 (27%) recruiters agree with the internet surfing skills amongst commerce graduates 

 38 (32%) recruiters strongly disagree with the virtual learning skills amongst commerce graduates 
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ABSTRACT 
Uranium concentration was assessed in water samples collected from hand pumps, tube wells and open wells 
selected through grid mapping of different tehsils viz. Anta, Baran, Kishanganj, Shabad, Atru, Chabra, Mangrol, 
Chhipabarod in Baran districts of Rajasthan, India. Systematic sampling grid map based on a distance of 
approximately 50 kilometers was prepared and approximately 200 samples were collected from the study area 
during pre and post monsoon seasons. The estimation of uranium was done by using LED fluorimeter. Along 
with uranium, other associated physico-chemical parameters of water such as pH, electrical conductivity, 
temperature, total alkalinity, phenolphthalein alkalinity, total hardness, magnesium hardness, Calcium hardness, 
Chloride, Fluoride, Sulphate, Phosphate, Nitrate, Total Dissolved Solids (TDS) and Oxidation Reduction 
Potentials (ORP) were also determined using standard Bhabha Atomic Research Centre (BARC) Protocols (1). 
Statistical tools were applied to analyze the analytical data and its spatial distribution. The study is helpful in 
identifying the uranium mapping of the district. The analytical data for all water parameters and uranium were 
cross checked with respect to recommendations given by BIS/WHO limits to identify the pollution level.  An 
attempt has been made to correlate uranium concentration with these water quality parameters. A positive 
correlation of electrical conductivity, fluoride, nitrate, TDS, sulphate, carbonate, bicarbonate, total alkalinity, 
total hardness, calcium and magnesium hardness with uranium concentration has been observed. However, 
negative correlation of uranium concentration with pH, salinity, chloride, phosphate, ORP was observed. The 
uranium concentration in water samples is found to vary from 0.5 ppb to 16.5 ppb in pre monsoon with a mean 
value of 3.722 ppb and 0.6 ppb to 19.1 ppb in post monsoon with a mean value of 5.048 ppb. 

Keywords: Ground Water, Fluoride, LED Fluorimeter, Baran district, Uranium, Physico-chemical parameters 

INTRODUCTION 
Water a symbol of life and most crucial natural resource sustaining life on earth. It is also most important for the 
socio-economic development of any country. The demand of water for drinking and domestic purposes, 
livestock, agriculture, industries, power generation and other uses are all increasing with growth of population 
and industrialization. The demand for potable water is continuously rising in the state for irrigation needs 
arising due to lack of rains and water scarcity. The average annual per capita water availability in the years 2001 
and 2011 was assessed as 1816 cubic meters and 1545 cubic meters respectively in Rajasthan which further 
reduced to 1486 cubic meters in the year 2021 and expected to be 1367 cubic meters in year 2031(2) due to 
prevailing high growth rate of population the per capita water availability is declining to alarmingly low levels, 
implying that the challenges for the water sector in the Rajasthan state of India are great. Groundwater plays a 
major role in supplying water for drinking, agricultural, and industrial uses (3-5). Over-extraction of water from 
aquifers is one of the major causes that lead to increase in concentration of ionic moieties in groundwater 
(Kadam et al.2020) (6). Uranium is a widely known actinide, radioactive, lithophilic and naturally occurring 
heavy trace element found mostly in igneous rocks, soils, granites and earth crust (7). It may naturally be present 
in rocks, soil, air, and water affecting human kidneys and lungs on exposure (8-9). The concentration of uranium 
in groundwater depends on the lithology, geomorphology, and other geological conditions of the region (10-11). 
Natural uranium is a mixture of three isotopes which includes 234U, 235U and 238U. Uranium occurs in various 
oxidation states, but tetravalent and hexavalent are the most dominant states of uranium. The hexavalent state is 
especially important in water due to its solubility whereas the tetravalent state is almost insoluble in water. The 
hexavalent form of uranium is commonly established to be in the form of uranyl ion UO2

2+.  Uranium intake 
through water and air is low.  Drinking water with uranium content above 30 µg/L (12) is not suggested for 
drinking purposes as on regular intake due to the damage to internal organs like kidney (13-14) and bones (15). The 
concentration of uranium in groundwater depends on multiple parameters such as pH, ORP, EC, TDS, anionic 
ligands etc. The mechanism of leaching of uranium from host rock to groundwater is a complex process and 
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may depends on factors like contact time, temperature, rock characteristic and elemental geochemistry. Other 
physico-chemical parameters of water such as ORP, electrical conductivity, DO, TDS, Total-hardness, Ca-
hardness, Mg-hardness, salinity, temperature etc are essential to know to provide important 
firsthand information about how much the water is suitable for drinking purposes (16).The pH is a measurements 
of the level of alkali or acid in a substance monitored to assess aquatic environment and human health, drinking 
water sources and discharges of the industries. Total dissolved solids (TDS) are the small amounts of organic 
matter and inorganic salts solvated in water. Anions such as fluoride, nitrate,  sulphate also play a vital part in 
determining the quality of drinking water. The high amount of sulphate can cause diarrhea and intestinal 
disorders (17). The blue baby disease or methemoglobinemia is reported to cause by nitrate content of more than 
45 mg/L (18). The dental skeletal fluorosis diseases can be caused by intake of fluoride concentration of 3 mg/L 
or more(19).Therefore, the aim of this study is to investigate the quality of the groundwater by analyzing  water 
quality parameters with special focus to uranium concentration in groundwater of Baran district of Rajasthan, 
India. The study will be helpful in determining whether the water of  baran district of Rajasthan  can be used for 
drinking purposes without posing any health hazard to the inhabitants. The groundwater investigations were 
carried out by GSI in 1969-70 and systematic hydro geological Survey has been carried out by Central Ground 
Water Board, Western Region (CGWB, WR), Jaipur in 1980-81. Groundwater exploration was also undertaken 
in the year 1983-85. Later other hydro geological activities have been undertaken by CGWB, WR, Jaipur for 
groundwater evaluation and resources estimation in association with the ground water department of Rajasthan 
State. Monitoring of National hydrographic stations four times in a year is done by Central Ground Water 
Board, Western Region, Jaipur. A total of seven exploratory wells have been drilled in Baran district. The depth 
of exploratory wells varies from 25.5 to 175 m and static water level varies from 2.88 to 32.2 m. The 
transmissivity of the aquifers varies from 78 to 403 m2 /day and discharge of the wells varies from 72 to 550 
liters per minute (lpm)(20). However literature survey shows no attempt has been made towards the measurement 
of uranium concentration and water quality parameters in groundwater in selected sampling sites of 
Baran district of Rajasthan, India in the recent past. 

MATERIALS AND METHODS 
Study Area 
The study area is one of the major district of Rajasthan named baran district with an area of 6992 sq km , 
located between latitude 24°25’00” and 25°27’00” east and longitude 76°12’00” and 77°25’00” north. The 
district forms a part of Kota Division. It is bounded by Kota district in the west and Madhya Pradesh in the 
northeast and in south by Jhalawar district. It falls on Survey of India top sheet numbers 54C, 54D, 54G & 54H 
(on 1:2, 50,000 scale). Administratively, the district is divided into eight tehsils and six development blocks. 
The district has eight tehsils naming as Anta, Baran, Kishanganj, Shabad, Atru, Chabra, Mangrol and 
Chhipabarod. Fig.1 shows the study map of Baran district of Rajasthan, India 

 
Fig.1 the study map of Baran district of Rajasthan, India 
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Total number of inhabited villages in the district is 1114 with 4 urban towns including 6 sub urban townships. 
Total population of Baran district in 2021 is reported 1,372,957 as per Govt. records (20). Baran district falls 
under the arid to a semi-arid type of climatic zone according to the meteorological classification given by India 
Meteorological Department. The normal annual rainfall for the  baran district for the period 2020 is 560 mm and 
2021 is 1064.5 mm. The maximum temperature during summer rises as high as 48°C while the minimum during 
winter reaches as low as 5°C. The summer season prevails from March to mid of June after which the rainy 
season starts with the onset of monsoon rains lasting till the end of September. The potential evapotranspiration 
is 1780.0 mm annually (21). The district is a part of the “Hadoti Region”, which is a distinct geomorphic region 
of Rajasthan state. The hill ranges of the Vindhyan in the northeast and low rounded hills of Malwa plateau in 
the southbound region, while sedimentary rocks belonging to the Vindhyan supergroup occupy the northwestern 
part. The rivers and the streams of the district belong to the Chambal river system. The rivers drain through an 
undulating plain that slopes from SSE to NNW. It attains a maximum height  of 500m at village Rajpur and a 
minimum of 220 m above mean sea level at village Ulthi. During the present study in  baran district  total 200 
ground water samples were collected  during pre-monsoon  and post-monsoon seasons . The study area of baran 
district was divided into optimize grid size of 6 x 6 using latitude-longitudes reference coordinates. Ground 
water/Drinking water samples were collected in pre-acid cleaned polypropylene bottles with proper labels 
having details of location (State, Districts, Taluka, Village, Source of the sample, GPS coordinate, Date of 
sampling, etc ) for analysis in both pre-monsoon and post-monsoon. Garmin GPS eTrex was used to locate the 
sampling sites. 

Estimation of Uranium in ground water samples 
Uranium analysis was done in LED fluorimeter LF-2 (Quantalase Enterprises Pvt. Ltd., India). The fluorimeter 
is calibrated with four uranium standards to check the instrument performance and the linear dynamic range. 
One uranium standard of 500 ppb is prepared; each time 50 micro liter is added to 5 ml ultrapure water and 0.5 
ml buffer, to avoid the error in the preparation of lower ppb level standards. Also, the ppb level standards are 
prepared fresh before analysis. When the TDS level was low (less than 1500ppm) in clear drinking water 
samples, then the water sample can be directly analyzed for uranium using a fluorimeter, no chemical 
processing is done. 5 ml of water sample was taken in a cleaned and dry suprasil quarts cuvette, added with 0.5 
ml of buffer (fluorescence enhancing agent that is 5 % sodium pyrophosphate solution, pH is almost 7 adjusted 
using phosphoric acid).The fluorescence response of the sample is recorded, in terms of counts with minimum 4 
repetitions. 50 micro liter of 500ppb uranium standard is added onto the cuvette that contains the sample and 
buffer, the fluorescence response of the first standard added (amount of standard additions depends on the 
sample fluorescence counts). Again 50 micro liters of 500ppb uranium standard is added onto the cuvette and 
fluorescence response is recorded. Uranium level in the sample is analyzed using standard addition method 
using excel sheet, to avoid matrix effect. 

Estimation of Physico-chemical parameters in ground water samples 
The measurements of TDS, EC (electrical conductivity), pH, temperature, salinity, DO, resistivity, were done 
using a in-situ using Easy cyberscan series 600 water proof  portable meter and portable electrode sensors. 
Measurement of Nitrate, Chloride, fluoride was done using  a Eutech Instruments Technology made Easy 
cyberscan series 600 water proof  portable meter used portable electrode sensors. The measurements of Total 
hardness and Ca hardness are done by EDTA Complex metric titration method, Mg hardness by the difference 
between the values of Total hardness and Ca hardness. The measurements of total alkalinity were found by the 
H2SO4 titration method using methyl orange as an indicator.  The phosphate and sulphate concentrations were 
determined using UV-Visible Spectrophotometer. BARC, standard protocols are followed in the analysis of all 
the parameters (22). 

RESULTS AND DISCUSSION 
The analytical results of uranium and other parameters of 200 drinking water samples collected from different 
tehsils of study area are presented in table 1 for pre-mansoon and post-mansoon samplings.  Gamma radiation 
level at the sampling sites was found between 56 nSv/h to 123 nSv/h with a mean value of 87.93 nSv/h both in 
pre mansoon and post mansoon. There is no standard range prescribed for gamma radiation the cosmic radiation 
contributes to about 31 nSv/h in mean sea level (1). pH value of groundwater/drinking water ranged from 6.98 to 
8.65 , with an average of pH is 7.53 in pre monsoon and  6.97 to 8.65,with an average of pH is 7.53 in post 
monsoon . The pH value of groundwater/drinking water is mainly affected by the soil composition and bedrock, 
organic materials. The TDS value was estimated to be 2.0ppm to maximum 2687ppm, with mean value of 
897.91 in pre mansoon and minimum 1.0ppm to maximum 2888ppm, with mean value of 838.85 in post 
mansoon. TDS is found higher to BIS/WHO standards, due to the high concentration of Calcium and 
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Magnesium in the rocks and soil of the area. The electrical conductivity of groundwater/drinking water of baran 
district ranges between 2.0-2677 µS/cm, with a mean of electrical conductivity of 891.13 in pre mansoon and 
from 1.0-2883µS/cm, with a mean of 838.85µS/cm in post mansoon. ORP values of analyzed water samples 
varied from 15.2 to 173.8mV, having mean value of 82.07 in pre-mansoon and ranged between 15.2 to 
175.2mV, with mean of 81.22 in post-mansoon. The temperature value of water varies from 31.4-33.80C with 
an average temperature of 32.40oC in pre mansoon and varies 19.2 to 22.50C, with an average of temperature of 
20.720C in post mansoon.  Salinity varies from 115-2456ppm, with mean of salinity of 522 in pre monsoon and 
1.03-9102ppm, with mean of salinity 742.71ppm in post monsoon. Dissolved Oxygen (DO) varies from 3.26-
8.13ppm, with mean of DO value is 6.06 in pre monsoon and 3.88-8.38ppm, with mean of is 6.62 in post 
monsoon. Fluoride in the region varies from 0.12-1.9ppm, having mean of 0.60ppm in pre monsoon while 
varies between 0.5-1.7ppm, with mean of fluoride is 0.73 in post mansoon seasons. According to WHO/BIS 
standards, the fluoride was established to be exceeding the permissible limits i.e. 1ppm in some areas only. 
Chloride varies from 8.1-1200ppm, with mean of chloride is 270.95ppm in pre mansoon and varies from with 
24-1000ppm; with mean of 247 in post mansoon season. According to WHO/BIS standards, the chloride was 
established to be exceeding the permissible limits i.e. 250ppm in many samples probably due to the 
anthropogenic factors such as road salt, sewage contamination and water softeners etc. Nitrate in ground water 
varies from 9.1-365ppm, having mean as 99.64ppm in pre mansoon and varies 8-350ppm, with mean 
108.24ppm in post mansoon samplings. Nitrate is also found to exceed the WHO permissible limits in many 
samples. The main cause for increase in nitrates may be due to the large number of well constructions, well 
location, overuse of chemical fertilizers, or improper disposal of human and animal waste .Total alkalinity value 
of water varies from 50-900 mg per liter, mean of total alkalinity is 422.3mg/l in pre mansoon and 50-890 mg 
per liter, mean of total alkalinity is 436.2mg/l in post mansoon. According to WHO/BIS standards, the Total 
alkalinity was found to be exceeding the permissible limits i.e. 200ppm. The main cause of increase in alkalinity 
may be due to a large number of dissolved phosphate, limestone and borates etc. The total hardness value of 
water varies from 96-980mg/l, mean of total hardness is 312.28mg/l in pre-monsoon and 80-970mg per liter, 
mean of total hardness is 291.65mg/l  in post-mansoon. According to WHO/BIS standards, the Total hardness 
was found to be exceeding the permissible limits i.e. 200ppm. The reason for the increase in total hardness may 
be due to a large number of dissolved polyvalent metallic ions from sedimentary rocks, seepage and runoff from 
soils. Calcium and Magnesium, the two principal ions, are present in many sedimentary rocks, the most 
common being chalk and limestone. The calcium hardness value of water varies from 0.66-622 mg per liter, 
mean of Ca hardness is 192mg/l  in pre mansoon and   40-650mg per litter, mean of Ca hardness is 180.81mg/l 
in post-mansoon. Mg hardness value of water varies from 0-440mg per litre, mean of Mg hardness is 
119.62mg/l in pre-mansoon and 0-440 mg per litre, mean of Mg Hardness is 111.84mg/l in post-mansoon. The 
phosphate value of water varies from 0.12-0.98mg per litre, the mean of phosphate is 0.59mg/l in pre-mansoon 
and 0.23-0.96 mg per litre, mean of phosphate is 0.610mg/l in post mansoon. Sulphate value of water varies 
from 1.5-95mg per litre, mean of sulphate is 47.86mg/l in pre mansoon and 10-90 mg per litre, mean of salinity 
is 43.94mg/l in post mansoon. Carbonate value of water varies from 0-500 mg per litre, mean of carbonate is 
156.8mg/l in pre mansoon and 0-400mg per litre, mean of carbonate is 134.7mg/l in post mansoon. Bicarbonate 
value of water varies from 0-890 mg per litre , mean of bicarbonate is 266.4mg/l in pre monsoon and 40-890 mg 
per litre, mean of bicarbonate is 301.5mg/l in post mansoon . Uranium value of water varies from 0.5-16.5ppb, 
mean of Uranium is 3.72ppb in pre mansoon and 0.6-19.1ppb, mean of Uranium is 5.04ppb in post 
mansoon.  Summary of the results of Baran districts of Rajasthan is presented in table number 1 for both pre-
mansoon and post-mansoon, respectively and for all the other water quality  parameters i.e., pH, ORP, Salinity 
,  Temperature, Dissolved Oxygen, Fluoride, Chloride, Nitrate, Sulphate, Phosphate, Uranium, Total Hardness 
,  Ca Hardness ,  Mg Hardness , Phenolphthalein alkalinity, Total Alkalinity,  Bicarbonate and Carbonate. Out 
of 200 water samples collected from Baran district of Rajasthan, present of samples exceeding the permissible 
limits are shown table 2. The Uranium concentration in ground water samples vary from 0.5 to 16.5 ppb in pre 
monsoon and 0.6 to 19.1 ppb in post monsoon in the study area. The average, median, mode, standard 
deviation(SD) of the drinking water/ground water samples is 3.7223ppb, 3.05ppb, 3.2 ppb, 3.0 in pre monsoon 
and  5.0484ppb, 4.1ppb, 5.1ppb, 3.39 in post monsoon. The minimum value is 0.5 (pre monsoon), 0.6 (post 
monsoon) and maximum value is 16.5 (pre monsoon), 19.1 (post monsoon) in Baran district of Rajasthan. 
Dobra village in chipabarod block has minimum value, 0.5 ppb in pre monsoon and 0.6 ppb in post monsoon. 
Raruti village in baran block has maximum value 16.5 ppb in pre monsoon and 19.1 ppb in post monsoon in 
study area of Baran district. The Uranium level determined for all areas of Baran districts of Rajasthan was 
established to be within the permissible limit. The limits given by WHO is 30ppb and BIS is 60ppb. Percentage 
of samples exceeding/permissible limits of different parameters based on BIS, 2012 and WHO, 2011 are given 
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in the table 2, looking to the toxicity of U, F-, NO3
-, PO4

-3, it is desirable to include analytical data of these 
parameters analyzed at various sampling sites in the larger interest of the public. Table 3 gives results of ground 
water/drinking water samples analyzed at selected locations for gamma radiation level, U, F-, NO3

-, and PO4-3 
during pre and post-monsoon sampling.Table 4 to 5 correlation coefficients and the nature of correlation for 
uranium measurements with different physico-chemical parameters in drinking water samples in pre-monsoon 
and post-monsoon. Figure 2 and 3 explain the distribution of uranium in groundwater samples during pre 
mansoon and post mansoon in the study area, Figure 4 to 5 explain the frequency of uranium in groundwater 
samples during pre mansoon and post mansoon of Baran district. Figure 6 show to weak positive correlation 
plot (scatter plot) between Uranium concentration and Fluoride concentration in water samples of pre and post-
mansoon, figure 7 to 9 show to weak positive correlation plot (scatter plot) between Uranium concentration and 
Total hardness, Calcium hardness, Magnesium hardness concentration in water samples of pre and post-
mansoon. 

 
Fig.2: Distribution of uranium in groundwater samples during pre mansoon of baran district 

 
Fig.3: Distribution of uranium in groundwater samples during post mansoon of baran district 

 
Fig.4: Frequency of uranium in groundwater samples during pre mansoon of baran district 

 
Fig.5: Frequency of uranium in groundwater samples during post mansoon of baran district 
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Fig.6: Correlation plot (scatter plot) between Uranium concentration and Fluoride concentration in water 

samples of both pre-mansoon and post-mansoon 

 
Fig.7: Correlation plot (scatter plot) Uranium concentration and Total-hardness concentration in water samples 

of both pre-mansoon and post-mansoon 

 
Fig.8: Correlation plot (scatter plot) between Uranium concentration and Ca-hardness concentration in water 

samples of both pre-mansoon and post-mansoon 

 
Fig.9: Correlation plot (scatter plot) between Uranium concentration and Mg hardness concentration in water 

samples of both pre-mansoon and post-mansoon 
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Table1: Summary of Maximum, Minimum, Mean and Median of Uranium and Physicochemical water quality 
parameters in Baran District of Rajasthan, India (Pre monsoon and Post-Monsoon). 

Parameter Pre-mansoon Post-mansoon BIS/WHO limits 
Max Min Mean Media

n 
Max Mi

n 
Mean Media

n 
 

Gamma radiation 
level (nSv/h) 

123 56 87.93 88 123 56 87.93 88 - 

pH 8.65 6.98 7.59 7.55 8.65 6.9
7 

7.53 7.48 6.5-8.5 

TDS(ppm) 268
7 

2.01
3 

897.9
1 

825.3 288
3 

1.0
0 

838.8
5 

720.1 500 

EC(µs/cm) 267
7 

2.00 891.1
3 

813.8 274
9 

2.0 832.8
5 

706.4
5 

750 

ORP(mV ) 173.
8 

15.2 82.07 85.10 175.
2 

15.
2 

81.22 84.15 720 

Temperature 33.8 31.4 32.40 32.45 22.5 19.
3 

20.72 20.7 - 

Salinity(ppm) 245
6 

115 522.0
1 

452 910
2 

1.0
3 

742.7
1 

589.0
5 

250 

DO(ppm) 8.13 3.26 6.06 5.94 8.38 3.8
8 

6.62 6.68 5.0 

Fluoride(ppm) 1.9 0.12 0.60 0.49 1.7 0.1
5 

0.732 0.75 1.0 

Chloride(ppm) 120
0 

8.1 270.9
5 

224.5 100
0 

24 247 210 250 

Nitrate(ppm) 365 9.1 99.64 85 350 8 108.2
4 

97.5 45 

Total 
alkalinity(mg/l) 

900 50 422.3 390 890 50 436.2 440 200 

Total 
Hardness(mg/l) 

980 96 312.2
8 

260 970 80 291.6
5 

250 200 

Ca 
Hardness(mg/l) 

622 0.66 192.0
1 

140 650 40 180.8
1 

130 75 

Mg 
Hardness(mg/l) 

440 0 119.6
2 

108 440 0 11.84 100 30 

Phosphate 
(mg/l) 

0.98 0.12 0.59 0.64 0.96 0.2
3 

0.610 0.59 0.3 

Sulphate(mg/l) 95 15 47.86 37 90 10 43.94 35 200 
Carbonate 

(mg/l) 
500 0.0 156.8 128.9

8 
400 0.0 134.7 120 - 

Bicarbonate 
(mg/l) 

890 0.0 266.4 215 890 40 301.5 300 - 

Uranium(ppb) 16.5 0.5 3.72 3.05 19.1 0.6 5.04 4.1 60(AERB)/30ppb 

Table2. Groundwater % samples exceeding desirable/permissible limit for drinking purpose based on BIS, 2012 
and WHO, 2011 

Paramet
er 

% 
Samples 

exceeding 
desirable 

limits 
(BIS,2012

) 

% 
Samples 

exceeding 
permissibl

e limits 
(BIS,2012

) 

% 
Samples 

exceeding 
desirable 

limits 
(BIS,2012

) 

% 
Samples 

exceeding 
permissibl

e limits 
(BIS,2012

) 

% 
Samples 

exceeding 
desirable 

limits 
(WHO, 
2011) 

% 
Samples 

exceeding 
permissibl

e limits 
(WHO, 
2011) 

% 
Samples 

exceeding 
desirable 

limits 
(WHO, 
2011) 

% 
Samples 

exceeding 
permissib
le limits 
(WHO, 
2011) 

 Pre  
monsoon 

Pre 
monsoon 

Post 
monsoon 

Post 
monsoon 

Pre 
monsoon 

Pre 
monsoon 

Post 
monsoon 

Post 
monsoon 

pH 1.0% 1.0% 1.0% 1.0% 1.0% 0.0% 1.0% 0.0% 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

80 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

EC(µS/c
m) 

59% 3% 43% 4% 29% 4% 23% 6% 

Total 
hardness 

(mg/L 

59% 6% 56% 6% 35% 12% 35% 11% 

TDS 
(mg/L) 

81% 4% 72% 6% 75% 10% 71% 8% 

Calcium 
(Ca+2) 
(mg/L) 

66% 26% 68% 23% 66% 26% 68% 23% 

Magnesi
um 

(Mg+2) 
(mg/L) 

61% 34% 60% 34% 65% 17% 62% 17% 

Chloride 
(Cl- ) 

(mg/L) 

42% 2% 39% 0.0% 47% 14% 45% 13% 

Sulfate 
(SO4-2) 
(mg/L) 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Nitrate 
(NO3-) 
(mg/L) 

81% 81% 85% 85% 58% 28% 57% 32% 

Fluoride 
(F- ) 

(mg/L) 

10% 2.0% 12% 1.0% - - - - 

Total 
Alkalini

ty 
(mg/L) 

89% 9% 89% 8% - - - - 

DO (%) 87% 87% 87% 87% - - - - 
U(ppb) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Phospha
te(mg/l) 

82% 82% 88% 88% 82% 82% 88% 88% 

ORP 
(mV) 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Salinity 
(ppm) 

84% 84% 83% 83% 84% 84% 83% 83% 

Table3. Ground water/Drinking water Samples analyzed for selected locations and their coordinates sampling 
sites and gamma radiation level, U, F-, NO3

-, PO4
-3 concentration in the study area for pre and post-monsoon of 

Baran District ( A= Pre monsoon B= Post monsoon) 

Sample 
/ 

Village 
Name Tehsil 

GPS Coordinate      
(WGS  84, 
decimal) 

 
U 

(pp
b) 

U 
(ppb) 

F- 
(ppm

) 

F- 
(ppm

) 

NO3
- 

(mg/l
) 

NO3
- 

(mg/l
) 

PO4
3- 

(mg/l
) 

PO4
3-   

(mg/l) 
Latitu

de 
Longitu

de 
Gamma 
radiatio
n level 
(nSv/h) 

    
A B A B  B  B 

 
A A 

Palayth
a anta 

N25⁰0
8.831' 

E076⁰14
.390' 93 2.8 3.8 0.98 0.99 88 80 0.53 0.56 

Amalsa
ra anta 

N25⁰0
6.334' 

E076⁰14
.141' 72 1.4 2.06 0.33 0.32 17 14 0.98 0.36 

Dugari anta 
N25⁰0
7.305' 

E076⁰16
.246' 90 2.2 3.3 0.59 0.45 325 315 0.91 0.85 
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Bhojak
heri anta 

N25⁰1
1.849' 

E076⁰16
.193' 81 3.5 2.6 0.91 0.96 60 50 0.76 0.45 

Antah anta 
N25⁰0
9.425' 

E076⁰16
.971' 107 4.4 5.2 1.3 1.4 83 75 0.49 0.56 

Bamuli
ya anta 

N25⁰0
7.961' 

E076⁰20
.613' 81 

11.
3 12.7 1 1.3 21 18 0.35 0.59 

Bundi anta 
N25⁰0
8.114' 

E076⁰23
.075' 93 5.2 7.1 0.77 0.78 147 140 0.42 0.75 

Palasw
a anta 

N25⁰0
9.299' 

E076⁰22
.23' 99 4.2 6.1 0.58 0.45 125 110 0.83 0.26 

Khajur
na anta 

N25⁰0
9.099' 

E076⁰23
.145' 106 7.8 8.5 0.81 0.86 135 100 0.76 0.3 

Batavd
a anta 

N25⁰0
6.721' 

E076⁰23
.796' 80 4.2 5.3 0.36 0.75 142 135 0.68 0.85 

Borina Baran 
N25⁰0
4.838' 

E076⁰23
.779' 86 2.6 3.6 0.67 0.63 35 30 0.35 0.75 

Gajanp
ura Baran 

N25⁰0
6.423' 

E076⁰27
.715' 98 3.2 4.5 0.45 0.85 155 150 0.84 0.59 

Bengan
i Baran 

N25⁰0
1.797' 

E076⁰22
.865' 69 9.8 11.2 0.92 0.96 140 135 0.53 0.45 

Sorsan Baran 
N25⁰0
0.793' 

E076⁰18
.603' 82 5.2 7.1 1.9 1.6 125 120 0.95 0.26 

Manpur
a anta 

N25⁰0
1.324' 

E076⁰16
.818' 78 1.5 2.6 0.31 0.33 43 38 0.78 0.86 

Bawrik
heda anta 

N25⁰0
3.846' 

E076⁰16
.482' 98 7.7 9.4 0.36 0.45 78 72 0.68 0.75 

Takha Anta 
N25⁰0
4.765' 

E076⁰16
.004' 60 1.2 1.6 0.25 0.36 56 50 0.94 0.75 

Dhaker
kheri anta 

N25⁰0
5.946' 

E076⁰15
.392' 97 1.5 1.9 0.25 0.81 35 31 0.82 0.59 

Baran Baran 
N25⁰0
5.807' 

E076⁰30
.473' 80 2.2 3.4 0.72 0.77 98 93 0.65 0.45 

Ambap
ura Baran 

N25⁰0
4.577' 

E076⁰30
.034' 92 4.2 6.4 0.52 0.56 125 120 0.91 0.26 

Mandol
a Baran 

N25⁰0
3.782' 

E076⁰32
.104' 78 

1.2
3 1.6 0.36 0.36 365 340 0.64 0.85 

Patera Baran 
N25⁰0
3.773' 

E076⁰35
.016' 89 3.3 2.9 0.75 0.79 230 210 0.46 0.75 

Barana Baran 
N25⁰0
1.062' 

E076⁰34
.049' 103 3.4 5.2 0.38 0.37 130 120 0.91 0.45 

Iklera Baran 
N25⁰0
1.680' 

E076⁰32
.030' 83 1.2 2.4 0.45 0.47 178 150 0.29 0.56 

Bamli 
BARA

N 
N25⁰0
0.057' 

E076⁰29
.435' 98 3.3 5.1 0.25 0.36 254 230 0.68 0.56 

Ratawa
d baran 

N25⁰0
1.353' 

E076⁰24
.941' 89 

14.
5 16.4 0.98 0.96 84 70 0.85 0.86 

Bavrikh
era Baran 

N25⁰0
6035' 

E076⁰33
.782' 102 2.2 3.5 1.4 1.5 122 110 0.65 0.45 

Raruti Baran 
N25⁰0
8.819' 

E076⁰35
.171' 71 

16.
5 19.1 1.2 1.4 175 140 0.12 0.86 

Mjravta 
Kishan

ganj 
N25⁰0
9.379' 

E076⁰36
.292' 93 2.2 3.4 1.3 1.2 130 125 0.68 0.56 

Shygar
h Baran 

N25⁰1
1..956' 

E076⁰36
.934' 71 3.2 2.5 0.87 0.89 210 200 0.55 0.89 

Kelwad Kishan N25⁰0 E076⁰52 90 1.1 3.1 0.28 0.26 53 45 0.19 0.56 
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a ganj 8..260' .782' 

Danta 
shahba

d 
N25⁰0
9..059' 

E076⁰52
.755' 89 1.7 3.9 0.33 0.35 28 22 0.46 0.75 

Pahari 
shahba

d 
N25⁰0
8..592' 

E076⁰55
.506' 110 1.9 2.3 0.25 0.75 17 11 0.68 0.59 

Smrine
eya 

shahba
d 

N25⁰0
8..659' 

E077⁰00
.163' 95 1.6 3.2 0.45 0.44 65 45 0.48 0.86 

Mundli
ya Shabad 

N25⁰1
1.936' 

E077⁰07
.437' 107 2.6 4.6 0.26 0.56 56 60 0.65 0.48 

Shahba
d 

shahba
d 

N25⁰1
4.978' 

E077⁰09
.710' 97 3.2 5.1 0.24 0.41 35 30 0.28 0.59 

Munga
wali Shabad 

N25⁰3
1.370' 

E077⁰12
.503' 82 9.8 11.7 0.36 0.37 98 92 0.46 0.26 

Majhari Shabad 
N25⁰1
2.644' 

E077⁰13
.042' 104 5.2 4.1 0.25 0.65 125 110 0.79 0.85 

Balharp
ur 

shahba
d 

N25⁰1
0.109' 

E077⁰13
.584' 85 4.3 6.1 0.36 0.32 365 350 0.53 0.46 

Devri 
shahba

d 
N25⁰1
6.551' 

E077⁰14
.654' 100 3.2 5.1 0.71 0.75 98 89 0.64 0.75 

Gajna 
shahba

d 
N25⁰1
6.186' 

E077⁰13
.599' 108 1.9 3.2 0.71 0.77 250 240 0.26 0.59 

Hanotiy
a 

shahba
d 

N25⁰1
6.282' 

E077⁰13
.045' 123 

0.8
6 0.9 0.54 0.55 160 150 0.68 0.75 

Mamon
i Shabad 

N25⁰1
0.837' 

E077⁰06
.146' 107 2.2 4.5 0.12 0.84 85 100 0.94 0.26 

Ratatal 
shahba

d 
N25⁰0
8.363' 

E077⁰02
.474' 74 3.2 5.3 0.25 0.68 45 75 0.92 0.28 

Khushi
yara 

shahba
d 

N25⁰0
9.067' 

E076⁰58
.415' 96 1.5 3.6 0.38 0.45 42 38 0.19 0.45 

Phaldi 
Kishan

ganj 
N25⁰1
0.837' 

E076⁰43
.270' 79 1.5 2.5 0.36 0.65 85 65 0.28 0.75 

Barana Baran 
N25⁰0
5.703' 

E076⁰43
.270' 80 7.7 9.6 0.23 0.22 81 75 0.21 0.95 

Chajaw
a atru 

N24⁰5
8.909' 

E076⁰35
.322' 96 1.2 3.6 0.87 0.89 45 65 0.64 0.85 

Charda
na Atru 

N24⁰5
7.556' 

E076⁰36
.237' 84 1.5 5.6 0.23 0.78 85 120 0.16 0.42 

Piplod atru 
N24⁰5
6.819' 

E076⁰39
.390' 88 2.1 2.6 0.89 0.85 75 90 0.57 0.56 

Jalwara 
Kishan

ganj 
N24⁰5
7.862' 

E076⁰40
.484' 89 4.2 5.1 0.7 0.75 50 45 0.94 0.85 

Marma
chah atru 

N24⁰5
4.960' 

E076⁰37
.719' 96 4.8 6.7 0.81 0.84 110 100 0.75 0.75 

Atru atru 
N24⁰5
2.848' 

E076⁰39
.887' 82 5.9 8.6 0.56 0.75 85 80 0.95 0.59 

Mundla Atru 
N24⁰5
0.261' 

E076⁰39
.359' 87 3.2 2.4 0.25 0.81 45 70 0.64 0.85 

Kachra atru 
N24⁰5
1.650' 

E076⁰37
.873' 79 4.2 5.4 0.85 0.89 120 115 0.48 0.45 

Ummed
ganj Atru 

N24⁰4
7.816' 

E076⁰37
.759' 98 

13.
1 15.6 0.45 0.74 102 250 0.28 0.85 

Dadwar
a atru 

N24⁰4
7.816' 

E076⁰37
.759' 114 5.6 7.9 1 1.3 130 125 0.97 0.85 

Katawa
r atru 

N24⁰4
7.216' 

E076⁰32
.536' 93 5.2 7.1 0.36 1.2 95 85 0.49 0.96 
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Karjuna atru 
N24⁰4
5.033' 

E076⁰32
.127' 79 2.5 4.9 1.1 0.99 45 120 0.68 0.75 

Kanodi
ya atru 

N24⁰4
7.699' 

E076⁰30
.273' 88 1.1 3.2 0.36 0.85 85 60 0.42 0.85 

Badora atru 
N24⁰4
5.632' 

E076⁰29
.760' 84 3.5 5.1 0.32 0.36 43 38 0.56 0.95 

Mothpu
r atru 

N24⁰4
4.864' 

E076⁰37
.423' 92 

4.0
2 6.1 0.62 0.59 100 90 0.34 0.86 

Kundi atru 
N24⁰4
4.866' 

E076⁰40
.714' 

 
3.8 2.9 0.88 0.84 170 150 0.57 0.56 

Kawai atru 
N24⁰4
5.461' 

E076⁰44
.082' 113 3.4 5.1 0.91 0.95 110 100 0.43 0.49 

Fulbad
odha chabra 

N24⁰4
5.952' 

E076⁰45
.769' 79 2.2 4.3 0.89 0.84 120 115 0.94 0.95 

Dilod chabra 
N24⁰4
9.111' 

E076⁰46
.685' 82 2.8 4.4 0.71 0.74 88 80 0.86 0.59 

Sangor
a Chabra 

N24⁰4
9.629' 

E076⁰44
.533' 76 3.2 2.4 0.45 0.52 85 90 0.49 0.56 

Balharp
ur chabra 

N24⁰4
9.111' 

E076⁰46
.685' 84 0.8 0.6 0.85 0.63 45 75 0.67 0.75 

Gugor Chabra 
N24⁰4
4.912' 

E076⁰50
.829' 91 1.1 3.2 0.36 0.45 36 120 0.48 0.59 

Chabra Chabra 
N24⁰4
0.682' 

E076⁰50
.881' 96 2.3 4.1 0.58 0.15 85 250 0.26 0.26 

Nipania Chabra 
N24⁰3
7.257' 

E076⁰51
.962' 84 3.2 3.5 0.12 0.78 42 100 0.18 0.85 

Pipalya chabra 
N24⁰4
3.578' 

E076⁰45
.883' 69 1.7 3.9 0.8 0.84 140 130 0.75 0.45 

Salpura atru 
N24⁰4
6.129' 

E076⁰44
.015' 86 4.5 4.1 0.71 0.77 75 70 0.48 0.56 

Rampur
a 

bhagtan 
Mangro

l 
N24⁰4
3.578' 

E076⁰45
.883' 102 2.8 3.4 0.36 0.74 95 150 0.82 0.96 

Mangro
l 

Mangro
l 

N25⁰1
9.958' 

E076⁰30
.376' 68 5.3 7.2 0.94 0.96 150 145 0.26 0.45 

Mau 
Mangro

l 
N24⁰2
1.372' 

E076⁰31
.229' 96 8.8 10.6 1.6 1.7 39 32 0.48 0.36 

Bhateri
an 

Mangro
l 

N25⁰2
4.225' 

E076⁰32
.325' 84 4.2 3.3 0.45 1.1 45 200 0.79 0.56 

Bamori 
Kalan 

Mangro
l 

N25⁰2
4.679' 

E076⁰32
.711' 82 3.2 3.3 1.1 1.3 90 85 0.74 0.36 

Balapur
a 

Mangro
l 

N25⁰2
3.584' 

E076⁰30
.466' 94 2.2 4.2 0.58 0.87 75 120 0.68 0.59 

Bhatwa
ra 

Mangro
l 

N25⁰1
7.359' 

E076⁰30
.311' 108 1.1 3.2 0.36 0.75 69 160 0.94 0.85 

Ishwarp
ura 

Mangro
l 

N25⁰1
7.354' 

E076⁰32
.142' 96 2.2 2.8 0.12 0.45 84 180 0.29 0.45 

Miari Baran 
N25⁰1
3.587' 

E076⁰33
.023' 85 4.2 9.6 1.1 0.22 29 75 0.48 0.95 

Kund 
mangro

l 
N25⁰1
2.948' 

E076⁰30
.254' 76 6.4 8.2 0.97 0.98 140 130 0.18 0.85 

Lisariy
a Baran 

N25⁰0
9.335' 

E076⁰31
.396' 95 3.2 5.1 0.25 0.78 103 250 0.68 0.75 

Kishan
ganj 

Kishan
ganj 

N25⁰0
7.144' 

E076⁰37
.820' 87 

8.0
2 

10.0
8 1.3 1.4 160 155 0.76 0.26 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

84 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

Radhap
ura 

Kishan
ganj 

N25⁰0
9.990' 

E076⁰38
.657' 74 1.2 1.9 0.12 0.32 145 125 0.91 0.85 

Pipalda 
Kishan

ganj 
N25⁰1
1.030' 

E076⁰39
.680' 81 1.9 3.5 1 0.98 64 60 0.49 0.56 

Khedli 
Kishan

ganj 
N25⁰1
1.934' 

E076⁰42
.517' 89 1.8 2.7 0.45 0.56 84 80 0.56 0.45 

Garda 
Kishan

ganj 
N25⁰1
2.286' 

E076⁰44
.753' 63 2.2 6.2 0.29 0.32 125 100 0.64 0.59 

Jainswa 
Kishan

ganj 
N25⁰1
1.308' 

E076⁰48
.392' 84 1.1 2.4 0.42 0.46 21 18 0.61 0.85 

Ghatti 
Kishan

ganj 
N25⁰0
1.125' 

E076⁰47
.530' 78 1.6 1.9 0.34 0.36 73 65 0.49 0.26 

Dhikon
iya 

Kishan
ganj 

N25⁰0
2.595' 

E076⁰47
.522' 80 2.3 4.1 0.25 0.45 46 75 0.65 0.59 

Gajran 
Kishan

ganj 
N25⁰0
2.345' 

E076⁰47
.967' 98 1.2 1.8 0.36 0.63 84 160 0.26 0.23 

Fatehpu
r Baran 

N25⁰0
6.980' 

E076⁰34
.006' 56 

10.
1 13.5 0.45 0.52 75 200 0.69 0.58 

Nayaga
on 

Chipab
arod 

N24⁰6
12.676

.' 
E076⁰12

2.425' 87 2.5 3.8 0.88 0.91 100 95 0.48 0.75 

Tancha 
Chipab

arod 

N24⁰6
85.836

' 
E076⁰78

5.008' 84 2.9 2.2 0.55 0.59 180 170 0.84 0.59 

Chipab
arod 

Chipab
arod 

N24⁰6
22.476

.' 
E076⁰07

2.507' 88 1.1 2.4 0.53 0.61 14 10 0.29 0.45 

Khedla 
Chipab

arod 

N24⁰6
45.356

.' 
E076⁰05

2.198' 89 7.6 9.6 
0.38

9 
0.36

1 10 8 0.68 0.26 

Setkolu 
Chipab

arod 

N24⁰7
41.452

.' 
E076⁰13

6.422' 60 0.9 2.1 0.47 0.46 45 40 0.26 0.58 

Dobra 
Chipab

arod 

N24⁰6
56.556

.' 
E076⁰12

4.425' 68 0.5 0.6 0.4 0.42 9.1 85 0.44 0.26 

Table4: Correlation coefficients and the nature of correlation for uranium measurements with different physico-
chemical parameters in drinking water samples in Pre-monsoon 

Physico-chemical parameters Correlation coefficient (r ) Nature of correlation 
pH -0.00 No correlation 

TDS(ppm) 0.04 Weak positive correlation 
EC(µS/cm) 0.04 Weak positive  correlation 
ORP(m V) -0.05 Weak negative correlation 

Temperature 0.01 Weak negative correlation 
Salinity(ppm) -0.09 Weak negative correlation 

DO (%) -0.13 Weak negative correlation 
Fluoride(ppm) 0.32 Weak positive 
Chloride(ppm) -0.05 Weak negative correlation 
Nitrate(ppm) 0.07 Weak positive correlation 

Sulphate(mg/l) 0.06 Weak positive correlation 
Phosphate(mg/l) -0.07 Weak negative  correlation 

Total-hardness(mg/l) 0.18 Weak positive 
Ca-hardness(mg/l) 0.10 Weak positive 
Mg-hardness(mg/l) 0.25 Weak positive 
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Phenolphthalein alkanility(mg/l) 0.03 Weak positive  correlation 
Total alkanility(mg/l) 0.03 Weak positive  correlation 

Carbonate(mg/l) 0.01 Weak positive  correlation 
Bicarbonate(mg/l) 0.01 Weak positive  correlation 

Table5: Correlation coefficients and the nature of correlation for uranium measurements with different physico-
chemical parameters in drinking water samples in Post-monsoon 

Physico-chemical parameters Correlation coefficient (r) Nature of correlation 
pH -0.04 Weak positive  correlation 

TDS(ppm) 0.05 Weak positive  correlation 
EC(µS/cm) 0.05 Weak positive  correlation 
ORP(m V) -0.05 Weak negative  correlation 

Temperature -0.18 Weak negative 
Salinity(ppm) -0.00 No correlation 

DO (%) -0.17 Weak negative 
Fluoride(ppm) 0.32 Weak positive 
Chloride(ppm) -0.02 Weak negative correlation 
Nitrate(ppm) 0.06 Weak positive  correlation 

Sulphate(mg/l) 0.06 Weak positive  correlation 
Phosphate(mg/l) 0.01 Weak positive  correlation 

Total-hardness(mg/l) 0.19 Weak positive 
Ca-hardness(mg/l) 0.11 Weak positive 
Mg-hardness(mg/l) 0.25 Weak positive 

Phenolphthalein alkanility(mg/l) 0.04 Weak positive  correlation 
Total alkanility(mg/l) 0.07 Weak positive  correlation 

Carbonate(mg/l) 0.04 Weak positive correlation 
Bicarbonate(mg/l) 0.02 Weak positive  correlation 

CONCLUSION 
Uranium levels are found to vary from 0.5-16.5 ppb in pre-monsoon and 0.6-19.1 ppb in post-monsoon 
respectively. Hence the groundwater samples analyzed by LED Fluorimeter in the present study of baran 
districts of Rajasthan were found suitable as ground water but it is recommended that the water requires proper 
treatment Drinking water treatment devices can be used to remove specific contaminants such as Uranium, 
TDS, Total hardness, Fluoride, Nitrate, Chloride, Phosphate, and Salinity etc from drinking water. There are 
drinking water treatment devices available to reduce the levels of uranium in drinking water to levels below the 
guideline level of 0.02 mg/L. A water treatment professional should be consulted for advice on a particular 
situation so that they will be provided with an accurate cost of the available systems, based on specific water 
quality. If the levels of Uranium exceed its permissible limits, then techniques like Reverse osmosis which is a 
process that filters most impurities from water by passing it through a very fine membrane. Contaminants such 
as uranium are left behind on the membrane while treated water passes through is not suitable. We need to 
install a pre-filter before the reverse osmosis system and also distillation system works by boiling water into 
water vapour, then returning it to its liquid state. The minerals and contaminants such as uranium form scales 
and are trapped in the boiling chamber. However, it is well within the safe standard limit of BIS, WHO, USEPA 
and AERB. There seems to be correlation between the composition of each gamma radiation dose rate and litho 
logical areas. Times to time quantitative and qualitative measurements are needed to constantly monitor the 
physic-chemical water quality parameters from the various groundwater sources to adopt appropriate 
remediation strategies. The study conclude that uranium concentration in the Baran district is within permissible 
limits is ground water used for potable purpose but other parameters viz. Total hardness, TDS, Salinity, 
Alkalinity, Fluoride and Phosphate etc are above permissible limits in most of the places. Post mansoon average 
of salinity, fluoride, nitrate, total alkalinity, phosphate, bicarbonate, and uranium are more than pre mansoon 
average which reflects possibility of leaching of salts during rainy season increasing their correlation in ground 
water. It is recommended that proper water treatment devices shall be installed at the hand pumps in the villages 
in the region to remove specific contaminated including fluoride, phosphate and even uranium. The public 
awareness for health impacts and associated water contaminant is the need of the time low cost water 
purification devices based on reverse osmosis are suggested for water treatment before drinking. 
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A weak positive correlation has been observed between Uranium and Total hardness, Ca hardness, Mg 
hardness, Total alkalinity, Bicarbonate, Carbonate, Fluoride, Nitrate, Sulphate, Phosphate, EC, TDS, 
Phenolphthalein alkalinity during pre and post mansoon. But there is weak negative correlation between 
Uranium concentration with pH, ORP, DO, Chloride, Salinity during pre and post mansoon, which may be due 
to the region’s different agricultural activities. 

Uranium has a weak positive affinity for fluoride and nitrate ions, uranium may be present in some salt form in 
drinking water samples. Fluoride and nitrate are uranium carriers, so their determination and study of their 
correlation are essential. So, it is needful to mention that in the future, nitrate, sulphate, and phosphate 
concentration in ground water may exacerbate uranium dissolution in the study area as they are good carriers of 
uranium. The study indicates that the drinking water around the Baran district of Rajasthan does not need any 
attention from the policymakers regarding uranium and other minerals. It appears instructive to regularly 
monitor uranium to determine alterations in uranium in Hadoti region of Rajasthan ground water for a unique 
variation. The higher values of uranium concentration suggest that water in these regions is not safe for drinking 
purposes and is harmful from a health point of view. 
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ABSTRACT 
Ayushman Bharat Pradhan Mantri Jan Arogaya Yojana was been established to achieve its goal of having 
‘Universal Health Coverage’ across India and for the same inculcating a robust public-private partnership is a 
must. This can be justified because, in India, public hospitals are not in a position to cater to the huge audience 
of the scheme, and also they are sparsely spread to provide proper healthcare facilities to the beneficiaries of the 
scheme across India. However, private hospitals are not observed that participative in the functioning of 
government-led health insurance schemes. Therefore, the researcher in this paper is striving to comprehend the 
reasons for the low participation of private hospitals and also to figure out the relevance of private hospitals in 
the implementation and functioning of government-led health insurance schemes like AB-PMJAY. 

Keywords: Private hospitals, Ayushman Bharat Pradhan Mantri Jan Arogaya Yojna, and low-participation 

INTRODUCTION 
Ayushman Bharat is a Government of India initiative which aims to achieve a Universal Health Coverage 
(UHC) across India. AB PM-JAY is ideally the largest health insurance scheme in the world which aims in 
providing a cashless health cover of 5 lakhs per family, per year to over 10.74 crores of poor and vulnerable 
families which forms the bottom 40% of the Indian population.1 Benefit of this scheme can be availed through 
any Public or Private empanelled hospitals that are associated with the AB PM-JAY scheme but in reality 
participation of private hospitals seems to be questionable. As per a study, it was discovered that the number of 
private hospitals empanelled under a government-led health insurance scheme was significantly less than the 
number of private hospitals empanelled under any insurance company. Further, the study states that the 
potential of empanelment of private hospitals in the AB-PMJAY scheme can be observed to be low, particularly 
in poor states of the country. This can certainly have a negative implication on the accessibility of the AB-
PMJAY scheme in poor states of the country, where prominently a large number of audiences of the scheme is 
concentrated.2 Therefore, in this paper, the researcher has strived to discover the extent of participation of 
private hospitals in functioning government-led health insurance schemes, precisely the AB-PMJAY scheme, 
and also to ascertain the need of private hospitals in the sustainment of such government-led health insurance 
scheme by reviewing previous studies done on the same line. 

OBJECTIVE 
1) To understand the extent of participation of private hospitals in the functioning of government-led health 

insurance schemes across India, with special context to the AB-PMJAY. 

2) To ascertain the need for participation of private hospitals in the functioning of government-led health 
insurance schemes across India, with special context to AB-PMJAY. 

REVIEW OF LITERATURE 
FORGIA, G.L. & NAGPAL,S. (2012)  in their book have narrated the accountabilities and governance of 
public hospitals in India. The authors opine that the government-led health insurance schemes provide a shield 
to public hospitals from market pressures. This has been explained with the help of an example where public 
hospitals hold 60 percent of the Rashtriya Swasthiya Bima Yojana (RSBY) cases and 53 percent of revenues but 
on the other hand, the book also exclaims that the public hospitals stand nowhere when it comes to competing 
with private hospitals in providing health care facilities. The authors further concludes that the States should 
work on building a strong relationship between public and private providers and should also work hard in 
having the same rate structure after phasing out dual subsidies.3 Government-led health insurance schemes work 
mostly with pre-determined health benefits packages and as per MUKHERJI, A. & SWAMINATHAN, H. 
(2013) private hospitals are seen manipulating the fixed health benefits packages. According to the authors, the 
private hospitals are seen choosing a treatment to be given based on the health packages and not according to 
the medical condition of the patients.4 GANGULY, P., JEHAN, K., DE COSTA, A., MAVALANKAR, D. & 
SMITH, H. (2014) conducted a qualitative study to comprehend the approach of private obstetricians towards 
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government-aided ‘Chiranjeevi Yojana’. The results from the study brought out some insights that how private 
obstetricians are reluctant to join the scheme. The providers feared that CY would lower their status of practice 
while some feared bureaucratic procedures and perceptions of the scheme.5 While these were some of the 
reviews on the participation of private hospitals in the functioning of government-led health insurance schemes, 
YADAV, V. et al. (2017) conducted a narrative-based qualitative study to explore the perception of the private 
providers as the facilitators in government-run schemes like Janani Suraksha Yojana which is a scheme meant 
to provide maternity health care services. After many faces to face interviews and then on the basis of thematic 
analysis, the study revealed that low/delay in reimbursement, slow administrative issues, previous ill-
experiences, trust issues, and patient-level barriers were some of the barriers to the participation of private 
health care providers in JSY scheme in Uttar Pradesh.6 On the same note, PAREEK, M. (2018) has raised the 
concern on empanelment of private hospitals under Ayushman Bharat Pradhan Mantri Jan Arogaya Yojana. The 
paper showcases the difficulty of the private providers to adjust to the restricted health packages of the scheme, 
as this adjustment demands to make changes in their business model/ strategies which become impractical for 
them to satisfy their profit motive ideologies.7 GULATI, R., SOOD, H. & JHA, B. (2018) have also drawn 
some concerns/ challenges of the different stakeholders of the AB-PMJAY scheme from the health care industry 
in their report. A few of the concerns and challenges related to private hospitals highlighted in the report are 
again viability of health packages, timely settlement of the claims with no deductions and quality maintenance, 
and transparency in the work, respectively.8 Here also the suggestion has been given is to develop a synergy 
with the private healthcare providers to have better implementation and hold. Apart from the stated reasons 
above, as per CHOUDHURY, M., DATTA, P. (2019), empanelment of private hospitals was seen less 
associated with the AB-PMJAY scheme than the insurance companies, and also this empanelment of private 
hospitals under the scheme was seen low in the states with low per capita income. This low collaboration of 
private hospitals with the scheme is reasoned out as unwillingness of the hospitals to join the scheme or 
difference in the entry of the collaboration between scheme and insurance companies.2 Further, systematic 
reasoning has been given by NEOGI, S. (2020)  who states that the empanelment of private providers to deliver 
secondary and tertiary healthcare to the beneficiaries falls short in two key areas and that is, increasing coverage 
(in terms of numbers of providers in a given geographic area) and decreasing economic barriers (concerning out 
of pocket expenditure). According to the author, the shreds of evidence can be segregated into two perspectives, 
one-ideological and two-pragmatic. To talk about the ideological position, the author points out the State’s 
withdrawal as a service provider of the scheme and transfers this role to private providers per se. The author 
believes that with the current situation of people directly approaching the private providers, there may be an 
increase in the number of claims if hospitalized and if no hospitalization is required, it will increase the burden 
of out-of-pocket expenditure. While talking about the pragmatic perspective, the author proclaims the 
generation of the scheme as a ‘done-deal which makes strategic purchasing inevitable. This perspective argues 
that the private sector may deliver as per the requirements only if there is robust regulation. However, the author 
has some hope for the AB-PMJAY scheme as it believes in having a three-tier governance structure (National-
Health Authority, State Health Agency, and District Empanelment Committee). The author suggests the scheme 
to focus on the district level which deals with empanelment and thus some control over the private providers. 
Another suggestion placed by the author is to work hard on strengthening the public providers.9 Likewise, 
authors like KHETRAPAL, S., ACHARYAB, A., MILLS, A. (2019) who conducted their study in two 
districts of Punjab, Patiala, and Yamunanagar, have also recommended that as AB-PMJAY scheme which is 
also based on a public-private partnership like RSBY, the former should bring strict monitoring of the private 
hospitals involved in it and should undertake some regular medical and social audits to govern these private 
providers.10 But knowing the reality as well, the dependency of the government-led health insurance schemes 
like AB-PMJAY scheme is much on the private providers and therefore ROY, P. (2018) strongly emphasizes 
that firstly there should be robust management and governance to develop a good network of private hospitals 
within the scheme.11 

CONCLUSION 
Government-led health insurance schemes can be successful in achieving their goal only when it gets the 
support of private providers. In other words, appropriate measures should be taken by the government to have 
more inclusion of the private providers as the latter stands to be the main provider of health care facilities even 
for the latest AB-PMJAY scheme. Also as India lack’s in providing proper infrastructural back up to the public 
hospitals, developing a strong public-private partnership will help in making the healthcare accessible in even 
remote areas also where the government cannot easily reach otherwise. 
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ABSTRACT 
The globe has a new choice in the form of alternative energy sources to deal with the current energy problem 
and environmental concerns. Because wind energy can be beneficial in coastal areas with high wind velocity, 
and biomass requires either chemically conversion or thermochemical conversion, solar power is the most easily 
accessible source of useable energy from these three major sources of energy. The present work focuses on 
evacuated solar water heater with insertion of single and double twisted tape in two different evacuated tube 
solar water heater to evaluate the thermal performance by varying water flow rate and temperature measurement 
can be made possible using K type thermocouples. 

INTRODUCTION 
The sun is the lifeblood of the entire planet. As society advances, it makes increasing use of a wide range of 
energy sources. The country's level of development is determined by its energy consumption per capita. More 
developed a country is one that consumes more energy than its population. Conventional and non-conventional 
energy sources each have their own set of advantages and disadvantages. Due to the limitations and pollution-
causing nature of traditional sources, it is becoming increasingly necessary to turn to non-conventional ones. 
Basically, solar energy is a flexible source of power because amount of solar radiation are available worldwide, 
are non-polluting, and can be easily converted into the numerous kinds of energy that are needed. A direct type 
flow evacuated solar tube collector contains two pipes which runs down and back. The entrance fluid flows via 
one pipe, while the output fluid flows through the other. The tubes are difficult to be replaced since fluid moves 
in and out of them. In-depth experimental and mathematical validation were performed by Selvakumar P et al 
[1] on a corrugated plate solar water heater. A. I. Sato [2] employed computational fluid dynamics to do a 
numerical investigation of evacuated solar tube water (CFD). With the developed model in hand, a numerical 
simulation would be run to assess the behaviour of fluid inside this solar collector as well as potential model 
enhancements. I.George et al [3] carried out optimization of evacuated tube solar water heater using response 
surface method (RSM). The RSM is used to evaluate the thermal performance of evacuated solar tube collectors 
using U pipe, as well as to optimise the working parameters. S. Jaisankar et al [4] investigated different 
methods to have improved the heat efficiency of solar water heaters. A full assessment of the limits of existed 
research, the research gap & potential modification are also included. K.K. Chonget et al [5] investigated the 
use of stationary V-trough collectors in a solarized H2O heater. The solar hot water system is efficient in 
improving by adding the solar absorbers with a simple V-trough reflector. Solar water heater water tubes made 
of steel, copper, and aluminium were examined by S.Rajasekaran et al [6]. A new heating element with a solar 
collector of the flat plated type is presented in this study in spite of the restricted latent heat of stainless steel and 
aluminium. 

2. EXPERIMENTATION 
Glass welding was used to create an evacuated tube with an inner diameter of 20 mm and a length of 1000 mm 
in this study. Material for the storage tank is GI-coated, 150 mm diameter and 600 mm in length. In both single 
twisted and double twisted forms, mild steel strip is used to make the twisted tape, which has a thickness of 1 
mm and measures 1100 mm in length with a pitch of 160 mm and a width of 10 mm. A solo twisted tape 
insertion setup with a double twisted one tape insertion setup have been created. Temperature readings are made 
using digital K type thermocouples. Angle sections measuring 25 mm X 25 mm X 5 mm are used to construct 
the frame. The main water tank has a capacity of 20 litres. 

  
Fig 1 Full Length Evacuated Tube with Coupler       Fig 2 Twisted Tape Materials 
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Fig 3: Experimental Set up 

3. RESULTS AND DISCUSSION 
The flow rate in all methods of artificial heat transfer augmentation in both cases is as mention in Table 1. The 
flow rate is obtained using measuring flask and stop watch by setting tape position at appropriate lactation. 

Table 1 Water Flow Rates for a Solar H2O Heater in Mass 

Flow Time Required to fill 1000ml Flask (s) Flow Rate (lps) 
Lower 735 0.00137 

Medium 695 0.00145 
Higher 617 0.00163 

The basic objective is to enhance the turbulence in the flow which leads to rate of heat transfer and finally gain 
in water outlet temperature, but the only drawback is water flow rate at exit of solar water heater is slightly 
affected by insertion of double twisted tape in the evacuated tube of 20 mm diameter. The temperature rises are 
found at all flow rate compare to single twisted tape insertion may because of more turbulence in the flow. 

 
Fig. 2.16 Temperature Variation for Low Flow Rate 

A: Single Twisted Tape with Same Pitch in Evacuated Tube B: Double Twisted Tape with Same Pitch in 
Evacuated Tube 

 
Fig.2.17 Temperature Variations for Medium Flowing Rates 
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Fig. 2.18 Temperature Variations for High Flowing Rates 

CONCLUSION 
1. Double twisted tape with same pitch insertion shows better results compare to single twisted tape insertion 

due to increment in flow turbulence. 

2. Slightly flow rate get affected due to increment in turbulence leads to pressure drop in the water flow. 
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ABSTRACT 
Municipal Solid Waste (MSW) consists of papers, plastics, metals, glasses, non-combustible items, and organic 
composition. The paper waste in MSW is newspaper, cardboard, glossy paper, and printed paper, and the paper 
waste in MSW is almost 4% of the total sample size. The newspaper and glossy paper are available in MSW 
constituents in bad shape, and recycling of them is difficult. To extract energy fuel, it is necessary to go for 
thermal degradation and carry out pyrolysis of newspaper and glossy paper. The knowledge of kinetic studies is 
important, which is the objective of the present work at corresponding heating rates of 5, 10 and 15 0C/min. 

Keywords: Kinetics, Thermogravimetric Analysis (TGA), Differential Thermogravimetric (DTG), Elemental 
Analysis, Batch Type Pyrolyser. 

I. INTRODUCTION 
Energy is the only alternative for the progress of the economy and to satisfy the demand for energy when the 
fuel recourses are diminishing all over the world, alternative energy options have to be explored and the first 
step towards this is energy-to waste. Waste-to-energy is the best choice for meeting energy demand while also 
finding an appropriate solution for municipal solid waste (MSW) from an economic, social, and environmental 
standpoint, and one of the solutions for this is the thermal degradation process. Waste generation is the outcome 
of every human activity, and waste may be of industrial, municipal, agricultural, or biomedical waste types. 
Municipal solid waste (MSW) is increasing at a faster rate due to rapid urbanization and the presence of almost 
5-7% paper waste in MSW, which takes more time for degradation. The presence of composed waste of 40–
50% creates odor, which is also responsible for health issues. 

The MSW generation is increasing at a faster rate due to population growth, particularly in countries like India 
where old technology such as land filling is not effective due to ground water pollution and scarcity of land. 
Waste-to-energy is a good option for MSW, and thermal degradation technological options like gasification, 
pyrolysis, and incineration make decomposition of MSW at faster than land filling and aerobic or anaerobic 
digestion. Pyrolysis is a process where the feed is thermally destroyed in the absence of oxygen, making it one 
of the best waste disposal techniques. Solid char, liquid pyrolytic oil, and gases are the end products of 
pyrolysis. Each of the resulting compounds has the potential to be used as energy carriers and chemical 
feedstocks in subsequent processing. 

Morcos, V.H. (1988) [1] analyses the literature on the topic of MSW incineration energy recovery. This report 
covers (1) both the historical background on MSW disposal methods as well as current developments. (2) 
Waste's potential as a fuel, based on an understanding of its composition, heating value as well as amount. (3) 
Alternative waste disposal methods, such as thermal (pyrolysis, refuse-derived fuel, and mass incineration), 
mechanical, and bio-chemical methods. 

In terms of fuel properties, combustion method, pollutants, and ashes utilization/disposal, Ruth L.A [2] 
compares coal and MSW burning. Coal and MSW co-combustion is also discussed. There are MSW concerns 
that can be resolved by research as well as development. R.S. Lehrle [3] investigated (I) Specific pyrolysis 
parameters to be employed and whereby the technique will be related, namely (a) the nature and size of the 
sample, and (b) the heating rate of the sample. (II) The best method(s) for investigating the reported pyrolysis 
behaviour (III) Degradation process interpretation to gather mechanistic insights. 

Using thermogravimetric analysis in nitrogen, Chao-Hsiung Wu et al [4] reported a kinetic investigation of 
coated printed and writing paper across the temperature range of 450-900 K at heating rates of 1, 2, and 5 K/ 
min with two stages of decay. L. Sorum et al. [5] concentrated on the pyrolysis properties and chemical 
dynamics of the most major MSW components. Thermogravimetric analyses, including the measurement of 
kinetic parameters, are carried out in an inert atmosphere at a heating rate of 100 oC/min. 

On the premise of a series of TGA studies for cardboard, C. David et al [6] addressed the pyrolysis process. 
The measurement of kinetics variables for cardboard is included in the study. This work also examines the 
pyrolysis phenomena using a series of TGA experiments, as well as comparing the results of the graphical 
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method with simulation solutions that are satisfactory. Julia Molto et al. [7] created and tested an order kinetics 
for the disintegration of old cotton fabrics that explained the behaviour of all the runs. The model for cotton 
pyrolysis consists of two parallel processes. 

II. METHODOLOGY 
Thermogravimetric Analysis (TGA) 
In the SEIKO TG/DTA-32 thermal system, TGA and DTG were performed. Samples were scanned from room 
temperature to 600 oC in a nitrogen gas atmosphere at the heating rates () 5, 10, and 15 oC/min and flow rates 
of 50 ml/min. The maximum amount of sample that can be used is 6 mg. Alumina (α) was used as a control and 
the specimens were put in a platinum crucible. 

III. RESULTS AND DISCUSSION 

 
(a) 

 
(b) 

 
(c) 

Fig. 1(a, b, c) Thermogravimetric Analysis of Glossy paper and Newspaper 
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(a) 

 
(b) 

 
(c) 

Fig. 2(a, b, c) Differential Thermogravimetric Analysis of Glossy paper and Newspaper 

 
Fig. 3 T max Corresponding to DTG max Newspaper and Glossy Paper Composition 
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Fig. 1 (a, b, c) and Fig. 2 (a, b, c) show that TGA and DTG for 5, 10, and 15 oC/min heating rates for glossy 
paper and newspaper. In the case of newspaper, the decomposition rate is faster in the case of all heating rates 
compared to glossy paper, and from the DTG curve, it is clear that the peak value in the case of newspaper is 
higher than glossy paper, and the peak in the case of glossy paper is shifted from left to right due to heat transfer 
resistance. It is noticed that as the heating rate increases, the decomposition rate also increases, yet total 
decomposition decreases. This could be owing to a lack of decomposition time for finishing the reaction when 
the heating rate increases. 

The three peaks are widely observed in all lignocellulose constituents, and the temperature range in which the 
greatest peak can be seen varies from 175-250 oC, 300-425 oC, and 450-525 oC, respectively, corresponding to 
hemicellulose, cellulose, and lignin. It may be because of the presence of clay in the case of glossy paper, but 
decomposition is quite slow in the case of glossy paper. The decomposition occurs in the second stage, which is 
in the range of 30–70%. In the case of the first stage, the decomposition is quite slow and is in the range of 6–
12%, and the corresponding temperature range varies from 25-275 oC. In the case of glossy paper, the first stage 
of decomposition is slow compared to any other lignocellulose waste. Fig. 3 indicates maximum decomposition 
temperature with respect to heating rates and higher temperature values in the case of newspaper due to the high 
decomposition rate. 

Table 1 % Weight Loss in Decomposition Stages Corresponding to Range of Temperature 

From Table 1, it is clear that with increases in heating rate, residue increases in the case of glossy paper, and in 
the case of newspaper, residue reduces after the end of thermal decomposition. The temperature range is wider 
in the case of glossy paper compared to newspaper in all three stages of decomposition. 

    
Fig. 4 Newspaper Residues (10 0C/min)                   Fig. 5 Elemental  Spectrum 

    
Fig. 6 Glossy Paper Residues (10 0C/min)                Fig. 7 Elemental  Spectrum 

Heating 
Rate 

(0C/min) 

Stage I Stage II Stage III 
% 

Residual 
remains 

% Weight 
Loss 

Temp 
Range 

0C 

% Weight 
Loss 

Temp 
Range 0C 

% 
Weight 

Loss 

Temp 
Range 0C 

Newspaper Waste 
5 4.8 30-193.3 56.3 193.3-355.7 24.3 355.7-543.6 14.6 
10 5.6 30-233.6 57.1 233.6-361.1 26.1 361.1-538 11.2 
15 6.3 30-236.3 58.1 236.3-371.8 26.8 371.8-534.2 8.77 

Glossy Paper Waste  
5 10 30-272.5 33 272.5-343.6 18 343.6-542.3 39 
10 7 30-255.1 33 255.1-346.3 18 346.3-534.2 42 
15 6 30-251 34 251.0-351.7 20 351.7-530.2 40 
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Fig. 4 to 7 shows SEM results and elemental results, which indicate more carbon existence in newspaper than in 
glossy paper due to high decomposition 

  
(a)        (b) 

Fig. 8 Graph showing weight% of different elements in 

(a) Newspaper (b) Glossy Paper 
Fig. 8 is depicting the weight % of different elements in newspaper and glossy paper, which clearly 
demonstrates that newspaper has far more carbon elements than glossy paper. 

IV. CONCLUSION 
1. The decomposition rate in the case of a newspaper is higher than on glossy paper. 

2. There is more reside existence in the case of glossy paper, and peak values are lower in the case of all 
heating rates. 
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ABSTRACT 
Background- Pregnancy is one of life's most exciting and fulfilling adventure. A healthy mother and a healthy 
baby is the main target for every pregnancy. So, Infant and maternal mortality has raised concerns since ages. 
Therefore nowadays ongoing researches in this field aim to develop many successful maternal and infant health 
care programmes. 

Objective: A comparative study of pathophysiological changes in placenta in anaemic and hypertensive 
pregnant women with normal pregnant women. 

Method: This study was completed in the department of Physiology in collaboration with the department of 
Obstetrics and Gynaecology and department of Pathology, Govt. Medical College, Kannauj.Permission from 
the institutional Ethics Committee was taken. Sample size included 150 third trimester pregnant women of age 
20-40 yrs. Group I (normal group) included subjects (n=50) with haemoglobin concentration more than 11gm/dl 
and normal Blood Pressure- Systolic range 100-139mmHg, Diastolic 60-89mmHg). Group II (anaemic group) 
included subjects (n=50) with haemoglobin concentration less than 11gm/dl and normal Blood Pressure- 
Systolic range 100-139mmHg, Diastolic 60-89mmHg). Group III (hypertensive group) included subjects (n=50) 
with haemoglobin concentration more than 11gm/dl and Blood Pressure- >=140/90mmHg).Gross changes in 
placental morphology (weight, shape, surface area, thickness, no of cotyledons) and histopathological changes 
(syncytial knot formation, fibrinoid necrosis, syncytial trophoblastic proliferation, hyalinised villi, calcification 
in placenta) were duly studied. 

Results: The placental weight, thickness, surface area were seen significantly higher in anaemic group. In 
anaemic group, more mean number of cotyledons were observed. Calcified areas, Syncytial knot formation, 
Fibrinoid necrosis, hyalinised villi, perivillous fibrin deposition, intervillous space, hypovascular villi were seen 
significantly more in anaemic group as compared to other groups. 

Conclusion: Anaemia and hypertension in pregnancy may influence morphology and physiology of placenta 
which in turn adversely affect the perinatal outcome. 

Keywords: Anaemia, hypertension, Placenta, Cord blood, Third Trimester. 

INTRODUCTION 
Anaemia in pregnancy is a common problem, but severe anaemia during pregnancy may have serious effects on 
pregnancy, delivery and neonatal infants. Anaemia is a nutritional deficiency disorder and 56% of women living 
in developing countries are anaemic (World Health Organisation)1. Anaemia is known to be associated with 
multiple factors such as poor socioeconomic status, high parity, short birth interval, poor diet both in quantity 
and quality, lack of health and nutrition awareness, and a high rate of infectious diseases and parasitic 
infestation2.  India has the highest prevalence of anaemia (87%)2. In developing countries, underprivileged 
people have often limited access to medical care and preventive measures, increasing their risk of becoming 
anaemic and contributing to high maternal mortality2. 

Indian Council of Medical Research classifies anaemia in pregnancy as Mild: 10.1 to 10.9 g/dl, Moderate: 7.1 to 
10.0 g/dl, Severe: 4.1 to 7.0 g/dl, Very severe: 4.0 g/dl and below4. 

Depending on severity, maternal anaemia can significantly influence morphometric characteristics of placental 
tissue, pregnancy course and outcome3. 

Other common problem during pregnancy is hypertension. It is an universal problem and it affects at least 10% 
of all the pregnancies17. Gestational hypertension is defined as  increased blood pressure which presents after 20 
weeks of pregnancy without any significant proteinuria, this diagnosis is made in women whose blood pressures 
reaches 140/90 mmHg or greater for the first time after 20 weeks of gestation, but proteinuria is not identified15. 
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The classification for hypertension describes as first gestational hypertension, second Pre-eclampsia and 
eclampsia syndrome, third chronic hypertension of any etiology and fourth Preeclampsia or chronic 
hypertension 15. 

Many complications, related to pregnancy induced hypertension occur either due to maternal negligence or 
unawareness on the disease and its management16. 

So, in this study we tried to focus on the morphological and histological changes in placenta of anaemic and 
hypertensive mothers, which may affect the status of the mothers and their foetus. Thus an early diagnosis may 
allow proper treatment or facilitate proper planning to improve quality of life in these mothers and their 
newborns. 

MATERIALS AND METHODS 
This study was conducted in the department of Physiology in collaboration with the department of Obstetrics 
and Gynaecology and department of Pathology, Govt. Medical College, Kannauj after taking permission from 
the institutional Ethics Committee. 

INCLUSION AND EXCLUSION CRITERIA- INCLUSION 
 Pregnant women aged 20-40 years. 

 Pregnant women in third trimester from the outpatient department (OPD) or on the day of delivery admitted 
in labour room or operation theatre. 

 Women with primary and multiple pregnancies. 

 Pregnant women with normal haemoglobin concentration (>11gm/dl) in group I and haemoglobin 
concentration (<11gm/dl) in group II were included. 

 Non-smokers, non-alcoholic, non-diabetic mothers having perfect sense of physical, mental and 
psychological well being. 

EXCLUSION CRITERIA- 
 Elderly women aged more than forty years. 

 Pregnant women in 1st and 2nd trimester. 

 Subjects having any history of diabetes, with features of hypo- or hyperthyroidism, patients on any drug 
therapy, patients with chronic obstructive pulmonary disease and other chronic lung disorders were 
excluded. 

 Sample size included in the study was 150 pregnant women aged 20-40 years. 

 The subjects that satisfied the inclusion and exclusion criteria were divided into: 

 1. Group I- Normal healthy group I (n=50) 

 2.Group II- Anaemic group II (n=50) 

 3.Group III- Hypertensive group (n=50) 

 Eligible participants were recruited and the desirable data of the mothers (age, chronic disease, drug usage, 
parity, gestational week, history of past illness, history of previous childbirth, problems during pregnancy, 
mode of delivery, birth weight of the newborn, gender, maturity of the newborn were recorded). Apgar 
scores at the first and fifth minutes were noted. Placentas with cord and membrane were collected from 
labour room, operation theatre after delivery for gross and histopathological studies and sent to pathology 
lab. 

STATISTICAL ANALYSIS- 
 The data was collected (Basal parameters, SBP, DBP, Placental morphology and histopathology in all three 

groups) & entered in MS Excel 2016 and analyzed with PASW statistics software (version 20.0; SPSS Inc., 
Chicago, IL). One-way ANOVA (analysis of variance)  was applied to make a comparison among the groups 
and hypothesis was tested at the level of signification α = 0.05, i.e. differences between samples was 
considered as significant if p<0.05. 
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OBSERVATIONS and RESULTS- 
In this study, the weight of newborned baby was observed significantly higher in anaemic group (3364± 347). 
In anaemic group, the significant higher thickness (3.82±0.35) and surface area (566.89±81.36) of placenta were 
noted. The more mean number of cotyledons (28.04±2.39) were observed in anaemic group. Calcified areas 
(27.18±2.14), perivillous fibrin deposition (9.92±1.36), intervillous space (10.24±1.39), hypovascular villi 
(11.48±0.97) were seen significantly more in anaemic group as compared to other two groups 

Table 1- Birth weight values in Group I, Group II,  and Group III 
Parameter Group I 

Normal mothers 
Group II Anaemic 

mothers 
Group III 

Hypertensive mothers 

Birth weight (gm) 3175±210 3364±347** 2408±413 

Values are expressed as mean ± SD 

**=p<0.01 (**= Group II Versus Group I, Group II Versus Group III, Group III Versus Group I) 

 
Fig 1: Microphotograph showing                Fig 2: Microphotograph showing 

Placental Villi ( H& E stain,100 x)                       Increased Intervillous space ( H& E stain,100 x) 

 
Fig 3: Microphotograph showing                        Fig 4: Microphotograph showing 

Syncytial Trophoblastic proliferation                   Fibrinoid necrosis (H& E stain,100 x)           (H& E stain,100 
x) 
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Fig 5: Microphotograph showing                     Fig 6: Microphotograph showing 

Calcification (H& E stain,100 x)                         Hyalinized villi (H& E stain,100 x) 

 
Fig 7: Microphotograph showing               Fig 8: Microphotograph showing 

Hypovascular Villi (H& E stain,100 x)          Perivillous fibrin deposition (H& E stain,100 x) 

Table 2- Morphometric findings of placenta in Group I, Group II and Group III 
Parameter Group I 

Normal mothers 
Group II Anaemic 

mothers 
Group III 

Hypertensive mothers 

Thickness(cm) 2.60±0.37 3.82±0.35** 2.25±0.60 
Surface area(cm2) 225.40±32.04 566.89±81.36** 91.35±19.12 

Mean no of cotyledons 
per placenta 

16.6±1.66 
 

28.04±2.39** 
 

10.94±1.87 
 

Variables are expressed as mean ± SD 

**= p<0.01(**= Group II Versus Group I, Group II Versus Group III, Group III Versus Group I) 

Table 3: Microscopic findings of Placenta in Group I, Group II and Group III 
Parameter Group I 

Normal mothers 
Group  II 

Anaemic mothers 
Group III 

Hypertensive mothers 
Mean no of areas of Perivillous 

fibrin deposition per lpf 
1.31±1.18 9.92±1.36** 4.68±2.0 

Mean no of areas of intervillous 
space per lpf 

5.25±1.15 10.24±1.39** 6.9±3.03 

Mean no of areas of 
Hypovascular villi per lpf 

3.62±1.09 11.48±0.97** 6.94±1.20 

Values are expressed as mean ± SD 
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**= p < 0.01(**= Group II Versus Group I, Group II Versus Group III, Group III Versus Group I) 

Figure 1 shows that in normal mothers mean numbers of calcified areas in placenta per lpf were seen as 
8.4±1.07, mean number of calcified areas in placenta per lpf were seen as 27.18±2.14 in anaemic mothers, as 
16.36±2.52 in hypertensive mothers. So, the mean number of calcified areas in placenta per lpf were seen 
significantly higher in anaemic group (**=p<.01). 

 
Fig.1: Comparison of mean number of Calcified areas per placenta in Group I, Group II, and Group III 

Values are expressed as mean ± SD 

**= p<0.01(**= Group II Versus Group I, Group III Versus Group I, Group II Versus Group III) 

DISCUSSION 
As placental growth and functions are precisely regulated and coordinated to ensure the exchange of nutrients 
and waste products between mother and fetus and it shares same stress and strain to which the fetus is exposed. 
Thus, any type of disease affecting mother and fetus also has great effect on placenta. 

The changes in placental morphology and physiology are supposed to be due to anaemia in female during 
pregnancy which leads to maternal hypoxia and it might produces changes on the maternal circulatory system 
and affects both mother and fetus. Some studies explained that maternal anaemia represents an independent risk 
factor for abnormal placental growth and hypertrophy.  It has been reported that hypoxia can cause 
morphological changes in placental weight, diameter, thickness and surface area Placental anomalies therefore 
can be an early warning signs about fetal problem. Besides this, cord blood haematology is a reflection of 
neonatal genetic effect and maternal factors. The possible explanation for increased weight, diameter, surface 
area of placenta is that the maternal anemia results in fetal hypoxemia and stimulates placental growth. 

CONCLUSION 
The possible explanation for increased weight, diameter, surface area of placenta is that the maternal anemia 
results in fetal hypoxemia and stimulates placental growth. 

Cytotrophoblastic proliferation was found more in anaemic group. It might be for replacement of damaged 
cytotrophoblast caused by ischemia. Increased fibrosis and formation of Syncytial knots indicates ischemic 
response under hypoxic condition like maternal anemia or functional inactivity. 
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ABSTRACT 
Classical dance structures in India is a combination of several hand postures and body moments including 
appropriate facial expressions and emotions corresponding to the background music adopted. Here, owing to the 
complex nature of this hand gesture position and its meaning, it becomes quite hard enough to understand 
kathak mudras since it possess “24 classes” of hand posture which are deployed to deliver story of art by way of 
artists. Several research works have been conducted so far which could support this concern using machine 
learning, deep learning, support vector machines, convolution neural network, and several other methodologies. 
This research survey presents the background of facial expressions, the scope of facial expressions classification 
in dancers and the research problem prevailing in this field. Also the survey describes analysis of the existing 
research works done in this field with respect to Facial Expression Classificatios (FEC) and models. This 
research work serves as a vital knowledge for upcoming research works in this field. 

Keywords: convolution neural network, deep learning, kathak, machine learning. 

I. INTRODUCTION 
Owing to the ability of effective means of communication between the humans and machines, the Facial 
Expression (FE) detection has become an attractive paradigm of human machine interface system. For the sake 
of resolving problems such as “pose, lighting and orientation” in diverse methodologies for face and FE based 
exposure, which is quite important during functionin with the suitable succeeding or analogous approaches. 
Basically, there are 6 prime expression groups like “happiness, sadness, fear, anger, disgust and grief”. In order 
to attain in depth form of depiction of FE, the “Facial coding System (FACS)” was introduced and here, the 
motions of the facial muscles were distributed in 44 action units, any of the FE were detailed with the support of 
their combinations [1, 2]. Basically, there are 2 main phases in a face recognition system and initially defines an 
efficient representation of the face images which could include sufficient amount of data for future 
classification. Secondly, the classification of new face image is performed with the preferred representation. 
Methods to the face recognition system could be generally divided into 3 main categories such as “global or 
holistic based approach, local approach and hybrid approach”. Global means of approach mainly exploits 
complete face recognition data to determine the features for recognition and it shows definite good response for 
the facial images of the font view. But it could be sensitive to distinctions that ensued from the imaging aspects. 
Moreover, the local form of methodology does not affect much from imaging aspects as such form of variants 
could affect the face image only in a partial manner [8]. 

Most popular form of FE [3] definition and coding, “Facial Action Coding System (FACS)” was initiated in 
1978 which was a measurement of facial measure and “FACS” examined FE by means of coding facial muscle 
actions into 46 “action units (AUs)”. Several worthy collection of mechanisms which were capable of creating a 
distinction among the diverse human emotional phases such as “being neutral, sadness, fear, surprise, anger, 
happiness and disgust” have been executed based on this system and some of the correlated systems are found 
which might deploy facial “AUs” or not. Initially, it is found to be capable of detecting pain or determine its 
intensity and nevertheless one could perceive that there was relation among the emotional form of states such as 
unhappiness and surprise which could make it tougher to use the groupings of “AUs” for detecting the pain. 
Still, it could be probable to deploy “fuzzy classification” by allocating certain membership values to them and 
this area of research is found to be open to further investigate. Numerous research works have been executed so 
far to attain more reliable and robust form of system [5, 6, 7, 10]. 

An emotion could be stated as the physiological and mental form which is subjective and private and which 
includes actions, behaviors, thoughts and feelings. Said emotions holds an essential key for diverse research 
objectives in the field of computer vision. Here in [14], the images datasets were organized in a proper manner 
and are sorted correspondingly and afterwards face was detected in all images with the support of “Haar Filters 
in OpenCV”. This possess few FER classes and then detect, crop and save faces. 
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Recently, several research works have been conducted in the arena of emotion intensity recognition parameter 
corresponding to 3 main areas. In that, the first one associates to cross cultural character and here, several 
studies determined that cultures extremely approve with one other in facial emotion identification and similarly 
exposed a cross-cultural arrangement in predicting intensity of 2 diverse terminologies for equivalent reaction. 
Subsequent, area brings forward exploration which could show that there takes place main difference in gender 
assistances to decode or foresee non-verbal indications. Moreover, woman was found to be more superior in 
these studies compared to men. In third area, the studies have been directed mainly based on 5 elementary 
emotions to find out main error forms and effects of emotional intensity in ailments like “schizophrenia, autism, 
and borderline personality disorder” [11, 12, 13, 16, 18]. This research study provides numerous elements of 
examining the facial expression based recognition of the symbols and mudras by kathak artists. 

The research survey is systematized as follows. The section I includes the importance of FEC among diverse 
fields. Section II mentions the theoretical background of Navarasas in kathak dancers. Section III denotes the 
recent papers reviewed from the aspects of deep learning techniques used. Section IV summarizes the research 
gaps with respect to performance metrics and evaluations presented in this field. Section V presents the findings 
of the study and some suggestions will be recommended for the future direction. 

II. Theoretic background of the Navarasas in kathak dancers: 

न ही रसदृते कश्चीड्थ प्रवततते | 
रसस्यते आस्वाद्यते इतत सः  रसः  || 
The Natya Shastra by sage Bharatamuni dealing with plays and acting computes nine rasas which are feelings or 
emotional states. These nine types of emotions are also expressed in Kathak and together they include all kinds 
of experiences that we can normally experience in our day to day life. In Indian heritage, dancers have always 
been a part and parcel and it is quite familiar from “archaeological excavations” of “Harappa and Mohenjodaro 
civilisations” where the sculptures projecting numerous positions of dance were uncovered. Postures of dance 
could be still found extolled on temples of India. “Chidambaram temple” the south part of India has numerous 
dance postures from classical dance form “Bharatanatyam” [33] carved on the walls of the temple. 

Moreover, dance always remained an inspiring terms of acquaintance transfer from one group to other in former 
periods, a hand written scripts were difficult to find in practice also it stayed as a way of emotional connection 
between the viewers. Also during previous times, dance was mainly used to describe the stories to publics along 
using connected “hand gestures, poses and facial means of expressions and actions”. Simple indulgent 
perspective of understanding of dance, particularly “Indian Classical Dance (ICD)” hang on identification of 
“hand gestures, poses and facial expressions” connected to it. Earlier kind of works in accepting “ICT” has 
bidden to infer the actual significance of dance by means of “hand gestures and poses” endorsed by artist. In 
[20], a deep learning centered method with the support of “convolutional neural networks (CNNs)” is proposed 
for recognizing emotions connected with distinctive forms of “ICD”. 

The artists who performs dance are convoyed by means of song and strict guidelines and it is essential to 
construe the hand gestures to realize the importance of dance. The “bharatnatyam shastra” describes the “single 
hand gestures” i.e “Asamyukta Hastah Mudras”: “Pataaka, Tripataaka, Ardhapataaka, Kartarimukha, Mayuram, 
Ardhachandram, Araalam, Shukatunda, Mushthi, Shikhara, Kapitta, Katakaamukha, Suchi, Chandrakalaa, 
Padmakosha, Sarpashirsha, Mri gashirsha, Simhamukha, Kangula, Alapadma, Chatura, Bhramara, Hamsasye, 
Hansapakshika, Sandamsha, Mukula, Tamrachuda, Trishula”. Further 4 more different hand gestures were 
further addition to specifically “Kataka, Vyagraha, Ardhasuchi and Palli”. Other than “Samyukta Hastah 
mudras” necessitate the necessity of both palms to transfer a specific meaning and twenty- four double handed 
mudras defined in a “Natya Shastra” such as “Anjali, Kapota, Karkata, Swastika, Dola, Pushpaputa, Utsanga, 
Shivalinga, Kataka-vardhana, Kartariswastika, Shakata, Shankha, Chakra, Pasha, Kilaka, Samputa, Matsya, 
Kurma, Varaha, Garuda, Nagabandha, Khatava, Bhairunda, Avahitta”. The sanyukta and the asanyukta mudras 
are used by the artist to transfer the proper implication of the kavitta or song [21]. 

For South Indians, “Kathakali” has been a classical form of drama, particularly of Kerala state introduced 
around 17th century and main story of the kathakali dance performance was connected in a manner through the 
audience by means of hand gestures, FE and dances together with the musical background provision. Basically 
this art form is practiced by male dancers in theatres plus courts of Hindu expanses. The kathakali hand gestures 
(KHG) were designated as thorough form of language by itself along with suitable linguistic aspects also 
language arrangements being connected to it. By using twenty- four hand gestures available, one could be 
proficient of communicating any form of message to another accurately by using hand positions. In general, it is 
quite challenging task for usual man to apprehend the actual meaning of kathakali dance drama as of its dance 
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movements and structure of language. KHG are favorably founded in ancient text “Hastalakshana Deepika” and 
twenty-four hand gestures (Mudras) as mentioned in ancient text. By means of single as well as with both the 
hands, mudras are fashioned and the blend of these hand gestures deliver definite importance to them such as 
any ancient historical epics [15, 19]. Because of the diverse nature of the mudras in several aspects, they 
represent diverse form of meaning depending on the context. 

Dynamic emotion is discovered as a result to deliver ironic form of data than static images and the motion 
happening through content is primarily seized with the use of the “Motion History Histogram descriptor 
(MHH”) and is analytically estimated. By depending on this statement, numerous other form of enhancements is 
suggested with the support of extension lead as “Average Spatial Pooling Multi-Scale Motion History 
Histogram (ASMMHH)”, which augments 2 specific amendments, one which understand the content sounds 
varied spatial scopes by means of spatial pooling; which is inclined to the assembly of “CNNs”. Additional 
variation is to capture motion by various swiftness. By combining, which have proved to attain improved 
performance than “MHH”, and standard systems such as “Local Binary Patterns – Three Orthogonal Planes 
(LBP-TOP)”. As a final point, the dynamic emotion content is pragmatic in the feature space, through series of 
images signified such series of extracted topographies. Unique method known as “Facial Dynamic History 
Histogram (FDHH)” has established to capture patterns of disparities surrounded by the series of structures; a 
method not practiced earlier. “FDHH” is pragmatic in a point to point structure for applications in “Depression 
analysis” along with estimating the encouraged emotions by using huge set of video clips from several films. 
Blend of DL practices & “FDHH”, state-of-the-art outcomes which are accomplished for depression based 
examination [34]. 

III. RELATED WORK 
Some recent papers will be reviewed from the aspects of several methodologies deployed for classifying and 
analyzing facial expressions such as deep learning and similar ones. 

A research survey was analyzed in [4] the application of histogram of focused on granules (HOG) description 
mentioned “FER” which highpoints the extensive method could be used for the said purpose. Moreover, it 
specifies an appropriate means of HOG parameters could make descriptor as vital basis to depict and develop 
FE distinctiveness. Huge demonstration was undergone which could be divided into 3 diverse stages by 
particularly exploiting a consolidated form of algorithmic pipeline [4]. Research in [9] provides an idea of 
simplifying the “LS-SVM and PSVM” techniques and unique learning background of “LS-SVM, PSVM” and 
other forms of regularization algorithms associated to “extreme learning machine (ELM)” which are assembled 
with functions for generalized form of “single-hidden-layer feed-forward networks (SLFNs)”. Hidden layer, 
also known as feature mapping in “ELM” are modified [9]. 

There is a system presented in [17] which could approach faces by deploying a proficient form of “Haar 
Cascade classifier” and this kind of classifier is trained for detecting the objects. Here [17], the “Haar cascade” 
has been deployed for detecting faces and it is qualified by learning from a figure of positive images such as 
faces of people and number of non-positive images. These are the images that are not faces exactly from which 
features were taken out. 

A new approach which could integrate both “MHI-HOG and Image-HOG” by means of temporal normalization 
technique was proposed in [22] which could determine the changing aspects of the face and body gestures 
influences recognition. Here, “MHI-HOG” denotes the “Histogram of Oriented Gradients (HOG) on the Motion 
History Image (MHI”) and it captures the motion route of an interest point as an expression develops in specific 
time. The “Image-HOG” captures the appearance of the data of suitable remarkable point and the suitable blend 
of “MHI-HOG” and “Image-HOG” could reciprocate in an effective manner, the local motion and advent 
information of the face and body gesture for affect recognition. The temporal normalization scheme obviously 
resolves time resolution concern in the video-based affect recognition [22]. 

“Specialized pairwise classifiers” trained with diverse feature subsets for FEC was suggested which initially 
discovers and extracts the faces from images in an automatic manner. Then the face is divided into numerous 
zones and textural features were taken out from all zone to capture the local data. The extracted features from 
all zones are then concatenated to model complete face. Pairwise technique which reflects all such sets of 
classes and hybrid selection approach is deployed to minimize dimensionality concern and to elect appropriate 
appropriate features to distinguish between the certain pair of classes. Various pairwise forms of classes are 
trained with such pairwise subsets and finally, provided a new face image and whole the features were extracted 
from that face. Only the previous elected subset of features is given input to all pairwise classifier [23]. 3 types 
of prevailing “EEG” features are compared for emotion classification for further enhancing the correctness of 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

108 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

“EEG” based emotion classification and envisage the corresponding deviations. Also this presents an effective 
means of feature smoothing method for eliminating noise separate to emotion and suggests a modest method to 
track the path of emotion deviations with diverse knowledge [24]. 

A novel method is presented in [25] for head-pose invariant FER which is mainly established on the set of 
typical facial points to attain the head pose invariance, the “Coupled Scaled Gaussian Process Regression 
(CSGPR)” is suggested for normalization of head pose. Initially the mappings among the facial points at all 
pairs of distinct non-frontal postures were learned in an independent manner. Then the coupling is associated for 
the purpose of capturing dependences among them. Coupled functions results from diverse poses were joined 
during inference by means of a gating function and devised depending upon head pose evaluation for query 
points. Recommended system outperforms earlier works based on regression based methodologies to head pose 
normalization, “2D and 3D Point Distribution Models (PDMs) and Active Appearance Models (AAMs)”, 
specifically at times of unidentified poses and demanding training data. Every modality poses its own 
limitations which, combined with non-structure based actions of natural expressions, create numerous problems 
for approaches covered in past literatures. This could be probably based on numerous explicit means of feature 
extraction systems and manual modality fusion. This model specifically uses a classified aspect depiction to 
assist through unplanned emotions, plus studies how to assimilate numerous modalities for non-verbal emotion 
recognition. This makes this one appropriate for being discussed in a “HRI” state [26]. 

A research study was conducted in which time path of incorporation of facial and physical expressions was 
observed by means of a study of “event-related potentials (ERPs)” while emphasis of attention was influenced. 
Peculiar incorporating features were established throughout compound phases of treating. At the early stage, 
threatening data from body was removed predictably quickly, which is demonstrated by enriched P1 amplitudes 
when the subjects observed compound face-body images with appalling frames associated with happy frames. 
Next stage, in-congruency amongst emotional facts from face and body was perceived and taken by “N2”. 
Dissimilar compound images prompted higher “N2s” than organized compatible compound images [27]. 

A concurrent strong FER function was developed on a smartphone and after, a “deep convolutional neural 
network” on a “GPU” was trained to organize the FE. The network possess 65000 neurons and entails of five 
layers and the network of this size unveils significant over-fitting when size of training instances is not 
enormous. To conflict over-fitting concern, data augmentation and a newly familiarized method named 
“dropout” were suggested [28]. 

The research work in [29] offers a novel form of local feature descriptor, “Local Directional Number Pattern 
(LDN)”, for face study: FER. “LDN” encodes the directional information of the face’s textures (i.e., the 
texture’s structure) in a compacted system manner, generating a further discriminative code than existing 
approaches. 

The delinquent of multiclass expression detection transformed to “triplet-wise expression recognition” and for 
each expression triplet, a novel feature optimization prototype centered on “action unit (AU)” weighting and 
patch weight optimization is anticipated to signify the accuracy of expression triplet [30]. 

Quantifiable topographies of body posture and kinematics and developed behavioral ratings were computed of 
these feature descriptors to examine their part in affective whole-body movement insight. Representative 
correspondence examines and classification regression trees were used to inspect the relation of emotional 
groups to equally added landscapes and behavioral ratings [32]. 

A pure convolutional neural network approach, presented in [31] outperformed further statistical methods' 
outcomes accomplished by other authors that embrace feature engineering. Exploiting convolutional networks 
includes feature learning; which sounds very auspicious for this task where describing features is not trivial. 
Likewise, the network was estimated by using 2 diverse corpora: one was engaged all through network's 
training and it was likewise helpful for parameter tuning and for network's architecture description [35]. A 
couple of machine learning algorithms were examined as well as feature extraction methods which would help 
to accurately identify human emotion [36]. Countless studies have been done to identify reactions from user’s 
facial expression by computer technologies. In that, the most motivating entity today is identify emotions from 
body pose. The means of emotion recognition by body pose was reviewed and the term, body posture indicates, 
it might be “dance movement or person – person communication”. This current study initially surveys specific 
approaches of emotion recognition from dance actions. Then, the future method to identify the essence of 
emotions from Indian classical dance “bharathanatyam navarasas” 9 emotions are suggested [37]. The key goal 
of the research was to progress a vigorous system which could perceive along with making out humanoid 
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emotion from live feed. There are certain common emotions that are collective to every human kind such as 
“angry, sad, happy, surprise, fear, disgust and neutral”. Methodology of this system is centered on 2 stages- 
facial detection is done by extraction of “Haar Cascade” features of a face using “Viola Jones algorithm” and 
then the emotion is certified and recognized with the aid of “Deep Neural network” [38]. 

Reference Author Title Work Done Performance Measure 
[39] Bhavanam et 

al. (2020) 
“Classificati

on of 
Kathakali 

Hand 
Gestures 

Using 
Support 
Vector 

Machines 
and 

Convolution
al Neural 

Networks” 

Dataset was developed 
for kathakali hand 

gestures and deployed 
ML and DL to identify 
them. SVM and CNN 

was used and 
classification as 
performed. Also, 
matched with the 
performance of 

“machine learning 
algorithms and deep 
learning algorithms”. 

“Deep learning algorithms” up to 74% 
accuracy level. The potential future 

works embrace, creating larger dataset, 
classifying mudras shown in both 
hands, inferring the “mudra” sense 

from a video, ascertaining mudras from 
video streams. 

 
[39] 

Plots mentioning training and 
validation loss 

 

 
 

Recall and f1-score values for High 
precision mudras 

 
[40] Parameshwar

an et al. 
(2020) 

“Unravellin
g of 

Convolution
al Neural 
Networks 
through 

Bharatanaty
am Mudra 

Classificatio
n with 

Limited 
Data” 

The classification of the 
mudras beside original 
labels was carried out  

by implementing 
diverse singular pre-

trained / non-pre-trained 
as well as stacked 

“ensemble 
convolutional neural 

architectures (CNNs)”. 
27 classes of 

“asamyukta hasta” data 
were gathered from 

“Google, YouTube and 
few real time 

performances by artists” 

This approach attained an accuracy 
level of >95%, together in single and 

double transfer learning models, as well 
as their stacked ensemble prototype. 
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[41] Jain et al. 
(2021) 

“Enhanced 
Deep 

Convolution
al Neural 

Network for 
Classifying 

Indian 
Classical 

Dance 
Forms” 

An in-depth 
classification of Indian 

classical dance ICD 
forms into 8 categories 
was accomplished. For 

classification, suggested 
“deep convolutional 

neural network 
(DCNN)” model using 

“ResNet50”, which 
outpaces countless 

previous methods. Here, 
the e dimension of the 

output volume achieved 
over 

( 2 ) 1n p f s      

accuracy score of 0.911. In future work, 
additionally anticipate to increase the 
dataset size and discover the problem 
statement with a perspective of auto-
generation dance poses and mudras. 

[42] Kale et al. 
(2019) 

“Classificati
on of 

expressions 
in Indian 
Classical 

Dance using 
LBP” 

Here, the vaeiation of 
the expression from 

neutral face is intended 
using template matching 

and SVM approach. 

More than 90% recognition rate is 
accomplished for utmost of the 

expressions. 

 
[42] 

 
Here, neutral and angry based faces 
shows more variation factor in eyes. 

[43] Mohanty and 
Sahay, (2018) 

“Rasabodha
: 

Understandi
ng Indian 
classical 
dance by 

recognizing 
emotions 

using deep 
learning” 

This work attempts to 
interpret the 

significance of 
“Navarasas” connected 
with ICD” and suggests 
a dataset of numerous 

emotions (“Navarasas”) 
shown in ICD 

encompassing “RGB” 
images with 

supplementary depth 
information. This is 
collected using the 
“Microsoft Kinect 
sensor”. A “deep 

learning framework” is 
suggested using CNN to 

comprehend the 
semantic meaning 

With the support of the emotions 
enacted by the dancer, plenty 

possibility to expand the strength of the 
suggested approach so as to handle the 

725 complexities related with real-
world videos of “ICD”. Future work 
focuses on control obstructions and 

variations for recognition of 
“Navarasas” in practical dance videos. 

[43] 
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connected with videos 
of “ICD” by identifying 
“Navarasas” endorsed 

by the artist. 
Table: 1 Empirical contribution using deep learning algorithms 

The graph presents the comparative analysis of several methods with its accuracy level. 

Figure: 1 Comparative analysis graph [39, 40, 41, 42, 43]. 

 

IV. RESEARCH GAPS 
Because of the use of blend of various mudras in a peculiar manner which denotes diverse meaning, except one 
who is well proficient with these symbols, its meaning and purpose, it becomes quite demanding task to 
recognize and admire the particular art. Some of the mudras even relate more of the contextual meaning of the 
background music or story of the art [15]. 

Even though the idea of the engaging primary choice of prominent facial components and similar ER phase 
were depending on the geometrical and textural features has been researched in detail, the classification 
performances which were achieved do not meet up with the serious requirements of the system. Moreover, the 
major criteria are the mismatch in aligning works in diverse facial images particularly in case of extreme 
expressions and also consumed huge amount of time owing to the load for the adequate pulling of facial 
elements. This occurred when an iterative strategy was used and were found irrelevant for the real world 
practical applications if low power systems were deployed [4]. 

V. CONCLUSION 
In the current research study, the major research works conducted on the deep learning and other models for 
classifying the facial expressions of the kathak dancers are described. Here, the major issue of recognition of the 
mudras and facial expressions of these artists are mentioned and numerous machine learning and deep learning 
based parameters are discussed for the same. Future research work aims to frame such hybrid deep learning 
models for better recognition and classification purpose. 
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ABSTRACT 
ISO 27001:2013 and ISO27001:2017 have been formulated by the International Organization for 
Standardization (ISO) which are upgrades of ISO27001:2005. ISO 27001:2005 provided guidelines for   the 
ISMS implementation, however emphasis for monitoring specific controls and processes was seldom provided 
by this standard. The standard did not provide guidelines to accomplish concurrency with the Enterprise Risk 
assessment and mitigation.  The revised version of ISO 27001:2013 has added more security controls  and built 
in  changes in the standard’s specific sections.  The new domains introduced provide alignment with Enterprise 
Risk Management (ERM) standard ISO 31000.  While 2017 version has addition of service delivery section, 
other domains and controls of 2013 have remained unchanged. This paper presents comparative study of the 
two versions of ISO27001:2005 and ISO27001:2013. It also explores alignment of ISO27001:2013 with 
enterprise risk management standard ISO31000. 

This alignment would improve corporate governance of the organisations. It would also help in effective 
implementation risk management processes. 

Keywords:  ISMS, ISO27001:2005, ISO27001:2013, governance, enterprise   risk management, Strategic risk 
Management 

INTRODUCTION 
In today’s scenario, most organizations need to adopt the approach of Enterprise Risk Management (ERM) to 
minimize the residual risks. This may be due to quality focus or emphasis on a performance initiative or due to 
risks related to information security. Organizations must set benchmarks objectives for risk management by 
which they will assess the performance of their risk management processes. 

For organizations information and knowledge have become critical assets. Identifying and implementing 
suitable technologies for safeguarding confidentiality and integrity of information have become essential 
components of information systems. Information availability and regulatory compliance pose to be crucial 
challenges. In view of the above and the evolving landscape of cyber threats, ISMS implementation and 
obtaining ISO 27001 certification; have proven to be prudent for effective Enterprise Risk Management (ERM). 

International Organization for Standardization established ISO 27000 series of standards in October 2005. 
These were standards for providing guidelines of security management for protection of organizational 
information assets.    ISO 2701:2005 was the first standard floated in this series. In order to address the 
dynamically changing scenarios of information security, this standard was subsequently upgraded first as 
ISO27001:2013 and then to ISO27001: 2017 in the years 2013 and 2017 respectively. ISO27001:2017 version 
has addition of service delivery section. Other domains and controls of 2013 have remained unchanged. This 
study analyses ISO 27001 controls for 2013 version and also their applicability in processes, for effective 
enterprise risk management. 

ISO27000:2013 
ISO 27001 encompasses following sections – 
 Risk Assessment 

 Security policy 

 Organization setup for security 

 Management of assets 

 Security in HR 

 Environmental security and Physical security 
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 Operations management 

 Communications Management 

 User access Management 

 IS acquisitions, development & Maintenance 

 Management of  IS incidents 

 Business Continuity and Disaster Recovery 

 Compliances 

Categorization of information security risks is the basis of this standard. This involves identification of different 
information security risks, estimating their probability & impact followed by selection and implementation of 
suitable mitigation methods. 

Following are the central principles of the ISO 27001 for information security management - 

 Management approved Comprehensive organizational security policy as major legal/regulatory requirement 

 Impact of risk should be analysed to establish appropriate plan of mitigation to minimize the risks within 
tolerable limits. 

 Developing business continuity plan and disaster recovery plan and its mock testing is essential. Both these 
plans should be regularly updated after review. 

 The human and technology resources required for ISO 27001 implementation should be planned and 
provided. These human resources should be aware of the significance information security and capable to 
contribute to achieve the objectives of ISMS. 

 As per ISO 27001 risk mitigation plan, IS policies, procedures should be are documented and 
communicated to all concerned to create a corporate IS culture. 

The Process of implementation for ISO 27001 is depicted in Fig 1. It follows PDCA cycle which begins with 
the interested parties setting up the IS security   requirements and expectations. 

 
Fig 1 

Each of the PDCA stages comprise of following sub-steps as indicated in Fig 2 - 

Step 1: Establish team for implementation 

Step 2: Development of plan for implementation 

Step 3: Initiation of ISMS 

Step 4: Scope definition 

Step 5: Deciding baseline for security 

Step 6: Setting up a process for risk management 

Step 7: Implement mitigation plan for identified risks 
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Fig -2 

This study performs comparative analysis and identifies the key changes incorporated in the upgraded Standard 
ISO27001:2013 in comparison of 27001:2005. 

These key changes in this 2013 ISMS version which relate to enterprise risk management function have been 
presented below - 

A. Stakeholders are given due importance (clause# 4.2)— 
ISO27001:2013 emphasizes on enlisting the expectations and requirements of all interested. This provides a 
participatory mechanism to all stakeholders for providing crucial inputs to the information security management 
system (ISMS). It further improves effectiveness of ISMS implementation in an enterprise. ISO/IEC 
27001:2013 recognizes the importance of inputs from stakeholders such as government authorities, 
customers, shareholders, and associates. 

B. Concept of Risk Ownership ( clause# 6.1.2     and clause # 6.2) — 
The higher level management has been made responsible and liable, for various identified risks, by introducing 
“Risk Owner” term as against the earlier term as “Asset owner”. 

By this approach, organizations can get flexibility of choosing and implementing suitable risk management 
tools or methods. Also, this risk owner approach will provide better alignment of the information security risk 
management processes with the activities of enterprise risk management of an organization. 

C. Significance of strategic risk— 
ISO 27001:2013 provides focus on strategic risk rather than emphasizing only on   the technical risk or 
technology risk as was the case of ISO27001:2005. In this process, organizations should explore and identify 
new domains as opportunities and make plans to realize them. The potential impact of inappropriate strategy or 
lack of responsiveness to changes in demand are strategic risks. ISO27001:2013 provides improved ISMS 
which enables enhanced support to the organizations to do things in a more secured way than ISO27001:2005. . 

D. Enhanced control of executive management by continuous monitoring (clause # 5.1)  — 
ISO 27001:2005 provided for general management oversight over the information security controls, however 
ISO 27001:2013 has focusses on the importance of having a well-defined plan for monitoring exact processes 
and controls through introduction of stringent rule-based sections. Mechanism to setup objectives, processes 
and process owners, periodicity and methos of evaluation are defined by these rules. These provisions in this 
standard are expected to align ISMS with other processes of enterprise management including Enterprise Risk 
management. 
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E. Risk management methodology introduced (clause 6.1.2)— 
ISO 27001:2013 guidelines help in providing improvement in confidentiality, integrity, and availability factors. 
ISO2700:2005 focused primarily on IT assets, vulnerabilities, and threats. This approach using CIA triad will 
provide organizations choice of deciding methodology to achieve CIA rather than identifying vulnerabilities, 
threats etc, for individual assets. This revised standard provides option of ensuring CIA for organizational 
information security, thereby reducing the load of asset-based assessment of vulnerability and threat. This will 
enable organisations to have greater flexibility in IS risk assessment. It will also give insights about the strategic 
risks in addition to technical risks which are associated with the information assets. ISO 31000 risk 
management standards has been setup on 8 principles which are based on value creation and its protection and 
the same is the basis for each of the components of this standard including framework, control objectives and 
processes. 

The Principles of ISO 31000 are provided below: 

 Integration of Risk management into different processes of organization 

 Risk management is comprehensive and structured 

 Customization of risk management is necessary depending upon the type of organization. 

 Risk management should be all-encompassing 

 Risk management should be flexible and should respond to changes. 

 Risk management should be based on authentic factual information. 

 Risk management considers organizational culture and human factors 

 Risk management emphasizes on continual improvement. 

By mapping these principals with control objectives of ISO 27001 of the enterprises can align the function and 
processes with ERM activities as depicted below - 

 
Fig: Mapping of ISO 27001 and ERM ISO 31000 for risk assessment processes 

F. Information dissemination to all concerned about information security (clause 7.4) 
There has been a problem related to information security in that it is being treated as IT entity. In 
ISO27001:2005, there was no emphasis on organization wide communications relating to the information 
security implementation in the organization. ISO27001:2013 provides specific clause which summarizes the 
communication requirements such as “what should be communicated, the process owner for communications, 
method of communication, choice of channel etc. 

G. Changes in the controls and control sections 
ISO27001:2013 has modified many controls. There is increase in set of required documents and exclusion of 
some unnecessary documents. ISO27001:2013 has 114 controls as compared to 133(Table 1) controls of   
ISO27001:2005. 
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Table -1    Security Controls introduced by ISO-27001:2013 

Control 
Section “A“ 
Subsections 

are listed below 

Description 

6.1.1 IS in Management of projects 
 

14.2.1 Policy for secured development 

14.2.5 Secure system engineering principles 

14.2.6 Policy for secured environment for environment 

14.2.8 Testing for information security 

16.1.4 Events assessment  and making of decision Information security security events 

17.2.1 Availability of infrastructure for  information processing 

In ISO 27001:2013, the numbers of sections have been increased to 14 from 

11, in ISO27001:2005 (Table 2). The structure of controls has been reorganized to make them suitable for 
implementation. 

Table -2 – Comparative analysis of Count of Controls 
Annex A ISO 27001:2005 ISO 27001:2013 

Sections 11 14 

Controls 133 114 

Alignment with Global Standards & Frameworks 
ISO279001:2013 is synchronized with almost all globally recognized comprehensive standards practiced for 
management in different types of industries (Fig 3). It  can be noted that this standard has built in alignment 
enterprise risk management (ERM) practices with the information security management.  

 
Fig – 3 – Compatibility of ISO27001 with other management standards 

ISO27001:2013 deployment benefits 
Implementation of this updated provides has following advantages: 
• Provides better governance for enterprise - It has been mandated by ISO27001:2013 that corporate 

governance should reduce the financial risks of an organization, owing to information systems. 
Implementation of ISO27001 can help organisations satisfy this requirement. 
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• Alignment with ERM— ERM processes and activities have been incorporated in control objectives of   
ISO 27001 :2013 information security risk management standard. Hence implementation of ISO 27001 
would help in mitigating enterprise risks. 

• Prevention from cybercrime— Implementation of the IS processed as per ISO 27001 ISMS would 
improve cyber resilience of the enterprise and that will help protect businesses from the cyber threats. 

• Enhanced protection from cyber incidents and cyber accidents – Control objectives of ISO27001 
provide stringent guidelines for Incident Management and Business Continuity Plan. Therefore, 
organisations are better protected for data loss and business disruptions by implementing ISO27001:2013. 

CONCLUSION 
This paper presents explores areas of alignment between information security with ISO31000,  the standard for 
enterprise risk management. It also provides comparison of the ISO27001:2013 with ISO 27001:2005, and 
highlights the additional areas covered by this standard. 

The paper analyses the key requirements of ERM in view of the increased threats to information assets, 
expectations of stakeholders and regulatory requirements. 

Integrating the control objectives of ISO27001:2013 with the ISO31000 processes for ERM, would enable 
organizations to have better management control while having appropriate practices for risk assessment. The 
suitably adapted ISM implemented effectively can be extended to cater to requirements of Enterprise Risk 
Management ISO31000. 

This would effectively result in improving governance practices and process including ERM and IS functions. 
Organizations need to undertake thorough analysis and confirm this alignment to extract maximum benefits. 
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ABSTRACT 
Dengue fever is the most common. Mosquito-borne viral sickness of humans that during current years has end 
up an essential global public fitness issue. The scientific manifestations of fever resemble the ones of dengue 
fever and so have to be prominent from dengue fever. Co-incidence of each fever has been observed in Gujarat 
state of India for that reason highlighting the importance of sturdy clinical suspicion and efficient laboratory aid. 
Hence the shaped using of Hybrid Model created and will assist people to stumble on if they're infected by 
dengue or not. This could additionally help the doctors, to diagnose the sufferers and provide the proper 
remedy.Protein-Protein Interaction (PPI) is crucial for deciphering the function of Virusproteins. Dengue has 
ten viral proteins in its genome.We have here discussed the machine learning approachfor the classification of 
dengue patients. 

Keywords: Relief Filter, C4.5 Classification, FFBPNN, Firefly Algorithm. 

INTRODUCTION 
Protein-Protein Interaction (PPI) is essential for understanding how virus proteins work. Dengue virus' genome 
contains 10 viral proteins. The Dengue virus interacts with human protein via PPI. DENV-1, DENV-2, DENV-
3, and DENV-4 are the four viral serotypes that cause dengue disease [1]. Some of the interactions between 
dengue and human proteins are influenced by serotype. Many investigations concentrated on serotype-specific 
studies, confirming that the DENV-2 and DENV-3 serotypes are fatal. DENV DB, DEnvirDB, Flavitrack, 
Dengue Info, Virus Mentha, and VirHostNetet [1] are some of the databases that store dengue-related data. The 
most difficult task facing the pharmaceutical industry is matching a new medicine to a specific dengue protein 
target. The fundamental purpose of Computer-Aided Drug Design (CADD) is to develop a new lead molecule 
that can subsequently be tested in both experimental and preclinical settings. CADD enables a medicine to be 
developed at a lower cost and in less time. Computational techniques to drug development give an excellent 
platform. 

Serotype of human protein, type of interaction with dengue protein. All of the details in the dataset are adequate 
for both computational and biological purposes. The interaction between Dengue and human proteins is the 
focus of this investigation. In the dengue–human PPI, there are 535 non-redundant interactions between 335 
different human proteins and 10 dengue proteins. Dengue proteins interact with human proteins in a serotype-
specific manner, with serotypes specified for each interaction. The denhuman dataset was used to build an 
Artificial Neural Network (ANN) model to predict a new type of interaction between dengue and human 
proteins in this study. This work presents a hybrid technique that combines FFBPNN with the firefly algorithm 
to predict the dengue-human protein interaction. 

LITERATURE REVIEW 
DENGUE is a frightening ailment spread by female mosquitos, according to P. SATHYA ANDA.SUMATHI. 
It's most common in hot, humid climates. Experts have been attempting to identify some of the characteristics 
of Dengue fever for a long time in order to correctly categorise patients, as different people require various 
types of therapy. Since a few years, Pakistan has been focusing on Dengue fever. Dengue fever is a disease that 
is used to evaluate clustering techniques. 

WIWIK ANGGRAENIA ET AL. (2017): To estimate the number of Dengue fever attacks in Malang Regency, 
Indonesia, this study used a regression technique with Least Square and Natural Logarithmic transformations in 
response variables. Weather was a factor in the prognosis. The weather element was determined to be the most 
influential among the eight models that were created. To determine the relevance of the model found, some tests 
were used, including a hypothesis test. When compared to models without transformation, the model utilising 
the response variable with logarithmic natural transformation performed better. It was backed up by the model 
96's average MAPE of less than 10%. As a result, it was discovered that the regression approach works best 
when the variances of the dependent and independent variables are roughly similar, allowing the dependent 
variables' variability to be well described by the independent variable. 
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Dengue viruses, which infect millions of people globally each year, generate major epidemics that put a strain 
on healthcare systems. MICHAEL A. JOHANSSON ET AL (2016): Despite various efforts to construct 
forecasting tools such as autoregressive time series, climate-driven statistical models, and mechanistic 
biological models, little research has been done to investigate the contribution of different components to 
enhanced prediction. 

METHODOLOGY AND DISCUSSION: 
a) Relief Filter Approach 
The dengue-human protein interaction is classified using deep FFBPNN, asupervised machine learning 
technique. Relief filter aids in the filtering of specificattributes from the entire dataset in order to improve the 
FFBPNN algorithm'sperformance. It calculates the weights of the attributes based on the distance 
betweeninstances, with the weights ranging from -1 to 1. Because it is simple, rapid, and smartfeature selection 
for calculating the weights of attributes, Relief offers intelligibility inimproving FFBPNN as well as minimizing 
training time. The attributes with the highestweights are chosen for further training of the algorithm, which 
improves the model'saccuracy. 

b) C4.5 Classification 
In order to solve problems in the medical field, C4.5 decision tree classificationis being implemented. Quinlan 
developed an enhanced version of the ID3 algorithm.The algorithm uses a recursive top-down approach to build 
the decision tree (otherwisecalled as divide and conquer method). To construct the tree, it uses the feature 
selection of information gain as a splitting condition. The attribute with the most informationserves as the tree's 
root node, with the remaining attributes following in its footsteps. It eliminates missing values and unwanted 
branches, thereby improving the classificationperformance of the C4.5 tree. 

c) FFBPNN 
To train the deep learning network, the filtered normalized data is fed into theFFBPNN. A neural network is 
made up of three layers: one input, one hidden layer, andone output layer. Deep learning is made up of many 
hidden layers, each of which iscompletely connected to the next layer via weighted edges. Deep FFBPNN is 
anothername for this technique. Forward propagation is the process of processing data from theinput layer to 
hidden layers and then to the output layer. The activation function ispropagated to the next layer after the sum 
of the weight is applied at each layer, whichis calculated using the gradient descent approach. When using 
FFBPNN, increasing thehidden layers can make determining weights more difficult. As a result, 
theclassification error is reduced. As a result, the neural network requires adjusting theedge weights to obtain 
optimal weights. 

d) Firefly Algorithm 
The firefly algorithm (FFA) is inspired by firefly behaviour and flashing patterns. The goal of FFA, also known 
as metaheuristic optimization, is to discover the best solution to a problem. Its primary purpose is to ensure that 
the following guidelines are followed: 1. Because fireflies are unisex, each species can attract all other fireflies. 
2. The appeal of lightning should be proportionate to its brightness; if two beings are of equal brightness, the 
lower-brighter creature will always move to the higher-brighter creature. As the common distance rises, the 
perceived brightness of the firefly drops. 3. The fireflies travel around at random, hunting for other fireflies 
instead of the one they're looking for. 

 
Figure-1 Pseudocode for Firefly Algorithm 
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The goal function's brightness should be proportional. The calculation compares the new and previous firefly 
positions in terms of their attractiveness. If the new position provides more appeal, the firefly is transported to 
it; otherwise, it remains in its existing position. FFA successfully selects the FFBPNN's ideal weights in this 
study, resulting in an increase in the network's hidden units. 

The combination of FFBPNN with FFA yields a well-designed model for improved dengue-human protein 
interaction prediction, according to A Proposed Approach to Optimized FFBPNN. Because certain activation 
functions that are put into neural networks process several hidden layers, training the network is difficult. 

FFA is internally combined with the neural network to improve the network's functionality, resulting in fine 
prediction [3]. Deep FFBPNN parameter optimization is done completely with FFA. FFA adjusts the weights in 
order to reduce mistake and improve accuracy. The proposed model's functionality is depicted in Figure 2. 

 
Figure 2: The operation of the proposed model. 

The Denhuman training set is used to train the FFBPNN - FFA algorithm using 70% of the observations, while 
the remaining 30% is used to forecast the proposed algorithm's accuracy and error rate [3]. The proposed 
optimised FFBPNN has been built and shown in Figure 3. 

 
Figure-3optimized FFBPNN 

A complete examination of the number of dengue-human interactions with the related serotypes DENV1, 
DENV 2, DENV 3, DENV 4, and a subset of serotypes is shown in the picture. Manually retrieved from the 
denvlnt dataset are the number of interactions and serotypes. A significant number of human proteins are 
thought to interact with Dengueserotype 2. 

CONCLUSION 
In a range of health-care applications, machine learning algorithms can be utilised to diagnose, forecast, and 
predict. To help make better decisions, the model assists in the extraction of previously unnoticed features and 
relationships from data. Traditional machine learning methods can be improved with optimization techniques to 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

123 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

lower network error rates. In this study, a hybridmodel that combines FFBPN with the firefly optimization 
technique is developed to predict the dengue human protein interaction. This study's hybrid model classifies the 
numerous forms of interactions between dengue protein and human protein. Interactions between dengue and 
human proteins are serotype-specific, and additional research is needed to establish this. The proposed hybrid 
model has a high degree of accuracy, indicating that forecasts are more accurate than the actual value. 
Implementing the FFBPN-FFA model, as a result, will aid in the development of antiviral medications. 
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ABSTRACT 
The current technological advances with social, mobile, analytic and cloud(SMAC) technologies are going hand 
in hand, paving the way to the future with intelligent machines, huge data, and networked processes. Artificial 
intelligence(AI) and machine learning(ML) applications are keen on this and have shown an upward trend in 
solving real-world problems scientifically.AI and ML has many potentials for use in Finance and Banking. In 
banking it has been commonly used for making informed decisions, customer segmentation, forecasting account 
closures, analyzing customer spend patterns and managing risk. The remarkable increase in the volume of 
transactions, a high degree of operational changes, and complex systems managing risks are becoming an 
important aspect of comprehensive risk management practices in current financial markets. Since the global 
financial crisis, there has been a constant focus on risk detection, measurement, management, and reporting, 
giving more prominence to the risk management function of banking. 

Keywords: Banking Risk Management, Artificial intelligence, Machine Learning, Risk Management tools. 

1. INTRODUCTION 
Every country's financial system relies on banks to mobilize deposits from individuals all around the country 
and make them available for investment, lending, and the purchase of assets.  Banks act as intermediaries 
between fund suppliers and fund consumers, allowing enterprises and governments to operate. Banks operate in 
a complex environment with stringent regulatory/compliance requirements, high competition, demanding 
customers, and risk. Public sector banks, private sector banks, and cooperative banks are the three types of 
banks in India.  As per RBI, there are 2092 active banks in India fulfilling urban and rural financial 
requirements [1]. 

Banks have to operate with overwhelming customer needs, hence there is a high chance of slipping into the trap 
of fraudsters. Risks are broadly defined as “Uncertainties potentially resulting in adverse variation of 
profitability or losses” [2]. Risk is many times considered synonymous with uncertainty, but the two are unlike, 
uncertainty denotes randomness and risk refers to adverse effects on wealth caused due to outcomes. Banking 
regulatory organizations and capital charges levied against risks have a significant impact on the risk 
modeling process in banks. 

As mentioned by N. Milojevic and S. Redzepagic,  AI can be defined as “The theory and computer system 
progress which is capable of conducting assignments and solve problems that usually need human intelligence 
as the prerequisite” [10]. Machine learning is a sub-branch of AI. Machine learning trains machines to process 
data and analyze data, learn from it and make decisions based on stated experience. Applications of AI and ML 
in the financial domain are constantly increasing. One of the areas of finance- risk management in banking has 
undergone the most significant advancement in recent decades, but demand for further development is 
constantly increasing. This research work focuses on AI and ML prospects towards banking risk management, 
with Section 2 analyses the characteristics of banking risk management, section 3 details AI and ML 
technology, section 4  focuses on applications of AIML for banking risk management, section 5, concludes the 
paper with prospects in a nutshell and future research that can be taken. 

2. The current banking risk management characteristics 
Banking activities are critical to achieving the Bank's goals and maintaining its financial strength and 
independence. To have a competitive edge over others and to maximize their profits, banks get tempted to take 
higher risks, which increases the chance of banks falling prey to fraudsters. Banks are required by regulators to 
have capital provisions for a variety of risks. Risk management takes up a significant percentage of bank 
resources. Banks need to be very vigilant when planning for risk mitigation. Risks in the banking sector are 
broadly classified as Financial Risks and Non-Financial risks. The Financial Risks have monetary or financial 
losses, whereas Non-Financial risks do not bring a direct impact on financials, but they bring in indirect losses. 
Credit risk, Liquidity risk, Principal risk, and market risk, are part of Financial risk, while Compliance risk, 
Legal risk, Reputational Risk, Country Risk, model risk, conduct risk, Business & Strategic Risk, Strategic 
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Risk, and Operational risk are part of Non-financial risk [6]. Credit risk is a big concern for banks, as it has a 
high chance of capital losses, and hence requires immediate attention. Bank trading operations are related 
to market risk. Operational risk, on the other hand, is the risk posed by internal system failures or external 
occurrences.  Of the total risk portfolio of a bank 60% is for Credit risk, 30% is for Operational Risk, 5% is for 
market risk, and the remaining 5% is for miscellaneous risks [4]. The same is depicted pictorially in Fig1 

 
Fig1. Risk management portfolio of banks 

The most frequent risks are operational, market, and credit risks, but other types of risk include liquidity, 
business, and reputational risk. Banks take utmost care and efforts to manage, monitor, and measure these risks.  
[7]. Other risk categories, in addition to these four key risks, contribute to the bank's risk portfolio and 
necessitate banking resources to manage. 

Credit risk - The single most significant risk that banks face is credit risk. [7]. It is defined as the risk that a 
bank will lose money if a borrower fails to repay the loan or credit card bill (principal and interest).  The Basel 
Accord permits banks to use a Credit risk management strategy based on internal ratings. To calculate the 
expected loss, banks can construct their own credit risk models. Probability of default (PD), loss given default 
(LGD), and exposure at default is the essential risk parameters to estimate (EAD). 

“ P D X LGD X EAD = Expected Loss” (Basel Committee on Banking Supervision 2005a, 2005b). 

Market risk is defined as “the risk of losses resulting from market price volatility “[8]. Risk of rising interest 
rates, equities risk, commodity risk, and foreign currency risk are just a few examples of market risks. Interest 
risk is the risk of losing money as a result of interest rate changes.  The possibility of a loss as a result of a 
decline in the price of a stock is referred to as equity risk.  The risk that the value of a bank's assets or 
obligations will change due to fluctuations in the currency exchange rate is known as foreign exchange risk. 
Commodity risk refers to the risk of losing money if the price of the commodities you own falls. Hence Market 
risk can also be termed as the risk of volatilities. 

Liquidity risk - There are two categories of liquidity risk: asset liquidity risk and funding liquidity risk, which 
are managed separately from the other risks. When a transaction cannot be completed at the current market 
price, a bank risks asset liquidity, which could be due to the position's size relative to the typical trading lot size 
it is known as asset-liquidity risk. The failure to meet cash flow obligations is also known as funding liquidity 
risk. To offer appropriate liquidity and the ability to resist a variety of stress scenarios, banks must have a strong 
liquidity risk management strategy in place. Liquidity risk must be identified, assessed, monitored, and 
mitigated using a strong plan. (Basel Committee on Banking Supervision 2008). 

Operational risk as defined by the Basel Committee on Banking Supervision (2001) [5] is the risk of direct or 
indirect losses resulting from insufficient or failed internal processes, people, systems, or external events. These 
operational risk events as classified by the Basel Committee on Banking Supervision (BCBS) (2001) are “ (1) 
internal and (2) external fraud, (3) employment practice and workplace safety, (4) clients, products, and 
practices, (5) damage to physical assets, (6) business disruptions and system failures and execution, and (7) 
delivery and process management,” .It is regarded as one of the non-financial dangers. Fraud risk, cyber 
security risk, money laundering risk, resiliency, financial crime risk, technology risk, vendor and outsourcing 
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risk, and business disruption risk are among the various forms of risk covered. Legal and compliance concerns 
are also mentioned as operational risks in some publications. 

The detailed taxonomy of risks is mentioned below in Fig 2. 

 
Fig2 Taxonomy of Risk [6] 

3. Artificial intelligence and machine learning 
AI as defined by Schalkoff, 1990[3] is “A field of study that seeks to explain and emulate intelligent behavior in 
terms of computational processes.” At the very fundamental level, Machine learning (ML) is a subfield of 
artificial intelligence that allows computers to think and learn on their own. 

ML has been formally defined by researchers in the relevant literature. In 1959, Arthur Samuel coined the 
phrase “Machine Learning”, which he defined as "a field of research that gives computers with learning 
capabilities without being expressly programmed" [4]. Tom Mitchell recently proposed a "well-posed" 
formulation for engineering setup that has proven to be more effective:  "A computer program is said to learn 
from experience E concerning some task T and some performance measure P, if its performance on T, as 
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measured by P, improves with experience E [5]."The primary focus of ML is on developing computer programs 
that can access data, recognize patterns in the data and learn from the data. 

Unsupervised and supervised learning are the two broad kinds of machine learning. When machines are trained 
on known input and output data to predict the future is called supervised learning and in supervised learning, 
machines are trained to find hidden patterns or inherent structures in data. Table1 lists the categories of machine 
learning methods 

Problem Type Linear methods Non-Linear methods 
  Penalized Regression 

Supervised 
Regression 

 Principal 
Components 

 LASSO 

  Ridge  LARS 
  Partial least 

squares 
 Elastic nets 

  LASSO Neural networks and deep 
leaning 

Classification Support vector machines Decision trees: 
   Classification 

trees 
   Regression trees 
   Random forest 
  SVM 
  Deep learning 

Unsupervised 
Clustering 

Clustering methods: K- and X-means, hierarchical 
principal 

components analysis 
Deep learning 

Table 1. Categories of Machine Learning techniques [28] 

4. Applications of AI and ML in Banking Risk Management 
The application scope of A.I. and ML is expanding every day as financial institutions are adopting these two 
technologies at a rapid pace to solve a variety of issues. Besides in other sectors of banking AI & ML have 

made their presence felt in risk management by providing effective and efficient solutions. Regardless of the 
firm's size, history, profile, strategy, degree of market development, local or global focus, or level of risk 
management complexity, AI and ML applications for risk management in banking are viable. The existing and 
emerging challenges in banking and risk management seem to be the subject of extensive research in both the 
scientific and industrial communities. Table 2 lists various risks and the AI ML techniques proposed by 
researchers to mitigate them. 

Risk Type 
Risk Sub 

Type 

Risk 
Method/ 

Tool 

AI/ML 
Technique used 

Description Researcher 

Credit risk 

Consumer 
credit 

Risk 
Monitoring 

Decision tree and 
SVM 

In the area of 
consumer lending 
and SME lending 

using decision tree 
and SVM to 

reduce costs by up 
to 25% 

Khandani et 
al [9] 

Corporate 
credit 

Risk 
Monitoring 

Multivariate 
outlier detection 

Improved credit-
risk estimation for 

SME lending 
Figini et al. 

[13] 

Credit Card 
risk 

Scoring 
Model SVM 

For classifying 
credit card 

customers who 
default 

Bellotti et al 
[14] 
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Concentration 
risk 

Stress 
testing 

Bayesian 
Networks 

The idea of using 
probabilistic 
graphs for 

modeling and 
evaluation of 

credit 
concentration risk. 
Bayesian networks 

are used for the 
estimation of risk 

losses due to 
changes in 

debtors’ economic 
condition 

Pavlenko et 
al [15] 

Consumer 
credit 

Scoring 
Model 

Lasso Logistic 
regression 

Using lasso 
logistic regression 

ensembling for 
evaluation of 
credit risk by 

using clustering 
and bagging algos 
to diversify and 

balance data, has 
outperformed 

previous 
techniques of risk 

evaluation. 
Wang et al 

[16] 

Consumer 
credit 

Exposure 
(PD, LGD, 

EAD)* 

Bayes classifier, 
Nearest 

neighbor, ANN, 
Classification 

trees 

Techniques such 
as logistic 

regression, ANN, 
nearest neighbor, 
Bayes classifier, 
and discriminant 

analysis were 
employed in a 

comparative study 
to estimate the 

accuracy of 
Probability of 

Default (PD) for 
credit rating of 
clients. ANN is 

the most accurate. 
Yeh et al 

[17] 

Market Risk 

Interest rate 
risk 

Value at 
Risk 

Cluster analysis, 
Gaussian 

Mixture Method 

The "Gaussian 
Mixture model" 

method of 
clustering can be 
used to monitor 
Interest rate risk 

giving better 
visualization of 
the Interest rate 

curve. 
Kanevski et 

al[18] 

Equity Risk 
Value at 

Risk Cluster analysis 

The value at risk 
forecasting can be 
done using cluster 

Mahdavi-
Damghani et 

al [20] 
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analysis for the 
stochastic 

differential 
equation. 

Equity Risk 
Value at 

Risk GEM 

A model based on 
generalized 

extreme machine 
learning to 

estimate volatility 
in market risk 

Zhang et 
al.[21] 

Equity Risk 
Value at 

Risk 
NEURAL 

NETWORK 

Using a neural 
network to 

improve volatility 
estimation models. 

Monfared 
and Enke 

[19] 

Liquidity 
risk 

Liquidity risk Risk Limits SVM 

Use of vSVMs for 
risk minimization 

through 
Conditional Value 

at Risk 
minimization 

Gotoh et al 
[22] 

Liquidity risk 
Scoring 
Models 

ANN, Bayesian 
Networks 

For estimating the 
chance of an event 

occurring, a 
functional 

approximation and 
a distributional 

estimation 
utilizing ANN and 

BN are used to 
evaluate risk. 

Tavana et al 
[23] 

Operational 
Risk 

Fraud risk 
Risk 

Monitoring 
Logistic 

regression 

Use of logistical 
regression 

algorithms for 
suspicious 
transaction 
detection. 

Khrestina et 
al[24] 

Fraud risk 
Risk 

Monitoring Cluster analysis 

Use of clustering 
algorithms to 

detect behavioral 
patterns in people 

and trace them 
using transaction 

history 
Sudjianto et 

al [25] 

Fraud risk 
Risk 

Monitoring C5.0 

Based on different 
probable risk 

factors rules set 
can be formed and 
cluster allocation 
can be done using 
the C5.0 algorithm 

Villalobos et 
al [26] 

Fraud risk 
Risk 

Monitoring 

K nearest 
neighbors(KNN),  

Support vector 
machines, 
Bagging 

ensemble, and  

Given a 
transaction 

dataset, various 
algorithms can be 
used to predict the 

probability of 
Zareapoor et 

al [27] 
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*PD- the probability of default, LGD- loss given default, EAD- exposure at default 

Table 2. AI-ML applications for mitigating various Risk types 

5. CONCLUSION 
The current global financial crisis has resulted in significant changes in the banking industry. Technological 
advances are reshaping the modes of financial transactions. These advances are making financial systems more 
vulnerable. The Regulatory bodies, financial experts, and scientific community are working hard to mitigate the 
risks. Artificial intelligence and machine learning are having a greater impact in the financial sector, particularly 
in risk management in banks. . Credit risk is the very prominent risk of the risk portfolio, substantial research 
has been done to mitigate credit risk and its types using AI-ML techniques. Also measured and well-prepared 
AI ML applications bringing in a positive impact on other risk management areas:- market. Liquidity, 
Operational risk, as well. This research also highlights further prospects of AI ML applications in newly 
evolved risk areas(IT, Cyber Security). Some of the prominent challenges in this area are data availability, 
privacy protection, transparency, availability of skilled staff, and ethics. AI ML applications have 
predominantly brought higher accuracy at efficient time values. 
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ABSTRACT 
The organizations integrating Robotics Process Automation in their departments improve the efficiency in their 
business processes and personnel of these organizations focus on delivering more value to them based on their 
core expertise. Process Maturity Model for RPA assesses the processes which client desire to be automated. 
After assessment, Process Maturity Model results in best suitable candidate processes for automation. Subject 
Matter Experts, RPA Business Analysts and RPA developers are involved in this process.  This paper focuses 
on analysis phase of Process Maturity Model. It also describes templates generated during this phase. In 
implementation section, the scenario of updating medical test reports into Electronic Health Record is 
considered. The Process Maturity Model implements analysis phase for this scenario and result is described in 
terms of feasibility matrix and ROI graphs. 

Keywords: Robotics Process Automation, Process Maturity Model, Electronic Health Record 

I. INTRODUCTION 
Every organization has a set of business processes, which consist of set of activities, events, decisions etc. The 
complexity of each business process is different. The efforts to analyze and optimize these processes also vary. 
Some of these business processes involve manual operations, repetitive and structured tasks that consume 
considerable efforts of employees. In modern context, the agent is introduced in business processes which is 
capable of handling these processes wihout human intervention. This technology is Robotics Process 
Automation which comprises “bots”- software agent to perform tasks which are typically rule-based, well-
structured and repetitive. [1] 

To implement RPA in existing software or automated environment, business analyst has to identify business 
processes which can be really automated. The Process Maturity Model can be used to decide strategy for 
identification of business processes suitable for automation. The Process Maturity Model is an evolutionary 
improvement path which provides roadmap for automation of suitable business processes. It consists of: 

1. Automation pipeline 

2. Feasibility Analysis 

3. Complexity Assessment 

4. ROI analysis 

5. Automation Design 

6. Deployment. [2] 

Out of above steps of Process Maturity Model, first 4 phases are related to analysis phase and last two phases 
represent design phase for RPA application. 

This paper focuses on analysis phase of Process Maturity Model for implementing RPA. For implementation 
purpose, a process of Electronic Health Record maintenance is considered. This research work is exploratory 
which applies PMM model to check whether converting medical test reports into Electronic Health Record is 
the suitable process for automation. 

The structure of the paper is as follows: Section 2 elaborates RPA life cycle, Process Maturity Model and 
description of process of Electronic Health Record maintenance. Section 3 describes various templates 
describing phases of Process Maturity Model applied for automation of Electronic Health Record maintenance. 
Finally, the paper concludes with feasibility matrix and ROI analysis. 

II. LITERATURE REVIEW: 
2.1 Robotics Process Automation: 
Robotics Process Automation is defined by IRPA-AI Institute as “the application of technology allowing 
employees in a company to configure computer software or a ‘robot’ to capture and interpret existing 
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applications for processing a transaction, manipulating data, triggering responses and communicating with other 
digital systems”. [4][5] 

This definition is based on the concept of automation of any workflow in the organization using ‘bot’, this 
workflow is structured and rule based and executed repeatedly by humans. This concept is used in Business 
Process Automation to improve competitiveness of organization, productivity and accuracy.  [4] Following 
stakeholders are required to implement RPA in any organization: 

1. Subject Matter Expert (SME): to identify right processes to automate with respect to business needs. 

2. Business Analyst: To document processes, develop business rules and logic 

3. RPA Developer: to develop bot for automation of process 

Robotics Process Automation is the use of software with AI and ML capabilities to handle high- volume, 
repetitive tasks. Following tasks are performed through RPA implementation: 

1. Website Scrapping: Web scrapping is the process of extracting meaningful and relevant data from 
websites with the help of bots. [6] 

2. Data Management: In organizations, bots assist employees to fetch information from one legacy system, to 
make it available for new systems/ 

3. Form Processing: Bots can also assist in processing input forms to prepare database of system. 

RPA Lifecycle 

 
Figure 1: Robotics Process Automation Lifecycle 

RPA Lifecycle includes different phases of the automation process. It initiates creation of bots and ends at 
execution of the bots. 

Discovery Phase 
This is the initial phase of RPA lifecycle. In this phase, the RPA process architect identifies and analyzes the 
requirements of the client. Based on analysis, it is checked whether the process can be automated. If the process 
is feasible for automation, then the RPA architect team ca the complexity of the process. 

Solution Design Phase 
Based on requirements, the steps are designed to automate the task. The RPA technical and process architect 
develop a Process Definition Document (PDD), which includes logical steps for whole process. 

After identification of requirements, the next step is to identify the resources such as budget, desired team size 
and timelines. Then, the analyst creates a flowchart to understand the logical flow of processes, which helps in 
choosing the right processes for automation. The development of bots and tasks automation are initiated using 
appropriate RPA tool. 

Development Phase 
In this phase, the RPA developer creates scripts/bots to automate the tasks with the help of RPA tools. 
Automation scripts/bots are generated based on PDD developed in solution design phase. 
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UAT (User Acceptance Tests) 
In this phase, the bots are tested by RPA development team. These bots are tested in a pre-production 
environment to examine how the users can use them to automate specific tasks. If the testing phase gets passed 
successfully, then it is further transferred to the next stage. Besides, if the testing fails, then it is transferred back 
to the development phase, where RPA developers examine errors found in the testing phase and solve them. 

Deployment and Maintenance Phase 
Once the bots are bug free, the bots are deployed into the production environment. After the deployment 
process, users can use them to automate their tasks. The bots can be modified if requirements of automation are 
changed. 

Execute Bots 
This phase includes the execution of the bots after deployment. Bots are checked to ensure that the 
implementation is performed as per requirements. [7] 

The next section describes Process Maturity Model which is based on RPA lifecycle. 

2.2 Process Maturity Model for RPA: 
Process Maturity Model is evolutionary improvement path, which guides organization when they move towards 
automated business processes. Following are the stages of process maturity model: 

 
Figure 2: Analysis Phase of Process Maturity Model 

Each stage of PMM is described in detail with output of each stage: 

1. Automation Pipeline: In this stage, to identify right process and to priotize processes, following activities 
are executed: 

a. Candidate Identification: The processes eligible for automation are identified. This activity results into two 
sheets: Process Assessment and Process information as shown in figure 3 . 

Process assessment is done based on criterias like labour intensity and scale, volume and repetitiveness, input 
readiness, process definition, strategic relevance, likelihood of upgrade in short term and dependencies and 
constraints. Question related to each criteria is ranked from 1 to 10 in ascending order. 

 
Figure 3: Process Assessment Template 
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Process information sheet contains information of processes which is used to determine complexity of process. 
This sheet contains information of process based on three parameters: a. Process Metrics b. Input readiness c. 
technology landscape as shown in figure 4. 

 
Figure 4: Process information matrix 

b. Top level benefit analysis: This activity lists and weighs organizational priorities based on focus areas in 
descending order of their priority to business, type of priority and percentage to its priority. The total 
priority percentage shall be 100%. This percentage is used in candidate prioritization process. 

 
Figure 5: Top level benefit analysis 

Once all processes are analysed, results are collated and candidate prioritization is done. 

c. Prioritization: This is achieved using brainstorming and sorting. In brainstorming sheet, the basic 
information of shortlisted processes is populated. This also includes rough estimate of percentage of process 
which can be automated. 

 
Figure 6: Brainstorming sheet 
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The data is entered in manual hours metrics. In third metrics, each process is assigned with relevant business 
priority scaling from 0 to 5. Based on three metrics, complexity of processes is defined as high, medium and 
low. 

In sorting sheet, data is already entered on the basis of brainstorming sheet. In this step, the processes will be 
sorted according to Business Priority score or Manual Dollars saved score or  complexity to automate. 
Graphical representation of processes will be generated based on selection criteria. 

 
Figure 7: Sorting Sheet 

2. Feasibility Analysis: Feasibility analysis is performed once processes for automation are identified and 
prioritized. This technique analyses and evaluates business processes and tasks to analyse technical and 
financial feasibility for their automation. Feasibility analysis is performed with following steps: 

a. Gather resources: Resources are: i. subject matter experts who have designed the processes. ii. Employees: 
who will be using processes and iii. Hardware and software: required to execute processes. 

b. Examine: After gathering resources, it is important to understand how the processes are executed manually 
in organization. This information is necessary to understand the scope for increasing productivity and 
efficiency of task. 

c. Understanding the logic: The business analysts understands the logic and rules used for completing the 
task. 

d. Checking elements that prevent automation: If the processes involve making decisions based on 
employees’ experience or processes depending on fuzzy logic, handwritten documents, captcha codes 
cannot be automated. 

e. Checking elements that require further testing: ActiveX applications, Java, flash, cycle-time constraints 
need extra testing. Thus, such applications are identified separately. 

The results of feasibility analysis is represented in feasibility matrix. This is divided into two parts: feasibility 
matrix and legends. Feasibility matrix consists of three parts: i. Process Input: questions related to different 
parameters of processes ii. Technical feasibility: questions related to technical aspects on processes iii. 
Volumetric Section: questions related to volume of work in processes involved. 

The output of feasibility matrix is feasibility index value and feasibility rating. 

 
Figure 8: Feasibility Assessment Template: Process Input part 
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Figure 9: Feasibility Assessment Template: technical feasibility and volumetric 

The below screenshot of legends describes how feasibility rating depends on feasibility index value or score. 

 
Figure 10: Feasibility Legends 

3. Complexity Assessment 
This step is executed after feasibility analysis. This process determines complexity of automation and estimates 
efforts for development and efforts for standardization. This is performed using complexity calculator. This 
calculator is divided into 2 sections: a. User input required b. results 

Complexity calculator calculates complexity with following steps: 

a. Enter process names prioritized for automation 

b. Study input metrics for each process 

c. Determine data for input metrics gathered from SME sessions 

d. Define the input metrics on the calculator based on determined data. 

Each process is studied with input metrics such as manual hours, personnel quantity, no of departments, 
technology landscape, information silos, process steps, data size, business logic etc. 

 
Figure 11: Complexity Calculator 

4. ROI Analysis 
ROI analysis is the measure of the returns derived from automation compared to the time and costs in 
implementing automation. It calculates estimate of overall profit earned due to automation. To calculate ROI 
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analysis, all inputs related to savings and cost are required. Different categories of possible savings are 
considered in ROI analysis: manual hours saved, quality improvement, productivity gain, improved business 
agility, increased customer satisfaction and brand awareness and improved regulatory compliance. Different 
cost factors are identified as: cost of software and cost training employees. 

Thus, Return on Investment is the measure of total points after deducting total cost from total savings  in a given 
period, ROI analysis is performed using ROI calculator. ROI calculator generates two sheets: ROI details and 
ROI Summary. ROI summary sheet presents a comprehensive textual and graphical report of business value 
parameters such as the ROI and profit percentages involved in automation. 

 
Figure 12: Template for ROI details 

 
Figure 13: Template for ROI Summary – Graphical Representation 

This completes analysis phase of Process Maturity Model for automation. The next section elaborates the case 
study on which PMM will be applied. [8] 

2.3 Electronic Health Record Automation: 
Electronic Health Record was introduced in healthcare field to aid physicians and healthcare workers to deliver 
quality healthcare and maintain contents of EHR secured. EHR system maintains information regarding  patient 
care such as demographics, progress notes, problems, medications, vital signs, medical history, immunization, 
lab data, imaging reports etc. This information of particular patient will be available to any doctor irrelevant of 
location and time for fast accurate treatment to patient anywhere in the world. [9] 

Health Information System (HIS) captures, manages and transmits patient related information which becomes 
Electronic Health Record. This can be integrated with Health Smart Card to provide non-volatile patient-related 
data electronically as prior hospitalization, diagnosis, critical treatment and allergies.[9][10] 

When patient undergoes any medical tmedical ests or clinical treatment, the reports shall be updated in 
Electronic Health Record of that patient. The assistant of doctor may waste ample time to add reports into 
Electronic Health Record of patient. Thus, it was a need of medical industry to automate this process. The next 
section analyzes the possibility to design bot which will convert medical reports into Electronic Health Record 
without human intervention. [10] 

III. Analysis of automation for updating Electronic Health Records using PMM: 
The workflow of EHR updation is as shown in figure: 
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Figure 14: Workflow for Updating Medical Test Reports in Electronic Health Record 

The analysis phase of PMM begins, automation pipeline process is applied for identified process and process 
assessment sheet will be generated as follows: 

 
Figure 15: Process Assessment Sheet for Case study 

Process Information matrix to determine complexity of process is as shown below: 

 
Figure 16: Process Information Sheet for Case study 
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Output of top level benefit analysis for above mentioned process: 

 
Figure 17: Top Level Benefit Analysis for Case study 

Prioritization: Brainstorming and sorting sheets are also prepared for above mentioned process and following 
are the results of prioritization: 

 
Figure 18: Brainstorming sheet for Case study 

Average pay and manual dollars entries are avoided considering context of paper. 
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Feasibility Analysis: 

Following sheet represents feasibility index and result of feasibility analysis. 

 

 
Figure 19: Feasibility Matrix for Case study 

With these assumptions, Complexity assessment and ROI analysis are also performed resulting medium efforts 
of development and substantially beneficial ROI. 

IV. CONCLUSION 
As section III describes Process Maturity Model is applied for analysis of automation process for Electronic 
Health Record updation with respect to medical test reports. The outcome of analysis phase of Process Maturity 
Model is process assessment sheet, process matrix, top level benefit analysis, brainstorming sheet, feasibility 
matrix, complexity assessment and graphical representation of ROI analysis. Out of which  process assessment 
sheet, process matrix, top level benefit analysis, brainstorming sheet, feasibility matrix are represented in above 
section based on workflow. The analysis concludes that automation process for Electronic Health Record 
updation with respect to medical test reports is a good candidate for automation due to high feasibility index, 
rising ROI. Further study will incorporate automation design of software bots and deployment steps. 

If the mentioned process will be completely automated with autonomous bots, then 40% of daily manual work 
for pathology lab workers will be saved and they can use their time to focus on quality improvement in process 
of medical tests execution and research. The advantage of this automated process is Electronic Health Record of 
patients will remain updated forever with latest tests. Thus, patients don’t have to remember when he/she has 
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undergone the tests in recent times. Limitations in above automation is if any new test is introduced in 
pathology with different test report template then bots will need customization. 
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ABSTRACT 
The future of a country depends on child development, which includes various forms like biological, cognitive, 
language, social, emotional, speech, fine motor, and gross motor .These forms are essential for children’s 
growth and development. Cognitive development is crucial for improving cognitive abilities such as thinking, 
listening, learning, understanding, and justifying questions. Nowadays, an expert system plays vital role in 
handling the psychological factors of human beings. Currently, available expert systems in the cognitive 
development domain are examined along with an assessment of their features and limitations. The expert 
system is capable of extracting current and future knowledge, estimating future outcomes, improving decision-
making quality, and offering quick and robust solutions to complicated problems. This study has shown 
examples of expert systems with their computational decision-making systems also examine existing expert 
systems that are used to develop children's skills. The consequences of these systems on cognitive development 
should be examined in more inclusive studies. 

Keywords: Cognitive development, Expert System, Decision-making, Skills, Knowledge. 

1. INTRODUCTION 
Children are the future assets of the nation. The progress of the nation depends on its grooming. Cognitive 
development is crucial for grooming children. Many Artificial Intelligence and data mining techniques are used 
to estimate the cognitive development of children. 

Cognitive Development 
Human beings collect, arrange, and use their knowledge through the process of cognitive development. The 
progress of cognitive conduct is the improvement of statistics, capacities, trouble-solving, and personality that 
provide help to kids to deliberate and understand the sector. 

 
Figure 1: Cognitive Skills 

Jean Piaget has explored four stages of cognitive development. 

 
Figure 2: Piaget`s Cognitive Development Stages 
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Within the sensorimotor stage (up to 2 years) children can adopt the surroundings with their senses and in the 
preoperational level (2 years to 7 years) children can broaden their creativeness and reminiscence. Within the 
concrete operational level (7 years to 11 years) youngsters grow to be extra conscious of feelings, and in the 
formal operational phase (11 years and older) they use common sense to highlight problems or see areas. Many 
factors affected the cognitive improvement of kids like organic, environmental, gender, enjoyment, and circle of 
relatives. Children's mental degree can be assessed by assigning a stage to each mental factor. Nowadays, the 
psychological elements of human beings are dealt with greater efficiently by means of expert systems. It 
simulates the conduct of human specialists and assesses the psychological factors of the kid consisting of 
intelligence, reminiscence, concentration degree, and so on. The cognitive development area has benefited from 
massive methods together with records, class, and prediction for studying numerous dimensions of cognitive 
development. 

EXPERT SYSTEM: 
Expert systems are a popular branch of artificial intelligence that has numerous applications across multiple 
domains. Expert systems are interactive computer programs that contain the experience, knowledge, and skills 
of an expert or group of experts to solve the problem [10]. Expert systems fall into five basic categories: rule-
based, frame-based, fuzzy, neural, and neuro-fuzzy. 

Following are the components of the Expert System: 

 
Figure 3: Components of expert system 

1. Knowledge base: The knowledge base in the expert system represents facts and rules. The knowledge base 
obtained from the human expert is prepared by a knowledge engineer [23]. 

2. Inference engine: An inference engine is used to extract significant information from the knowledge base, 
translate it, and discover solutions to the user's problem. 

3. User interface: This component is important for making the interaction between user and expert system 
and finding the right solutions. 

This study explores expert system applications in the cognitive development of children, such as detection of 
intelligence, addiction, and prediction of disease. It also provides suggestions or guidelines based on obtained 
results. 

2. LITERATURE REVIEW 
Various psychological development research had been implemented the usage of distinct statistical and 
computational techniques which includes Statistical package for the Social Sciences, Crypt-arithmetic, Fuzzy 
methods, and classification and prediction algorithms. 

A cognitive model plays a critical role in psychological development. This may be evolved the usage of special 
techniques. A Java-based expert system became shaped to determine a kid’s intelligence and expect their career 
possibilities [4]. Crypt arithmetic techniques have been used to find mental components such as intelligence, 
problem-solving, and endurance [27]. The certainty factor approach is regularly balanced with minimal cost in 
expert systems. This technique was used to calculate a child's intelligence [29] and also used to expect an early 
prognosis of personality disorder based on its signs [5]. The SL5 object language specifies the use of 
professional structure regulation-based logic. Such expert systems have been used to diagnose depression levels 
and provide counseling based on them. [9] The system was also used to detect nausea and vomiting in children 
[23]. A similar study [24] used this expert system to detect health problems related to video game addiction. 
Statistical Package for the Social Sciences (SPSS) is basically used for analysis. Using this method, anxiety and 
depression were analysed with an accuracy of 75% and 55%, respectively [26]. Weighted product is a multi-
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criteria decision making technique. This method was used to determine the best way to diagnose a baby's 
illness, which revealed a number of illnesses in infants [18]. The fuzzy expert system is an artificial intelligence 
system that uses a collection of membership functions and rules. This system was used to detect the affective 
and cognitive status of Maths subjects from individual learners [7]. A similar study [17] obtained types of child 
intelligence using the fuzzy method. Various data mining and AI techniques such as classification, regression, 
clustering, and prediction were used to evaluate psychological progress. In study [3] various algorithm of data 
mining were used to classify and predict children's progress [3]. Fuzzy clustering is used for cluster analysis and 
this approach was used to expect learning disabilities in children [15]. Forward chaining and uncertainty factor 
methods were used to stumble on signs of game addiction along with excessive, common, and low [20] and 
were extensively utilized to decide the traits of youngsters with special desires [22]. The decision tree, forward 
and backward chaining technique became used to diagnose memory loss diseases like Alzheimer’s, Parkinson’s, 
Huntington’s, and dementia, and suggested treatments for them [14]. A similar study [21] was used to predict 
children's mental retardation. Naive Bayes, Neural community, J48, SMO, and RBF algorithms were used to 
achieve attention deficit and hyperactivity disorder in adolescence [8]. A neural network was used to develop a 
model to assist teachers in detecting mathematically gifted pupils in elementary schools. [16]. ANN and 
regression techniques were used to generate remedy plans for human beings with speech-language issues, 
handling clinical data, and cognitive improvement statistics [28]. Principal Component Analysis and 
correlation-based algorithms have been used to anticipate disability learning [11]. Agent and heuristic-based 
algorithms were used to diagnose and compare the gaining knowledge of disabilities of unique needs students 
[12]. Bayes theorem turned into used for predicting the net dependency degree of youngsters [19]. A study [25] 
was used to predict human behavior on social media using CLIPS. Autism Diagnosis and Advisory Expert 
System was developed to offer parents an initial diagnosis of Autism Spectrum Disorder (ASD)[2]. Visual basic 
.Net language was used to diagnose ear problems in children and provides advice based on obtained results [13]. 
Web based expert systems were applied to diagnose baby improvement and examine preschool kids' language 
[1][6]. In a study [10] learning disabilities were determined by considering psychomotor aspects like 
intellectual, perceptual, language, and personal. 

3. APPLICATION AREA 
This research is focuses on cognitive development. It is essential for parents to develop cognitive skills to 
identify causes and effects, as well as to develop analytical skills. Specialist systems can be used to assess a 
child’s mental abilities and these assessments can be used to diagnose child psychological problems and provide 
recommendations for dealing with the child. This study can also have a positive impact on society by creating 
expert system models that are used to mimic human psychological processes and provide useful information to 
a person. In addition, this study may lead to the development of a professional program that is used to manage 
child addiction or other related disorders. 

4. CONCLUSION 
The expert system is a computational technology that solves complex problems using task-specific information 
and inference, similar to the skills of human specialists. The performance of traditional methods has been 
significantly surpassed by expert systems. This study examines the applications of expert systems in child 
mental development over the past two decades, highlighting the importance of expert systems in child cognitive 
development.  According to the reviewed research, psychological factors can be assessed using expert systems 
and various methods. Furthermore, in order to overcome the limitations of different approaches, an integrated 
expert system must be built based on different approaches. For an accurate result, more research or progress is 
needed. Expert systems form rule-based systems to improve children's cognitive abilities. This can be achieved 
by identifying those problems and finding solutions using expert systems. This system is beneficial for parents 
to manage the mental disorders of the child. 

5. FUTURE SCOPE 
Cognitive skills are important for a child's development because they affect learning and performance. Weak 
cognitive skills are an unusual reason for knowing difficulties. Various strategies to improve children’s skills or 
solve their problems have been validated in the past. However, development requires improvement in decision-
making ability, interest, processing speed, visual processing, auditory processing, recall, and many other skills. 
Future work can take advantage of computational strategies to implement all capabilities simultaneously.  
Various factors related to child development including cognitive, linguistic, social, emotional, speech, fine 
motor, and gross motor can be enhanced with the help of special structures. In the future, the Expert System 
may support a variety of packages that allow for new insights and progress of change. 
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ABSTRACT 
Current Trends of Market, based on pre and post covid-19 situation we can see a huge difference in working 
methodology, Co-operate sector, Business sector, Education sector, Healthcare sector, etc…, which has adopted 
a completely different ecosystem to enhance them with the usage of Robotics, AI, Blockchain, etc…Especially 
Information Technology has groomed in such a manner which can be easily be integrated using Artificial 
Intelligence in Financial, Human Resources, and Marketing Sector. This paper deals with different aspects of 
Management by utilizing the core competence of utilizing different techniques of Artificial Intelligence and 
how it has overcome the issues by providing the best support systems. We have analyzed the same and the 
response of adaption to the AI Support Systems is 87.56%. Because of the different neural network topology 
complex problems, solutions can be easily resolved using them. 

Keywords: Artificial Intelligence, Managers, Business Sector, Management level. 

1. INTRODUCTION 
Current Trends of Management based on post-pandemic situations have adapted different technology and 
special focus of Artificial Intelligence, Robotics, etc…The major issues are faced by managers to understand the 
technical perspective of Artificial Intelligence techniques based on specific domains. Artificial Intelligence is a 
way in which we make the system think intelligently. A maximum of businesses realize that AI can benefit 
them in their operations, and utilize them to perform more effectively (Buck & Morrow, 2018; Euchner, 2019; 
Marvin & Horowitz, 2018). Artificial intelligence is a wide area of Computer Science that is concerned with 
building smart machines which are capable of performing tasks that typically require human intelligence. It's 
estimated that by 2025 the amount of work done by machines from 29% will be increased to 50%[3]. Most 
people's perspective of AI is reducing jobs, but it is not the same as AI is making job profiles much more 
effective and best. 

1.1AI in HR Sector 
When we look into the HR sector as with  AI, AI algorithms make the task easier by auto-searching resumes, 
finding eligible internal candidates, identifying top performers, and analyzing the report of the shortlisted 
candidates which reduces the interview bias by making the task more effective. It has grown effectively 
growing from 2018 which is still growing. The major four areas of HR where AI is used the most are 
Recruitment, Engagement, Employment self-services, Employee Development, and Employee Attrition. In 
Recruitment, the decisions are taken at gut feeling for the final call of job selection are done without any 
support system. The major problem faced by hiring team managers is that 30 to 40 percent of their candidates 
are wrong. By using attract top talent LinkedIn, Glassdoor, Indeed, etc.. are popular job searching websites in 
which they use different types of machine learning techniques which recommend the jobs for the Job Seekers. 
For Screening and Shortlisting the resumes using Applicant Tracking Systems(ATS) makes the Screening task 
much faster than a manual process. 

1.2 AI in Financial Sector 
By 2023, digital banking will reach from 75.8% to 78%,80% of banks are aware of the benefits provided by AI. 
AI in Finance sector has reached from chatbot assistants to fraud detection and task automation. Using AI which 
easily handles tedious tasks and parallel improves consumers' experience by offering 24/7 services for easy 
access to their financial accounts and even provides many financial services.AI is used in Personal Finance to 
manage one’s financial health benefit.AI is used in Consumer finance in which it tries to prevent fraud and 
cyber attacks, wherein it easily tracks the irregularities in a pattern which most of the time remain unnoticed.AI 
is used in Corporate Finance in which it predicts and gives easy access to loan risks and it is used for Task 
Automation too. 
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Source:shorturl.at/dfyG2 

1.3 AI in Marketing 
AI in marketing works for customer data it helps to track the next move of the consumers which helps to 
improve the customer life long journey. the usage of AI Sales teams was 29% in Marketing in the year 2018, 
but it has increased to 84% by 2020.AI is used by Starbucks to provide the services in a more personalized 
way.AI is used by Alibaba which operated on Fashion AI which was more effective to detect which product was 
been selected and smart mirrors which help to know the variation in different clothes.eBay has used AI for 
optimization they are driven through Marketing success.AMA boost newsletter engagement was improved 
using AI in which it was providing an individual level base interest and data. 

 
Source: shorturl.at/mqDI3 

1.4 AI in Education Sector: 
Internet and mobile devices have affected every one life.AI usage in the US will grow by 47.5 percent, but 
experts say it can’t replace the teachers, Usage of AI globally in education is about to grow by 45 percent and 
the prediction is done that $ 5.80 billion usages by 2025. Task Automation using AI will help the teachers to do 
the admin and teaching tasks more effectively. Universal access using AI will help the students to access the 
data globally, by not only focusing on it too having a presentation translator in which students can learn any 
new concepts by just understanding the subtitles of it. Smart Content Creation, digital lessons, information 
visualization are some different ways to make students be prepared at an effective level.AI also helps in 
identifying classroom weaknesses which helps teachers to reteach the material which students have not 
understood properly which help them to mark more accurately the students and adhere them with best teaching 
practices.24/7 AI Assistance services to provide the student with any queries of them. 
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Source: shorturl.at/hHI14 

1.5 AI in the Health care Sector: 
It simplifies the lives of the patients, doctors, and hospital administrative by performing tasks that are typically 
done by humans in less time and more effectively. It’s considered the highest evolving industries value was 
about $600 million in 2014 and it is about to reach $150 billion by 2026. Early disease detection using AI in 
which it tries to notify quickly and save lives without losing the lives of patients unnecessarily.AI Deep 
Learning for Actionable Insights which analyzes using unstructured medical data to give better insights into a 
patient’s real-time needs.Earlier Cancer Detection with AI in which they are using Freenome to detect cancer in 
much earlier stages. 

 
Source: shorturl.at/fimoI 

1.6 AI in Cooperate and Business Sector: 
Current Trends has completely enhanced multiple sectors in business in which it created multiple new and 
creative jobs. some of them like  Customer Relationship Management to manage the customer relationship in 
much smarter and more effective ways. Digital personal assistants which help to manage the  AI bots can be 
used as personal assistants to help manage your emails, maintain your calendar, and even provide 
recommendations for the streaming process. 
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Source: shorturl.at/bkD35 

The main objective of our paper: 
1. From a managerial perspective, what is artificial intelligence? 

2. How will AI influence business strategy? 

3. What are the major management risks from AI? 

4. How each Management Sector enhances the techniques using Artificial Intelligence? 

The paper is organized as in Section 2 its talks about related works, Section 3 we have described Research 
methodology, Section 4 about Results, and Section 5 concluded the paper and lastly, Section 6 explores 
References used in our study. 

2. RELATED WORKS 
With an advancement of AI which will be combined with unique human leadership traits such as creative 
thinking ,best decision maker and innovative thinking to maximize the potential value of the leaders.Inorder to 
stay more effective leaders in the organization with an inheritance traits of AI which has enter labor markets, 
need to be moew enhanced with how best AI they can integrate into their decision making process to utilize at 
its full potential at their level.Few of the recent study which has enhanced the usage of AI which has refine 
management by kolbjornsrud,Amico and Thomas which states that 54% of time of Managers are wasted at 
administrative coordination and control[24],AI will save their timw by making the task automotive and faster 
which will help them to focus on task which will lead the managers to be more successful .By study of 
Chamorro-Premuzic, Wade and Jordan AI is more powerful in making decisions in which managers need to be 
focused more on traits like humanity adapatability,vision and engagement.In the study of McAfee, Goldbloom, 
Brynjolfsson and Howard AI meets the C-suite which will make human task more effective at top management 
roles to strengthen their creative and strategic decisions maker.In the study of Wallenberg he says integrated 
human with AI will make an effective management strategic having a great work experience overall.In the study 
of Björkman and Johansson which focus on future leadership using AI which will need of future leader to focus 
on motivating employees and facilitating teamwork and creativity with the organization. 

2.1RESEARCH GAP 
1.Our Study has not only focused on impact of AI on management but also at different sector like 
education,business and Healthcare sector. 

2.Our Study has tried to find the importance of usage at different sector. 

3.Our Study also focused on differenr age sector and their interest in usage of the same 

3. RESEARCH METHODOLOGY 
In this paper, we have tried to analyze the overall view of AI in different sectors and the people of different 
sectors and to understand the level of acceptance of AI into their stream but based on the analysis we have 
found that depending on the age factors the acceptance level has changed below are the evaluated details. We 
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have created primary data by building a questionnaire and analyzing the same for the different age sectors and 
locations. In which we have analyzed the young generation and the even older generation are more active for 
the acceptance of AI into their professional life due to its flexibility and easy accesbility. 

 
Fig1: Proposed Work 

Steps Involved: 
1. Created Primary data based on demographic location using a questionnaire. 

2. Analyzed the same by using Google Analytics. 

3. Acceptance accuracy was found 91.39 % for acceptance of AI at different sectors. 

4. RESULTS 
Below are the results which was been mapped from the age sector of 18 to 60 to find the awareness and new job 
enhancement using AI.in maximum responses the Impact of AI in Future at different can achived it by 91.39% 
by our studies which has mapped the different age sector and analyzed it. 

 

  



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

153 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

  

  

  

 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

154 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

 

 

 

 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

155 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

 
Fig2: Above figure show the impact produced by our study at different sector and by an average our study have 

achieved 91.39% for the same 

5. CONCLUSION 
Our work has focused on the impact of AI at different sectors in which we have found an accuracy of 91.39% 
acceptance level at different sectors using AI. With this, we make a conclusion that AI is going to be a bright 
future for all the domains ahead. So insights that AI has to be enabled as a core tool of their sectors.Our study 
will help the different sector to actually understand that AI will be always Effective in their different work level. 
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ABSTRACT 
Educational institutes always eager to improve the results of the students. The HEI also ask about the slow 
learners and advance learners and the activities colleges initiates to enhance the learning of the slow learners. 
The tree base algorithms work well on categorical data able to classify records with high accuracy but main 
hurdle in the process is the imbalanced classes. The study accepts the sample size 584 to classify the learner 
types. Outcomes shows 97.16% accuracy with Random Forest classifiers as a base learner in ensemble approach 
where SMOTE class balancing technique implemented in pre-processing stage to balance imbalance classes. 
The model performs multiclass classification in classes namely advance learner, average learner, and slow 
learners. 

Keywords: Machine learning, imbalance dataset, under sampling, over sampling, SMOTE. 

1. INTRODUCTION 
Mentoring students is a big task and mentoring many candidates in a semester is bit difficult. The classification 
of learner using the automate system can makes it easy at some extends. The learning management system 
allows to store student’s academic records and learning algorithms can learn using those record sets. The 
student supposes to classify as advance learners, average learner, or slow learners. The main problems 
researchers faced when the classification comes under the domain of multiclass classification. It was observed 
in the literature that a smaller number of samples in one class creates bias in the prediction. The student’s 
records are not exception for this, the most of the time learners comes under the class average learners while 
less number candidates belongs to the category of advance learner or slow learners. To reduce the drop out 
number of students it is necessary to classify those candidates, who are week in learning and help them in study 
to improve performance. But due to small size of class the records can get misclassified or treated as a noise by 
the learning algorithm. The solution for this makes those classes balance. There are techniques using which 
researchers can balance those unbalance classes and then apply the required algorithm on it, so that it will return 
the acceptable outcome. In this system, records of Computer Science undergraduate students collected using 
survey. The system trains from the academic record of the student’s previous semesters, and entry level score. 
The record set get treated and the model classify the learner in the best suited class. 

The seven section allows to divide the work. The chapter two stands for literature review. The aim behind the 
study listed in the third chapter, objective. Chapter four is for research methodologies. The conclusion and 
results included in the chapter five. The chapter six is dedicated for future scope of the study. The last chapter 
seven holds references. 

2. LITERATURE REVIEW 
Learning techniques like ensemble mechanism, supervised unsupervised learning brings new ways to deal with 
hurdles in the teaching learning domain. The major task like student recommendation for placement drives, 
early prediction of drop out students and the succusses prediction using log details of online platform or 
learning management system is possible and became simple.[5] where correct features must get used to improve 
accuracy of model. The accuracy is the evaluation metric used to decide performance of the model developed 
under the study. When multiclass classification takes place, the overall accuracy going to be bias. It happens 
because of the class with more sample size usually shows high accuracy. The class with a smaller number of 
records can lead towards inferior performance. Thus, the other evaluation metrics like recall, precision, F-
measure considered to evaluate performance of individual class. F1 score stands reliable when all classes 
supposed to be considered while designing the model. For a single class significance precision is highly 
preferable one. [6] Researcher Chawla et al. (2002) tried to resolve the problem of imbalance classes with the 
help of two different approaches where authors reduced the sample size of majority classes and raise the number 
of samples in the minor classes. [3] Author Y. Kamei et al. (2007) worked using SMOTE, under sampling, over 
sampling and deal with single class. Researchers balanced the classes and then apply tree base classification 
approach and neural network on the data set but found no significant improvement in the outcome while the 
other two algorithms namely logistic regression and linear discrimination analysis return improved results. [7] 
while balancing the record set SMOTE may introduced some noise, still it was observed by the researcher Y. 
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Mi et al. (2013) SVM (Support Vector Machines) gave outstanding results after implementation of SMOTE on 
the record set. [8] The similar study was performed by D. Thammasiria et al. (2013) were the SVM returned 
better results and proved that SMOTE is the right choice comparative to the other two approaches over 
sampling and under sampling. [1] L. Zhou et al. (2013) tired these techniques on different size of datasets and 
found that method must be selected based on sample size of training set, while the SMOTE is choice for large 
data sets. [2] Prabha Kadam and Girish Tere (2021) implemented SMOTE on dataset for multiclass 
classification and balanced the record sets to avoid bias in the outcome.[4][5] 

3. OBJECTIVE 
The objectives of proposed study are as follows – 

1. To study class balancing techniques to enhance prediction power of model. 

2. To perform comparative study of multiple model design using machine learning algorithms for 
classification of learners. 

3. To propose a near-to-precise prediction model to detect slow learners in computer science course. 

4. To evaluate performance of proposed model. 

4. METHODOLOGY 
The record set created by collecting records from first year completed undergraduate computer science students 
within Mumbai region. The 584 samples collected from survey using google platform and through progress 
report files. Total nineteen attributes used under the study in which the grades of the student from first semester 
and second semester subjects gets consider as well as the marks scored in the subject physics, mathematics and 
statistics, and English at higher secondary level also consider under the study. The questions like how many 
hours learner spend on self-study, does learner comes under earn while learn category, attendance for lectures in 
college also considered as one parameter for classifying learners. Other attributes like on time submission of 
assignments, projects and other class work, educational gap during course, and disability if any also treated as 
parameters for the classification problem. The distribution of samples in the three classes returns us 88 samples 
of type advance learners, 90 samples belong to slow learner class, while the remaining 406 samples treated as a 
part of the average learner class. 

The study was performed in three ways, first with the SMOTE as a technique to balance the class by generating 
synthetic samples, second by reducing the majority class to the level of minor class and the third case without 
applying any class balancing mechanism on the dataset. 

The 70-30 data split used for training and testing purpose. 

The approach in which minority class samples are being still as it is but majority class samples get selected 
randomly and class size reduced, also named as random under sampling. Due to this approach sample size 
reduced to the 264, every class hold 88 samples. Generating the sample is clever idea because while reducing to 
the lower-class may lose some information which can contributes towards prediction. In small size data sets 
every record matters a lot, such situation does not afford the down sampling. Synthetic Minority Oversampling 
Technique (SMOTE) generates sample points using the neighbourhood approach. 

The machine learning algorithms applied on the record set after the pre-processing are as below. 

Decision Tree: It is also known as structured classifier which generates rules for the classification of the 
instance from the data set. The graphical representation of the tree structure makes the learning process simple 
if the tree has small size. The major problem with this structure is overfitting but it can be handled by the 
hyperparameter tunning. 

Extra Tree: Extremely Randomized Tree Classifier, the approach in which forest generates using de-corelated 
decision trees. The number of trees to be generated can be controlled using the estimator parameter in the 
algorithm. The boot strap approach allows to reuse the samples from the dataset if value set to true. 

Random Forest: Multiple decision trees form a forest the same logic used for building this algorithm. The 
outcome is a combination of multiple decision trees from a random choice. The mean operation used to 
calculate the outcome allows to reduce the overfitting and returned the average accuracy. 

Bagging: Random sample selection make it famous. Meta estimator which fit on base classification algorithms 
using the randomly selected records. The voting and mean are the two techniques gives choice to the 
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programmer for final prediction calculation in this approach. The Decision Tree Classifier plays default role of 
base learner in the technique. 

AdaBoost: Boosting the accuracy of the algorithm is the main agenda of this method. Adaptive boosting is also 
combines multiple models to improve accuracy but weighted mechanism implemented in this approach makes it 
different than the other ensemble learning algorithms. 

5. RESULTS & CONCLUSION 
The result of tree base classifier namely Decision Tree (DT), Extra Tree (ET), Random Forest (RF) are given in 
the table 1. The table1 shows the outcome of the algorithms, where the classes balanced with the SMOTE in the 
pre-processing stage as well as the hyperparameter tunning also performed to reduce overfitting. The results 
shows that difference exist between the training accuracy and testing accuracy but model built using boosting 
technique with combination of random forest returned accuracy 97.16% was good compared to the other 
models. 

SMOTE 
 RF DT ET 

Boosting Training 
Accurac

y 

99.88 100 98.70 

 Testing 
Accurac

y 

97.16 94.89 93.75 

Bagging Training 
Accurac

y 

99.17 99.88 99.05 

 Testing 
Accurac

y 

96.02 96.59 92.61 

Algorith
m 

Training 
Accurac

y 

99.29 99.05 99.05 

 Testing 
Accurac

y 

96.59 94.32 92.61 

 

W_SMOTE 
 RF DT ET 

Boosting Training 
Accurac

y 

99.75 100 96.57 

 Testing 
Accurac

y 

96.02 91.48 86.93 

Bagging Training 
Accurac

y 

98.52 99.26 91.17 

 Testing 
Accurac

y 

96.59 95.45 90.34 

Algorith
m 

Training 
Accurac

y 

99.26 97.55 94.85 

 Testing 
Accurac

y 

96.02 91.48 92.05 

 

Table1. Results of Class balancer SMOTE on 
ML algorithms. 

 

Table 2. Results of ML algorithms without 
Class balancing. 

 

 

DOWN_SAMPLING 
 RF DT ET 

Boosting Training 
Accuracy 

98.9
1 

100 99.46 

 Testing 
Accuracy 

90 95 95 

Bagging Training 
Accuracy 

97.2
8 

99.46 98.37 

 Testing 
Accuracy 

95 93.75 96.25 

Algorith
m 

Training 
Accuracy 

98.9
1 

98.37 98.37 

 Testing 
Accuracy 

93.7
5 

92.50 95 
 

 

Table 3. Results of ML algorithms with under 
sampling 

Figure 1. Max Accuracy marked in the three 
approaches 
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The numbers in the Table 2 shows results of the machine learning techniques implemented on the data set 
without performing class balancing but with hyperparameter tunning. In this case bagging model with random 
forest as a base learner reached till mark of 96.59% accuracy. While the table 3 results obtained after down 
sampling the record set to the minor class. The results show the maximum accuracy in this case returned by the 
bagging Extra Tree 96.25%. 

 
Figure 2. Evaluation Matrix for SMOTE-BOOST(RF) 

Figure 2 shows the other evaluation metric for the model with highest accuracy 97.16%. The F1 score of the 
model for classifying average learner and advance learner is 98% while it reached till 92% for slow learner. 

The outcome from three different approaches implemented in the study clears that the class balancing is 
essential step in tree base algorithms to avoid bias. The oversampling using SMOTE helps to increase accuracy 
compared to the under-sampling approach. Hyper parameter tunning also contributes to avoiding overfitting. 

6.  FURTHER SCOPE 
This study will help faculties and college administrators for student’s classification. Mentoring of selected 
students will be easier and more specific in this scenario which will helps to improve program outcome and 
program specific outcome. There are multiple subject domains in the course and detailed study is possible for 
each domain. 
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Expert System for Sanskrit Grammar 
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1. ABSTRACT 
Today the computation tool provides an easy platform for learning difficult languages like Sanskrit effectively.  
This learning can be very helpful to students. An expert program is a comprehensive computer intelligence tool 
that tries to solve a problem. It has been gaining traction over the past decades because of the better integration 
sites available on personal computers. The goal of the study is to introduce an expert system that can find 
solutions to students' problems regarding translation, Sandhi classification, and interpreting images with 
Sanskrit alphabet sets. In this study, a Python-based expert system was designed and implemented. 

Keywords:  Expert system, Python, Sanskrit language, Translation, Sandhi 

2. INTRODUCTION 
Sanskrit language is the composition of religious texts like the Mahabharata and the Ramayana. Many modern-
day languages like English, Spanish, and Japanese, have accomplished greater positions in education but in this 
modern age Currently, Sanskrit is being regarded as a pure grammar and scientific language. Sanskrit is deeply 
rooted in our culture, and it is internationally acknowledged. This language gained a lot of popularity because of 
its philosophical features and influenced many Indian and Southeast Asian languages. In comparison with other 
languages, Sanskrit has the largest vocabulary and is able to convey the most meaning in the fewest words. To 
study this language, one requires calmness of mind, patience and devotion for the language. However,  expert 
systems are now developing as prevailing instruments in piloting a new period of universal revolution in 
modern education  for all types of progress in the society. The right tool to preserve and promote traditional 
Sanskrit studies is expert systems. Many schools adopted Sanskrit as an elective subject. AS well new education 
policies adopted Sanskrit language as compulsory subject in primary schools. While learning this language, 
learners get some difficulties like transliteration, Sandhi splitting etc. The study presents expert system that 
provides solutions for learners. 

3. LITERATURE REVIEW 
A previous study focused on Sanskrit grammar like machine-based transliteration, Sandhi Splitting, analysis of 
various language transliterations etc. These methods were described by various computational techniques. To 
translate any language into another, a transliteration tool is used. This tool was applied to translate the Sanskrit 
into Hindi language with the help of a rule-based approach. [9] Also same approach was applied to translate text 
with English and Sanskrit pair using speech recognition techniques [3]. This study [5] reported comparative 
study analysis on different translation services; rule-based, corpus-based, and direct for ML. Various Indian ML 
methodologies have been studied for Sanskrit languages [2]. The Corpus-based translation system was applied 
to translate Sanskrit and Hindi pair. [8]. Grammar terms in both English and Sanskrit, like nouns and verbs, 
were used. The whole structure for Rule-based translation and Example-based translation was described in 
detail for source and target language pair. [12] A Sandhi is a technique by which two or more words are joined 
together. Sandhi viccheda means splitting  words or sentences into its constituents. Using these techniques, the 
Bhagwat Geeta was split into words [1]. An algorithm based on panini’s complex codifications rules was used 
for sandhi formation using morphological analysis [11]. Rule based algorithm was used to sandhi viccheda for 
Hindi  compound words [10]. Object detection was classified objects and behaviours. All object detection 
techniques were categorized on based on shape, texture and motion.[13]. The applications of object detection 
have been summarized [14]. 

4. OBJECTIVES 
 Transliteration of English word to Sanskrit word 
 Sandhi Splitting 
 Describe image in Sanskrit language. 

5. DESIGN, IMPLEMENTATION AND RESULTS 

4.1 DESIGN 
A computerized expert system simulates the capability of humanoid experts to make decisions. Expert systems 
are designed to solve complex problems by reasoning based on a set of knowledge that is primarily expressed as 
rules rather than traditional procedural codes.  
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Fig. 1: Component of expert system 

1. User interface: Non expert users need this to learn how the expert system works and easily identify 
resolutions. Python language was used for this study to develop User interface. 

2. Inference Engine: Inference engine tries to match the condition (IF) part of each rule in knowledge base 
with facts currently available in the working memory. 

3. Knowledge base: The knowledge base in an expert system represents facts and rules. It contains knowledge 
in specific domains along with rules 5 in order to resolve problems, and form procedures that are relevant to the 
domain. 

4.2 METHODS OF DATA COLLECTION 
This study opted questionnaire method based on qualitative questions to get learners’ difficulties. 10 In this 
study 150 learner’s data were collected from different high schools of New Mumbai. This questionnaire consists 
of following questions: 

 Do you like Sanskrit languages? 

 Why have you selected Sanskrit language? 

 Do you need subject teacher or any special instructor to solve your Sanskrit language queries? 

 Can you easily describe the given picture in Sanskrit Language?(if no then specify your difficulties) 

 Can you easily translate Sanskrit word/sentences into other language? (If no then specify your difficulties) 

 Can you easily identify singular or plural word? (If no then specify your difficulties) 

 Can you easily make the word from Splitting letters 11 and vice versa? (If no then specify your difficulties) 

4.3 DATA ANALYSIS 
In this survey, most children had difficulties with translation, Sandhi Splitting, and Image description 9 in 
Sanskrit language. These difficulties were evaluated using Chi-Square hypothesis analysis. 

 
Fig. 2: Hypothesis Test Summary 
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A one-sample binomial test 1 was used to test hypotheses based on Sanskrit language difficulties and school 
factors. From the above summary table, 7 it can be seen that learners from different schools faced different 
difficulties like translation, finding the singular or plural word, image description, and Sandhi splitting. Expert 
system has developed after identifying the difficulties learners encounter with Sanskrit grammar. 

4.4 Proposed Expert System 
A Sanskrit grammar expert system developed by data analysis. Python programming is used for developing 
Expert System that having various advanced libraries and modules. This expert system consists of three 
modules: 

 Translation of English word into Sanskrit Word 
A script written in one language is converted into another is called as translation. In proposed work, this tool 
was developed to transliterate English into Sanskrit word. A dataset was designed that included English words 
along with their Sanskrit meanings. Following diagram shows working of transliteration. 

 
Fig. 3: Transliteration model 

The expected outcome of translation from English to Sanskrit is as follows: 

 
Fig. 4: Translation of English word into Sanskrit Word 

 Sandhi Splitting 
Sanskrit_parser is a Python module that supports three different uses of Sanskrit like morphological analysis of 
the word, word splitting, and syntactic analysis of the sentence. 

Sanskrit_parser is a python module that analyses Sanskrit  
grammar in three different ways: morphologically, by splitting words and by analyzing  syntactically. 
Sanskrit_parser module also splits the word. The expected outcome of Sandhi Splitting is as follows: 

 
Fig. 5: Sandhi Splitting 

 Describe image in Sanskrit language. 
This module was developed using the OpenCV library of python. Using an input image, the objdetect module of 
OpenCV used to detect the object and caption it in English. The expected outcome of detecting object is as 
follows: 
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Fig. 5: Detecting objects 

Using caption and result image, formed a small sentence in English and translated it to Sanskrit 

6. CONCLUSION 
The expert systems are increasingly used and seen as a powerful tool for solution of complex problems. Sanskrit 
grammar, one of the hardest aspects of the language, was addressed in this expert system using Python. This 
expert system was capable to translate English word into Sanskrit text, Sandhi splitting and identify objects of 
image and translate it in Sanskrit. Future work will include morphological analysis as well as translation of 
large sentence English into Sanskrit. 
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ABSTRACT 
This paper introduces Computational Social Choice, as a relatively new inter-discipline that emerged towards 
the end of 20th century. Computational Social Choice studies the problem of collective decision making, as 
originated in political science and economics, from the perspective of computer science. The paper starts by 
introducing the readers to the classical social choice theory, the problems it deals with and the axiomatic 
framework developed by Kenneth Arrow in the mid twentieth century that enabled a more rigorous 
mathematical analysis of various methods developed for computing social choice from individual preferences. It 
describes various voting methods to illustrate the non-triviality of seemingly simple social choice problems. 
Lastly it briefly describes why such social choice problems are relevant to computer science and computing 
systems, in particular the various applications of social choice methods and theory in engineering of computing 
systems & applications. Contrariwise, the contributions that computer science has made and can potentially 
make to the study of social choice problems in general, is also briefly described. 

Keywords: computational social choice, social choice, impossibility theorems, preference aggregation, voting 
rules, collective decision making, multi-agent systems, mechanism design. 

1. INTRODUCTION 
As rational, emotional, (may be also temperamental!) and also as active, deliberative individuals we all have our 
own subjective/objective preferences and choices.  We act upon these choices by taking into consideration the 
urgency and/or priority of our current needs vis a vis other needs pressing at the moment and also vis-a-vis, the 
availability of resources at our disposal for fulfilling such needs or wants. The study of such choice behavior at 
an individual level has been long established as a core part of a discipline called as behavioral economics. 
Behavioral Economics goes about analyzing the choice behavior of a complex, multi-dimensional human 
individual by abstracting the individual as simply a rational, self-interested agent who will always try to 
maximize his own utility in making his/her choices at every possible opportunity. This abstraction of a 
multidimensional complex human individual into a utility maximizing rational agent, no matter however 
simplified, has enabled the discipline to build a consistent theoretical framework around individual behavior 
facilitating analysis of individual choices to a limited extent under some restricted circumstances. 

When it comes to not a single individual but rather a society or collective of individuals, where although each 
individual might be again abstracted as a rational utility maximizing agent having his own preferences, however 
the ultimate choices that needs to be made are collective, then many more questions and considerations become 
important. Some of the pertinent ones can be articulated as follows: how should a society collectively, 
deliberatively go about making its choices, by giving due considerations to the preferences or choices of every 
individual member, so that the ultimate social choices agreed upon collectively is fair to all and representative 
of everybody's choices and preferences as well as efficient to decide upon? What are the various ways or 
mechanisms to come up with social choices/preferences from collection of individual choices/preferences? 
What properties should such mechanisms satisfy to ensure that the ultimate social choices that it has come up 
with is fair to all and representative of all the individual choices or preferences? If as individuals, we can make 
rational choices that is beneficial to us individually then can we safely take it for granted that as a society as a 
whole also we can always make socially rational choices benefiting not one or just a few but most if not all? Is 
such genuine social choice even possible? If yes, what are its limitations? If no, then are there any consolations 
or circumventions possible? 

Classical Social-Choice theory (particularly in its modern form) is a discipline which provides an elegant 
mathematical framework to the analysis and design of methods for such collective decision making. 

The rest of the paper is organized as follows: Section 2 introduces the reader to the fundamental concepts and 
methods that together form the main conceptual pillars of the classical social choice theory; section 3 explores 
various problems of collective choice addressed by social choice theory; section 4 illustrates impossibility 
theorems and other such paradoxes that emerge in coming up with rational social choice mechanisms; section 5 
deals with the constructive program initiated by Amartya Sen and others in overcoming the pessimism inherent 
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in impossibility results; section 6 introduces the reader to the enriching cross fertilization of ideas between 
social choice theory and computer science resulting in a new field known by the name of computational social 
choice; finally, section 7 concludes by summarizing the paper and alluding to the way forward. 

2. CLASSICAL SOCIAL CHOICE THEORY 
Social Choice implies talking about and deciding for society as a whole: the choices of society, made 
collectively by society, and for society's welfare as a whole (Sen, A., 1999).It involves talking and deciding at 
aggregate level not individual level.  For example, when we might want to talk usefully and rationally about 
“aggregate poverty” even though at individual level poverty might have too many diverse dimensions, 
“aggregate judgements” even though there might be variety of individual variations in individual judgement, 
“aggregate beliefs” or “aggregate preferences” of the society as a whole considering very different and diverse 
preferences at individual level. What are the reasonable ways to to construct such aggregate measures which 
gives due and fair consideration and representation to individual measures? The aggregate should not only be 
composed from the individual but also represent in a collectively fair and representative manner the choices 
which are in a true sense social choices, i.e. choices that can be justified as collectively rational and beneficial 
for the society as a whole without being unfair or as minimally and evenly unfair to almost all (Sen A, 1999). 

There are various scenarios where such social choice problems arise and some procedures for actually 
computing fair, representative and collectively beneficial social choices are relevant and required. Some of the 
important and popular social choice scenarios mentioned in the literature are: i) Preference Aggregation ii) 
Voting iii) Fair Division (Resource Allocation & Negotiation) iv) Judgement Aggregation & v) Belief Merging 
(Chevaleyre, Y., et al. 2007). Each of these social choice scenarios (i.e., social choice problems) will be 
explained in a little more detail along with its corresponding mathematical framework in the next section. 

3. PROBLEMS OF SOCIAL CHOICE 

A. Preference Aggregation:  
This is the most abstract and general social choice problem, which forms the basic building block to all other 
specific social choice problems like voting, fair-division, judgement-aggregation etc. This is so, because every 
other social choice scenario has in some form a requirement for preference aggregation. What is the specific 
meaning of preferences and how they are aggregated and what evaluative criteria is used to measure the fairness 
or reasonability of the aggregated social choice might differ? In this most general form of Preference 
Aggregation every agent’s preferences are represented as a complete and strict linear-order (also called as 
preference order). That is, every agent ranks the candidate alternatives from the most favored to the least 
favored. These individual preferences of all the (say) ‘n’ agents (now together called as preference profile of n 
agents) are aggregated somehow to generate a social preference order. 

Thus mathematically speaking preference aggregation is a function that maps every preference profile (from the 
domain of all possible preference profiles) to a particular social preference order (in the domain of all possible 
preference orders). To define preference aggregation in a mathematically elegant framework of Social Welfare 
Functions (SWFs) we need to first specify these general concepts we have seen in mathematically precise form: 

Let 𝐼 =  {1, . . . , 𝑛} denote the set of at least two or more individuals (sometimes labeled as voters or agents). 
Let 𝐴 denote the set of at least two or more alternatives (also labelled as candidates). Every individual 𝑖 
“entertains” preferences over alternatives in 𝐴. These individual preferences are usually represented by a 
transitive and complete ordinal preference relation denoted by ≽𝑖. If 𝑎 ≽𝑖 𝑏 and 𝑏 ≽𝑖 𝑐, then transitivity 
implies that 𝑎 ≽𝑖 𝑐. Whereas, completeness implies that any two alternatives are comparable. That is for any 
two alternatives 𝑎 and 𝑏 it holds that either 𝑎 ≽𝑖 𝑏 or 𝑏 ≽𝑖 𝑎, or both (Brandt, F., et al. 2012) 

Let 𝑅(𝐴) denote the set of all possible preference relations over the alternatives in 𝐴. Thus 𝑅(𝐴)𝑛, a Cartesian 
product of 𝑅(𝐴) n-times, would denote the set of all possible preference profiles, each profile being a tuple of 𝑛 
individual preference relations considering the population of 𝑛 individuals. Given this mathematical context, the 
preference aggregation can now be defined elegantly as a function, named as social welfare function that maps 
individual preference relations from the set 𝑅(𝐴)𝑛  to a social (or collective) preference relation in the set 𝑅(𝐴). 

Given the above mathematical setting, the mathematical definition of Social Welfare Function (SWF), which is 
nothing but a mathematical abstraction for preference aggregation, is as defined below (Brandt, F., et al. 2012). 

Social Welfare Function: A social welfare function (SWF) is a function 𝑓: 𝑅(𝐴)𝑛 → 𝑅(𝐴) 

SWFs are useful when one is interested in a “full social preference relation”; that is, given individual preference 
rankings over all alternatives one is interested in knowing social (or collective) rankings over all alternatives 
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that are socially rational and beneficial. But some time such full social preferences can give rise to certain 
paradoxes or there might be no way to arrive at rational and fair social preferences by any preference 
aggregation over individual preferences. [see section 2.2: Paradoxes and Impossibility Results in Social 
Choice]. 

In many cases applications are only interested to find a socially preferred alternative or may be a set of such 
socially preferred alternatives and not a complete collective ranking. The preference aggregation methods that 
provide socially preferred alternative(s) from individual preferences can be abstracted mathematically as social 
choice functions (SCFs). Social Choice Functions (SCFs) maps individual preferences along with a feasible 
sub-set of alternatives to a socially preferred set of alternatives, such that each one of the socially preferred 
alternatives will be from the considered feasible subset. Here let 𝐹(𝐴) denote the set of all possible feasible sets, 
which is in turn defined as the set of all non-empty subsets of A. The mathematical definition of an SCF can be 
given as: 

Social Choice Functions (SCFs): A Social Choice Function (SCF) is a function f: R(A)n  ×  F(A) →  F(A), such that, f(R, A) ⊆ A  for all R and A. 
B. Voting:  
We need some form of preference aggregation for any collective decision making task. But this is not enough, 
as ultimately there should be some way post preference-aggregation to bring about some concrete collective 
decision. The mathematical abstraction of preference aggregation with the corresponding elegant frameworks of 
Social Welfare Functions (SWFs) and Social Choice Functions (SCFs) has no doubt helped to provide Social 
Choice Theory with a strong mathematical and analytical foundations that aids to understand the possibilities 
and limitations of Social Choice. 

However, ultimately Social Choice can be usefully applied to reality by only such concrete social choice tools 
like voting, fair-division, judgement aggregation & belief-merging etc. Out of all these concrete social choice 
mechanisms, voting forms one of the most popular, essential and most studied such tools of collective decision 
making. In fact, one can say that the field of Social Choice theory was started by the pioneers like Marceus 
Condorcet and Borda, with the in-depth study and analysis of such voting procedures (or voting rules). 

There is an extensive variety of voting rules studied in the social choice literature. It is useful to start with the 
plurality rule as almost everyone in a democratic country holding parliamentary elections must be familiar with 
its working. The working of the plurality rule and Borda rule is explained next. Then we are going to see how 
voting rules can be categorized into certain classes (or families) of voting rules sharing some common 
properties or workings. In particular, we are going to see two important classes of voting rules, viz: 

a) (Positional) Scoring Rules and 

b) Condorcet Consistent Rules. 

For all the subsequent discussions on voting rules the assumption will be that there are 𝑛 number of voters (also 
called agents/individuals) and 𝑚 number of candidates (also called alternatives). 

 Plurality Rule and Borda Rule: In plurality rule every voter gives score of 1 to his most preferred candidate 
and score of zero to every other candidate in his preference ranking. (i.e., he votes for only his most 
preferred candidate). Every candidate’s final score is computed by summing the scores he gets from all the 
individual voters. The candidate with the maximum score is declared as the winner by the plurality rule. If 
there are ties, they are broken by some arbitrary tie-breaking rule. 

Borda rule is similar to Plurality in the sense that every voter gives a score to every candidate according to his 
rank in the preference order. However, in Borda rule instead of score 1, the most preferred candidate is given a 
score 𝑚 − 1, the next preferred candidate gets a score of 𝑚 − 2, and so on, so that the second least preferred 
candidate should get a score as 1 and his least preferred candidate would be given no score (i.e., a score of 𝑧𝑒𝑟𝑜) by every voter. 

 Majority Rule and The Condorcet Winner: In pairwise majority rule every two pairs of candidates are 
pitched against each other to compute a winner among them. The candidate who gets more votes in the pair 
is the winner among the pair. And the candidate who wins the most pairwise elections is the final winner 
according to the majority rule. 
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If there is a candidate which defeats every other candidate in pairwise elections, then such a candidate is called 
as the Condorcet Winner. Choosing a Condorcet Winner is significant according to Social Choice theorists as 
such Winner is defeating every other candidate and would be unique if there is one. However not all voting 
rules are capable of electing a Condorcet Winner even if such exists (Brandt, F., et al. 2012). 

Families of Voting Rules: In fact, many individual voting methods can be considered as part of a single family 
sharing common features with other voting rules in the family. Below we classify and describe, positional 
scoring rule, Condorcet consistent voting rules and other remaining rules as voting rule families: 

1. Positional Scoring Rules     
In fact both the Plurality rule and the Borda rule falls under the same family of Positional Scoring Rules. Every 
voting rule that is a Positional Scoring Rule has a pre-defined scoring vector 𝑠 =  (𝑠1, 𝑠2, . . .  , 𝑠𝑚), where 𝑠1, 𝑠2, . . .  , 𝑠𝑚 are scores such that 𝑠1 > 𝑠2 ≥ 𝑠3 ≥  . . . ≥  𝑠𝑚. A voter gives a score of 𝑠𝑖 to a candidate if he is 
ranked at position 𝑖 in his preference order. Every distinct positional scoring vector would give us a different 
voting rule under the family of Positional Scoring Rule. For instance, note that the scoring vector of Plurality 
rule is 𝑠 =  (1, 0, 0, … , 0), whereas the voters vote under Borda Rule, scores are according the scoring vector 𝑠∗  =  (𝑚 − 1, 𝑚 − 2, . . . , 1, 0), where 𝑚 denotes the total number of candidates. In addition to Plurality and 
Borda one additional voting rule in the class of Scoring Rules is the one called as Anti-Plurality Rule or also 
sometimes called as Veto Rule. Veto rule chooses all those candidates as winners who are Vetoed (least 
preferred) (given score zero) by minimum number of voters. The scoring vector for Veto rule is thus 𝑆 = (1,1,1, … , 1,0). 

The significance of Scoring Rules is that these are easy to compute voting rules and thus are widely used and 
secondly they are the only voting rules that are capable of simultaneously satisfying the properties of 
reinforcement, anonymity, neutrality (under some additional technical assumption). [Brandt Et al] One 
limitation of the class of Scoring Rules is that for every scoring rule there is a preference profile for which the 
rule is not able to choose a Condorcet Winner even if such winner exists. And since Social Choice theorists 
attach a lot of significance to Condorcet Winners if there is one the inability to select Condorcet Winner 
sometimes when one exists is considered as a major weakness of Scoring Rules as a class. 

2. Condorcet Extensions  
If a voting rule elects a Condorcet Winner whenever one exists the rule is known as a Condorcet extension. 
Copeland’s rule, Maximin, Dodgson’s rule, Young’s rule, etc., are voting rules which are Condorcet extensions. 
Whereas, plurality rule, STV, Borda rule are not Condorcet extensions, because they may not return a 
Condorcet winner even though it exists. 

3. Other Rules:  
STV and Bucklin’s Rule are some of the other rules which do not fit into either of the above two voting rule 
families. 

Voting Rules and Social Choice Functions (SCFs): In an abstract form all the voting rules can be seen special 
case of Social Choice Functions (SCFs) mapping set of all user’s/voter’s preferences and a feasible subset of 
alternatives to a sub-set of alternatives collectively chosen from the feasible set. The only special case being that 
the feasible set in this case is the universal set of all candidates C. Thus all the mathematical theorems in Social 
Choice Theory applicable to SCFs would also be directly applicable to all voting rules. (This is the advantage of 
the mathematical foundations underpinning Social Choice Theory). Nevertheless, because of certain subtle 
technical distinctions it is better to discriminate between SCFs and voting rules (see Brandt, F., et al. 2012). 
Therefore, a separate form of mathematical function is used to provide abstraction for a Voting Rule; this 
function is simply a mapping from the set of all preference profiles (R(C)n is the domain) to the set of all 
alternatives (F(C) is the codomain). The feasible sets are not considered in the domain for the mapping unlike in 
the SCFs. The definition of Voting Rule as a mathematical function follows: 

Voting Rules Functions: A voting rule is a function 𝑓: ℛ(𝐶𝑛) →  ℱ(𝐶). 
Fair division, resource allocation, judgement aggregation, belief merging, coalition formation etc., are some of 
the other concrete social choice problems amenable to similar formal analysis & design made possible by the 
classical axiomatic social choice framework. 

4. Impossibilities and Paradoxes in Social Choice 
Since 18th century when Borda and Condorcet the pioneers of social choice theory were starting to establish it 
as a separate discipline of study, they were motivated by the practical goal of constructing a 
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systematic,workable and predictable basis for making social choices; social choices that were rational, 
democratic and at the same time representative of divergent individual interests. However even at the theory 
level they soon became aware about certain paradoxes inherent in making rational, democratic, and 
representative social choices. [Amartya Sen, Nobel Lecture] 

For instance, Condorcet one of the founding fathers of Social Choice theory had pointed to a paradox where he 
had shown that aggregating individual preferences by majority rule into social preference ordering might 
sometimes lead to cycles in the social rankings. Thus for certain preference profile it might happen that 
alternative a is preferred over alternative b by a majority of voters, alternative b is preferred over alternative c 
again by a majority of voters, and then alternative c is preferred over alternative a also again by a majority 
leading to a cycle. So there is no rational social ranking of preferences possible in such a scenario. This paradox 
is popular in the social choice literature as Condorcet Paradox. 

With the publishing of the seminal Ph.D thesis of Kenneth Arrow in mid 20th century and particularly due to 
his seminal impossibility theorem in that monograph the initial tentative negativity about the possibility of 
rational social choice turned into almost a general cemented gloom about it’s very certain unworkability.[1951, 
Arrow] In its very essence what the Arrovian Impossibility Theorem (He had named it as ‘A General Possibility 
Theorem’) proves is that the only possible reasonable social welfare function is none other than dictatorship’. 
The reasonability of a SWF is judged by Arrow on the basis of the SWF satisfying the three basic axioms of 
reasonableness namely IIA, Pareto-Optimality and Non-Dictatorship. 

The three axioms in Arrovian Impossibility can be explained thus: IIA (Independence of Irrelevant 
Alternatives) essentially means that the social preferences between any alternatives should depend only upon 
their relative order in the individual preferences and should be independent of how other alternatives are ranked 
in the individual preferences; Pareto-Optimality requires that if all the individuals unanimously prefer 
alternative a over alternative b then the social ranking should also rank alternative a above alternative b; Non-
dictatorship implies that there should be no individual (a dictator) whose preference order is always getting 
reflected in the social order no matter what the other individual preferences are in the preference profile. All 
these three axioms seem very mild conditions of reasonableness indeed; therefore, because Arrow’s 
Impossibility Theorem essentially proves that there is no SWF which can satisfy even such mild basic 
conditions of reasonableness, hence the resulting gloom about the general unworkability of social 
choice.   Arrow’s Impossibility Theorem can be articulated mathematically, in terms of Social Welfare 
Functions, as under: 

Arrow’s Impossibility Theorem: (Arrow 1951) There exists no SWF that simultaneously satisfies IIA, Pareto-
optimality, and non-dictatorship whenever |U| >= 3. 

In addition to Arrovian Impossibility the other seminal impossibility result in the social choice literature is 
termed as Gibbard-Satterthwaite Impossibility Theorem [ref]. This theorem proves that every reasonable voting 
rule is vulnerable to strategic manipulation. Mathematically it is articulated in the following way: 

The Gibbard-Satterthwaite Impossibility: Every non-imposing, strategy-proof, resolute voting rule is 
dictatorial when |U| >= 3. (U denotes the finite set of all alternatives) 

There are a variety of other impossibility results that numerous other researchers have come up with. (Brandt, 
F., et al. 2012) gives a good survey of many other impossibility results pervading the classical social choice 
theory. 

5. Tackling Social Choice Impossibilities - Attempts at “Constructive Pessimism”! 
Amartya Sen, in his Nobel Lecture (Sen, A., 1999), points to pervasive gloom created by Arrow’s impossibility 
results. He however takes & underscores a need to take a constructive view of Arrow’s work. According to Sen, 
although Arrow’s work did uncover the theoretical impossibility of devising social choice procedures that 
satisfy even certain basic reasonable properties, nevertheless for the first time the field was put on a solid 
mathematical foundation. To put it in Sen’s own words: “[Arrow’s] diagnosis of a deep vulnerability in the 
subject overshadowed [his] immensely important constructive program of developing a systematic social choice 
theory that could actually work” 

Amartya Sen and others launched a program of “Constructive Pessimism” where by many scenarios were 
characterized in which expected majority decisions are indeed possible. 
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6. Computational Social Choice - An Interplay between CS/AI and Social Choice 
Computational Social Choice is not just an amalgamation of computer science and social choice disciplines. Its 
far richer than that. Other allied disciplines or sub-disciplines of computer science & economics that includes: 
game theory, operations research, artificial intelligence, machine learning, social network analysis, multi-agent 
systems, mechanism design etc., are also part of the mix.  However, we won’t go into the specifics of the 
individual contributions made by these disciplines to social choice and vice versa. We will focus on broad-
stroke interplay between computer science and social choice. For getting acquainted with the richer tapestry that 
computational social choice truly is, you may refer to [Xia, L., 2013; Aziz, H., et al. 2019; Procaccia, A.D., 
2015; Shoham, Y., 2008; Brandt, F., et al. 2012]. 

Below we describe the interrelationship that has emerged between social choice theory and computer science by 
highlighting the role they play and the contributions they have made to each other. 

A. Social Choice Theories’ Contributions to Computer Science 
Around the last decade of 20th century, i.e., in the 1990s the relevance of social choice theory to computer 
science and applications domain became apparent. In particular, if a software system can be thought of as 
consisting of a society of autonomous software agents, each with their own individual objectives, capabilities, 
and each having partial information about the system, then in order to arrive at a collective decision or achieve a 
system level goal, the analytical framework of social choice theory becomes relevant. Even certain computer 
science applications/problems like Internet Search and Recommendation Engines can be looked or reformulated 
as social choice problems, allowing insights helpful in design and implementation of corresponding solutions. 

1. Internet Search as a Social Choice Problem: Internet search, based on webpage ranking, particularly 
Google’s page rank algorithm can be thought of as a voting procedure where the voters also double up as 
candidates. Both come from the population of web-pages that are to be ranked. A web-page cited most by 
other web-pages come up in the ranking. Other related problem, that of meta search, where the web-page 
ranking of different search engines are aggregated into a consolidated ranking, is nothing but a sort of 
preference aggregation. The axiomatic framework of classical social choice theory can aid the analysis and 
design of such Internet Search problems. 

2. Recommendation Engines as Social Choice Computers: Recommendation engines recommend products 
to customers depending upon the past buying profile of the customer as well as product preferences of other 
customers. This approach, commonly known as collaborative filtering can be cast as Social Choice 
procedures. Thus, the theoretical framework of axiomatic social choice theory can be a useful aid in 
designing recommendation algorithms. 

3. Collective Decision Making & Resource Allocation in Multi-Agent Systems: Multi-Agent Systems are 
nothing but a society of autonomous software agents. Thus, the analytical framework of social choice 
theory is directly applicable to the collective decision making & resource allocation needed in such Multi-
Agent Systems. 

B. Computer Science’s Contributions to Social Choice Theory. 
Computer Science has contributed to Social Choice Theory mainly by providing it with algorithmic analysis of 
various preference aggregation and other social choice procedures. An important result to take note of is about 
the computational hardness of strategic manipulation in Dodgson’s Voting rule. So although the Gibbard-
Satterthwaite Impossibility, a mathematical result from social choice theory that we described above tells us that 
every non-dictatorial voting rule is vulnerable to strategic manipulation, computer science tells us that 
sometimes it can be computationally hard.  Such algorithmic analysis, particularly the tools of complexity 
theory from computer science is helping social choice theorists in designing social choice procedures which 
although are mathematically vulnerable to undesirable properties, computationally the actual emergence of 
these properties will be infeasible. 

7. CONCLUSION 
Social choice theory originated in political science and economics as an area of study dealing with 
systematically and rationally aggregating individual preferences into socially preferences, such that it reflects 
the individual preferences in a fair and rational manner. Although social choice problems, in the form of voting 
rules are studied since ancient times, the birth of its modern axiomatic mathematical form took place in 1950’s 
with Kenneth Arrow’s seminal PhD thesis. Although Arrow described a rather gloomy Impossibility Theorem 
in that thesis, pinpointing in a formally sound manner the impossibility of any voting procedure that satisfies 
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even simple desirable properties, further work by Amartya Sen and others built upon his work proving certain 
optimistic results under relaxation of certain constraints. 

This paper introduced the axiomatic mathematical framework of social choice theory, the main mathematical 
results that included Arrow’s seminal Impossibility Theorem and another Gibbard-Satterthwaite Impossibility 
result. It also briefly explained various voting rules along with the concept of Condorcet Winner. 

Lastly the paper introduced Computational Social Choice as an interplay between Computer Science and Social 
Choice. The relevance of Social Choice theory to Computing Systems and Applications and contrariwise the 
contributions of Computer Science methods to Social Choice problems was highlighted. 
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ABSTRACT 
After complete improvement in three-D era, content material on screen and projector wants to be enhance 
thinking about the digital truth and want of three-D era to simulate a couple of modelling. A Virtual Reality 
System approach should be evolved for digital area alignment in VR aided show structures. Correspondence 
among Display and three-D version is primarily based totally at the dimensional attributes and the geometric 
relationships among them. An easy Head Tracking System can shape Virtual Reality System on Non-Immersive 
Approach. 

Indexterm:  Virtual Reality (VR), Relative VR, Virtual Window VR, Fish tank VR 

1. INTRODUCTION 
The medical visualization network wants to makes use of digital truth show structures that simplify new 
visualization and interplay techniques. Determining the Advantages of various VR show structures for 
exceptional packages and obligations is accordingly crucial for growing powerful visualization equipment in 
addition to new displays. Further Virtual Reality System Can be categorized as below 

Non-immersive (desktop) systems: Non-immersive structures, as the connection suggests, are the least 
immersive application of VR technologies. Using a laptop computer, digital environments (VEs) are viewed 
through a portal or window with the help of a modern, high-resolution display. 

Semi-Immersive Projection Systems: Semi-immersive structures are a rather new implementation of VR era and 
borrow appreciably from technology evolved withinside the flight simulation field. A semi-immersive device 
will include a rather excessive overall performance portraits computing device which may be coupled with both 
a massive display screen projector device, a couple of tv projection structures. Fully Immersive Head-Mounted 
Display Systems: All completely immersive structures will provide an experience of presence that can't be 
equalled with the aid of using the alternative techniques discussed earlier, however the experience of immersion 
relies upon on numerous parameters such as the sector of view of the HMD, the decision, the replace rate, and 
comparison and illumination of the show. 

Though completely immersive and Semi Immersive Display offer excessive practicality nevertheless a chunk 
impractical in Real international software. 

In Non-Immersive show using polarized mild manipulated show do now no longer provide real impact of three-
D. So, some other manner to enforce digital truth on Non-Immersive show is enforce digital truth device. Most 
Sophisticated method use with the aid of using digital truth device developer is to apply head monitoring with 
the aid of using Real- time infrared sensor or video enter device. In video video games and digital environments 
(VEs), visible views are commonly to be had to the users: A first- individual perspective (1PP) additionally 
referred to as first individual shooter wherein the digital digicam is withinside the role of the avatar’s eye 
referred to as Point of View and a third-individual perspective (3PP) [4] wherein the digital digicam follows the 
avatar with an adjustable distance and attitude of view more often than not use in Car Racing Games. The 
utilization of 3PP has turn out to be a subject of hobby due to its technological effect withinside the society, 
e.g., greater therapists and clinical professionals are the use of digital truth for rehabilitation. [4] 

This additionally extends to artists like Marc Owens who appears to were stimulated with the aid of using our 
first 3PP prototype. [1] 

2. PREVIOUS WORK 
It is tough to categorize all VR structures, this paper separates them primarily based totally on their 
implementation on non-immersive show era: 

Projection-primarily based totally VR structures (CAVE VR) (e.g., CAVE [Cruz-Neira et al. 1993] or 
workbench [Kreuger et al. 1995]) [2]. 

Window VR (E.g., Image motion VR Second implementation) 
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Fully portable and screen-based virtual reality structures (e.g., virtual reality in aquarium [Weir et al. 1993]). 
Visualization researchers are increasingly using virtual reality interfaces to build packages for field scientists to 
view 3D medical records using a variety of visualization techniques [Hansen and Johnson [2004]. However, 
there are currently few indications about what type of projector to use, in particular, based entirely on evidence 
from both qualitative and quantitative analysis. This can cause optimization of packages whose design will not 
use the simplest device to address the problem of the world of the region. 

CAVE VR [Cave automatic Virtual Environment] 
Cruz-Neira proposed the device of setting the display screen across the person and projecting person photograph 
synchronising show growing the view. System is flawlessly relevant for designing a flight and riding simulator 
[4]. 

But for regular use the device nevertheless impractical. However research have as compared exceptional VR 
device and conference monoscopic show, this device have greater studies than any digital truth device. Also this 
device is applied on Airbus simulator to F1 simulator for training. 

Window VR 
Window Virtual truth his applied with the aid of using sure set of screen. Instead of imposing direct window 
makes use of mouse API to enforce visible notion for digital truth. Using a few fashionable the consequences of 
an empirical study, Many Developer evolved such hints for the selection of show surroundings for especially for 
laptop device. 

And the time of imposing the device with head monitoring theories window vr the complete extent of display 
screen vicinity been decided on and create the visible notion of window. It makes use of mouse API to carry out 
opposite operation at the show vicinity in step with the person head. [3] 

Fish tank VR 
In fish tank, all of the visible notion is just like window VR however intensity of the display screen is restricted 
with the aid of using simple parallel to the display screen edge. The digital truth may be applied in that element 
with the aid of using setting item among 4 plains [fig. 2] 

Difference among the CAVE, Fish tank and Window Virtual Reality 

Each of the three-D version applied withinside the portraits have person specific function defining their very 
own residences in fig three (a) simply easy item on with none heritage however if we examine version with 
different 3 it offers greater visible notion. 

If fig. three is area on 3 separate display screens with setting item at the center display screen with out head 
monitoring it provide three-dimensional visible notion of item in centre of display screen. 

Fig3 (c) offers instance of window VR in which intensity of the display screen measurement is undefined. 

Where fig three (d) is greater of Fish tank Virtual Reality in which intensity measurement is restricted with the 
aid of using the white cord frame. [3] 

Head Tracking relies upon on Perceptual Computing digital digicam is designed to be installed on pinnacle of 
the screen. Design your software assuming that that is the area of the digital digicam. 

The digital digicam is generally pointed on the consumer such that the consumer’s head and the higher part of 
the consumer’s torso are in view. For a huge table hooked up display, the digital digicam top might be in spite 
of the pinnacle of the consumer’s head, orientated to appearance down on the consumer. For a software ought to 
assist those exceptional digital digicam configurations to enforce Head Tracking. [3] 

There are many viable answers to be had to enforce Head monitoring with everyday digital digicam together 
with Free Track, TrackIR, FreeTrackNoIR etc. 

3. PROPOSED SYSTEM 
Proposed system is based on the window VR using non-immersive display 

Defining X axis along passing through both ears 

Defining Y axis along passing through Neck and Top of the head 

Defining Z axis along passing through Nose and Back of the head 
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Pitch moment will be defined as rotational moment along X axis 

Yaw moment will be defined as rotational moment along Y axis 

Roll moment will be defined as rotational moment along Z axis 

User can follow development of following flow chart 

It’s a continuous recursive system and has no end point. It requires manual user intervention to put it in halt. 

 

4. CONCLUSION 
This paper has provided a digital digicam primarily based totally approach and Wii mote primarily based totally 
for interacting withinside the digital environments. The Algorithm is primarily based totally on deciding on and 
monitoring distinguished nook capabilities from the surroundings (without predefining them), and generates 
relative orientation and zooming parameters. The consumer takes a look at has found out that in spite of the 
approximate relative movement monitoring, it exhibited as a minimum promising (thinking about the 
fantastically low quantity of topics) overall performance advantage and desire over the same old button 
primarily based totally interface. 

This affiliation is in particular powerful due to the fantastically small visible display. There are many feasible 
programs of together with surfing and interacting in fantastically huge digital environments (e.g. game) or with 
such digital items (e.g. lengthy hierarchical menus or huge documents). [4] Our device works fairly properly in 
static surroundings, however because of the character of the characteristic choice set of rules, now no longer so 
properly in very dynamic (speedy moving) or plain (no nook capabilities) environments (e.g. in vehicle with the 
digital digicam confronted outside). And the zooming component is handiest an approximate to that of the 
actual international scale. We are persevering with to enhance the set of rules and would love to analyse how 
the inexact in shape among the quantities of motion among the actual and digital international influences the 
consumer overall performance and presence. 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

176 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

This paper additionally lacks enough quantity of topics and we're presently including extra difficulty data. 

5. FUTURE WORK 
The mapping withinside the set of rules is geometric consist described rules thinking about the surroundings and 
item and outside surrounding. Implementing real truth with VR device require perception like first individual or 
individual belief and the way it connect to applied set of rules. 

It is vital assignment to create getting to know mapping which in addition define the significance of Computer 
in addition to human imaginative and prescient to interact with every different. 

It is likewise query of getting to know and version improvement strategies which in addition may be evolved 
thinking about this layout with a sure platform to layout and broaden this method for enforcing real belief of 
human consumer to collaborate a particular software. Algorithm makes use of the API which encompass Mouse 
appearance characteristic mainly use in first individual shooter video games which have to evolved at consumer 
facet thinking about the globalized answer for set of rules. 

Considering the primary drawback of monitoring handiest one head or individual, set of rules Perform invalid 
operation if different individual comes into focus. 
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ABSTRACT 
Sentiment Analysis is a subset of Natural Language Processing (NLP), a subject of Computer Science more 
particularly, Artificial Intelligence concerned with teaching machines/computers to understand text and spoken 
words in the same manner that humans can. Computational linguistics which is rule-based human language 
modeling with statistical, machine learning, and deep learning techniques in NLP. When these technologies 
combine, a great technology gets introduces which allows computers to process human language which can be 
in the form of text or speech data and interpret the full meaning, including the speakers or writer's intent and 
sentiment. 

Keywords: computational linguistics, machine learning, analysis, sentiment, NLP, Deep Learning. 

I .INTRODUCTION 
The ability of computer software to understand the spoken and written human language, often known as natural 
language is called as Natural language processing. It's a part of artificial intelligence. 

NLP is into linguistic more than 50 years some applications are medical research, search engines, and corporate 
intelligence. 

II.Importance of Natural language processing 
In the fast-growing world huge amount of data is generated in every faction of seconds. This data is in 
structured as well as in unstructured format. This data can be used in decision making. Most of the businesses 
are not able to process this data .Here the need for Natural Language Processing arises. 

When evaluating the following two sentences NLP shows its value: "Cloud computing insurance should be 
included in every service-level agreement," and "A good SLA provides a better night's sleep even in the cloud." 
If a user searches using NLP the software will consider cloud computing as a distinct entity, cloud as an 
abbreviated form of cloud computing, where SLA as an acronym for service-level agreement in the business. 
These are the kinds of ambiguous features that regularly arise in human language and which machine learning 
algorithms have struggled to interpret in the past. Algorithms can now successfully comprehend them thanks to 
advancements in deep learning and machine learning technologies. These enhancements increase the amount 
and variety of data that can be studied. 

III. Working of Natural Language Processing 
Using NLP computers can understand natural language in the same way that people do. AI uses NLP to capture 
and understand the input from real world and then process it and then convert it into valid format which can be 
understand by computer. Just like human have a variety of sense, computers have a software to do the same. 
Computer have intelligent programs and microphones to collect and process various inputs. Data preprocessing 
and algorithm development are the two main stages of Natural Language Processing (NLP). 

A) Data pre-processing Preliminary data processing involves processing and cleaning text data so that machine 
can process it. Below are the methods to steps for data processing: 

1) Tokenization. It is the process of splitting a sentence into chunks or tokens. 

2) Stop removing words. Stop words are the words which are present in the sentence but doesn’t contribute 
value to the natural language processing algorithms. These words are removed from the sentence using 
predefined libraries. 

3) Stemming and lemmatization. These are the used to obtain the root meaning of the word where stemming 
cuts down letters and lemmatization derives root word using dictionary. 

4) Part-of-speech tagging to understand the meaning of sentence it is necessary to labialize the words based on 
part of speech nouns, verbs, and adjectives. 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

178 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

B) An algorithm is used to process the data once it has been pre-processed. There are a plenty of natural 
language processing methods are available, however below are the two most widely used: 

a) System based on rules. This system employs language rules that have been carefully crafted. This method 
was employed in the early stages of natural language processing and is still used today. 

b) A system based on machine learning. 
Various statistical approaches are used in ML algorithms. This system processes the given data and get trained 
based on the data. The more the data is processed the system gets trained accurately on given dataset. NLP 
based system develop its own rules and improves it through repeated analysis  . 

IV.Techniques of natural language processing 
Syntax and semantic analysis are the two primary strategies used in natural language processing. 

Syntax is the way of organizing words in a phrase so that they make grammatical sense. Using syntax and 
grammatical rules, NLP examines the meaning of a language. The following are examples of syntax techniques 

Parsing: Parsing is the process of analyzing the grammar of a sentence. As an example, the text "The dog 
barked" is sent to NLP based system. The process of breaking down a sentence into its basic parts of speech, 
such as dog is noun and barked is categorized into verb, is known as parsing. This is advantageous for 
operations that necessitate more sophisticated downstream processing. 

Word Segmentation: The process of extracting word forms from a string of text is known as derivation. For 
example, a user scans a written document into a computer. The application would have been able to scan the 
page for white spaces between the text and detect them. All lines relating to the author and association should 
be highlighted. 

Sentence Breaking: This generates sentence borders in long texts. For example, the text is given into a natural 
language system "A bark came from the dog. I became more conscious of my surroundings." The application 
can predict how long a period is used to break up sentences when sentence breaking is utilized. 

Morphological segmentation: This breaks words down into morphemes, which are smaller units. The word 
untestably, can be broken down into [[un[[test]able]] ly, with the morphemes "un," "test," "able," and "ly" 
recognized by the algorithm. In speech recognition and machine translation, this is critical. 

Stemming: This divides words into its root forms. For e.g. in the line "The dog barked," the algorithm would 
have been able to detect that the root word "barked" is "bark." Stemming is useful if a user was seeking for all 
instances of the phrase bark, as well as all of its conjugations. Despite the differences in letters, the algorithm 
recognizes that they are essentially the same phrase. 

Semantics is the study of the meanings of words and how they are used. In NLP, algorithms are used to learn 
the meaning and structure of sentences. Techniques used in semantics include: 

1) Word sense disambiguation 
This methodology employs context to derive the meaning of a word. Example: consider a phrase "The pig is in 
the pen." The term "pen" has a variety of meanings. This approach allows an algorithm to figure out that the 
term "pen" refers to a region rather than a writing pen. 

2) Named entity recognition: 
This determines which words can be combined. Using the semantics of the text, it would be able to discern 
between visually similar items. For example, the system might recognize the two "McDonald's" in the sentence 
"Daniel McDonald's son went to McDonald's and ordered a Happy Meal" as two distinct things — one a 
restaurant and the other a person. 

3) Natural language generation: 
A dictionary/database is used to determine the semantics of words, and new text is generated. For example, an 
algorithm may automatically write a summary of findings from a business intelligence platform. Another 
example is automatically making news items or tweets from a corpus of content used for training. 

V. LITERATURE REVIEW 
16,000 tweets were rated as racist, sexist, or neither by researchers. According to the findings, some of the deep 
learning algorithms are more effective than conventional “n-gram” methods in detecting hate speech.[1] 
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There are two main ways to obtain a lexicon: creation (often using crowdsourced annotators) or derivation from 
a preexisting annotated corpus. To improve lexicon the researchers test whether simple techniques like 
document filtering, frequency cut-off, and text pre-processing were used [2] 

The researchers collected a total of 6,800 tweets in their dataset. The tweets were then labelled based on 
sentiment by nine annotators using a five-point scale. This data includes the demographic groups of those who 
posted the tweets (gender, age, education, income, religious background, and political ideology). This dataset 
includes not only Twitter posts, but also detailed information about each poster. Furthermore, this is one of the 
first studies to investigate how modelling vulgar words can improve sentiment analysis performance. [3] 

The Joef Stefan Institute's researchers analysed a huge dataset of sentiment-annotated tweets which is in 
multiple languages. Multiple automatic sentiment classification models were created by team using these 
annotated tweets as training data. Their experiments gives fascinating results, including the fact that there is no 
statistically significant difference is observed between the performance of the top classification models and the 
overall accuracy of the others.[4] 

Dynabench: Multimodal Emotion Lines Dataset (MELD) contains 13,000 voice messages from 1,433 
dialogues from the hit television show “Friends”. Each voice messages has been labelled with emotion with its 
sentiment. The researchers derived a model for sentiment recognition in dialogues between two or more than 
two speakers using this dataset. [5] 

Attention is a popular mechanism in neural architectures and has been realised in a variety of formats. However, 
due to the rapid advancements in this field, a systematic overview of attention is still lacking. This paper defines 
a unified model for attention architectures in NLP, with a focus on those designed to work with textual vector 
representations. [6] 

VI. RESEARCH DESIGN 
In this project, Reseacher timplement a College Review sentiment analysis model that helps to overcome the 
challenges of identifying the sentiments of the College Review. The dataset provided is the Sentiment Analysis 
Dataset which consists of 27480 statements and their sentiment in positive negative and neutral category. 

MODEL BUILDING  
The various steps involved in Model Building are: 
 Import Dependencies 

 Read and Load the Dataset 

 Exploratory Data Analysis 

 Data Preprocessing 

 Splitting our data into Train and Test Subset 

 Model Building 

 Function for Model Evaluation 

 Prediction 

Step-1: Import Dependencies 

 

Step-2: Read and Load the Dataset 
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Step-3: Exploratory Data Analysis 

 
Following that, the punctuations were cleaned and removed, reducing the dataset's unnecessary noise. So after 
that, we removed the repeating characters from the words, as well as the URLs, since they are of no impact. 

Step 4: Data Preprocessing 

 
Step-5: Splitting our data into Train and Test Subset 

 
Step-6: Model Building 

 
Step-7:Model Evaluation 

 

Step-8:Prediction 
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VII.Implementation 
The UI is developed using flask where user has provision to give input via excel file. 

 
User can select particular file which contains the data 

 
After that user submit the file and our analyzer will give output which contains sentiment of the statements 
provided in input file 

 

 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

182 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

VIII. CONCLUSION 
Our Project is Classifying the Student Review into Three Class 1. Positive 2. Negative and 3. Neutral. 

We can conclude the following details after evaluating all of the Models: 

Accuracy: In terms of model accuracy, the LSTM outperforms the SVM. As a result, we conclude that the 
LSTM is the best model for the aforementioned dataset. 
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ABSTRACT 
Nowadays, social media sites are becoming increasingly popular among teenagers and young people, but they 
also create major security threats, so all users should exercise caution. Social networking sites are becoming 
more prevalent in our daily lives. For some, it has become as natural as breathing. 

Because they are based on the concept of traditional social networks, where users can interact with new 
individuals through people they already know, social websites are sometimes known as "friend-of-a-friend" 
networks. The objective of a few social sites may be purely social, ie. Such sites are more focused on 
establishing users' social relationships while others may concentrate on enterprise connections. Millions of 
people throughout the world use their mobile phones, apps, and online sites to access social media sites. 
According to statistics given by the renowned networking social site, Facebook has approximately 2800 million 
active users, Whatsapp has 1500 million active users, Linkedin and Telegram have 760 million and 400 million 
active users respectively whereas Twitter has 330 million registered users, and Snapchat has 265 million active 
users. 

Furthermore, the same technologies that encourage user participation make it easier for malware, such as worms 
that can be closed down corporate networks system or spyware and keyloggers that steal corporate data, to 
infect users. Employees can also mistakenly "leak" confidential firm information by posting images, videos, and 
audio recordings to sites. 

Keywords: Threats, Defense, Firewall, Intrusion Detection, Anti-Malicious-Software systems, Vulnerability, 
Internet Service Provider, Multi-Factor Authentication, Cryptosystem. 

Threats: Threats and risks abound, including some that are more threatening than others. Viruses that wipe out 
your overall system, someone getting into your device and altering files, someone using your computer to attack 
others, or even someone grabbing your credit card information and using it to make illicit purchases are all 
examples of these risks. Even with the best precautions, there's no guarantee that any of these incidents won't 
happen to you, although there are things you can do to minimize your risks. 

Defense: Recognizing the hazards and learning some of the terminology connected with them will be the first 
step in protecting yourself. 

 Hacker, attacker, or intruder 

 Malicious code, Vulnerability 

To preserve the integrity of an enterprise's data resources, the defense uses different security countermeasures in 
a coordinated manner. Malicious hackers' attempts are less likely to succeed when defense in depth is used. This 
type of approach can also help network managers and security personnel detect those who try to break into a 
computer, server, internal network, or (ISP) Internet service provider. 

Social Networking – Threats and Defense: 
When sharing information on the web, people must be aware of the hazards and cautious about what 
they disclose and with whom. 

Threat actors may exploit social media platforms to spread malicious code, infect a user's computer, or obtain 
personal information such as the identity of the user, address, contact info, and personal or business 
relationships. Certain actions may also unintentionally provide information to third parties. Some of the most 
prevalent risks to social networking sites are listed here. 

Viruses: Social media platforms are an excellent target for cyber criminals wanting to make the biggest effect 
with the minimum of effort because of their widespread use. By creating a virus, inserting it in a webpage or a 
3rd party, and then relying on individuals to transmit the dangerous links to their friends, an attacker can easily 
infect millions of computers. A virus can be transmitted by email attachments, corrupted files on floppy discs or 
CD-ROMs, or by exploiting a security hole in Microsoft Windows. 
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1. Defense: 
 Maintain good anti-virus, anti-spyware, and firewall software by installing and updating them on a regular 

basis. 

 Emails, advertisements, newsletters, and other forms of communication are used to raise awareness and 
educate people. 

 Downloading software from unreliable web pages or other sources is not a good idea. 

 Never run a .exe file that you haven't received from someone you don't know. 

 Ensure that all software patches are installed and current. 

 Have an outside team check the source code for backdoors 

 Maintain the most recent version of your operating system. 

 Increase the security settings on your browser. 

 Avoid visiting any shady websites. 

 Only download software from reputable sites. Before you download free software or file-sharing 
applications, give them a thorough examination. 

2. Tools: To gain access to a customer's profile, cybercriminals may employ tools. The attacker has access to 
the user's personal information as well as the information of any contacts with whom the user has shared 
their information. If an attacker gains a login to a customer's profile, they can impersonate them and submit 
harmful content. 

3. Defense: 

 Download and install an Internet Security software suite, such as Norton Internet Security, which includes 
anti-spyware, anti-virus, and firewall protection. 

 Before you surf the Internet or download email, make sure your Internet Security suite is up to date. 

 If you've disabled Windows Automatic Updates, manually check for crucial updates from Microsoft 
Windows. 

 Back up your critical files on a regular basis. As a general guideline, the more significant the information is 
and the more often it changes or is added to, the more frequent the backups should be. 

 Never use a computer to access a website that contains your credit card or bank account information unless 
you are certain that the computer is virus-free. 

 Examine your credit card and bank statements on a regular basis. 

 Keep a close eye on demands for predatory conduct from online "friends" or acquaintances. 

 If you agree to meet an internet "friend" or acquaintance in person, be extremely cautious. 

4. Social Engineering Attacks: Threat actors could send an e - mail or make a post that appears to be from a 
trusted social media website or user. The message could contain a fake URL or an asking for personal 
information. If you follow the advice, you risk revealing sensitive information or risking the security of 
your system. 

5. Defense: 
 Never hand out personal information to someone you haven't verified through a third party. Internet searches 

can occasionally yield further information. 

 User education via a portal, email newsletters, and customer meetings, among other things. 

 Never give out your email address on a website that is unfamiliar to you. 

6. Identity theft: 
Threat actors might be able to gather adequate personally identifiable information from social media platforms 
to impersonate yourself or one of your friends. Threat actors may be able to deduce the answers to log-in or 
password reminder inquiries for mail, debit card, or banking information using just a few pieces of personal 
data. 
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7. Defense: 
 Passwords that are extremely strong 

 SSL (Secure Sockets Layer ) 

 Clear Screen / Desk Policy 

 Effective Anti Spyware and virus 

 Alertness 

8. Third-party applications: Users may be able to add third-party apps, such as games and surveys, to some 
social networking services to provide extra features. Use caution when using these apps; even if they don't 
include harmful code, they may gain access to your profile information without your knowledge. 

Defense: 
 Don't give out your email address on dubious websites 

 Use anti-spam filtering software 

 Computer security 

 User education 

 Spam detection and blocking 

 Always download software from reputable sources. While installing free software or data 
sharing applications, give them a thorough evaluation. 

Follow Good Practices 
Social networking platforms come with their own set of hazards, which you can mitigate by following basic 
security procedures. 

1. Make sure your privacy and security settings are strong. 
2. Third-party services that are suspicious should be avoided. 
3. Everything should be treated as if it were public. 
4. Only share with those you know. 
5. Keep the quantity of personal information you share to a minimum. 
6. Remember that the world wide web is a public resource. 
7. Strangers should be avoided as much as possible. 
8. Keep an open mind. 
9. Examine your options. 
10. Third-party Programmes should be avoided at all costs. 
11. Make use of strong passwords. 
12. Make sure to read the terms of service. 
13. Keep your software up to date, especially your web browser. 
14. Anti-virus software should be used and kept up to date. 

Basic Security Model: 
The core security paradigm consists of cryptographic techniques, gateways, (AMS software) anti-malicious 
software systems, and (IDS) intrusion detection systems. 
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 Infrastructure for Network Security (SSL, Firewall, NIPS, HIPS with Good AV and Anti Spyware on the 
server and gateway) 

 Firewall for Web Applications 

 Server Vulnerability Analysis and Penetration Testing should be performed on a regular basis. 

 Multi Factor Authentication 

2020’s Top Security Threats to Social Networking Sites: (Source - ScienceDirect) 

 

• Cyber security threats, like the coronavirus pandemic, will happen on a worldwide scale every few seconds 
in 2020. 

• Cyber safety similar to how the coronavirus spreads from individual to individual, malware can spread fast 
from device to device and network to network.  

• Cyber-attacks, like the recent coronavirus epidemic, have the potential to put you out of business. 

There are various cyber security threats businesses face in 2020: 
• Phishing attacks: phishing scams frequently employ social engineering to get login information for both on-

campus as well as cloud-based attacks. 

• Remote worker endpoint security: remote workers commonly work without network security protection, 
which means they're missing out on an important part of multilayer cyber defence. 

• Iot devices: it's difficult to keep up with the rapid growth of new iot devices while developing cyber security 
solutions. 

• Sophisticated and targeted ransomware attacks: a single ransomware attack can do significant damage to 
small and midsize businesses, resulting in costly downtime and recovery costs. 

• Deep fakes: when artificial intelligence (ai) and machine learning are used to alter a current photograph or 
video of a person to portray an incident that didn't happen, it is referred to as a deep fake. 

• Mobile malware: mobile malware is software designed to especially attack android mobile operating 
systems. As more crucial and sensitive processes are performed on cellphones, it's just a question of time 
until mobile malware emerges among the most serious cyber security issues.  (2020, emmitt) 

CONCLUSION 
On social networking sites like Facebook, WhatsApp, Snapchat, Instagram, YouTube, LinkedIn, and Wikipedia, 
as well as Web services like eBay and Gmail, blog posts, Newsfeeds, podcasts, and certain other technologies 
enable self-publishing and strong interactivity between users. These sites get a large number of visits, which 
makes them very appealing to hackers. Social networking services are designed to bring as many people 
together as possible on one platform, and there is a high return on investment for attackers in doing so. One of 
the most practical techniques for improving IT security is to restore your systems and SaaS app data to enable 
efficient and quick recoveries from cyber-attacks. Automate patch and vulnerability management to keep your 
systems up to date and secure against cyber threats. Make very sure that every computer or gadget that leaves 
the workplace is equipped with a comprehensive security suite, including a local firewall and powerful malware 
detection. To better cope with the attack and get your firm back on the right track as early as possible, you'll 
also need a strong plan of action. Because "prevention is better than cure," we must all take maximal 
precautions while using social networking sites. 
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ABSTRACT 
The researchers attempted to determine whether the level of sustainable development knowledge, attitudes, and 
behaviours among prospective teachers varies significantly depending on age, gender, and educational 
qualification in this paper. The survey was completed by a total of 625 respondents who were chosen at random 
from 12 B.Ed. training institutes in Manipur. They ranged in age from 23 to 45 years old. The data was 
collected during February 2020 through a data collection tool, the five-point Likert Scale designed by the 
researchers, including three subscales of knowledge, attitudes, and behaviours relating to SD. IBM SPSS 
Statistics Version 22 was used for the statistical analysis of the data. In the analysis of the data, descriptive 
statistics such as percentages, mean, standard deviation, and Independent Samples t-test were employed. The 
findings revealed that: 1) graduate degree holder prospective teachers had better SD knowledge than their post-
graduate degree holder counterparts; 2) female prospective teachers had better SD attitudes than their male 
counterparts; 3) female prospective teachers had better SD behaviours than their male counterparts; 4) older 
prospective teachers performed better on the SD attitudes than their younger counterparts; and 5) graduate 
degree holder prospective teachers performed better on the SD attitudes than their younger counterparts. It is 
concluded that the researchers should broaden their target population to see what kinds of gender-related, age-
related, and educational qualification-related knowledge, attitudes, and behaviours exist in those areas. 

Keywords: attitude, behaviours, knowledge, prospective teachers, sustainable development 

1.1 INTRODUCTION 
The United Nations designated the 2005–2014 period as the Decade of Education for Sustainable Development 
(DESD), which has affected curriculum at all levels of education (e.g., NCF, 2005 and NCFTE, 2009). The 
DESD's major goal was to integrate SD at all levels of educational systems across the world. Researchers and 
policymakers have emphasised the necessity of a teaching method known as Education for Sustainable 
Development (ESD), which allows teachers to address the complexities of SD in the classroom (Sandell et al., 
2005; Wals, 2011). The Education for Sustainable Development has its roots in conventional environmental 
education since it has consistently driven for aims and outcomes similar to and equivalent to those inherent in 
the principles of sustainable development (UNESCO, 2002). 

Every teacher, therefore, can be a vital player in bringing about the necessary changes in beliefs and lifestyles of 
people for sustainable development to be a reality. To realise this potential, teacher education is required to be 
revamped. Accordingly, various basic teacher education courses have been augmented to a two-year degree 
programme comprising four semesters under the aegis of NCTE across India and new subject such as 
environmental education has been added as compulsory paper. Furthermore, prospective teachers who will 
create and administer school curricula in the future must possess specialised knowledge, favourable attitudes, 
and desired behaviours towards various aspects of SD. Prospective Teachers are those trainees who have been 
enrolled in a teacher education programme. Teacher education programmes can also give practical experiences 
that motivate prospective teachers to continue their professional growth after they graduate. 

The intent of the current research, therefore, is to provide a better understanding of disparities in prospective 
teachers’ knowledge, attitude, and behaviours about sustainable development depending on their gender, age, 
and educational qualification. 

1.2 RESEARCH QUESTIONS 
a) Do the prospective teachers’ scores of knowledge, attitude and behaviours toward sustainable development 

vary significantly depending on gender? 

b) Do the prospective teachers’ scores of knowledge, attitude and behaviours toward sustainable development 
vary significantly depending on age? 

c) Do the prospective teachers’ scores of knowledge, attitude and behaviours toward sustainable development 
vary significantly depending on educational qualification? 
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2. METHODOLOGY 
2.1 Method: The study employed the descriptive survey method. 

2.2 Participants: The study group of the current research is comprised of 625 prospective teachers undergoing 
B.Ed. 1st Semester at 12 B.Ed. training institutes in Manipur. Of the participating prospective teachers, 44% are 
males and 56% are females. Of the prospective teachers, 40% are younger (below 30 years) and 60% are older 
(above 30 years). Of the total 625 prospective teachers, 24% are graduate degree holders and 76% are post-
graduate degree holders. 

2.3 Data Collection Tool: To collect data, the "Sustainable Development Knowledge, Attitude, and Behaviours 

Scale" developed by the investigators was used. The whole scale consists of 60 items designed in the form of a 
five-point Likert scale, ranging from "Strongly Disagree: 1" to "Strongly Agree: 5". The minimum score to be 
taken from the scale is 60, and the maximum score is 300. The scale used in the study consists of 3 subscales. 
These subscales are: SD knowledge (20 items), SD attitude (20 items) and SD behaviours (20 items). The 
Cronbach’s alpha reliability coefficient of the whole scale was found to be 0.80. The Cronbach’s alpha values of 
the subscales knowledge, attitude and behaviours were found to be 0.84, 0.82 and 0.83 respectively. 

2.4 Analysis: IBM SPSS Statistics Version 22 was used for the statistical analysis of the data. In the analysis of 
the data, descriptive statistics such as percentages, mean, standard deviation, and Independent Samples t-test 
were employed. The significant level was set at 0.05. 

3. THE RESULTS 
Research Question No. (a): Do the prospective teachers’ scores of knowledge, attitude and behaviours toward 
sustainable development vary significantly depending on gender? 

Table 1: Group statistics and Independent Samples Test (Gender) 
Dependent variables Gender N M SD t Sig. (2-tailed) d 

SD Knowledge Male 274 70.31 10.19 1.44 0.15 0.12. 
Female 351 71.45 9.32 

SD Attitudes Male 274 73.17 10.32 2.12* 0.04 0.17 
Female 351 74.84 9.08 

SD Behaviours Male 274 72.97 9.89 2.73* 0.01 0.22 
Female 351 75.08 9.19 

*significant at 0.05 level 
Sources: Computed from the survey data, February 2020 

The results indicated a non-significant difference between male and female prospective teachers in SD 
knowledge, t (623) = 1.44, p = 0.15, d = 0.12. The results revealed a significant difference between male and 
female prospective teachers in SD Attitudes, t (623) = 2.12, p = 0.04, d = 0.17. Female prospective teachers 
exhibited better SD Attitudes than their male counterparts. The results revealed a significant difference between 
male and female prospective teachers in SD Behaviours, t (623) = 2.73, p = 0.01, d = 0.22. Female prospective 
teachers exhibited better SD Behaviours than their male counterparts. 

Research Question No. (b): Do the prospective teachers’ scores of knowledge, attitude, and behaviours toward 
sustainable development vary significantly depending on age? 

Table 2: Group statistics and Independent Sample Test (Age) 
Dependent variables Age N M SD t Sig. (2-tailed) d 

SD Knowledge Younger 251 70.52 10.23 0.88 0.38 0.07 
Older 374 71.24 9.36 

SD Attitudes Younger 251 73.00 10.47 2.28* 0.02 0.19 
Older 374 74.85 9.03 

SD Behaviours Younger 251 73.34 10.04 1.72 0.09 0.14 
Older 374 74.70 9.19 

*significant at 0.05 level 
Sources: Computed from the survey data, February 2020 

The results reveal a non-significant difference between younger and older prospective teachers in SD 
knowledge, t (623) = 0.88, p = 0.38, d = 0.07. The results reveal a significant difference between younger and 
older prospective teachers in SD Attitudes, t (623) = 2.28, p = 0.02, d = 0.19. Older prospective teachers 
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performed better on the SD Attitudes than their younger counterparts. The results reveal a non-significant 
difference between younger and older prospective teachers in SD Behaviours, t (623) = 1.72, p = 0.09, d = 0.14. 

Research Question No. (c): Do the prospective teachers’ scores of knowledge, attitude, and behaviours toward 
sustainable development vary significantly depending on educational qualification? 

Table 3: Group statistics and Independent Samples Test (Educational Qualification) 

Dependent 
variables 

Educational 
qualifications 

N M SD t Sig. 
(2-tailed) 

d 

SD Knowledge Graduate 151 73.70 9.90 4.05* <.001 
 

0.37 
Post-graduate 474 70.07 9.50 

SD Attitudes Graduate 151 73.55 10.42 0.818 0.41 
 

0.07 
Post-graduate 474 74.29 9.42 

SD Behaviours Graduate 151 73.34 9.88 1.196 0.23 0.11 
Post-graduate 474 74.41 9.45 

*significant at 0.05 level 
Sources: Computed from the survey data, February 2020 

The results reveal a significant difference between graduate degree holder prospective teachers and post-
graduate degree holder prospective teachers in SD knowledge, t (623) = 4.05, p < .001, d = 0.37. Graduate degree 
holder prospective teachers possessed better SD Knowledge than their post-graduate degree holder counterparts. 
The results reveal a statistically non-significant difference between graduate degree holder prospective teachers 
and post-graduate degree holder prospective teachers in SD Attitudes, t (623) = .818, p = 0.41, d = 0.19. The 
results indicate a non-significant difference between graduate degree holder prospective teachers and post-
graduate degree holder prospective teachers in SD Behaviours, t (623) = 1.20, p = 0.23, d = 0.11. 

4. DISCUSSIONS 
For SD knowledge, our results indicated a non-significant difference between male and female prospective 
teachers. However, Tuncer (2008) reported a significant difference between males and females in respect of 
their SD knowledge. Another previous study found that females were more knowledgeable about SD than males 
(Al-Naqbi & Alshannag, 2018). However, other studies also found that females possessed less SD knowledge 
than males did (Levine & Strube, 2012; Mustafa, 2007). As a result, while we believe that gender is an 
important and fascinating topic, we also believe that gender may not be the decisive factor that leads to men and 
women having different SD knowledge. Our results also indicated a non-significant difference between younger 
and older prospective teachers in SD knowledge. Contrary to our finding, other studies suggest that an increase 
in age affects an increase in SD knowledge (e.g., Aminrad, Zakaria, & Hadi, 2011). Though older people are 
more likely to engage with nature, the effect of age on SD knowledge is negligibly small (Wiernik, Ones & 
Dilchert, 2013). Thus, not convincing enough research evidence has been found on age differences and their 
influences on knowledge concerning sustainable development. Our results indicated a significant difference 
between prospective teachers with graduate degrees and post-graduate degree holders in SD knowledge. 
Graduate degree holders possessed better SD knowledge than their post-graduate degree holder counterparts. A 
Paul & Mehera (2016) study revealed a positive association between education level and sustainable 
development. However, Hamilton (2008) argues that education level does not have a simple positive effect, but 
rather it is, if any, overshadowed by ideological moorings. 

For SD attitudes, our results indicated a significant difference between male and female prospective teachers. 
Female prospective teachers exhibited better SD attitudes than their male counterparts. However, another study 
found that the SD attitudes of prospective teachers do not vary significantly by gender (Keles, 2017). While 
some studies have found a significant male advantage (e.g., Biasutti & Surian, 2012). Our results indicated a 
significant difference between younger and older prospective teachers. Older prospective teachers performed 
better on the SD Attitudes than their younger counterparts. Our finding is in line with other previous research 
(Shen & Saijo, 2008; Wiernik, Ones, & Dilchert, 2013). In contrast to our findings, other studies have found 
that younger people have significantly more positive attitudes than older people (Shaukat, 2016; Kuchinka, 
Balazs, Gavriletea, & Djokic, 2018). Our results indicated a non-significant difference in SD Attitudes between 
prospective teachers with graduate degrees and post-graduate degree holders. A Paul & Mehera (2016) study 
revealed a positive association between education level and sustainable development. However, Hamilton 
(2008) argues that educational level does not have a simple positive effect, but rather it is, if any, overshadowed 
by ideological moorings. 
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For SD Behaviours, our results indicated a significant difference between male and female prospective teachers. 
Female prospective teachers exhibited better SD behaviours than their male counterparts. Our finding conforms 
to other studies (e.g., Krauss, 1993; Zelezny et al., 2000; Vainio & Paloniemi, 2014). Our results indicated a 
non-significant difference between younger prospective teachers and older prospective teachers in SD 
Behaviours. It could be that the effect of age differences is weakening as climate change becomes more 
accepted and different generations experience its effects, such as sea-level rise, species loss, and extreme 
climatic events (Smith & Kingston, 2021). Our results indicated a non-significant difference between 
prospective teachers with graduate degrees and post-graduate degree holders in SD Behaviours. Contrary to our 
finding, other studies have found that higher educational attainment, in general, is associated with higher levels 
of environmental concern (Gifford & Nilsson, 2014; Liere & Dunlap, 1980). However, it is unclear whether 
there is a causal relationship. Individuals, in other words, decide how much education they want and how they 
want to act in connection to the environment (Meyer, 2015). 

5 CONCLUSIONS 
This article provides a comprehensive comparison of gender, age, and educational qualification differences of 
prospective teachers in knowledge, attitude, and behavior relating to sustainable development by integrating the 
previous findings and examining multiple reasons behind this difference. While an increasing number of 
academics have begun to pay attention to gender, age, and educational attainment level disparities in 
Sustainable Development knowledge, attitudes, and behaviours, present research still has several limitations, 
and some topics require more investigation. As a result, it's also crucial to look into whether there are any other 
contributing elements or explanations for the gender, age, and educational qualification disparities in other 
population. Since there may be available more possible perspectives for us to explore the strategies of 
improving the sustainable development of both men and women, old and young, and graduates and post-
graduates. Furthermore, as this article pointed out, a huge portion of different results are obtained in research 
conducted in various countries, but for the time being, the majority of data is still drawn from developed 
regions. As a result, future researchers should broaden their target population by conducting studies in many 
regions, particularly those that are less developed, to see what kinds of gender-related, age-related, and 
educational qualification-related knowledge, attitudes, and behaviours exist in those areas. 
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ABSTRACT 
The current automotive industry’s top priority is to reduce the weight of automobile components. A steering 
yoke is the critical component of a vehicle, which links the suspension and the steering system. They are used to 
transmit the motion or power of the driveline system. Each automobile consists of a different power 
transmission system depending upon the vehicle driveline system. Finite element analysis of the component is 
carried out to find the displacement and stress of the existing and optimised product. For modelling the 
component, CATIA V5 R20 software is used. Pre-processing like meshing is done in a HYPERMESH 2019 and 
analysis work is carried out in ANSYS 19 software. With the help of FEA analysis, we have identified the 
characteristics and nature of stresses acting on the yoke. This paper focuses on the optimization of the steering 
yoke by aiming for stress uniformity while maintaining the structure's required strength and stiffness. CATIA 
has been used to create a CAD model of the steering yoke. An ANSYS workbench solver has been used to 
prepare a finite element model. ANSYS has been used to prepare a finite element model with an ANSYS 
workbench solver. The Topology optimization tool is used to find out the material-removing area of the steering 
yoke. The steering yoke is redesigned for weight optimization, and finally, FEA is performed on an optimised 
model to check whether the design is safe or not. The existing model is modified as per the optimised model 
geometry and a torsional test is conducted on it to compare experimental results with numerical results. 

Keywords: - FEA, 3D modelling, Steering yoke, Topology optimization 

1.INTRODUCTION 
Growing competition and innovation in the automobile industry necessitate either the enhancement of existing 
products or the replacement of old ones with new and advanced types of material products. To conserve our 
natural resources as well as energy, automobile manufacturers are currently focusing on reducing weight. The 
weight of the vehicle continues to rise because of the added luxury and safety features, reducing fuel efficiency 
as well as overall performance. As a result, reducing the weight of the automobile is the current automotive 
industry's top priority. 

Turning motions applied to the steering wheel via the steering shaft are converted to transverse lateral 
movement of a rack gear by the steering gear assembly. The steering gear assembly consists of a rack and a 
pinion gear that work together to turn the front wheels of a vehicle to steer it. Shocks and various loads from the 
front tyres and wheels are applied to the steering gear assembly. If the rack and pinion gear are not held in 
place, it may cause the rack and pinion gear to disengage in extreme conditions. The universal joint is used to 
connect the rack and pinion gear. 

A universal joint is a type of joint or coupling that allows a rod to bend in any direction. It is commonly used in 
shafts that transmit rotary motion. Universal joints can transmit torque and rotational motion from one shaft to 
another when their axes are inclined to each other by an angle that varies depending on the working conditions. 
It is made up of two yokes that are 900 degrees apart and are connected by a cross/spider. It is widely used to 
connect misaligned shafts in industrial applications and vehicle drivelines. 

The steering yoke is a critical component of a vehicle that connects the suspension and steering system. S.G. 
Solanke researched on the failure study of steering yoke assembly, it shows that 66% of failure occurs in yoke 
part only [10]. 

The steering yoke assembly associated with this project work consists of two yokes/forks connected to two 
shafts that are coupled and at right angles to each other. However, the single component known as the 'Yoke' 
would be the focus of this research. These two yokes are joined by a spider or cross. Since the arms of the 
spider are at right angles. The fig.1 shows the universal joint of Tata Sumo which used for current study. 
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Fig.1 Universal Joint of Tata Sumo 

As there are many cases of universal joint failures, several researchers studied them. According to H. 
Bayrakceken[1], yoke failures occur because of the fatigue process, and the crack beginning location of the joint 
yoke corresponds to the highest stress points. Farzad Vesali[9] studied the failure of universal joint bearings and 
its reasons. P.G. Tathe[11] reviewed on different types of universal joint failures such as Brinelling, Spalling, 
Burned U-joint cross Trunnions, deflected end fitting. 

Abhishek Mandal[5] done the FEA analysis of universal joints for stress and deformation calculations using 
Ansys. Ananthu S Kumar[4] has used the FEM method to analyse universal joints at various working angles 
and materials in order to reduce the time to failure of the universal joint. Maram[6] compared the various 
materials for stress calculations. 

Some researchers analysed and optimised the design of universal joint. Sunil Chaudhry[3], S.K.Chandole[8] 
investigated and analysed the stress distribution of the universal yoke at the real engine condition during power 
transmission and weight reduction by modifying the dimensions. The same approach has used by Vishal 
Rathi[2] for analysis of universal joint of Tata 407 using FEM method. Dhananjay S Kolekar [7] done the 
numerical test and experimental test on universal joint for comparing their results between existing and 
modified products. Also used the topology optimisation methods for mass reduction of yoke. 

2.PROBLEM STATEMENT 

Yoke assemblies are subjected to torsional stresses due to working conditions. The steering yoke being a 
component posing threat to the ‘safety’ of the vehicle and its occupants, the design of the same needs to be 
reviewed for encoring structural integrity. Also, now-a-days it is required to compete for car manufacturers in 
the field of efficiency and fuel consumption which is main concern in automobile industry. So, to avoid the 
overweight, it is necessary to reduce the unwanted weight of the steering yoke. 

3.METHODOLOGY 
Following flowchart shows the methodology to be carried out towards the completion of project. 

 
Fig.2 Methodology flow chart 
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4.NUMERICAL ANNALYSIS 
4.1 3D MODEL OF UNIVERSAL JOINT: 
Figure. 3 shows CAD model of Universal joint. The CAD model is prepared in the CATIA software. This 3D 
model consists different components like Yoke, cross and pin. While assembling the yoke to cross, pins were 
used for fitments. 

 
Fig.3 Assembly of Universal Joint 

4.2 MATERIAL USED AISI 4140: 
The material of all components is considered as AISI 4140. Following are the properties of AISI 4140: 

Table 1. Properties of AISI 4140 
Property Value of AISI 4140 
Density 7850 kg/m3 

Young's modulus 205 GPa 
Ultimate tensile strength 655 MPa 

Yield tensile strength 415 MPa 
Poisson's Ratio 0.28 

4.3 MESHING OF GEOMETRY: 
Meshing is an operation where the FE-model is divided into small, structured elements. Hypermesh 2019 
software is used mesh the solid model. Cad model which is in IGES format is imported to Hypermesh 2019 for 
meshing. The meshing of the yoke need to be done effectively because the quality of the mesh is directly 
proportional to the result of FEA[9]. The YOKE was discretized in finite 3D Tetra elements taking overall 
element size as 2 mm in fig. Also, the meshing features such as curvature and proximity were taken into 
consideration to ensure proper and accurate high-quality mesh. 

 
Fig.4 Meshed Assembly 

4.4 BOUNDARY CONDITIONS AND LOAD 
The application of load and the definition of constraints in the model are both involved in boundary conditions. 
For this universal joint, the loading is assumed to be 38 Nm torque applied at top of yoke. Bonded condition is 
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applied between external bush & internal hole of yoke surface. No separation condition is applied between 
spider & internal bush surface. Following fig shows the boundary conditions applied on the universal joint. 

 
Fig.5 Boundary Conditions and Loads 

4.5 STRUCTURAL ANALYSIS OF EXISTING STEERING YOKE: 
The universal joint when analyzed in ANSYS using above boundary and loading conditions as in case of the 
yoke. The following are the two most important findings: 

1)Von-Mises Stress 2) Deformation. 

Firstly, the component has been analyzed for that Von Mises stress and deformation. The maximum Von Mises 
stress encountered is 107.38 MPa and total deformation is 0.0428 mm. 

 
a)Von Mises Stress for Existing Yoke    b)Total Deformation for Existing Yoke 

Fig.6 FEA Analysis of existing universal joint 

4.6 OPTIMIZATION APPROACH: 
Maximum stresses observed in existing steering yoke are less than the material's yield stress. Stresses are below 
the yield limit. A weight reduction scope has been identified for this work. 

WEIGHT OPTIMIZATION APPROACH 
The goal of Steering Yoke topology optimization is to find the best use of material for a body given constraints 
(deflection, volume, or mass reduction). Topology optimization is a mathematical method that optimizes 
material layout within a given design space for a given set of loads, boundary conditions, and constraints to 
maximize system performance. Basically, topology optimization is imposed before shape or size optimizations. 

The removal area is set to 40%. Following fig. shows the material can be removed from upper portion of yoke 
near hole. 
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Fig.7 Material to be removed 

4.7 ITERATIVE ANALYSIS RESULTS: 
The no of iterations is to be performed on the steering yoke assembly and geometrical variation carried out. The 
various type of geometrical shapes (fillets) are generated with various dimensions.  By using same boundary 
conditions which are applied for existing assembly, the static structural analysis done on performed iterations. 
The results are numerically calculated in the table 2 below. 

Table 2. Iterative analysis for optimization 

Iteration 
Values for GRA Values for TOPSIS 

Stress 
(MPa) 

Deformation 
(mm) 

Mass 
(gm) 

Stress 
reduction (%) 

Deformation 
reduction (%) 

Mass 
reduction (%) 

Iteration 1 90.624 0.044676 451.47 15.61 -4.38 2.84 
Iteration 2 90.959 0.040535 440.05 15.3 5.31 5.3 
Iteration 3 92.359 0.04058 443.24 13.99 5.2 4.61 
Iteration 4 95.09 0.039961 436.03 11.45 6.65 6.16 
Iteration 5 94.399 0.039852 428.11 12.09 6.9 7.87 
Iteration 6 94.349 0.039321 425.84 12.14 8.14 8.35 
Iteration 7 95.686 0.039856 442.27 10.9 6.89 4.82 
Iteration 8 92.556 0.040176 444.91 13.81 6.14 4.25 
Iteration 9 94.123 0.040454 440.68 12.35 5.5 5.16 

4.8 OPTIMIZATION USING GREY RELATIONAL ANALYSIS (GRA) & TOPSIS METHODS: 
Using the Grey Relational Analysis technique, the analyzed numerical values are yielded the above response 
values of stress, deformation and mass which are presented in table 2. Iteration 6 has the highest value of grey 
relational grade, and it was allotted as rank one. For ensuring the optimized result TOPSIS method is used. By 
referring the values of stress reduction, deformation reduction, mass reduction in percentages for finding the 
optimized solution using TOPSIS method. By using TOPSIS, iteration 6 has the maximum closeness 
coefficient. Hence by comparing both methods, iteration 6 has optimized solution. Table 3 shows the ranking of 
process parameters generated by the conduct of GRA and TOPSIS method. 

Table 3. Optimization using Ranking 

Iteration GRA Rank TOPSIS Rank 

Iteration 1 7 9 
Iteration 2 3 5 
Iteration 3 6 8 
Iteration 4 5 3 
Iteration 5 2 2 
Iteration 6 1 1 
Iteration 7 8 4 
Iteration 8 4 6 
Iteration 9 9 7 
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4.9 OPTIMIZED GEOMETRY 
The following geometry is generated by iteration 6 having mass of 425.84gm. The fillet is provided to both 
sides of yoke. In discretization, the number of nodes and elements are reduced. 

 
Fig.8 Meshing of Optimized universal joint 

4.10 ANALYSIS RESULTS: 
The steering yoke assembly is analyzed for the Von-mises stress and total deformation for a torsional moment. 
Fig.9a shows the Von-mises stress is 94.349MPa and fig.9b indicates total deformation is 0.039321mm for the 
torsional moment of 38 Nm. 

 
a)Von Mises Stress for Modified Yoke      b)Total Deformation for Modified Yoke 

Fig.9 FEA Analysis of optimized universal joint 

5. EXPERIMENTAL TEST 
By modifying the existing universal joint(A) experimental test carried out on it. For torque application a circular 
plate is welded to one side of yoke with bolt. To perform a test different equipment are used such as torque 
wrench(B), vice jaw, strain gauges(E), data acquisition system (C), and Display system(D). Strain gauges are 
located on 3 different positions on one side of yoke as shown in fig. The electric wiring connections are made 
with DAQ system, strain gauges and display system. The same boundary conditions are applied as used in a 
numerical analysis, one end of yoke is fixed in vice jaw and 38Nm twisting moment is applied on another end. 
The results are displayed on LED with the help of DAQ system and strain gauges. 
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a) Experimental setup                              b) Strain gauges locating positions 
Fig.10 Test setup for Physical Experimention 

6. RESULTS & DISCUSSION 
By analyzing the results with the help of data acquisition system. Following graphs are plotted fig.11. 

 
a) Location1                                  b) Location2         c) Location3 

Fig.11 Strain vs time graph 

Following table 4 shows the strain values at different locations on universal joint, which are noted by 
experimentation test with the help of strain gauges. 

Table 4. Strain values by experimentation 

Locations Micro strain 
Location 1 257.37 
Location 2 523.85 
Location 3 299.24 

For stress calculation, the Hooke’s law used. 

E= σ/ε 

Following calculations for location 1. 

205 X 103 = σ / 257.377 X 10-6 

σ = 52.7465MPa 

Table 5.Variation of results 

Locations 
Stress (MPa) 

% of variation 
Numerical Method Experimental method 

Location 1 34.07 52.7465 35.41 
Location 2 94.002 107.379 12.46 
Location 3 51.337 61.336 16.31 

The numerical results obtained from existing universal joint are compared with iterative universal joint 
geometry for geometry optimization. The stress values are calculated at 3 different points by numerical and 
experimental method. Table 5 shows the stress values by numerical and experimental approach. The variation of 
result at maximum stress point i.e. location 2 is 12.46%. 
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The modified yoke has less stress than that of existing yoke with reduction 8.35% mass. While comparing the 
existing yoke with the experimental result, though the stress reduction is not significant, mass reduction of 
7.24% has been obtained. 

Table 6. Result analysis 

Parameters Existing Yoke Modified Yoke Experimental Result 
Von-Mises stress (MPa) 107.38 94.349 107.379 

Deformation (mm) 0.0428 0.03932 ------- 
Mass (gm) 464.63 425.84 431 

7. CONCLUSION 
The stress analysis of universal joint assembly confines the maximum stress and deformation is expected to 
endure, without fatigue failure. Therefore, the universal joint investigated for a stress produced under torque 
conditions. Numbers of iterations are carried out in the analysis phase which gives the suitable values for design 
parameter. The result shows that 

1) To improve performance, geometry has been modified using topology and free size optimization, which 
enables to reduce stress level marginally well below the yield limit. 

2) The Grey Relational Analysis and TOPSIS method of optimization which has been given same result i.e., 
iteration 6. 

3) A mass reduction for optimized yoke assembly is about 8.35% by numerical method and 7.24% by 
experimental method. 

4) The stress levels are about 94.35 MPa by numerical method and 107.379 MPa by experimental method 
which is within a permissible yield limit of 415MPa. Therefore, Yoke is safe under given loading condition. 
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ABSTRACT 
Background: Honey is an ancient dietary ingredient with several beneficial characteristics, including 
antifungal, antibacterial, digestive aid, and wound healing. As there is a rise in the need or demand for honey as 
the population grows, honey is subjected to various kinds of adulterations in order to meet that demand. Adults 
and children alike are susceptible to a variety of infections and disorders as a result of this adulteration. The 
main aim of this study is to evaluate the quality of a variety of commercially available Indian honey samples. 

Methods: A comparative study was made between 4 different honey samples. The physicochemical properties 
(moisture, water activity, pH, colour), microbiological load (total plate count and yeast and mould), and 
antibiotic residue were performed. 

Results: All four honey samples had a moisture content of 14-30% and a water activity of 0.5-0.61. Microbial 
load count for both bacteria and yeast and mould were below the detection limit in all four samples. The 
antibiotic residue was found to be negative in all four honey samples. 

Conclusion: The overall study shows that all the selected honey samples were according to the safety standards 
and are considered safe. 

Keywords: Adulteration, Antibiotic residue, HMF, Microbial Load, Physicochemical Parameters 

INTRODUCTION 
Honey is a sweet, viscous fluid produced by the honeybee from plant nectar. Honey is the only sweetener that 
may be preserved and consumed in the same way that it is made in nature.  Until recently, it was superseded by 
cane and beet sugar during the previous 100 years (Jonathan W.White.JR). Honey is becoming more popular as 
an antioxidant source due to its high content of phenolic acids and flavonoids, as well as other antioxidants such 
as glucose oxidase, catalase, ascorbic acid, carotenoid derivatives, organic acids, amino acids, and proteins 
(Khalil et al., 2010). 

Raw honey has nootropic properties including memory enhancement, as well as neuropharmacological 
properties like anxiolytic, antinociceptive, anticonvulsant, and antidepressant properties. The polyphenol 
contents of honey, according to research, can quench biological reactive oxygen species and prevent oxidative 
stress while also replenishing the cellular antioxidant defense system (Mijanur Rahman et al., 2014). 

It is deemed and proclaimed "adulterated" when cheaper and lower-grade elements are introduced to an original 
product, posing a health risk to the customer   (Zaneta Bargan´ska et al., 2011). The addition of low-cost sugar, 
Corn syrup (CS), High fructose corn syrup (HFCS), Glucose syrup (GS), Sucrose syrup (SC), Inverted syrup 
(IS), High fructose inulin syrup (HFIS) in honey is a common method of adulteration. 

Sugars can be utilized as adulterants in two different ways: direct adulteration and indirect adulteration. Direct 
adulteration involves adding a specific ratio of syrups to gathered honey to enhance its sweetness, whereas 
indirect adulteration involves overfeeding bees with sugar syrups to boost honey yield in hives. Other 
adulterants used in Ethiopian honey include water, bananas, wheat, and maize syrup or flour (Rafieh Fakhlaei et 
al., 2020). 

Adulteration of honey can have a major impact on health such as an increase in blood sugar of diabetic patients 
as honey is an adulterer with sugars, increase in body weight and blood pressure of induvial. It can also cause 
internal damage to organs which further leads to the formation of fatty liver and severe kidney injury (Rafieh 
Fakhlaei et al., 2020). 

In this work, a complete analysis of different commercially available honey samples is done by utilizing 
standardized procedures to compare four distinct samples and investigate their adulterants. 

 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Fakhlaei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=33114468
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fakhlaei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=33114468
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fakhlaei%20R%5BAuthor%5D&cauthor=true&cauthor_uid=33114468
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MATERIALS AND METHODS 

GENERAL SAMPLING: 
Four different commercially available honey samples were procured from different market sources. These 
samples were indicated as A, B, C, and D. All the samples were collected in November and were stored in an 
airtight container to avoid contamination. Every chemical used in these experiments was of analytical grade. 

Physicochemical parameter testing: 
MOISTURE: 
The moisture content of all of these samples was determined using the refractive index approach, in which a few 
drops of samples were placed over the sample area of the refractometer, and scales were viewed through the 
eyepiece. The method was followed according to AOAC (2016). 

WATER ACTIVITY: 
Water activity (aW) was found by placing 1g of honey in the water activity meter (nova sina). The experiment 
was repeated thrice and the results were recorded (AOAC.,2016). 

PH: 
pH was noted using the pH meter. 10g of honey sample were mixed with 10 ml of distilled water. The 
experiment was repeated thrice and the results were recorded (AOAC.,2016). 

MICROBIAL CONTAMINATION: 
The contamination level in various honey samples was determined using the total plate count and yeast & mold 
method. The operation was carried out according to the AOAC (2016) 

For microbial load determination, samples were extracted from commercially available honey samples and 
aseptically produced in sterile airtight containers. There were four main samples considered (Different brands 
were taken from the market). The total plate count (TPC) agar is placed into each petri dish with 1ml of food 
homogenate. The mixture was incubated for 24/48 hours at 35°C. Then the number of colonies was counted 

ANTIBIOTIC RESIDUE: 
Nutrient broth with pH indicator bromocresol purple was taken in a test tube, to each test tube the sample was 
added. Then, the test bacterium was pipetted into the test tube and mixed thoroughly. Later, the test tube was 
incubated at 37°C for 24-48 hours depending on the culture and its growth. The test tube that turned yellow 
after the incubation was noted as negative and those that remained purple were noted as positive for an 
antibiotic residue. The method was followed according to Kumar (2012). 

Hydroxymethyl Furfural Determination: 
This is a method used to determine the hydroxymethylfurfural or the HMF content present in honey. The given 
amount of honey was measured and added to the distilled water in the 50ml beaker. To this mixture then add 
carrez 1 and carrez 2 solutions. After mixing the solutions were filtered and 5ml of the filtrate was added to two 
different test tubes. To one test tube distilled water was added and to another 0.20% bisulfite solution was 
added. At last, absorbance was noted at 284nm and 336nm. This was done according to the Determination of 
Hydroxymethylfurfural (HMF) in Honey using the LAMBDA Spectrophotometer UV/Visible Spectroscopy by 
PerkinElmer.Inc. 

SUGAR DETERMINATION: 
This method was done to determine the total sugar, sucrose, fructose, glucose, and fructose-glucose ratio. All 
the methods were done according to AOAC (2016). 

RESULTS AND DISCUSSIONS 

MOISTURE: 
Moisture content refers to how much water is present in your meals and materials. Moisture content was 
measured such that sample A (16%) showed the least moisture followed by sample B (19%) and sample C 
(20%). Sample D (24%) showed the highest moisture. Out of four samples three samples were within the 
required limit of FSSAI standards (<20%) and the other sample exceeds the limit. Moisture is reduced when the 
honey gets processed, lower the moisture of the honey sample implies that they are of good quality and capable 
of storing. 

WATER ACTIVITY: 
Water activity describes how bacteria react to the water in your diet. The more the water activity, the faster 
bacteria, yeast, and mould can develop. The water activity of the honey samples was measured and their ranges 
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were sample A (0.520) followed by sample B (0.517), sample C (0.515), and sample D (0.602). The water 
activity of honey ranges from 0.50-0.65 according to Chiachung Chen (2019). Thus, all samples lie within the 
given range of water activity. These aw levels allow the honey to be classified as an intermediate moisture food, 
which means it may be stored for an acceptable amount of time. 

PH: 
According to Techniques for the Evaluation of Microbiological Quality in Honey (2017), pH is used to measure 
the acidity level of honey; the permitted limit is between 3.5 and 5.5. The pH of sample A was 4.69 followed by 
sample B (4.64), sample C (4.79), and sample D (3.20). Honey's acidic pH is beneficial because it has been 
established that acidification promotes healing by encouraging oxygen release from hemoglobin. Honey has a 
pH that is low enough to hinder the growth of many bacterium species. This shows that pH is one of the major 
components that help in shelf-life extension and hinders the growth of microbes. 

MICROBIAL CONTAMINATION: 
The most common microbes discovered in honey are spore-forming bacteria and yeast. Clostridium botulinum, 
which causes baby botulism and a variety of illnesses, was discovered in some honey samples. To determine the 
presence of microbes, the total plate count approach is required. All of the samples had a total plate count below 
the detection limit, and the method's allowed limit is fewer than 10^2 cfu/100 g (Techniques for the Evaluation 
of Microbiological Quality in Honey.,2017). The detection limit for yeast and mould was similarly found to be 
below 10^2 cfu/100 g (Techniques for the Evaluation of Microbiological Quality in Honey.,2017). 

Figure 1: No. of samples 4 (Total plate count) 

  

  
Figure 2: No. of samples 4 (Yeast & Mold) 

  

    



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

204 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

ANTIBIOTIC RESIDUE 
Honey is an important food commodity produced by honeybees. Honey containing antibiotic residue may 
degrade its quality and pose a health risk to humans. Beekeepers frequently use antibiotics to eradicate illnesses 
in honeybees. This test was done to determine the presence of both Enrofloxacin & Ciprofloxacin residues, in 
which all the samples showed negative results giving yellow color. This concludes that all the honey samples do 
not contain the antibiotic residues Enrofloxacin & ciprofloxacin. The maximum Residue Performance Level 
(MRPL) of Enrofloxacin & Ciprofloxacin is 10 µg/Kg. 

Figure 3: No. of samples 4 (Antibiotic Residue) 

 

Hydroxymethyl Furfural Determination: 
In this test, we were able to determine the hydroxymethylfurfural content present in honey. The highest amount 
of HMF content was found in the honey sample D (56.49mg/kg) and the lowest was found in sample C 
(9.94mg/kg), followed by sample B (12.44mg/kg) and then sample A (13.43mg/kg). The maximum limit of the 
HMF content as per FSSAI regulation is less than 80mg/kg. Even though sample D has the highest HMF 
content out of all, still all the samples fall under the limit of FSSAI regulation. HMF is one of the suitable 
indicators to determine the quality of honey, the higher the HMF content lower the quality of honey, and vice-
versa. 

SUGAR DETERMINATION: 
Total sugar in the commercial honey samples was determined and was found that sample A contains 81% 
followed by sample B with 82.6%, sample C containing 81.6%, and sample D containing 71.7%. With just the 
total sugar we can determine whether the honey is an adulterer with any sugar or not, as total sugar is the 
combination of natural sugar plus the added sugar and most processed honey has 70-80% of natural sugar. 

Sucrose is one way we can tell whether the honey is adulterated with fructose or not. Higher the sucrose level 
that there is an adulteration of honey with fructose, sometimes it is because honeybees couldn’t break down the 
sucrose molecule. The limit for sucrose in honey should be less than 5% according to FSSAI standard 
regulations. Sample D (4.08%) had the highest level of sucrose, followed by sample C (3.92%), sample A 
(3.85%), and sample B (3.1%). Overall, all the samples fall under the limit of FSSAI regulations. 

Glucose% of sample A was found to be 38.5%, sample B was 40.8% followed by sample C which is 37.6%, and 
sample D with 36.21%. The results for fructose were sample A (42.35 
%), sample B (41.6%), sample C (43.66%) and sample D (35.48%). The range limit for the fructose to glucose 
as per FSSAI guidelines is 0.95-1.50 and the results were sample A (1.10), sample B (1.02), sample C (1.12), 
and sample D (0.98). all the samples for fructose to glucose ratio fall under the limit of FSSAI standard 
regulation. So, it is safe to say that there is no adulteration of fructose or glucose in the given samples of 
commercial honey. 

CONCLUSION 
Four different commercially available honey samples were used to analyze the quality and its safety. All the 
parameters checked were in alliance with the required standards. In moisture content 25% of the samples were 
above the required limit as per FSSAI, this might lead to the growth of microbes. Overall, all four samples were 
found to be in accordance with the standards and can be termed safe. However continuous monitoring is 
required. 
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ABSTRACT 
After the advent of 2.0 technology, social media has permeated in all phase of life. During the time of Covid-19 
and its subsequent lockdown, students and the professionals extensively used internet through smart phones and 
other devices. Social media platforms like Instagram, Snapchat, Facebook, Twitter etc. play a massive role in 
the lives of almost all who use internet. Among all of the social media, Twitter is considered as little more 
serious social media platform for initiating political and social discourse than other platforms. Activists, 
celebrities, political leaders, journalists and others have used Twitter for disseminating news and views to the 
large audience. Arab Spring in 2011, Tunisian revolution in 2010, I am 132 movement in Mexico in 2012, 
Umbrella Movement at Hong Kong in 2014, Sunflower Protest Movement at Taiwan in 2014 etc., were few of 
the protest movements which captured the attention of the entire world through Twitter. This research paper 
analyses the in-depth interviews of young frontline leaders during CAA Protest. In this paper, the tweets of 
Youth leaders and Youth wing portals during the time of CAA Protest have been manually collected, coded and 
analysed to understand their role in active political engagement on social media. 

Keywords: Youth, Citizenship Amendment Act, Political Participation, Twitter Narratives, CAA Protest 

1.0 INTRODUCTION 
Twitter is a cyber-hub which propagates torrent of information to wide-ranging fragments of masses within 
fraction of seconds. Political parties, celebrities, business tycoons, activists, journalists and all sections of the 
common people mostly use Twitter as a strong weapon to organize and polarize a great number of people for 
social change. The Twitter revolution was seen as a new trend in human history. Twitter serves as a ‘story 
changing and story evolving environment’ which precipitates multiple interactions and discourses in online 
forums (Soedarsono & Mohamad, 2020). Arab Spring in 2011, Tunisian revolution in 2010, I am 132 
movement in Mexico in 2012 (Sandoval Almazan, 2013), Umbrella Movement at Hong Kong in 2014 (Chan, 
2014), Sunflower Protest Movement at Taiwan in 2014 (Basu, 2016) etc., were few of the protest movements 
which captured the attention of the entire world through Twitter. In consequence Social media platforms 
especially Twitter opened a new avenue of mobilizing people for political participation (Rodon et al., 2018). 
Proliferation of smartphones has intensified the use of these social media networks which in turn created a 
virtual space for all the citizens to communicate their opinion without any territorial restrictions. 

1.2 YOUTH IN INDIA 
India today is vibrant and young because of its youth population. The Indian youth constitute 22% of its 
population which is larger than the population of Pakistan (Bang, 2021).  Out of these 261 million young people 
of India, 74% of them within the age group between 18-23 are currently not able to access higher education 
system and also not able to afford it (Today, 2021). In spite of the social and economic disparities, a handful of 
youth (0.8%) make themselves into higher educational institutions (Hazary, 1988). The most painful situation 
arises when these handful of youth are not able to get employment opportunities. A survey says that 33% 
educated youth in India are unemployed (Today, 2021). As these social and financial deprivation rattle the very 
psyche of youth, they become discontent. Extant studies have found out that youth are more likely to develop a 
sense of responsibility mainly because they are raised in a society which emphasis civic engagement (Fullam, 
2016). 

The Indian Telecom Services Performance Indicators states that in India as per the report from TRAI (Telecom 
Regulatory Authority of India) the total number of internet subscribers are 749.07 million at the end of June 
2020 (TRAI, 2020). After the proliferation of internet, most of the Indian youths irrespective of being educated 
or uneducated use internet and social media for their studies, entertainments and for fostering relationship. 
Through these internet-supported gadgets, they have been as early as possible informed about the political 
events and are aware of politicised issues. After the arrival of social media, the very pattern of communication 
has changed from vertical to horizontal paradigm. This change of communication pattern paved way for the 
youngsters to express their political notions beyond structural and ideological constrains on the social media 
platforms. 
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1.3 Cyber-activism and Youth in India 
India has had a long history of student protests. Gandhi’s ideology like non-cooperative movement made a huge 
impact on the mind of students and many were thus attracted towards him (Chandra, 1988). India witnessed a 
lot of student protest since freedom struggle movement. On August 12, 1936, The All India Student Federation 
(AISF) that was founded exclusively for the ulterior motive of Indian independence (Rayan, 2020). As history 
proceeded with technological progress, students changed their pattern of protest. In 1965 Tamilnadu faced a 
huge protest against a state introduced three language formula. Many students came to the streets and raised 
their voice against imposition of Hindi (HT, 2019). Student movements during the time of emergency (1975) 
was phenomenal in which more than 300 students were imprisoned (HT, 2019). Though there were many 
number of protests by students such as Assam Agitation (1979 to 1985), Anti-Mandal agitation in 1990, Anti-
reservation protests in 2006, etc, they were mostly happening before the advent of Information Technology and 
Communication (ITC). 

In 2011 there was a huge protest on the issue of corruption led by Anna Hazare, an activist from Ralegaon 
Siddhi (Singh, 2014). Anna Hazare’s indefinite fast in Ramlila Maidan received unprecedented media and 
social media attention. Though there were nation-wide protest meetings, gatherings, sit-ins, the anti-corruption 
was accentuated by social media platforms, e-groups, blogs, etc. Most of the protesters were of students and 
young men of the megacities (Singh, 2014). 

In December 2012, gang rape of a student in Delhi sparked off a large scale public protest against rape and 
sexual violence against women. Students from different universities and institutions such as Delhi University, 
Jawaharlal Nehru University (JNU), Guru Gobind Singh Indraprastha University, SNDT Women’s University, 
Mumbai University, Tata Institute of Social Science, gathered at different junctions and started to protest 
through various forms like blocking roads and forming human chains (Singh, 2014). Social Media platforms 
like Twitter and Facebook acted as an entity with million tongues and thus condemned the heinous act. In 
February 2016, JNU students started an agitation against Rohith Vemula’s suicide at University of Hyderabad. 

In January 2017, students across Tamil Nadu protested against the central government for exempting Jallikattu 
from the prevention of Cruelty to Animals Act. They used Twitter, Facebook and other social media platforms 
to disseminate views and news with reference to Jallikattu (Ra, 2018). 

Protests against the Citizenship Amendment Act (CAA) erupted in various parts of India when the Central 
government amended the act on 12th December, 2019. The students of Jamia Millia Islamia University on 15 
December 2019 initiated the protest against the enactment of this Act and led a protest march from Jamia Metro 
to Parliament Street of New Delhi. 

1.4 CAA Protest and Youth Participation 

1.4.1 Background of CAA Protest 
The central government passed the Citizenship Amendment Act on 12th December, 2019 with 125 votes in favor 
and 105 votes against it (Ramesh, 2019). According to this act, until July 1987, it was sufficient for a person to 
be born in India to be eligible to get Indian Citizenship irrespective of caste, creed and religion. But the 
Citizenship Amendment Act, 2019 has amended the section 3, in sub-section (1), in clause (b) of The 
Citizenship Act, 1955 and inserted the provision wherein a person belonging to Hindu, Sikh, Buddhist, Jain, 
Parsi or Christian community from Afghanistan, Bangladesh or Pakistan, who entered into India on or before 
the 31st day of December, 2014 has been exempted by the Central Government to secure Indian Citizenship 

(Parashar, 2020). This Provision also restricts Muslim illegal migrants from Afghanistan, Bangladesh and 
Pakistan to become citizens of India and makes easier to the persecuted minority communities from the above 
mentioned neighbouring countries to get citizenship in India. This amendment also relaxes the requirement of 
naturalization from 12 years to 5 years (Vashishata, 2020). The critics reiterated that if Indian government 
grants citizenship status to illegal migrants based on religion then it will be considered as discriminatory, anti-
constitutional and even against Assam Accord of 1985 (Basumatary, 2019). As the people of Muslim 
community and opposition political parties in India sensed that this stringent act deliberately corners and 
clampdowns their freedom and rights, they along with likeminded movements and organizations made their 
strong and robust contestation through various protests all over India. 

1.4.2 Cyber-activism and CAA Protest 
As a result of the Citizenship Amendment Act 2019, many student’s organizations like Students Union 
(AASU), North East Students’ Organization, All India Students' Association (AISA), The National Students' 
Union of India (NSUI), The Students' Federation of India (SFI), Akhil Bharatiya Vidyarthi Parishad (ABVP) 
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etc, protested against and for CAA not only on the streets but also on the virtual forums like Facebook, Twitter, 
and Instagram since 12th December 2019. 

In order to show their resentment against CAA, the students of Jamia Millia Islamia University on 15 December 
2019 initiated a protest against the enactment of Citizenship Amendment Act and led a protest march from 
Jamia Metro to Parliament Street of New Delhi. This protest march later exploded into a clash between 
policemen and the protesters (Wire, 2019). In spite of curfews and internet bans, the students of Aligarh Muslim 
University, Uttar Pradesh initiated various modes of protests both offline and online (Bhilwar, 2021). 

There were number of incidents of clashes between police and students of various universities during the time 
of CAA Protests were reported and widely circulated on Social Media platforms. Multiple discussions and 
discourses on Twitter and other media forums with reference to CAA protest provoked and aggravated a 
nationwide protest. The CAA enthusiasts on the other hand protested in support of the Citizenship Amendment 
Act and generated counter narratives in different ways and possible means. 

2.0 REVIEW OF LITERATURE 
There had always been number of political agitations and protests since the beginning of politics in humankind. 
After the introduction of Information and Communication Technology (ICT), the same humankind experienced 
a huge shift of political discussion and participation on the virtual milieu. 

2.1 Cyber-activism and its Role 
Twitter plays a massive role in initiating and shaping public opinion. Even though youth lack political 
knowledge, Twitter offers them a chance to yell out their ideas and opinions on the virtual space and thus to 
reach out to a larger audience (Cotnam-Kappel, 2019). 

Maesy Angelina (2011) articulates about a new kind of cyber-atavism against sexual harassment called Blank 
Noise. In this article, the author describes how Blank Noise, an online activists forum engages itself with the 
virtual public through various virtual campaigns on sexual harassment against women. 

Social media also generates emotional themes and motivational appeals so as to make people participate 
whether in online or offline protests. Some existing psychological models suggest that anger at perceived 
injustice, moral outrage, strong sense of group identification or shared interest, ideological factors, sense of 
deprivation and confidence that the movement is more likely to succeed are few of the emotional and 
motivational appeals which make the young to participate in protests (Jost, 2018). 

Kuhu Sharma (2021) classifies cyber-activism in three different major forms. Digital advocacy, mobilisation 
and reactive activism. In advocacy activism, internet users disseminate and try to amplify news or views which 
are mostly unreported by the mainstream media. Cyber-activism is also effectively used and mis-used for 
mobilisation. A large number of people are mobilised for various reasons such as political protests, 
environmental campaigns and to have demonstration for various social issues. Reactive activism sometimes 
diverts the internet users towards anti-social activities mostly with malicious and destructive nature. 

2.2 Cyber-activism and Youth 
Youth are most often accused of being apathetic towards politics and political activities, but recent studies 
refute this phenomenon. Without any doubt we could say that youth were little disappointed with the corrupt 
political parties and their commercialised politics which doesn’t mean that your youth are less interested in 
politics. Though the youth were not so active in mainstream politics, we could have noticed that youth have 
never disengaged themselves from any social movement, protests, rallies etc. Today after the advent of social 
media, the political attitude and identity of youngsters have been thoroughly explored and widely expanded 
through social networks. The concept of “network individualism” (Loader, 2014) highlights how these young 
citizens are individually networked and shaped by different players through social media platforms. Through 
effective networking of the networked individuals, the young citizens more structurally and more systematically 
initiate online discourses and initiate civic engagement. 

Checkoway & Gutierrez define political participation of the youth as youngsters participating in voting, 
campaigning, mobilising and integrating people for a common purpose (Margono, 2021). Ubiquitous 
technologies and internet significantly shape the lives of young. These digital natives act as new social actors 
who determine public opinion and focus issues related to everyday life in the network society (Angelina, 2011). 
To understand the online strategies and dynamics of youth Carrie James and Megan Cotnam-Kappe (2019) try 
to study the good and bad online political dialogues. This study also suggests new strategies for the youth to 
have civic engagement even more broadly. 
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We could see that modern youth in modern days irrespective of countries use various strategic digital 
mechanism to voice their political opinion. Muhammad Saud & Hendro Margono (2021) in their research paper 
highlight the rise of digital democracy in Indonesia. The authors illustrate how youth of Indonesia agitated 
against the new corruption law and how they used social media platforms to generate public opinion and 
multiple discourse on the same. 

A study on ‘Hashtag activism: social media and the #FreeYouth protests in Thailand’ categorically enumerates 
the narrative pattern of the protest and its significant influencers. #freeyouth protest was successful as it relied 
not only on the online mode of protest but also was actively rooted on the physical space of universities, cities, 
etc. The author refers it as a hybrid movement (Sinpeng, 2021). 

Students from South Africa led a huge campaign, ‘The Rhodes Must Fall’ at the University of Cape Town. The 
pivotal point of this campaign is demanding the removal of statue of British colonialist, Cecil John Rhodes. It 
also demanded for a reformation in the curriculum which promoted institutionalised racism in the University.  
In this article, ‘Twitter activism and youth in South Africa: the case of #RhodesMustFall’, Tanja Bosch (2016) 
argues that students used Twitter as the platform for political discussion and effective tool for shaping public 
opinion. 

Weiyu Zhang (2011) in her article ‘Redefining Youth Activism through Digital Technology in Singapore’, 
explores how youth reshape the idea of civic engagement and how do they change the political landscape in 
Singapore. 

3.0 RESEARCH OBJECTIVES 
1. To understand and analyse the role of young students and young student organizations on Twitter in 

facilitating CAA protest. 

2. To understand major categories and formats of political narratives on Twitter during the time of CAA 
Protest. 

3. To analyse the role of Twitter in facilitating protest and enabling digital discourse. 

4.0 RESEARCH METHODOLOGY 
This research is a Qualitative study which entails Content analysis as a method to observe and to understand the 
role of Twitter in facilitating CAA protest. Johnny Saldaña's (2016) code scheme has been employed to classify 
and code the collected tweet corpus based on major themes and categories (Onwuegbuzie, 2016). 

This paper attempted to analyse the tweets and in-depth interview transcriptions of Youth Leaders and Youth 
Organizations in shaping and facilitating a predefined online discourse through easy-to-use digital architecture, 
Twitter with reference to CAA Protest. 

This research also managed to conduct in-depth interviews with the student leaders and young frontline workers 
who actively participated in the protests during the time between 01.12.2019 and 29.02.2020. Various formats 
of Twitter resources such as texts only, texts with links, texts with photos and texts with videos are also 
identified during the process of data acquisition. 

Manual and computer-assisted qualitative data analysis software (CAQDAS) have been used to collect, code 
and categorize a data set of 5107 tweets from both verified and non-verified accounts. MAXQAD, a Qualitative 
Content Analysis Software is used to code the collected data, to analyze the tweets and to categorize the tweets 
of young student leaders and their organizations. 

5.0 Content Analysis of Youth Participation on Twitter Narratives 
Youth and Students so far have felt a sense of alienation and isolation from the mainstream political 
participation due to various factors and precarious circumstances. But the recent trends and technical 
feasibilities build a cyber space for the youth and students to participate in political debates and to initiate public 
opinion. The recent phenomenal involvement of youth and students in politics through social media has erased 
the stains of stigmatization of young people with an image of apathy, consumerism, and anomie (Clua, 2018). 
Twitter has opened a new window and maximized the opportunity for youth and Students to actively participate 
in political discourses as political actors. This article focuses on the content analysis of tweets of youth 
organization and young key players as political actors on Twitter and their role in CAA protest in India. 

5.1 Identifying Youth Political Organizations on Twitter 
A data corpus of 5107 tweets have been retrieved with the reference of key hashtags such as #CAAProtest, 
#CAA_NRC_NPR, #ShaheenBagh, #DelhiViolence, #IndiaSupportsCAA, #IndiaDoesntSupportCAA etc, on 
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Twitter during the time between 01.12.2019 and 29.02.2020. Most of the identified Youth Political 
Organisations use Twitter to share photos or videos of political activities, to give counter reply to the criticisms, 
to make people understand the true side of the story, to appeal the government and the people, to condemn or 
support a particular act, to facilitate a political narratives based on the current situations and events. 

Figure 1: Youth Wings on Twitter and the Identified Number of Tweets 

 

As can be seen from figure 1, it has been identified that Youth Congress has generated 57 tweets with reference 
to CAA Protest. Jawaharlal Nehru Students Union (JNUSU) stands next to Youth Congress with 47 tweets. 
Youth4BJP, a youth political wing of Bhartiya Janata Party (BJP) tweeted 34 times. Some of the other youth 
political wings like All India Students' Association (AISA), a left wing student organisation in India with 27 
tweets, Akhil Bharatiya Vidyarthi Parishad (ABVP) with 25 tweets, Students' Federation of India (SFI) with 17 
and The National Students' Union of India (NSUI) and the student wing of the Indian National Congress 
(NSUI) with 6 tweets stand in the front row to generate more tweets with reference to CAA protest in India 
during the time between 01.12.2019 and 29.02.2020. 

5.2 Analyzing Major Categories of Political Narratives by Youth Organizations 
After analysing the data set of 5107 tweets between 1st December 2019 and 29th February 2020 on Twitter with 
reference to CAA protest, we could identify tweets generated by major youth wings. These tweets of the major 
youth wings facilitated multiple online interactions and many offline protests. Appealing to the students, 
condemning the political actors and their activities, protesting against and for the implementation of CAA, 
blaming the political party leaders for instigating protest, announcing certain happenings to the youth members 
and justifying the act or to justify decision of the government are few of the identified major categories of 
tweets which facilitated political narratives on Twitter. 

Figure 2: Categories of Political Narratives on Twitter 

 

Most of the youth organizations use Twitter as an effective tool to disseminate information and to announce 
about the recent updates to the organizations’ members in particular and to the large audience in general. 
Coding and analyzing 5107 tweets help us to expound major categories of political narratives on Twitter 
generated by major youth organizations during the time between 01.12.2019 and 29.02.2020. As can be seen 
from figure 2, we could find that youth organisations used most of the tweets for informing the public and for 
accusing the political parties. For example, @ABVPVoice posted a tweet accusing the political parties like 
AAp, Congress and AIMIM, “It is heart wrenching that in order to destroy the social fabric & spirit of 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

211 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

harmony prevalent in the society the leaders of political parties like AAP, Congress, AIMIM along with the 

Urban Maoists have poisoned the minds of common people of the city with their false propaganda.” Similarly, 
@JNUSUofficial with a strong sense of contempt tweeted, “Draconian and colonial laws are being used to 

witchhunt Muslims, activists and to curb dissent.” Few of the tweets were also spawned to inform about the 
happenings and the event updates with reference to CAA Protest. For example, @SFI_CEC informed to their 
comrades about an event organized and the subsequent arrests and lathi-charge excised by the police, “SFI 

today at 6pm burnt down effigy of Assam CM Sarbananda Sonowal and Himanta Biswa Sarma protesting 

against CAB. While the programme was going on Police lathi-charged the protesters while arrested 7 comrades 

including the State President Kashap Choudhury.” Other Tweets revolve around the categories of Twitter 
narratives like appealing and inviting. 

5.3 Analyzing the Role of Youth in Facilitating Political Narratives on Twitter 
From the recent and extant studies, it is observed that Twitter plays a vital role in facilitating and shaping public 
opinion through multiple political narratives. Being more interactive and more instant, Twitter assists students 
and youth activists to embark on the journey of initiating and facilitating multiple digital discourses and 
discussions in order to create substantial political narratives. After having analyzed the data of 374 tweets of 
key youth activists from the corpus of 5107 tweets on CAA Protest between 1st December 2019 to 29th February 
2020, it is suggested that Political narratives of these young key players on Twitter have played a vital role in 
facilitating various online discourses. 

Figure 3: Number of Tweets by Young Frontline Leaders 

 

Figure 4: Categories of Political Narratives  by Young Frontline Leaders 
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Political narratives carefully tailored by the above-mentioned young players could initiate online discourse and 
eventually offline protest. As can be seen from figure 3 & 4, the graphs highlight the number of tweets 
engendered by the youth activists with reference to CAA Protests. Aysha Renna, a student activist from Jamia 
Milia Islamia University, tweeted 134 times almost all are related to CAA Protest. Most of those tweets are used 
to inform about her protest activities.  Ladeeda Farzana, another student activist of the same University 
generated 116 tweets with reference to CAA Protest. Most of her tweets also revolve around ‘informing’ about 
her protest activities. Kanhiya Kumar, a former student activist, stands with 96 tweets out of which most of 
them are used to inform and to express his opinion on CAA. Aishe, the present student leader of JNU has 
generated most of her tweets on ‘informing’ and few of them to appeal for media attention and for rescue during 
the time of violence. 

Figure 5: Frequency of Tweets by Young Frontline Leaders 

 

Protests against the Citizenship Amendment Act (CAA) erupted in various parts of India when the Central 
government amended the act on 12th December, 2019. From then on there were various online and offline 
protests that had been initiated both in support and against CAA. The above figure 5, suggests that there was a 
high rate of political tweets posted by these above-mentioned young student activists with reference to CAA 
protest especially during the time period between 16.12.2019 to 31.12.2019 and 16.01.2020 to 31.01.2020. It is 
observed as of figure 5 that the first hike in the graph is because of series of protest activities since 15th 
December when clashes broke between Delhi police and Jamia University students which consequently resulted 
causalities on both the sides (Chothar, 2020). More reactions on Twitter are felt between these time frames was 
not only due to protest activities in Delhi alone but also due to various instances of arrests and deaths ensued 
especially in Uttar Pradesh and in several parts of the country in December 2019.  The second hike in the graph 
between 16.01.2020 to 31.01.2020 is observed due to various protest activities across the country. Some of the 
protest activities like candle procession from Jamia University to Shaheen Bagh, a juvenile opened fire at a 
protest at the Jamia Millia Islamia, injuring one student, etc. happened during these time durations which 
eventually resulted to multiple online discourses on Twitter. And we can be certain that Youth Organizations 
and Students Twitter presence played a major role in facilitating political narratives and shaping public behavior 
in offline protest. 

5.4 Analyzing Youth Participation in CAA Protest 
Extant studies state that in the modern era especially after the proliferation of internet, Youth and their 
participation in politics impacted a lot world-wide. Arab Spring in 2011, Tunisian revolution in 2010, I am 132 
movement in Mexico in 2012 (Sandoval Almazan, 2013), Umbrella Movement at Hong Kong in 2014 (Chan, 
2014), Sunflower Protest Movement at Taiwan in 2014 (Basu, 2016), Fees Must Fall movement (#FMF) which 
began in South Africa in mid-October 2015 (Bosch, 2016), Jallikattu Movement in Tamilnadu in the year 2017 
(Sathak, 2018), etc., are few of the examples of Youth engagements in Politics which got accelerated through 
various social media platforms. CAA Protest has a significant outlook as it had been pioneered and propagated 
by Youth. Young activists under the banner of Naga Students’ Federation (NSF) from North East first started 
the protest though the objective was different. Subsequently Jamia Milia Islamia College Students from New 
Delhi and Aligarh Muslim University from Uttar Pradesh took it to the next level (Bhilwar, 2021). 

In-depth interviews conducted with frontline student leaders and students of different Universities, mostly from 
Jamila Milia Islamia University give a broad picture of the entire narratives and substantiate the research 
questions. 
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Figure 6: Key Players who directly or indirectly influenced Youth 

 
Figure 7: Prominent Themes on Twitter during the Protest 

 
Figure 8: Tweet formats widely used during the protest 

 
In-depth interviews conducted with frontline student leaders and students of different Universities in Delhi with 
reference to CAA Protest exemplify Youth Participation in CAA Protest. The transcription of the in-depth 
interviews is coded and categorized based on the Johnny Saldaña's (2016) code scheme. MAXQAD, a 
Qualitative Content Analysis Software is used to code the entire transcription of the in-depth interviews. 

As of figure 6, it is observed that most of the students said that they were closely following activists and 
journalists for credible information. One of the student activists said, “women in Shaheenbagh influenced me, 
many students of Jamia influenced me”. Few of the students also acknowledged that they rely upon independent 
news portals and journalists on Twitter for credible news sources. 

As of figure 7, most of the student activists used Twitter for disseminating the happenings instantly to their 
companions in particular and audience at large in general. One of the students said, “Twitter provided a lot of 

live information that where to organize, where to gather. So whatever is happening and so what's the present 

status there?” Transcripts show students use Twitter mostly to share pieces of information, to get public 
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validation and for mobilisation. One of the Jamia student activists said, “I was detained, nobody was with me 

and,  I thought it was an end-game for me, but then when I was released, I was trending on Twitter, so I think 

maybe it helped me. You will get minimum justice that you have to get. So even in that way to access justice, we 

asked for public validation.” 

As of figure 8, as the transcripts are coded, it is observed that young activists get influenced by images and 
videos rather than the other formats such as text only and text with hyper link. 

Twitter not only enables interactions with one another but this cyber-space has been recognised by activists, 
journalists, politicians, celebrities etc., to generate public opinion through multiple micro narratives. A rapidly 
expanding body of researches have substantiated that there has been significant correlation between Twitter 
narratives and political participation of youth. It is also observed in studies that underrepresented groups of 
youth use social media for building their identity and reinforcing their existential consideration (Brough, 2019). 
In order to express themselves, to amplify their voice and to draw public validation, youth use an important tool 
on twitter called Hashtags (Literat, 2019). Thus Twitter narratives serve as a legitimate force for the student and 
young activists to construct new opinions and meticulously express their ideological construct on certain issues 
through hashtags. Twitter narratives constructed by youth around the CAA protest have impacted the public to a 
great extent. #IndiaSupportsCAA, #IndiaDoesNotSupportCAA, #DelhiRiots, #ShaheenBaghProtest, 
#ISupportDelhiPolice, #CAA, #HindusAgainstCAA, #CaaProtests, #NRC_CAA_NRR, #DelhiViolence, 
#NoToNPR_NRC_CAA, etc., were few of the trending threads which generated political narratives through 
various interactions and connections on Twitter during the CAA protest. 

Most of the frontline student leaders opined that all the credits cannot be attributed to Twitter alone. And they 
also acknowledged that Twitter has been used as an effective tool to amplify the unheard feeble voices. It is also 
observed in the in-depth interview that Twitter had an influential factor in certain groups and certain parts of 
society and not as a whole. Twitter helped the frontline youth leaders to connect to people at large and to update 
with. Apart from these, it is said that the protest was a complete inorganic and spontaneous one. 

6.0 FINDINGS AND DISCUSSION 
1. This content analysis on the data set of 5107 tweets reiterates that Youth Congress, as a political wing, 
generated more Twitter feeds pertaining to CAA Protest than other major youth wings like JNUSU, 
YOUTH4BJP, ABVP and AISA in the time period between 1st December 2019 and 29th February 2020. 

1. Among Kanhaiya Kumar, Aysha Renna, Aishe and Ladeeda Farzana, Aysa Renna posted more tweets than 
other key student leaders in generating CAA narratives during the time period between 1st December 2019 and 
29th February 2020. 

3. It is observed that though all the above-mentioned student frontline leaders and political student wings 
construct their narratives around CAA protest, their content and intent differ according to their agenda setting 
priorities on Twitter. 

4. The important categories of Twitter narratives based on themes like Appealing, Condemning, Protesting, 
Accusing, Announcing and Justifying are identified. It is observed that tweets containing the sense of 
information and accusing were more generated and accelerated through Twitter. Kanhaiya Kumar, Aysha 
Renna, Aishe and Ladeeda Farzana used most of their tweets to inform on what was happening with reference 
to the CAA protest. It could be recent development regarding protest, informing about the arrest, informing 
about participating in a protest, informing about meeting with the leaders etc., 

5. It is also surprising to observe that CAA protest is substantiated by both offline and online activism, one 
initiating and influencing the other. 

7.0 CONCLUSION 
The presence of Youth and Student Wings on Twitter is substantial and more effective. As Twitter has 280 
characters capacity, retweet, mention, sharing ability, its source and contents are more consumed and circulated. 
It is very obvious to note that a few student leaders and student wings pedantically advocate selective 
magnifications of issues and thus facilitate political narratives on Twitter. 

Analyzing and identifying the tweets of the frontline youth leaders and student wings, it is postulated that the 
categories of Twitter narratives, the frequency of the tweets during the time of protest certainly create and shape 
public opinion through multi-level online discourses. The initial point of protest is offline and spontaneous but 
later gets intensified by online discourses.  It can be equated to a spring getting expanded and extended, a 
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snowball getting rolled and simultaneously becoming bigger and bigger . It can be called as dialectical hybrid 
mode of protest. 

Analyzing the Twitter narratives of cyber-activists, political leaders, mainstream media, journalists, web-portals 
and celebrities in CAA Protest would be another possible and further area of study. 
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ABSTRACT 
The student training of effect on training beyond the class room is studied. The demographics profile of the 
student is analyzed. The multilinear regression equation is defined for students beyond classroom and what is 
the effect of your level of agree ability towards your skills observed from the training the students in Krishnagiri 
District. 
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1. INTRODUCTION 
Student perception is examined from a data practice system and the segments of this design are associated with 
instructional marvels. Exploration on understudy discernment about different highlights of study hall being is 
assessed. Two primary highlights are task need, containing instructor conduct and instructional exercises, and 
homeroom association. It is done that review on understudies' intellectual intercession of homeroom activities is 
a use expansion to investigate on teaching. 

Learning Outside the Classroom (LOtC) is the use of spots staying than the classroom for learning and 
instructing. It is tied in with having understudies and youngsters all over town, giving them with energizing, 
testing and different encounters to help them learn. Learning outside the classroom is an instrument for 
learning and educating and which has been checked to expand accomplishment and achievement, create conduct 
and improve the commitment of entire gatherings of students, including the individuals who are difficult to hold 
inside the classroom climate(Dyment, J et.al 2014). 

The 'places' where learning happens can have a significant outcome on how understudies take on with a subject 
or plan. Learning outside the classroom can happen at practically anytime and anyplace - outside or inside: in 
the school grounds, on the high road, in historical centers, in the nearby park and craftsmanship exhibitions, on 
peaks and streams or somewhere else in the worldwide. As an important method of learning it ought not be 
limited to the late spring or as 'add-on' next assessments. Understudies accept that youngsters ought to approach 
successive, constant and reformist encounters in the school grounds, instructive visits likewise away from home 
and private, and that these encounters ought to be utilized as an apparatus for learning, educating and conveying 
the educational plan across each subject spots. 

Learning past the classroom ought to make into getting ready for all students, consistently and all the all year. It 
is a persuasive device that is affirmed to increment passionate, reinforce social, achievement and individual 
create and adds to the wellbeing and prosperity of understudies and youngsters. 

2. WHY TO TAKE LEARNING OUTSIDE THE CLASSROOM 
It may be challenging to remain understudies on classroom assignments. Particularly as the school year draws to 
a close and the weather outside is lovely, and everything they 

What you need to do is behave as if you're devastated. Bring math outside and have children estimate how 
stretched out they would need to be to sprint, leap, and skip across a field. Understudies can discuss it outside 
and diagram it once they return to the classroom. 

By extending learning beyond the classroom, students discover new opportunities to make concepts more 
accessible and genuine by putting them into a more practical context. Numerous concepts that appear to be too 
difficult to grasp in the classroom become much more perceptible in the vast expanding universe when they are 
contextualised and when children are more busy and motivated to know and learn. Taking students beyond the 
classroom is analogous to unclipping their section. Surprisingly, their personalities are permitted to explore and 
frequently conclude with a few incredibly original outcomes regardless of the subject being taught. 

When students are upbeat and focused, they learn more. It's astounding how much an understudy can learn 
simply by playing. Testing is additionally an incredible method for learning; youthful understudies gain an 
enormous amount of knowledge about volume and surfaces through simple activities like sand and water play, 
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while more seasoned children will appreciate acting as nature educators and criminologists about smaller than 
expected monsters and their current situation. Prepared to incorporate outdoor play and visits into educational 
programmes, as well as to attract and encourage children to learn, will inevitably locate that more motivated to 
attend school (Wan Idros Wan Sulaiman et.al, 2011). 

While studying outside the classroom undoubtedly entails implementing a completely different code of conduct 
than the executives require, it can frequently result in a general improvement in behaviour as a result of 
understudies being persuaded, joyful, and locked in. There are quite a few understudies who will almost 
certainly set up if the result is that the complete class must return to learning maths inside. One of the main 
benefits of studying outside is that you have the most incredibly well-stocked stock cupboard you could 
imagine, with a good portion of it open. Regardless of how tight a school's financial plan is, anyone with a 
decent creative mind will have the capacity to improve free, substantial learning opportunities for students who 
will remain. 

3. LITERATURE OF REVIEW 
According to Parker (2012), the process of training new PhDs is difficult and results in large dropout rates due 
to the student's, mentor's, and program's financial and time inputs. One strategy for improving graduate 
education is to make apparent the abilities that students must acquire and to establish mechanisms for acquiring 
those skills. 

In this chapter, Sluijsmans et al.(2002) offer two research that address the following questions: 1) How 
trustworthy are peer ratings in problem-based learning groups? 2) Do raters employ unique strategies? and 3) 
How do students feel about problem-based learning? peer review? The first study had 27 university students 
enrolled in a fourth-year course in educational sciences that utilised problem-based learning. The second study 
enrolled 51 fourth-year students at a Primary Teacher Training College who were likewise exposed to problem-
based learning. While generalizability tests demonstrate that peer assessments are valid in one of the two 
experiments, evaluation questionnaire data indicate that students feel extremely uneasy when forced to give 
negative judgments without prior instruction. 

According to S.Ravi et al. (2016), "Training" is an all-encompassing phrase that is frequently  used to describe 
changes in our behaviours as a result of an experience we have had at some time in our life. Typically, we refer 
to this as training. "Training" was defined as the act, process, or method by which one trains, the skill, 
knowledge, or experience acquired by one who trains, and the state of being trained, and the term "experience" 
was defined as direct observation or participation in events as a basis for knowledge, the fact or state of being 
affected by or gaining knowledge through direct observation or participation, practical knowledge, skill, or 
practice derived from direct observation of or participation in events. 

4. OBJECTIVE 

 To study the training available to the students beyond classroom. 

 To evaluate the development of skills through training and its effect among the students. 

 To identify the role of importance of the training beyond classroom of the students in the study area. 

5. METHODOLOGY 

SOURCES OF DATA 
The essential information needed for the examination were gathered by controlling a survey to the undergrads 
who are concentrating in Government just as Self-Financing Arts and Science Colleges in Krishnagiri District, 
the investigation was led during the time frame between June 2018 and November 2018. 

DATA ANALYSIS TOOLS 
The gathered information put away in the format of csv file format, it tends to be utilized for information 
investigation. Linear regression is used for testing the factors. 

6. ANALYSIS AND INTERPRETATION 

Table 6.1: Gender of the Respondent 
Gender No of Respondents Percentage 
Male 434 58.10% 

Female 313 41.90% 
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The table 6.1 shows that 58.1% of the respondent are male and 41.9% of the respondent is Female. Male 
respondent is mostly respond the study. 

Table 6.2: Age of the Respondent 
Age No of Respondents Percentage 
18 177 23.69 
19 193 25.84 
20 169 22.62 
21 141 18.88 

>21 67 8.97 
The table 6.2 shows that 25.84% of the respondent age group were 19, 23.69% of the respondent age group 
were 18, 22.62% of the respondent age group were 20, 18.88% of the respondent age group were 21 and 8.97% 
of the respondent age group were above 21. The most of the respondent answered the questionnaires for age 
group of 19. 

7 MULTIPLE LINEAR REGRESSION 
Multiple Linear Regression (MLR) method helps in establishing correlation between the independent and 
dependent variables (Jobson J.D,1991). 

The Main Question of the Effect on Training Section in the question is What is the effect of your level of agree 
ability towards your skills observed from the training beyond classroom? 

 
Table 7.1 shows the Multilinear Regression coefficient results 
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I can cooperate and work 
in a group/team 

 
2.43 

-0.0056 0.5659 0.0165 0.1094 0.5633 0.1735 0.0438 

I get along with people 
around me 

 
2.46 

0.0509 0.5226 0.0143 0.009 0.6919 0.2267 0.0405 

I feel responsible for my 
actions 

 
2.54 

0.2234 0.2029 -.0494 0.263 0.4406 0.1478 0.0803 

I believe in dividing the 
work among group/team 

members 

 
2.75 

 
0.0875 

 
0.5205 

 
0.0858 

 
0.2604 

 
0.2244 

 
0.1188 

 
0.0831 

I understand myself 2.62 0.2017 0.4915 0.0051 0.1551 0.4403 0.0939 0.0544 
I feel comfortable 

teaching others 
 

2.71 
0.139 0.519 -0.014 0.1775 0.4778 0.1298 0.0693 

I consider all choices 
before making a decision 

 
2.91 

0.1911 0.4938 -.0101 0.1524 0.5911 0.1467 0.0654 

I listen carefully to 
opinions of group/team 

members 
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0.0694 

 
0.2967 
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0.1236 
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0.2924 
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I am respected by others 
my age 

 
2.46 

0.1568 0.3017 0.085 0.1696 0.1558 0.2551 0.0871 

I can lead a discussion 2.41 0.1326 0.4473 -.0682 0.1171 0.4934 0.1354 0.1263 
I use past experiences in 

making decisions 
 

2.69 
0.1723 0.3014 0.0712 0.1007 0.4977 0.262 0.0563 

I believe that all group/team 
members are 

responsible persons 

 
2.72 

 
0.1709 

 
0.3342 

 
0.0339 

 
0.0972 

 
0.426 

 
0.3014 

 
0.1248 

Table 7.1 shows that the P value of Year_Studying and Father_Occupation have the high P value because of the 
Multicollinearity. To solve the Multicollinearity problem by using data standardization. 

 
Figure 1: Correlation Based Heat Map 

The Figure 1 shows that correlation based Heat Map, majority of the correlation value is between 0 to 0.6. 

8. FINDINGS 

 58.1% of the respondent are male 

 25.84% of the respondent age group were 19 

 Miltilinear Regression Equations of what is the effect of your level of agree ability towards your skills 
observed from the training beyond classroom. It is showed in table 7.1. 

9. CONCLUSION 
The student training of effect on training beyond the class room is studied. The demographics profile of the 
student is analyzed. The multilinear regression equation is defined for students beyond classroom and what is 
the effect of your level of agree ability towards your skills observed from the training the students in Krishnagiri 
District. 
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ABSTRACT 
Lentils (Rajma, Chana, Black Chana, Lobia) as it is rich in B vitamins, iron, magnesium, potassium and zinc 
they are the key sources in Human diet. Due to high demand, the Lentils were optimized for Ready-to-eat 
product using by Compact thermoforming packaging machines and retort processing. This study aims to extend 
the shelf life of the lentils and by checking the parameters such as physicochemical properties moisture and 
water activity, most of the samples showed below 50% of moisture and around 0.8-0.9 water activity. There was 
no microbial load in all 4 samples for Yeast and mould, salmonella, E.coli and coliform after Retort processing. 
Mycotoxins were also tested using High performance Thin Layer chromatography. These test shows the 
absence of microbial growth and water retention reveals that the product shelf life. Hence the Quality and shelf 
life of the product were analysed and the results were compiled. 

Keywords: Lentils, Mycotoxin, Microbial Load, Physicochemical Parameters, Polypropylene. 

INTRODUCTION 
The key sources in human diet are lentils (Rajma, Chana, Black Chana, Lobia) as it is rich in B vitamins, iron, 
magnesium, potassium and zinc. They’re also a great source of plant-based protein and fiber; there are various 
kinds of lentils that are used. They are classified among soft-coated lentils that require shorter cooking time, and 
thus have smaller losses in nutrients as compared to those with hard seed coat (Mo’ez Al-Islam Ezzat Faris, 
Hamed Rabah Takruri and Ala Yousef Issa, 2012). 

Lentils (Lens culinaris Medik) are the most ancient cultivated crops among the legumes. These are a good 
source of protein in a vegetarian diet because they contain roughly 20-30% protein, which is nearly 2.0-2.5 
times more than cereals (Vijay sharma and Vandana Shukla, 2014). Lentils supply significant pertaining to food 
and mental wellness benefits, and are popular to reduce various non-communicable ailment to a degree colon 
cancer and cardiovascular ailment s (Yude, et al., 1993; Jukanti, et al., 2012). The protein deficiency can be 
solved by consuming grain legumes. The lack of interest in the production of lentils among farmers is due to the 
flaws faced in most of the existing varieties (Alma Zhumabaevna Saikenova, and Mukhtar Sarsenbekovich 
Kudaibergenov, 2021). There are various pesticides were they especially attack in food industry before it 
reaches the consumers: fungus and insects are the main cause for food spoilage in warehouses. 

By consumption of contaminated food it leads to serious health issues and they are also susceptible for 
mycotoxins and aflatoxins (Jakic-Dimic et al.,2009). Polypropylene is a clear film which can resist high 
temperature with high strength and puncture resistance. It is a good barrier to air, pest control and high barrier 
water vapour, which is not affected by the humidity changes (Hirsch,1991). Nowadays consumers are cautious 
about their health and they prefer more nutritious foods and they are ready to pay a higher price for better 
quality products. PP is characterized as a good high thermal expansion, chemical resistance, high tensile 
strength and operate at the temperature 121℃. 

MATERIALS AND METHODS 
SAMPLING 
Commercially available four samples of Lentils (Chana, Rajma, Black Chana and Lobia) were taken and 
processed (fig 1) to facilitate the better enhancement of shelf life by retort packaging. Multivac machine is a 
Compact thermoforming packaging machines their primary function is to protect the product against outside 
influences. The model which was used was R255 enables high-quality shrink packs in medium-sized pouches. 
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Figure 1: Process flow chart 

 

PHYSICOCHEMICAL PARAMETER TESTING 

MOISTURE 
Moisture content in all these samples were tested using the standard proximate testing procedure were samples 
were weighed accurately and added in 4 different dishes and at different time intervals the weight was noted 
along with initial weight and final weight. Experiment was done in triplicates and values were noted. 

WATER ACTIVITY 
Water activity is noted in a water activity meter. Experiment was done in duplicates and values were noted. 

MICROBIAL LOAD 
Total plate count (TPC), Yeast and Mold and Coliform count were measured to determine the contamination 
level in lentils (Fig 2). The procedure was followed as per AOAC standard protocol. The media used for TPC- 
Total plate count agar, Yeast and Mold- Chloramphenicol Yeast glucose agar and Coliform-Violet Red Bile 
Agar (VRBA). Escherichia coli (E.coli) count was measured, the Pre enrichment media used was buffered 
peptone water and selective enrichment media was Macconkey agar and Eosin methylene blue. The streak plate 
method was followed. The Salmonella count was measured, the Pre enrichment media used was buffered 
peptone water and selective enrichment media was Brilliant green agar (BGA) and Deoxychalate Citrate Agar 
(DCA). The streak plate method was followed. Media preparation as shown in Fig 2. The procedure for these 
five test was followed as per AOAC standard protocol (2016). 

Figure 2: Lentils Sampling and Media Preparation 

 

Estimation of Mycotoxin using High Performance thin layer chromatography (HPTLC) 

Estimation of Multimycotoxin 
Sample analysis was done by taking a known amount (25g) of grinded sample in a flask of 250ml, 4g of sodium 
chloride was added and treated with acidified acetonitrile of 100ml. Then in an orbital shaker at 200rpm for 
30mins the mixture was shaken. Then through whatsman paper (No1) it was filtered. In a 250ml separating 
funnel to a 50ml filtrate, the 50ml of distilled water and hexane was added. Shake gently for 3 mins and the 
water phase: acetonitrile was collected and this process performed twice. To the final water phase 20ml of 
chloroform was added in another separating funnel and then it is shaken vigorously. Through anhydrous sodium 
sulphate bed in a vial the chloroform was collected. In a hot plate the extract was evaporated and then the dried 
extract finally was reconstituted with acetonitrile and used for HPTLC spotting (Ramesh et.al., 2013). 

Retort Packaging Method 
Retort pouches are flexible plastic pouches which are packed with already cooked or semi-cooked food, sealed 
and subsequently sterilised to create food pouches that have a shelf life of up to 18 months with no preservatives 
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and zero refrigeration. Retort Pouches were invented by the US Army for storing military rations in the 1970s 
and have since revolutionized food and beverage packaging in the Ready-to-Eat packaged food segment. The 
lentils are sent on the conveyor’s for blanching is a short time period in which water is heated to a temperature 
80-85℃ for about 10mins. Additive mixing- salt, sugar and water is used as a mild brine solution as a 
preservative. Filling the solid (Lentils) material in pouch and weigh the solid material. Filling- Liquid (brine 
solution) maintaining the temperature above 50-60℃. Sealing of the pouch (band sealing). Retort Tray loading 
and heat the water 121.5℃ for about 30 mins. Unloading the retort tray (Virat abishek, Kumar.R, 2014). 

RESULTS AND DISCUSSION 

Moisture and Water Activity measurement 
Water activity (aw) and moisture content are different parameters. Water activity explains how the water in the 
food react with microorganisms but Moisture content defines the amount of water in food and ingredients. The 
higher the moisture content, faster in the microbial growth like Yeast and mold, Salmonella, bacteria and 
coliform will be able to grow- resulting in the spoilage of food and their standards of food storage. Moisture 
content of 4 samples (Chana, Rajma, Black Chana and Lobia) was 0.4 – 0.6%.Water activity for samples (fig 3) 
was 0.876, 0.879, 0.873 and 0.876 was detected at a temperature between 28.4-29.0. Moisture content will 
retain in the product for some extent but due to retort packaging the contamination and the microbial growth is 
prevented. FSSAI standards have set a permissible level of not more than 14%. Hence it is concluded that the 
moisture and water activity of all the 4 samples are within the limits. The procedures for physicochemical 
parameter testing was followed as per the protocol mentioned in the food safety standards authority of India Lab 
Manual 10. 

Figure 3: Samples for Water activity 

 

MICROBIAL LOAD 
Purpose behind determining the microbial load is to verify there is no microbial load after retort packaging since 
the lentils are predominantly found under soil level. So, that it extends the shelf life of the product. The test was 
conducted for raw lentils and finished product. TNTC- Too numerous to count. Cfu/g – Colony forming unit per 
gram. In estimation of Yeast and mould it was found that there was no growth both in Raw & finished product. 
Total Plate Count (TPC) test was carried out to determine the bacterial load in Raw material (Rajma, Chana, 
Black Chana and Lobia) and in finished product to assess the shelf life of the product. It was found that in raw 
materials 20- 25 (cfu/g) colonies were in rajma, chana and numerous count for black chana and lobia. In 
finished product no colonies were found due to retort processing. Coliform test was done to determine the 
bacterial load in Raw material (Rajma, Chana, Black Chana and Lobia) and in finished product to assess the 
shelf life of the product. It was found that in raw materials no colonies were found except in Chana and during 
retort processing the colonies were absent in finished product Chana. Escherichia coli (E.coli) test performed to 
determine the presence of E.Coli in 25gms it was found to be present in raw materials and absent in finished 
product to assess the shelf life of the product. Salmonella test is to determine the presence of Salmonella in 
25gms it was found to be present in raw materials and absent in finished product to assess the shelf life of the 
product. As per World Health Organization (WHO) norms permissible limit for microbial load of processed 
food is below 10000 (cfu/g) of TPC. Since the microbial load is less than the permissible limit it proves that it 
extends the shelf life of the finished product by retort packaging method. 

ESTIMATION OF MYCOTOXIN 
Toxins such as Aflatoxin B1, B2, G1 and G2 were tested along with Citrinin, Ochratoxin  A and T2 toxin was 
also tested, among in which the third sample of Rajma, Black chana and Lobia showed the presence of T2 toxin 
in Rajma (68 μg/kg) and Lobia (99 μg/kg) , Citrinin in Black chana ( 81 μg/kg) and Lobia (59 μg/kg). Based on 
the Fssai regulations Aflatoxin must not be present in the concentrations higher than 5 μg/kg in lentils. When 
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brine solution of 5ml was added there was no presence of toxins. Since Aflatoxin is absent it extends the shelf 
life in all the three samples of finished product by retort packaging method. The presence of Multimycotoxin is 
represented as graph below (fig 4- fig 7). 

Figure 4 Citrinin Standard Peak in High Performance Thin Layer Chromatography 

 
Figure 5 Positive sample peak indicating Presence of citrinin in High Performance Thin Layer Chromatography 

 
Area of Coloured region is calculated to determine the amount of citrinin present in Sample. 

Figure 6 T2 Toxin Standard Peak in High Performance Thin Layer Chromatography 
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Figure 7 Positive sample peak indicating Presence of T2 Toxin in High Performance Thin Layer 
Chromatography 

 
Area of Coloured region is calculated to determine the amount of T2 Toxin present in Sample. 

CONCLUSION 
A commercially available lentil was taken for extending shelf life by using retort packaging. The test conducted 
for safety assessment. It was found that by retort packaging method can inhibit the microbial growth and extend 
the shelf life of the product. The water activity and Moisture was also checked due to do the addition of brine 
solution before entering into the retort processing. Hence it can be consumed even after a long duration of time 
without spoilage, the shelf life of the product is up to 8-12 months. This method will enhance the shelf life 
without causing any adverse effect. However further studies are required. 
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ABSTRACT 
COVID -19containment taught several new things to everyone. This containment helped to spread our 
knowledge in the universal platform. Several scholars got opportunities to extend their hidden skills and 
expertise to reach many people. Most importantly, teaching through virtual mode has become the requisite part 
of academic establishments around the world because of the pandemic crisis of COVID-19. Online courses 
registration, webinar participations and of course the online regular classes helped many learners to continue 
their degree and to gain lots of knowledge virtually. This study aims to study the students’ perspective towards 
e-learning through an online survey of 100 students. This is achieved by analysing the primary data obtained 
through structured questionnaire. Primary information was collected from II and III Years Students from 
various colleges around Madurai district. The study result shows that students accepted online mode of teaching 
during pandemic due to the fear of non-completion of their courses. Their satisfaction level would have 
improved if more interactive sessions were implemented with proper sharing of relevant study materials and 
videos of online classes through college website. This mode of teaching may not be accepted by the students 
after pandemic in the long run. 

Keywords: e-Learning, Students attitude, Online classes, COVID-19, Satisfaction Level, interactive sessions. 

INTRODUCTION 
Learning may be a continuous process; there's no regulation to find out one thing new in our life. During the 
olden days, students used to move to Gurukulam to transform them into smart personalities by obtaining the 
essence of knowledge from their Gurus. Later, large number of institutional establishments began to emerge in 
order to convert the scholars into Scientists, Doctors, and Entrepreneurs etc. The COVID -19 converted our 
routine life itself into a tragic one. Any trivial changes at the world level will definitely have its impact on the 
education sector hence COVID -19 conjointly has its path within the education sector too. To prevent the 
spreading of the virus worldwide, institutional establishments were forced to suspend physical classes. As a 
result of this, with the advancement of technology, it was possible to choose virtual platform and it proved to be 
a best alternative in the absence of physical classes. 

Thus it paved the path towards e-learning. The government ordered to conduct the higher secondary 
examinations and college semester examinations for the year 2020 and 2021 through online mode. This was 
followed by issue of mark sheets to the passed out students and admission for the fresher who completed the 
higher secondary examinations also through online. As per the government order, all the institutions completed 
2019-2020 year and began following year of 2020-21. It a sudden unplanned paradigm shifts, which carry some 
negatives. Students were badly affected during COVID-19 containment because their educational foundation 
became weak due to online teaching, learning and evaluation. The online instructors were given very less time 
to be mentally prepared for giving the entire classroom effect through online mode. In this article, a trial was 
created to analyze the Students’ perspective towards online categories throughout pandemic in Madurai City. 
Learning through virtual mode has become a part of the education sector, during which the scholars and 
colleges are connected well. The employment of a desktop, laptop, or Smartphone’s forms a serious element of 
this learning methodology. Thus e-learning gained greater importance during COVID-19 pandemic. 

STATEMENT OF THE PROBLEM 
Teaching by the scholars on field which has been modified and shifted to a brand new setting through virtual 
mode is unaccustomed to the schools and also to the students during the pandemic period. Schools should be 
aware and equipped to handle the classes through Google meeting link, ZOOM, or MS-TEAM. 

Apart from teaching, reviewing with essays, answering queries, conducting quiz, scrutinizing assignments are 
also additionally must have been completed online. Without the above mentioned criteria, online classes cannot 
be proved effective. 
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SCOPE OF THE STUDY 
Educational institutions were forced to adopt new teaching and learning methods along with other curriculum 
related activities which might be new challenges for them. Throughout this COIVD-19, the education sector has 
been working on sophisticated methods for the betterment of students. Similarly, the students are also willing to 
continue their e-learning which might be a challenging journey for each student. 

OBJECTIVE OF THE STUDY 
1. To analyse the students’ attitude towards online classes 

2. To analyse the satisfaction level of students during online classes. 

3. To know about factors affecting online classes. 

REVIEW OF LITERATURE 
Dr. N. Muthuselvi & Dr. C. Jestina Jeyakumar in their paper titled, “A Study on How Online Classes Affected 

the Students Mental Health in Pandemic Situation” concluded that though Internet has assumed an essential part 
during the pandemic, its results cannot be overlooked. The online classes cannot be brought to understudy 
because of the inaccessibility of cell phones and signal coverage to particularly helpless families and far off 
regions. This makes segregation among the understudies of poor and rich or metropolitan and rustic. The 
understudies under 14 years don't know about the screen impact and get dependent on versatile that causes 
mental and eye issues. Consequently, teaching through internet cannot take the situation of customary study hall 
instructing for quite a while and we should return to conventional educating after a pandemic closures. 

METHODOLOGY OF THE STUDY RESEARCH DESIGN 
Descriptive and Analytical Research Design. 

DETERMINATION OF SAMPLE SIZE 
Sample Size: 100 (Autonomous colleges - Madurai) 

Sampling Technique: Convenient Sampling Technique 

SOURCES OF DATA 
Primary Source: Structured Questionnaire was used to collect the data. Simple Percentage Method was 
adopted to measure the responses. 

LIMITATIONS OF THE STUDY 
• The study is based on the attitudes of students alone and the factors given by them are subjective. 

• The study covers only two educational institutions in Madurai city, hence it may vary with other colleges 
within or outside of Madurai city. 

• Attitudes of students can be changed at any point of time, so the same respondents’     responses may vary in 
the future. 

ANALYSIS AND INTERPRETATION 
STUDENTS’ ATTITUDE TOWARDS ONLINE CLASSES 

Table 1 Programe of the Respondents 
S.NO PROGRAME RESPONDENTS PERCENTAGE 

1 ARTS 58 58 
2 SCIENCE 42 42 
 TOTAL 100 100 

Source: Primary Data 

The above TABLE: 1 show that 58% of Arts students and 42% Science students participated in the survey. 
Maximum number of respondents was Arts students in this study. 

Table 2 Types of Teaching App Used For Students 
S.NO APP RESPONDENTS PERCENTAGE 

1 GOOGLE MEET 34 34 
2 ZOOM 38 38 
3 GOOGLE CLASSROOM 28 28 
 TOTAL 100 100 

Source: Primary Data 
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In TABLE:2, although Google Meet, Zoom and Google Classroom have more or less similar preference, Zoom 
is preferred more than the other two apps. 

Table 3 Types of Devices Used For Online Classes 

S.NO TYPES OF DEVICE RESPONDENTS PERCENTAGE 
1 MOBILE PHONE 65 65 
2 LAPTOP 20 20 
3 COMPUTER 15 15 
 TOTAL 100 100 

Source: Primary Data 

The TABLE: 3 show the students’ usage of device for online classes. It is obvious that with mobile phone being 
handy, 65% of the people prefer to use mobile phone from anywhere, but that would also be a hindrance for 
them in taking notes and being very much attentive. We do not know how many of them own laptop or 
computer and still uses mobile. 

Table 4 Attendance of Online Classes 

S.NO ATTENDANCE RESPONDENTS PERCENTAGE 
1 YES 75 75 
2 NO 25 25 
 TOTAL 100 100 

Source: Primary Data 

The TABLE: 4 show the students’ attendance rate. In a class room schedule, we wouldn’t be asking this 
question, because all the students must attend. But, being the online class which makes the flexibility to attend, 
people are unable to stick to the schedule. 25% of the people finding hard to stick to schedule is a serious 
concern. 

Table 5 Online Classses Timing 

S.NO SPENDING TIME RESPONDENTS PERCENTAGE 
1 3 HOURS 22 22 
2 4 HOURS 30 30 
3 MORE THAN 4 HOURS 48 48 
 TOTAL 100 100 

Source: Primary Data 

Though the class timings are arranged by the teachers, TABLE: 5 shows almost 52% of the students attend less 
than 4 hours of classes. We need to study whether these class timings are scheduled continuously or after 
frequent intervals which will reduce their eye strain issues. 

SATISFACTION LEVEL OF STUDENTS DURING ONLINE CLASSES 

Table 6 Satisfaction Level Of The Students 
S.NO SATISFACTION LEVEL RESPONDENTS PERCENTAGE 

1 YES 49 49 
2 NO 38 38 
3 MAY BE 13 13 
 TOTAL 100 100 

Source: Primary Data 

In TABLE: 6, even though students satisfaction with the teaching apps are 49% , the opposite which is “NO” 
and “MAY BE” together is 51%. We can interpret that as 50-50 on both sides. 

Table 7 Interest on Online Classes 

S.NO INTEREST RESPONDENTS PERCENTAGE 
1 YES 26 26 
2 NO 30 30 
3 MAYBE 44 44 
 TOTAL 100 100 

Source: Primary Data 
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It is clear from the TABLE: 7 that only 26% are confident enough to tell that the online classes are interesting. 
Balance 74% indirectly says the classes are either boring or not effective to inculcate knowledge. This study 
will be a valid point in deciding about the effectiveness of online classes. 

Table 8 Taking Notes during the Class 

S.NO TAKING NOTES RESPONDENTS PERCENTAGE 
1 YES 15 15 
2 NO 40 40 
3 MAYBE 45 45 
 TOTAL 100 100 

Source: Primary Data 

In TABLE: 8 it is interesting to note that only 15% of the students take notes. Some of the 45% of the “MAY 
BE” students might take notes occasionally. But overall it is not appreciated to see that they don’t take notes 
and they attend the online class for the sake of attending the class. 

Table 9 Faculty Providing Resources to Learn From Home 
S.NO PROVIDE A RESOURCES RESPONDENTS PERCENTAGE 

1 YES 65 65 
2 NO 23 23 
3 MAYBE 12 12 
 TOTAL 100 100 

Source: Primary Data 

In TABLE: 9, predominantly about 65% says the faculties provide resources and we can count on the “MAY 
BE” students also. Perhaps the 23% of students may have meant enough resources were not provided rather 
than any resources. 

FACTORS AFFECTING ONLINE CLASSES 

Table 10 Factors Affecting Online Classe Teaching: 
S.
No 

Factors Strongly 
Agree 

Agree 
 

Neutral 
 

Disagree 
 

Total Rank 

1 Students do not take online classes 
seriously 

65 25 4 6 100 I 

2 Students make lot more excuse not 
attending online classes and the 

reliability of it cannot be assessed 

45 15 8 32 100 IV 

3 Students show lack of interest and 
involvement during online classes 

32 18 13 37 100 IX 

4 Students feel motivated to participate 
in online class discussions 

48 29 8 15 100 III 

5 Lack of computer skills makes the 
students uncomfortable during online 

classes 

39 47 7 7 100 VII 

6 Students get easily distracted and 
difficult to concentrate the online 

classes 

42 47 5 6 100 V 

7 Students get technical issues during 
online classes 

51 42 3 4 100 II 

8 Students doubts not to be cleared 
during online classes because of timing 

36 47 7 10 100 VIII 

9 Students get more disturbance from 
house during online classes 

40 50 1 9 100 VI 

Source: Primary Data 

Most of the answers in TABLE:10 make it louder and clear that the online classes are not effective. 90% of the 
students agree that they don’t take online classes seriously. It is very interesting to note that the focus on 
learning is affected in online classes as confirmed by the table that 89% of the students agree that they get 
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distracted and 90% of the students agree that being at home disturbs them. Unless students have a dedicated 
room exclusively for online classes at every home the online classes will be ineffective as focus in studies is 
very important for learning. The agreement of 93% of the students that they face technical issues which can be 
due to app malfunctioning or internet connectivity issues, which is very common everywhere, is a valid 
frustrating point. The feeling of 86% of students that their computer skills make them uncomfortable can be 
resolved through proper training. However, considering the other ineffectiveness providing training alone will 
not make the online classes more effective. When 77% of the students feel they are motivated to participate, it is 
obvious that the time will run out that is why 83% feel that they themselves give excuses for either not attending 
or discontinuing a class. Such excuses cannot be verified like telling “I have technical issues to connect.” 

SUGGESTIONS 
• Students study 5 to 6 subjects in a semester through e-learning. Time   management is a serious constraint 

for them to complete the educational work. 

• Although virtual learning helps them to boost their data, they face some health issues due to prolonged 
screen timings and lack of physical movements. Hence the learners and college should take responsibility to 
find some effective alternatives. 

• The major disadvantage in e-learning is that it doesn’t establish the reaction of the scholars, therefore with 
different mode of teaching the colleges can prepare for sharing the views of scholars in e-learning. 

CONCLUSION 
Though online classes prevented the disruption of knowledge flow in the education field, it had negative 
influence on the learners’ performance and outcome. Students have the tendency to lose interest and 
involvement in the subject matter due to the stress they encounter in virtual learning. Above all, online 
examinations and evaluations don’t give special recognition to real hardworking and talented students. Their 
active interactions on subject matters in the real time classroom are also hindered in virtual mode. In spite of all 
these disadvantages, the findings of our study say that the students were benefitted to certain extent in the 
pandemic through online class without facing total discontinuity in their studies.  They showed acceptable 
participation in online classes by managing all the hurdles they encountered in their home atmosphere. Their 
interest can be provoked through interactive sessions with subject related quizzes and games. Further, due to 
lack of time during online sessions students are not able to take notes. This can also be overcome by posting the 
relevant subjects materials in college websites with password access. 
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ABSTRACT 
Background: Mango pickles are immensely common across Asia. In every Indian household, they are the most 
frequently consumed condiment. It is abundant in antioxidants and has nutritional values, including vitamin K 
and fibre. The goal of this study was to assess the quality of several market pickle samples. They were evaluated 
by completing a survey that included checking for adulterants, calculating sensory evaluations, and checking for 
microbial contamination. 

Methods: The total plate count (TPC) method was used to determine microbiological contamination for each 
pickle sample. To measure the levels of rancidity, the peroxide value was calculated for all pickle samples. 
Physicochemical characteristics such as water activity, moisture, pH, and colour were examined. High-
performance thin-layer chromatography (HPTLC) was used to determine the amounts of aflatoxin and other 
mycotoxins in the samples.  

Results: The aerobic plate count of mango pickles ranged from 1.5 X 103to 3.6 X 102 cfu/g. Concerning 
physicochemical parameters, 50% of the pickle samples were found to be within the acceptable range. The 
rancidity test showed that 2 out of 4 samples were rancid.  

Conclusion: This study shows that 2 out of 4 samples have the quality and sensory characteristics that meet the 
guidelines, showing that the pickles are available in both good and bad quality in the market. 

Keywords: microbial load, physicochemical parameters, pickle, rancidity, sensory analysis. 

INTRODUCTION 
Mango (Mangifera indica L.) is a well-known tropical fruit in the Anacardiaceae family. India is the leading 
producer, accounting for 57.18 percent of total global output with an annual production of around 10.99 million 
tonnes. Mangoes, which are classed as climacteric fruits, ripen quickly after being picked. The perishable nature 
of the fruit makes it difficult to transport harvest to distant locations. Such fruits can be used to make pickles to 
reduce losses. Pickles can be made with meat, vegetables, or fruits. Mango pickle is the most popular and 
widely used. Mango pickles are a popular Indian export (Katike Umamahesh et al., 2020). Pickles are a type of 
food product that is preserved with salt, vinegar, and spices. They're a lactic acid-ripened vegetable that's 
minimally salted. Pickles contain acetic acid, which acts as a preservative to extend the shelf life of the product 
(Shannon Rezac et al., 2018). 

Adulteration has found a unique way into the pickle industry. Any type of aluminium sulphate, including those 
that are toxic, is referred to as "alum". The type of alum used for pickling is commonly known as potassium 
alum. Aluminium makes pickles crisper and firmer by strengthening the cell walls of fruits and vegetables. It is 
dangerous in large amounts. The current trend is to use fewer chemicals to enhance food texture. Adulterants 
such as chalk powder, white sand, washing soda, plastic crystals, and urea are commonly used. The most 
serious side effect of alum consumption is lung damage. Diarrhea, nausea, and vomiting are all side effects of 
washing soda (A Rahman et al., 2014). 

In light of the above discussion, the current study focuses on a complete examination of mango pickles on the 
market, which is fulfilled by comparing four different samples and evaluating their quality factors as well as the 
occurrence of adulterants using the methodologies outlined below. 

MATERIALS AND METHODS 
SAMPLING 
Four mango pickle samples procured from the market were named A, B, C, and D. The samples were retrieved 
and maintained in sealed containers for analysis. All the tests listed below were performed in duplicates or 
triplicates. 
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PHYSICOCHEMICAL PARAMETER TESTING 

MOISTURE 
The moisture content of all pickle samples was determined by placing 3g of sample in a hot air oven for 3 hours 
at 105oC and calculating the weight difference. The experiment was carried out in triplicates (AOAC., 2016). 

WATER ACTIVITY 
The water activity (aw) in pickle samples was determined by placing 1g of the sample in the water activity 
meter (nova sina). The readings were noted. The experiment was performed in duplicates (AOAC., 2016). 

PH 
The pH of the pickle samples was tested using a pH meter. 10g of samples were taken in a beaker with 10 ml of 
distilled water. The pH meter is inserted into the beaker. The readings were noted (AOAC., 2016). 

COLOUR MEASUREMENT 
A hunter colorimeter (HunterLAB-ColorQuest XE) was used to determine the colour of all four samples at a 
wavelength of 650 nm. Each sample's graph was plotted (NiCheng et al.,2018). 

Microbial Contamination 
Pickle samples were analysed for aerobic plate count (APC) and yeast and mould count (YM). Briefly, 1ml of 
food homogenate is poured into each petri dish with the total plate count (TPC) agar. The mixture was 
incubated at 35°C for 24/48hours. The number of colonies was recorded (AOAC., 2016). 

RANCIDITY ESTIMATION 
The level of rancidity in pickle samples was determined by calculating the peroxide value. The peroxide 
concentration was measured according to the FSSAI, (2011) protocol. The appearance of violet colour indicates 
positive rancidity. 

Estimation of Mycotoxin Using High-Performance Thin-Layer Chromatography (HPTLC) Estimation of 
Multi-Toxin 
Place a 25g sample, 88ml of acetonitrile, 2ml of 20% sulfuric acid (H2SO4), 4% potassium chloride (KCL), and 
1 scoop of sodium chloride (NaCl) in a shaker for 30 minutes. Filter the liquid with filter paper. Add 50ml of 
the filtered sample, 50ml of distilled water, and 50ml of hexane to a 250ml separating funnel (shake). Collect 
the lower layer in a measuring cylinder and toss out the top layer. In a 250ml separating funnel (Shake), 50ml of 
the lower sample and 50ml of hexane were combined. Wash the separating funnel and collect the lower part in a 
measuring cylinder. 50ml collected lower sample and 20ml of chloroform were taken in a 250ml separating 
funnel (shake and allow to separate). By gently tilting the separating funnel, the bottom layer will be collected 
over anhydrous sodium sulphate (Na2SO4) bed. Vaporize till almost dry (Ramesh et al., 2010). 

RESULTS 

Physicochemical Parameters 

Moisture and Water Activity Of The Mango Pickle 
The moisture level of the four samples varied between 40% and 67%. At temperatures ranging from 28.3 to 
28.5 degrees, the water activity was in the range of 0.755 to 0.795. 

PH 
A food's pH is a direct function of the amount of free hydrogen ions it contains. These hydrogen ions are 
released by acids in foods, giving them their unique sour flavour. Therefore, pH can be thought of as a measure 
of free acidity. pH is estimated by taking the negative log of hydrogen ion concentration. The pH ranged from 
2.78 to 3.20 in the four samples. 

COLOUR DETECTION 
A graphical representation of the peaks of four samples is shown in figure1. Visible Spectrum Details: 

Colour - Red 

Wavelength - 650nm 

Frequency - 1.91Hz 

Energy - 1.77 eV 

L is the product's lightness, +a* is its redness, -a* is its greenness, +b* is its yellowness, -b* is its blueness, and 
dE is its total colour difference. Mean values of 3 readings of each colour were noted at wavelengths of 650 nm. 
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Table1: Colour analysis using the Hunter Colorimeter at wavelengths of 650 nm. 
Samples L a* b* dE* 

A1 27.50 1,47 -7.26 68.36 
A2 20.72 2.27 -7.72 75.12 
A3 18.51 2.86 -9.06 77.61 
B1 29.44 1.83 -9.11 66.95 
B2 23.60 2.03 -9.64 72.73 
B3 23.11 1.40 -9.10 73.03 
C1 26.98 2.27 -8.41 69.20 
C2 28.02 1.44 -8.56 68.15 
C3 27.89 2.28 -9.25 68.52 
D1 29.38 2.65 -9.02 67.07 
D2 28.00 2.43 -8.69 68.29 
D3 27.50 2.62 -9.02 68.88 

Figure 1: Hunter colorimeter absorbance spectrum at 650 nm 

 

Microbial contamination 
According to the microbiological investigation, the aerobic plate count (APC) of mango pickle samples ranged 
from 1.5 x 103 to 3.6 x 102 cfu/g. In this case, 25% of the samples were below the detection limit (BDL). The 
pickles' yeast and mould (YM) counts varied from 1 x 103to 4 x 103, with 25% of the samples being too 
numerous to count (TNTC). 

Figure 2: Plates with colony formation. 

 

RANCIDITY ESTIMATION 
The presence of oil in the pickles mandates the need for a peroxidation test. The calculated peroxide values and 
the positive results are shown in table 2 and figure 3. The peroxide levels in the four analysed samples ranged 
from 3.5 to 13.5. 
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Figure 3: The appearance of a purple-coloured ring shows the presence of rancidity 

 

Estimation of Mycotoxin 
All four pickle samples were subjected to aflatoxin estimation, including aflatoxin B1, B2, G1, and G3, as well 
as a multi-toxin test to identify Citrinin, Ochratoxin A, and T2 toxin. All of the estimates were below the 
detectable limit, indicating that aflatoxin and multi-toxin were not present in any of the samples. 

DISCUSSION 
Physicochemical parameters 
Moisture and water activity of the mango pickle 
The reaction of water in the food with bacteria is referred to as water activity. Moisture content shows how 
much water is present in the food and ingredients, whereas water activity refers to how that water interacts with 
bacteria. The more the water activity, the quicker bacteria, yeast, and mould can develop, leading to improved 
food storage standards. In this study, 75% of the samples were within the acceptable range. The acceptable limit 
of moisture in pickles, according to FSSAI standards, is roughly 63 percent. The permissible range of water 
activity in pickles is 0.85 to 0.89 aw. 75% of the samples fell below the systemic level. 

PH 
The capacity of microorganisms to grow on a fermented pickled item is influenced by acidity. The acidity of a 
particular food item should be enhanced to prevent the growth of germs. Acidity should be kept at a level that 
inhibits the growth of germs while remaining safe for human consumption (Misha Anishkumar Patel., 2019). 
According to FDA regulations, the standard pH range for pickles is 4.6 or below. All of the mango pickles that 
were evaluated had pH levels that were within the standard range. 

COLOUR DETECTION 
The rationale for examining the pickle samples' colours is that many firms use food colorings to improve the 
appearance of their products. Color detection using a hunter calorimeter has been used to analyse the additional 
food colorings. 

Microbial contamination 
The main reasons for microbial contamination are improper processing, insufficient amounts of oil and salt, 
improper packaging, and the use of mouldy vegetables (Amani H. Aljahani., 2020). The acceptable limits for 
aerobic plate count (APC) and yeast and mould count, according to FSSAI regulations, are 108 cfu/g and 1 x 103 

cfu/g, respectively. In this study, 100% of the samples were within the allowed limit for APC, whereas 75% of 
the samples for YM were within the permissible range and 25% were not. 

RANCIDITY ESTIMATION 
Rancidity is a condition caused by the oxidation of unsaturated fat in foods at high altitudes. The reason for 
evaluating the rancidity level in pickles is that oil is not soluble in water, thus water does not dissolve in the oil, 
destroying the pickle's surface (Chiew LetChong., 2012). According to the FSSAI, a peroxide value of 10 
mEq/kg (milliequivalent) or less is not considered rancid. In this study, 50 percent of the samples were rancid, 
and 50 percent were free from rancidity. 

ESTIMATION OF MYCOTOXIN 
Mycotoxigenic fungi can be found in a variety of crops. The primary determinants of fungal contamination and 
mycotoxin production include environmental factors such as water activity (aw), temperature, acidity, and 
nutritional source. According to Jessica Costa, (2020), chillies and their derivative products are very vulnerable 
to infection by mycotoxins. Aflatoxin, Zearalenone, Ochratoxin A, and Patulin have been found in paprika, 
chilli sauce, and capsicum seasonings. The current investigation, on the other hand, found no mycotoxin in the 
pickled fruit with spices. 
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CONCLUSION 
A statistical analysis was performed to analyse the safety criteria of commercial pickles. It revealed that 2 out of 
4 samples were up to the standards. The samples were examined for microbial contamination, and it was 
observed that due to the minor increase in moisture content, half of the samples had a high microbial count. 
There was also evidence of rancidity. Furthermore, this study demonstrates that there are both high-quality and 
low-quality pickles available on the market. It is imperative to conduct periodic monitoring of the quality of 
pickles to assure consumer safety. 
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ABSTRACT 
This paper is an attempt by the researchers to investigate how the health education teachers in the government 
school reacted to the status of the government health education programme. In order to realise the objective, a 
survey was conducted in 2021–22 to ascertain the status of health education programmes in government 
schools. The survey was filled out by 100 health education teachers from government schools throughout 
Imphal East District of Manipur. The participants were selected through the snowball sampling technique. The 
survey instrument was a 9-item questionnaire (closed-ended) constructed specifically for the purpose of the 
current study based on the objectives of the Operational Guidelines for School Health Programme under 
Ayushman Bharat. The results indicated that the schools 1) send their teachers to train as Health & Wellness 
Ambassadors; 2) provide age-appropriate information about health and nutrition to the children; 3) promote 
healthy behaviours among the children that they will inculcate for life; 4) detect and treat diseases early in 
children and adolescents; 5) the schools promote the use of safe drinking water in schools; 6) promote safe 
menstrual hygiene practices by girls; 7) promote yoga and meditation through Health & Wellness Ambassadors. 
However, the result also indicated that the schools do not 8) encourage research on health, wellness, and 
nutrition for children and 9) keep an electronic health record for each student. 

Key words: government schools, health education teachers, health and wellness ambassadors, Imphal East 
District, status of the government health programmes 

INTRODUCTION 
Interventions early in life are the need of the hour when it comes to controlling the rising incidence of 
communicable and non-communicable diseases. The Government of India has directed many policies and 
programmes as part of the Global School Health Initiative to integrate health deeply into school activities. 
School Health Promotion is an international need with programmes implemented across continents due to 
numerous documented benefits, to not just the individuals but to the community and country as a whole. Simple 
teachings such as hand hygiene have been shown to reduce the incidence of diarrhoea in children, highlighting 
the urgent need to develop a model for health promotion at schools that is replicable, sustainable, and adaptable 
to local needs. Though existing programmes have a few documented challenges, a multi-sectorial involvement 
of government agencies, educational boards, and the health sector, in addition to the school, is the way forward 
to address those challenges and turn the theory of health promoting schools (HPS) into a well-established fact. It 
presents an opportunity for the various established and newly emerging schools of public health in the country 
to come forward and collaborate with these multiple sectors. This type of collaboration can be the only way to 
ensure sustainability and the incorporation of health promotion into the core academic structure of schools. 

Children attend primary school from the age of six until they reach the mixed dentition period of roughly nine 
years, and they spend the most of their time there with the teachers. Teachers are likely to be among the first to 
visit a child following an injury, and their understanding of emergency protocols is crucial to ensuring a positive 
clinical outcome. 

REVIEW OF LITERATURE 
Little research has been done in this direction. In this context, we have presented some of the literature that 
deals with school health programmes in Indian schools. 

Kaushal et al. (2015) conducted a study to examine the impact of health education on the knowledge, attitudes, 
and practises of teachers regarding the reproductive health of adolescents. Taranath, Senaikarasi, & Manchanda 
(2017) conducted a study to evaluate, by means of a questionnaire, the primary school teacher's knowledge and 
attitude with regard to emergency management of traumatised avulsed teeth and to test the effectiveness of a 
health education tool. Naidu & Nandlal (2017) conducted a study to appraise the efficiency of a primary 
preventive dental health education programme conducted for 6-to 12-year-old primary school children in 
Mysore City. Shankar, Sievers, & Sharma (2020) conducted a programme evaluation of Girls Health 
Champions, a school-based peer education intervention in Mumbai, India that educates girls about leading 
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causes of adolescent morbidity and mortality, including nutrition, mental health, and sexual and reproductive 
health. 

From this backdrop, we conducted a study to ascertain the status of the government health programmes in the 
government schools in Imphal East District of Manipur from the perspective of school health education 
teachers. 

OBJECTIVE 
To study the reactions of school health education teachers on the status of Health Education Programmes in 
government schools. 

HYPOTHESES 
 H0: An equal number of health education teachers support each statement. 

 H1: An equal number of health education teachers do not support each statement. 

MATERIAL AND METHODS 
A survey was conducted in 2021–22 to ascertain the status of health education programmes in government 
schools. The survey was filled out by 100 health education teachers from government schools throughout the 
Indian state of Manipur. The participants were selected through the snowball sampling technique. The survey 
instrument was a 9-item questionnaire (closed-ended) constructed specifically for the purpose of the current 
study based on the objectives of the Operational Guidelines for School Health Programme under Ayushman 
Bharat. 

DATA ANALYSIS 
The data collected through the 9 closed-ended items were analysed with the help of descriptive statistics like 
percentages and inferential statistics like the Chi-Square Test by using Microsoft Excel and SPSS Statistics 
Version 22. The results of the data analysis are shown in table no. 1. 

THE RESULTS 
Table 1: Chi Square Test results of the responses of the health education teachers on the status of Health 

Education Programmes in the government schools 

Item 
No. 

Statement Yes 
(%) 

No 
(%) 

χ2 Sig. 

2-tailed 
1 Do you train as ‘Health & Wellness Ambassadors’ to 

transact health promotion and disease prevention 
information in the form of interesting activities for one 

hour every week? 

61 39 4.84* .028 

2 Do you provide age appropriate information about health 
and nutrition to the children in schools? 

71 29 17.64** <.0001 

3 Do you promote healthy behaviours among the children 
that they will inculcate for life? 

71 29 17.64** <.0001 

4 Do you detect and treat diseases early in children and 
adolescents including identification of malnourished and 

anaemic children? 

76 24 27.04** < .00001 

5 Do you promote use of safe drinking water in schools? 100 0 100** < .00001 
6 Do you promote safe menstrual hygiene practices by girls? 61 39 4.84* .028 
7 Do you promote yoga and meditation through Health & 

Wellness Ambassadors? 
71 29 17.64** <.0001 

8 Do you encourage research on health, wellness and 
nutrition for children? 

48 52 0.16 .689 

9 Do you keep an electronic health record for each student? 49 51 0.04 .841 
Source: Calculated from Field Survey data. 

*Significant at 0.05 level 
**Significant at 0.01 level 

Statement 1: The result indicates that the schools send their teachers to train as ‘Health & Wellness 

Ambassadors’ to transact health promotion and disease prevention information, χ2 (1, N = 100) = 4.84, p = .028. 

Statement 2: The result indicates that the teachers provide age-appropriate information about health and 
nutrition to the children in schools, χ2 (1, N = 100) = 17.64, p <.0001. 
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Statement 3: The result indicates that the teachers promote healthy behaviours among the children that they will 
inculcate for life, χ2 (1, N = 100) = 17.64, p <.0001. 

Statement 4: The result indicates that the teachers detect and treat diseases early in children and adolescents 
including identification of malnourished and anaemic children, χ2 (1, N = 100) = 27.04, p < .00001. 

Statement 5: The result indicates that the teachers promote use of safe drinking water in schools, χ2 (1, N = 100) 
= 100, p = <.00001. The result indicates that the schools promote safe menstrual hygiene practices by girls, χ2 

(1, N = 100) = 100, p < .00001. 

Statement 6: The result indicate that the teachers promote safe menstrual hygiene practices by girls, χ2 (1, N = 
100) = 4.84, p = .028. 

Statement 7: The result indicates that the teachers promote yoga and meditation through Health & Wellness 
Ambassadors, χ2 (1, N = 100) = 17.64, p = <.0001. 

Statement 8: The result indicates that the teachers do not encourage research on health, wellness and nutrition 
for children, χ2 (1, N = 100) = 0.16, p = .689. 

Statement 9: The result indicates that the teachers do not keep an electronic health record for each student, χ2 (1, 
N = 100) = 0.04, p = .841. 

CONCLUSIONS 
The main purpose of the study was to ascertain the status of the government health programmes in the 
government schools in Imphal East District of Manipur from the perspective of school health education 
teachers. The survey was conducted in 2021–22. The survey was filled out by 100 health education teachers 
from government schools throughout the Indian state of Manipur. The participants were selected through the 
snowball sampling technique. The survey instrument was a 9-item questionnaire (closed-ended) constructed 
specifically for the purpose of the current study based on the objectives of the Operational Guidelines for 
School Health Programme under Ayushman Bharat. On the basis of the results, it is concluded that: 1) the 
schools send their teachers to train as ‘Health & Wellness Ambassadors’ to transact health promotion and 
disease prevention information in the form of interesting activities for one hour every week; 2) teachers Provide 
age-appropriate information about health and nutrition to the children in schools; 3) teachers Promote healthy 
behaviours among the children that they will inculcate for life; 4) teachers Detect and treat diseases early in 
children and adolescents including identification of malnourished, and anaemic children; 5) teachers Promote 
the use of safe drinking water in schools; 6) teachers Promote safe menstrual hygiene practices by girls; 7) 
teachers Promote yoga and meditation through Health & Wellness Ambassadors. Whereas, it is also concluded 
that the teachers 8) do not encourage research on health, wellness, and nutrition for children; 9) do not keep an 
electronic health record for each student. Therefore, it is suggested that the schools need to encourage research 
on health, wellness and nutrition for children and keep an electronic health record for each student. 
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ABSTRACT 
Milk is often contaminated with many toxins, with aflatoxins being the most prominent of them. Aflatoxin M1 
(AFM1) is a toxin of high risk in milk, due to its carcinogenicity, mutagenicity, teratogenicity and 
immunosuppressive effects on humans. The worldwide occurrence and prevalence of aflatoxins in milk 
products has raised the need for strict legislation to regulate these toxins at safe levels for human consumption. 
The carryover of aflatoxin B1 from feed to aflatoxin M1 in milk is a great concern for vulnerable age groups 
such as infants and the elderly.  Currently, the European Union and the US Food and Drug Administration have 
set legal limits for the presence of aflatoxins in dairy products. Nevertheless, the incidence of aflatoxins in milk 
and milk products is reported in levels higher than the regulatory limits. This paper reviews some of the 
analytical methods used to detect aflatoxins and various strategies for the control and decontamination of 
aflatoxins in milk products. 

Keywords: Milk, aflatoxins, control, detection methods, decontamination 

1. INTRODUCTION 
Milk is a nutrient-rich liquid secreted by mammals. As an agricultural product, milk is obtained from dairy farm 
animals such as cows, buffaloes, sheep, goats etc. which are raised as livestock. India is the leading producer of 
milk in the world, contributing 22% of global milk production according to Food and Agricultural Organisation, 
UN. However, a majority of the milk produced worldwide is contaminated with toxins.1 

Mycotoxins are a group of secondary metabolites that are produced by fungi, that cause toxic effects in humans 
and animals. There are many classes of mycotoxins, including aflatoxins (AFB1, AFB2, AFG1, AFG2, AFM1), 
ochratoxin A, T2 toxin, zearalenone, citrinin, patulin etc.2 Among all the mycotoxins, aflatoxins are the most 
commonly occurring ones in milk and milk products, and are of great interest and concern with regard to food 
safety. Aflatoxins are produced by the fungal species Aspergillus flavus and Aspergillus parasiticus during 
various stages of cereal grain production such as pre-harvest, post-harvest and storage of maize, corn, wheat, 
barley and oats.3 These fungi produce aflatoxins in temperature conditions ranging between 12-48ºC (optimal 
temperature being 36-38ºC) and 3-18% moisture levels.4,5 

Aflatoxin B1 (AFB1) is the most potent mycotoxin. Animals consume livestock feed contaminated with AFB1, 
and it gets metabolized by the hepatic microsomal Cytochrome P450 enzymes6 in the liver of ruminants to form 
the hydroxylated derivative aflatoxin M1 (as shown in Fig.1)7 which is secreted in the milk.4 This carryover of 
AFB1 to AFM1 is reported to be higher during the early stages of lactation since higher levels of AFM1 are 
observed in the milk during this time.8 

AFB1 and AFM1 are categorized as class I and 2b human carcinogens respectively, by the International Agency 
for Research on Cancer.9 However, following a recent reassessment by the IARC, the toxicity of AFM1 has 
been updated from class 2b to 1, thereby establishing it as a certain human carcinogen.10 Apart from their 
carcinogenicity, aflatoxins have hepatogenic, teratogenic, mutagenic and immunosuppressive effects on 
humans.11Although, the toxicity of AFM1 is one-tenth that of AFB1.

12 The rate of conversion of AFB1 into 
AFM1 varies from 0.3% - 6.2%.13 This conversion is governed by many factors including breed, health, diet and 
lactation stage of the animal.14 It generally takes 2-3 days post the consumption of AFB1 contaminated feeds, 
for AFM1 to appear in secreted milk. Consequently, when the AFB1 contaminated diets are stopped, it takes 2-3 
days for the AFM1 levels in milk to reduce to 0%.4 

AFM1 presence in milk is a worldwide concern, especially for infants and children whose diet largely depends 
on milk and dairy products, and thus they are most susceptible and vulnerable to the adverse effects of AFM1.

15 
Furthermore, the implications of aflatoxin contamination of agricultural products are not limited to public health 
issues; its consequences affect the agricultural trade and economy of both developed and developing countries.16 
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Hence, this paper reviews the occurrence of aflatoxins in milk and milk products, detection methods, control 
and some decontamination strategies of aflatoxins. 

2. OCCURRENCE OF AFLATOXINS IN MILK AND MILK PRODUCTS 
The occurrence of aflatoxins depends on many factors such as geography, climate, environmental factors and 
the type of food product. The riskiest geographical areas associated with aflatoxin contamination are those with 
a tropical or subtropical climate.4 Many scientists have studied the effects of climatic conditions on aflatoxin 
occurrence. For instance, AFM1 contamination was reported the highest in the rainy and winter seasons 
compared to summer and spring.17 This was attributed to the fact that harvesting of crop grains is done in the 
rainy season which implies favourable conditions for the growth of toxin-producing fungi (temperature, 
humidity and moisture levels), thus imposing challenges in drying and storage of grains, resulting in increased 
aflatoxin contamination levels.18 

The occurrence of aflatoxins has been reported in a variety of milk products, such as cheese, butter, yoghurt, 
ice-cream, breast milk and infant formulae. 

2.1 Occurrence of aflatoxins in cheese 
Cheese is a popular dairy product consumed all over the world. However, there have been many reports of 
aflatoxin occurrence in cheese. Aflatoxin contamination in cheese can happen in more than one way: either by 
the carryover of AFB1 from contaminated livestock feedstuffs to the AFM1 in the raw milk used to make 
cheese, or the formation of aflatoxins by fungi Aspergillus growing on cheese.19 

During the production of cheese from aflatoxin-contaminated milk, the AFM1 gets concentrated in cheese. The 
concentration of aflatoxin is influenced by cheese processing, in that the AFM1 concentration increases in the 
cheese curd. This was explained as aflatoxins having an affinity towards casein protein in milk, thus leading to 
preferential binding of AFM1 with casein molecules. This association of AFM1 with casein can be defined 
through the enrichment factor (EF) according to EC Regulation No. 1881/2006.20 The biochemistry of cheese 
ripening involves the proteolysis of the casein proteins, which leads to the recovery of AFM1.

4 Although, there 
have been contrasting reports by authors regarding the distribution of AFM1 between the whey and curd during 
the partitioning of AFM1 in cheese manufacture. Allcroft and Carnaghan (1963) reported that 100% AFM1 was 
found in cheese curd21 whereas Purchase et al. (1972) reported 100% AFM1 occurring in whey.22 

There have been various reports of the occurrence levels of AFM1 in cheese worldwide. Fallah et al. (2011) 
reported the mean level of AFM1 in cheese as 0.085 µg/kg in Iran.23 Similarly, the mean level of AFM1 in 
cheese from Pakistan was reported as 0.189 µg/kg.24. The AFM1 levels in cheese ranged from 0.05 to 0.69 
µg/kg in Turkey.25 

2.2 Occurrence of aflatoxin in yoghurt 
Yoghurt is a fermentation product of milk, widely consumed by people across the world. But like all other milk 
products, yoghurt is contaminated with aflatoxins. When dairy products such as yoghurt is made from milk 
contaminated with AFM1, it results in yoghurt containing traces of AFM1. However, compared to cheese, the 
occurrence of AFM1 was lower in yoghurt. A study on 120 samples of yoghurt in Iran reported the incidence of 
AFM1 in 35 samples.26 

The fermentation of yoghurt decreases the levels of AFM1 present in milk, as reported by (Govaris et al. 
2002).27 The same study also reported the stability of AFM1 during refrigerated storage, which was found to be 
more stable at pH 4.6 than pH 4.0. This decrease in stability can be attributed to low pH.27 

The presence of probiotics in yoghurt may potentially decrease the AFM1 content in the final product, since the 
probiotic bacteria (Lactobacillus and Bifidobacterium species) act as aflatoxin binders in milk, thus binding to 
AFM1 and detoxifying it.28 

2.3 Occurrence of aflatoxins in butter 
Butter is a dairy product made from the fat and protein compounds of churned cream. The level of aflatoxin 
concentration in butter depends on the level of AFM1 contamination in the constituent milk from which it is 
made. Based on a study in Iran, the occurrence of AFM1 in butter ranged from 0.0047-0.0167ppb, which is 
lower than the limit set by the Institute of Standards and Industrial Research of Iran (ISIRI) and also the Codex 
Alimentarius limit.29 The same study reported that the AFM1 levels were higher in winter when compared to the 
summer season, and significantly higher in urban regions than the rural regions of Iran. Another study in Iran 
involving 31 samples of butter reported that ~26% of the samples were positive for AFM1, and 9.6% of samples 
exceeded the ISIRI standard limit of 0.02ppb for AFM1 in butter.30 The processing of butter involves agitating 
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of cream, which leads to the dissociation of protein components from fat. Due to the affinity of AFM1 towards 
the milk protein casein, the AFM1 gets concentrated in the protein components thereby resulting in low levels of 
AFM1 in the butter.31 Similar to butter, the occurrence of AFM1 was also detected in ghee sauce (Eshabwe) in 
western Uganda, at a level of 18.6±2.4 mg/kg.32 

2.4 Occurrence of aflatoxins in ice cream 
Ice cream is a frozen food product derived from milk or cream and is consumed as a dessert in many cultures 
around the world. There have been very few studies across the world reporting the occurrence of AFM1 in ice 
cream. In a study conducted in Iran, the AFM1 levels were estimated in ice cream samples (n=90), and it was 
reported that 62 of the samples tested AFM1 positive with the concentrations of AFM1 ranging from 0.0084-
0.147ppb, while 12% of the samples contained AFM1 levels beyond the permissible limits set by EU and Codex 
Alimentarius.33 In another study from Northern Iran, 45 samples of ice cream were tested for the presence of 
AFM1, and 22.2% of them were reported to contain AFM1 levels beyond the limits of EU, in concentrations 
ranging from 1.2-103 ng/L.34 Another study in Abeokuta (South Nigeria) reported that samples of ice cream 
recorded high scores of 2.23ppb, which exceeds the regulatory limits set by the FDA and Codex Alimentarius.35 

2.5 Occurrence of aflatoxins in breast milk 
Due to the systemic nature of AFM1, the consumption of aflatoxin-contaminated food while breastfeeding leads 
to the translocation of aflatoxins into breast milk, which poses a serious concern for infants who are entirely 
dependent on breast milk for their nutrition.36 There have been very few studies on the occurrence of aflatoxins 
in human breast milk. A study based in Jordan (Middle East) involving 80 samples of human breast milk 
recorded that the concentration of AFM1 ranged between 9.71-137.18 ng/kg, with the mean concentration being 
67.78 ng/kg, which was much higher than the permissible limit.37 Based on a meta-analysis conducted in Iran, it 
was reported that the pooled prevalence of AFM1 in human breast milk (n = 11) was lower than the EC standard 
limit (25 ng/l).38 

A study based in Turkey tested 75 samples of breast milk for the presence of aflatoxins and reported that all 
samples tested positive for AFM1 with levels ranging from 60.90-299.99ng/l, which is higher than the 
permissible limit set by Turkey and the European Union. In this study, 17.30% of the samples recorded 
relatively low levels of AFM1 (60-79 ng/l), 32% of samples recorded moderate levels (80-99 ng/l), whereas 
almost 50% of the samples contained AFM1 in the range of 100-150ng/l.39 However, since there is no official 
limit for AFM1 in human breast milk, it is difficult to regulate the aflatoxin levels in breast milk. 

3. LEGISLATION 
The regulation of aflatoxins by imposing strict governmental control is the widely accepted method for the 
control of AFM1 in milk products. Many countries across the world have set different maximum permissible 
limits for AFM1 content in milk and milk products, which are summarized in Table 1. 

The US Food and Drug Administration has set a maximum limit for AFM1 as 0.5 µg/kg (ppb), whereas the 
Codex Alimentarius and European Community fixed the regulatory limit for AFM1 as 0.05 ppb, while setting a 
lower limit for milk products intended for infants as 0.025ppb (Commission Regulation EC No. 1881/ 2006 of 
19 December 2006). Following this, countries like Germany, Switzerland, Italy and Austria have also set their 
regulatory limits for AFM1 as 0.05 ppb (as per the EU).28 The European Union has the world’s best food safety 
and surveillance system in the form of a tool known as the Rapid Alert System for Food and Feed (RASFF). 
This ensures the flow of information related to food safety hazards and enables the swift reaction to the risks 
detected in the food chain that might harm public health.52 Though these regulatory limits are in place, it is 
difficult to control the intake of aflatoxins since the legal limits are a compromise between economical 
constraints and food safety concerns. At best, these regulatory limits serve as the last line of defense against 
exposure to aflatoxins.16 

4. DETECTION METHODS OF AFM1 IN MILK 
Owing to the extensive toxicity of aflatoxins, there have been various regulations implemented by governments 
of countries across the world. These regulations are based on the detection of aflatoxins in a variety of milk 
products, by applying a wide range of analytical methods. Many analytical methods have been developed and 
validated by scientists for the purpose of detection and quantification of aflatoxins in milk and milk products. 

The detection methods for AFM1 can be generally classified into 3 types: 
1. Immunochemical methods 
2. Chromatographic methods 
3. Spectrometric methods 
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4.1 IMMUNOCHEMICAL METHODS 
Immunochemical methods are specific for each mycotoxin, due to the use of specific antibodies to recognize the 
mycotoxin.53 Enzyme-linked immunosorbent assay (ELISA) is the most common immunochemical method 
used to measure AFM1 levels in milk and milk products, due to its simplicity, affordability and ease of use.54 
Among the different types of ELISA, the indirect competitive mode of ELISA is widely used for mycotoxin 
detection.55 A mono-clonal antibody-based indirect competitive ELISA was developed by Peng et al. (2016) for 
the determination of AFM1 in milk.56 The recovery rates for this assay ranged from 85.3-107.6%. The limit of 
detection (LOD) and limit of quantification (LOQ) were 27.5 and 35ng/L respectively. Despite its advantages, 
ELISA also has its demerits such as long incubation time, potential cross-reactivity, and several washing and 
mixing stages. Thus, there have been several modified versions of ELISA developed to overcome these 
limitations. To enhance the sensitivity and efficiency, Kanungo and Bhand (2013) developed an ELISA with 
fluorimetric detection, with AFM1-specific monoclonal antibodies and secondary conjugated antibodies in a 
384-well microplate. AFM1 was detected at 0.001ppb in a testing volume of 40µL.57 

Immunosensors convert biological signals that arise from the interaction of an analyte and a bio-receptor, into 
electrical signals via a transducer detector element, which are further amplified and displayed on a system.58 
The most commonly used biosensors for aflatoxin detection are electrochemical and optical sensors.59 

4.2 CHROMATOGRAPHIC METHODS 
Chromatographic techniques are widely used for the detection and quantification of aflatoxins from a variety of 
samples. The principle of using chromatography for aflatoxin detection is the separation of the sample solute 
between the stationary phase and the mobile phase. The most commonly used techniques for aflatoxin detection 
are gas chromatography (GC), liquid chromatography (LC), high-performance liquid chromatography (HPLC), 
thin layer chromatography (TLC), and high-performance thin layer chromatography (HPTLC).16 

TLC is one of the oldest and simplest chromatographic methods for the screening and quantification of 
aflatoxins, which was widely used due to its simplicity, cost-effectiveness and its ability to detect multiple 
toxins.60 TLC was applied for the identification of AFM1 by reacting it with trifluoroacetic acid.61  TLC official 
methods (AOAC methods 980.21 and 2008.08) have been used by authors for the analysis of AFM1 
contaminated milk products, obtaining low LOD values of 0.01 μg/kg.30,62 In spite of its wide applications, TLC 
was prone to error in sample spotting. 

To overcome the limitations of TLC, high-performance thin layer chromatography (HPTLC) was developed, 
which improves the accuracy and precision of TLC by auto-sampling and plate interpretation. The difference 
between TLC and the upgraded HP-TLC lies in the particles’ size of the stationary phase, the sample 
application method and the data processing method.63 HPTLC was used for the screening of AFM1 levels in 
milk, with a detection limit of 0.1ng being achieved.64 

Due to the development of other techniques such as liquid chromatography, TLC was outdated and abandoned 
by most laboratories. High-performance liquid chromatography (HPLC) is an advanced version of liquid 
chromatography technique, and is widely used for the detection and quantification of organic compounds.65 
HPLC is usually coupled with fluorescence detectors (HPLC-FLD) for the quantification of AFM1 in milk, and 
it has shown high accuracy with LOD as low as 0.001 µg/kg and an average recovery of 90%.66 

4.3 Spectrometric methods 
Spectrometric techniques have been widely used for food safety and quality evaluation, due to their advantages 
such as their non-destructive nature and minimum sample preparation. Some of the spectrometric methods used 
for aflatoxin detection include Fourier Transform Infrared spectroscopy (FTIR), Raman spectroscopy, 
hyperspectral imaging (HSI) and Nuclear Magnetic Resonance (NMR).67,68 

Biancardi et al. (2013) coupled HPLC with tandem mass spectrometry (HPLC-MS/MS) and attached with 
electrospray ionisation (ESI) following liquid-liquid extraction, for AFM1 analysis in milk, which was able to 
attain a LOQ of 0.015 µg/kg.69 This combined the advantages of both HPLC (separation capability) to that of 
MS (sensitivity and specificity). Jaiswal et al. (2018) used FTIR spectroscopy equipped with attenuated total 
reflectance (ATR) for the detection of AFM1 in milk.70 Huang et al. (2014) developed a highly sensitive and 
rapid method for the simultaneous estimation of multi-mycotoxins such as AFM1, ochratoxin A and zearalenone 
in milk by using ultra-high performance liquid chromatography coupled with electrospray ionization in triple 
quadrupole tandem mass spectrometer (UHPLC-ESI-MS/MS). The LOQ for this method was in the range of 
0.003-0.015 µg/kg, and recovery rates as high as 109%.71 
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Other advancements in the field of mass spectrometry include the development of a direct analysis through MS 
in real-time (DART), for the analysis of AFM1 in cow milk. This method was able to achieve low calibration 
levels of 0.1 µg/kg, with recovery rates in the range of 94.7 - 109.2%.72 

5. DECONTAMINATION METHODS OF AFLATOXINS 
Due to their toxicity, aflatoxins are extensively monitored and regulated in many food products around the 
world. There have been numerous strategies proposed by scientists for the control and removal of aflatoxins 
from milk and milk products. Decontamination methods of aflatoxins can be classified into 3 types: 

1. Physical methods 

2. Chemical methods 

3. Biological methods 

5.1 PHYSICAL METHODS 
The decontamination of aflatoxins might be achieved by using different physical methods, but they are often not 
as effective as chemical or biological methods of decontamination. There has been contrasting data on the 
efficiency of physical methods of AFM1 decontamination. For instance, even though AFM1 is heat stable, there 
have been studies reporting a reduction in AFM1 levels due to heat treatment. Omeiza et al. (2018) reported a 
59% reduction in AFM1 levels in milk (with an initial concentration of 0.24µg/kg) subjected to high-
temperature treatment at 121ºC for 15 mins.73 This is in contrast with the findings of Prandini et al. (2009) who 
reported that AFM1 is heat stable.4 UV treatment is another technique for the reduction of AFM1 milk. Yousef 
and Marth (1985) reported a 100% reduction in AFM1 levels in milk at the initial level of 0.5 and 1µg/L, by 
applying UV treatment at 365nm and adding hydrogen peroxide (0.05-1% H2O2) using a peristaltic pump for 
60mins.74 A study by Hassanpour et al. (2019) showed a 99% reduction in AFM1 by exposing milk spiked with 
0.063µg/L to low-level gamma radiation doses of 0.39 mGy per day from radioactive granite for 8 days.75 

5.2 CHEMICAL METHODS 
Chemical methods of decontamination involve the use of chemical agents such as chlorinating agents, oxidizing 
and reducing agents, acids and bases for the reduction of aflatoxins in milk. Ammonia is extensively used for 
aflatoxin degradation since aflatoxins are unstable under alkaline conditions. The mechanism of 
decontamination by ammonia involves the opening of the lactone ring of AFM1 due to hydrolysis, leading to the 
structural change of the AFM1 molecule, and thus reducing its toxicity.76 Ozone (O3) treatment is an FDA-
approved method that is used for the decontamination of AFM1 in food products such as milk. Due to its GRAS 
(Generally Regarded as Safe) status, high penetration ability, and rapid degradation of toxins into non-
hazardous products, it can be used in many food products.77 

The application of ozone treatment at 16mg/L for 5 mins was able to obtain a 50% reduction in AFM1 levels in 
milk containing 0.56µg/kg.78 The mechanism of ozonation involves the electrophilic addition reaction with the 
C8-C9 double bond in the furan ring of aflatoxin, leading to the formation of primary ozonides and reformation 
of derivatives such as aldehydes, ketones and organic acids.79 A study conducted by Mohammadi et al. (2017) 
showed that the degradation of AFM1 with ozone was linear with the time exposure, and a 53% reduction of 
AFM1 in milk was obtained in 10 mins.80 

Some adsorbent clays and soils such as bentonite and hydrated sodium calcium aluminosilicate (HSCAS) are 
used for the adsorption of toxins from milk, without minimal changes to the nutritional composition of the milk. 
Bentonite was found effective in the reduction of AFM1 in milk below the standard limits while its residues in 
the milk were almost negligible in quantity (0.4%), and had no significant effect on human health.81 Another 
technique for AFM1 decontamination was developed by Jouni et al. (2018) who used Fe3O4 nanoparticles 
attached to specific aptamers, resulting in a 95% reduction in AFM1 in milk artificially spiked with 0.1µg/L 
AFM1.

82 

5.3 BIOLOGICAL METHODS 
Biological methods of decontamination involve the use of microorganisms for the removal of aflatoxins from 
food products through mechanisms like surface adsorption, detoxification and inhibition.83 These biological 
decontamination methods are environment-friendly and cost-effective and relatively less aggressive than other 
types of decontamination methods.16 Prevention of fungal growth is a pre-emptive measure to avoid aflatoxin 
contamination, right from crop stage. This can be achieved by biological control via field inoculations with 
atoxigenic strains of Aspergillus flavus, thus leading to strategic suppression of toxigenic strains of the fungi 
that produce AFB1 in crops like maize.84 This was achieved by Hruska et al (2014) who colonised the 
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aflatoxigenic A. flavus strain AF70 with a green fluorescent protein (GFP) in the presence of an atoxigenic 
strain AF36, and studied the competitive interaction between the strains. It was observed that the co-inoculation 
with AF36 strain suppressed the growth of AF70-GFP inside the kernel by 82%, which correspondingly 
suppressed the aflatoxin production by 73%.85 

The concept of bio-decontamination involves the use of microorganisms in the binding of AFM1 in milk, which 
in turn prevents the adsorption of the toxins in the small intestine and gets excreted. This is followed by 
applying membrane filters for the removal of AFM1 bounded dead microbial cells from the milk.28 Even though 
the exact mechanism of microbial binding with AFM1 has not been established, the most proposed mechanism 
is the adhesion of AFM1 to cell components such as polysaccharides and peptidoglycans in the cell wall of 
microbes, through non-covalent interactions.86 Microorganisms such as lactic acid bacteria (LAB), 
Bifidobacterium sp., and Saccharomyces cerevisiae have been used as aflatoxin binders in the decontamination 
of AFM1 in milk and milk products. A combination of S. cerevisiae and a pool of LAB were found to exhibit a 
100% binding capacity with AFM1 in milk.87 A combination of Lactobacillus plantarum (DSM 20079), 
Lactobacillus acidophilus (DSM 20079), Bifidobacterium bifidum (DSM 20082), Kluyveromyces lactis (CBS 
2359) and S. cerevisiae (ATCC 64712) showed 90% of AFM1 degradation in milk after an incubation period of 
72hrs.88 It was generally observed that using heat-killed bacterial strains was more effective than viable 
bacterial cells in the reduction of AFM1 levels in milk.89 Kuharić et al. (2018) developed a method involving 
refrigeration at 4ºC with heat-treated Lactobacillus plantarum KM followed by centrifugation and filtration, 
which resulted in a 95% reduction in AFM1 levels in milk.90 Assaf et al. (2019b) demonstrated that AFM1 
contaminated milk may be passed through bio-films composed of Lactobacillus rhamnosus for the removal of 
AFM1, which led to a 60.74% reduction in AFM1 levels after AFM1 spiked milk samples were passed through 
10 plates of biofilms for 30 seconds each.91 

Aflatoxins are present in many food products throughout the world. Despite the research knowledge generated 
about it, it remains to be a significant threat to food safety worldwide. The only widely accepted control 
measure for aflatoxins is the strict regulation and monitoring of aflatoxin levels by governments and legislative 
bodies of developing countries. In order to mitigate the occurrence of aflatoxins, it is important to focus on the 
root cause of the problem, i.e, fungal growth on the crops and feedstuff and subsequent contamination with 
AFB1. Implementation of GAPs, GMPs, HACCP, and proper handling and storage of food grains and products 
could be effective in reducing the risk of contamination. Future research on novel decontamination strategies of 
aflatoxin is required to tackle this issue in the long run. Moreover, a better understanding of the exact 
mechanism of AFM1 with microbial cells could open more avenues for the effective decontamination of food 
products. At the same time, the safety aspects of using microorganisms as decontamination strategies should be 
validated before commercial use. 
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Figure 1. Aflatoxin B1 (AFB1) is metabolised into aflatoxin M1 (AFM1) in the liver.7 

 
Table 1. Regulatory limits for AFM1 in milk and milk products 

Country Maximum permissible limit appb (or) µg/kg Type of product Reference 
US FDA 0.50 Milk [2] 

Codex Alimentarius 0.05 Milk [2] 

China 0.50 Milk [40] 

European Union 
0.05 Milk [41] 

0.25 Cheese 
India 0.50 Milk [42] 

Germany 0.05 Milk [43] 

Switzerland 0.05 Milk [43] 
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Italy 0.05 Milk [43] 
Austria 0.05 Milk [43] 
Japan 0.50 Milk [44] 

Iran 

0.05 Milk [45] 

0.20 Cheese [46] 

0.02 Butter [30] 

0.05 Yoghurt [30] 
0.05 Ice cream [30] 

Turkey 
0.05 Milk [47] 

0.025 Cheese [48] 

Morocco 0.05 Milk [49] 

Chile 10 Milk [50] 

Australia 0.02 Children’s milk [51] 

Czech Republic 
0.1 Children’s milk [51] 
0.5 Adult’s milk [51] 

appb = parts per billion (or) microgram per kilogram 
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ABSTRACT 
Today the satisfaction of college teachers increases productivity and classroom performance in the college 
effectively. Job satisfaction is very important because most of the teachers spend a major portion of their life at 
their workplace i.e. college. It is not only for the teachers but also for the students and non-teaching staff. 
Therefore, the main purpose of the study was to find out the levels of job satisfaction among male and female 
Government college teachers in Imphal West district, Manipur. The sample for the study consisted of 100 
Government college teachers selected based on a simple random sampling i.e. Assistant Professors and 
Associate Professors in Imphal College and Oriental College. In the study, a standardized Questionnaire of 
Teacher’s Job Satisfaction Scale TJSS developed by Yudhivendra Mudgil, Prof. I.S. Mubar, Prabha Bhatia 
(2012) was used to collect the data and applied with some statistical techniques like z scores norms analysis, 
mean, standard deviation and t-test to analyze the data. The analysis of the study revealed that the majority of 
Government college teachers of Imphal West District are found under moderate/average level of job satisfaction 
in Grade D. However, the percentage of the female teacher is more than male teachers. There is a significant 
difference between male and female teachers in their job working hours and a positive degree of high 
correlation between educational qualification and job satisfaction among male and female teachers. Therefore, 
the expectations of college teachers depend upon the successful running of the higher education system. 
Satisfaction of teachers is the result of teachers’ perception of how well their job provides those things that are 
valuable to their life struggles. 

Keywords: Job satisfaction, Government College, Teachers, Male, Female 

I. INTRODUCTION 
Job satisfaction of teachers refers to a collection of positive or negative feelings that an individual holds towards 
his or her job. Teachers are the source of guidance in all the crucial steps in the academic life of the students. 
Quality in teaching and learning can only be enhanced if the faculty members are satisfied (Chen et. al., 2006) 
and the efficiency and condition of an educational institution depend upon the job satisfaction of teachers 
(Wood, 1976). It differs from person to person and institution to institution even in the context of males and 
females. 

When teachers are satisfied with their job they can contribute a lot to the well-being of their pupils and perform 
their responsibilities with more concentration and devotion, they are more energetic, innovative, and productive. 
Trabue (1993) suggested that profound satisfaction is the actual return of a teacher and if a teacher is satisfied in 
all dimensions he or she can turn up to the public expectations. When teachers are satisfied with the job, they 
can perform better and better for the well-being of human resources.  But teachers who are unsatisfied with their 
positions may not perform to the best of their capabilities. Shetty & Gujarathi (2012) observed that faculty 
members have been somewhat satisfied with the teaching climate and they have not been much satisfied with 
participation in decision making and freedom to choose subjects to be taught. Job dissatisfaction leads to a 
reduced level of performance (Bretz & Thomas, 1992). 

Job satisfaction among college teachers is good not only for themselves but for society as a whole. The 
importance of higher education is needed for the development of a society and can hardly be over-emphasized. 
Job satisfaction is a multidimensional concept and it implies the attitude of a person towards various facets of 
his or her job. Hoppock (1995) defined “ job satisfaction as any combination of psychological, physiological, 
and environmental circumstances that cause a person truthfully to say that he/she has been satisfied with the 
job”. 

Job satisfaction in this context is the ability of the teaching job to meet teachers' needs and improve their job 
performance. Knowledge, skills, and competencies occur when one feels satisfied with one's behavior. 
Therefore, satisfaction is needed in the behavior of college teachers to perform productive activities in the 
colleges. Job satisfaction is a pleasurable positive emotional state, resulting from the appraisal of one's job or 
job experiences. It results from the perception that one's job fulfills or allows the fulfillment of one's important 
job values, providing and to the degree that these values are congruent with one's needs (Locke, 1976). 
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The status of job satisfaction of Government college teachers among males and females in district-wise become 
an important challenging issue in Manipur. Particularly in the Imphal West district, it is required to know that 
most of the male or female college teachers are equal or less in their job in satisfaction level, working hours, 
and educational qualification in the present days. Thus the degree of satisfaction of teachers with their job 
cannot be determined. But in reality how far such job satisfaction is ensured in college teachers. When teachers 
are satisfied with their job they can perform their responsibilities with more sincerity and devotion to students 
and society. 

II. REVIEW OF LITERATURE 
Dr. Ms. Pabla (2012) conducted a study on job satisfaction among teachers of Professional Colleges in Punjab. 
The main objectives of the study were: (i) to analyze the job satisfaction level of male and female teachers of 
Professional Colleges of Punjab Technical University, Jalandhar, and (ii) to study and compare the difference in 
job satisfaction levels of teachers teaching in the Professional colleges located in urban and rural areas of 
Punjab under PTU, Jalandhar. The hypotheses of the study were: (i) there was no significant difference in job 
satisfaction of male and female teachers of professional colleges and (ii) there was no significant difference in 
job satisfaction level of teachers teaching in professional colleges located in urban and rural areas. The study 
was descriptive. The total sample was restricted to 300 teachers from the professional colleges of Punjab under 
the jurisdiction of Punjab Technical University, Jalandhar. Convenient-purposive and random sampling 
techniques had been used for the study. The data was collected through a questionnaire method. The study 
revealed that there was a significant difference in the satisfaction level of male and female teachers of the 
professional colleges located under the jurisdiction of Punjab Technical University, Jalandhar. Female teachers 
were not very much satisfied with their job. On the other hand, male teachers seemed to be more satisfied with 
the job under the present circumstances. Teachers (both male and female) working in the professional colleges 
located in the rural areas were less satisfied with their jobs than those teachers who were working in the 
professional colleges located in the urban areas. 

D. Sugumar (2011) carried out a study of job satisfaction among the teaching faculty of self-financing Arts and 
science Colleges that were affiliated with Bharathidasan University, Tiruchirapalli. The main objectives of the 
study were: (i) to study the level of Job Satisfaction level among the teaching faculty to the workplace 
conditions, (ii) to understand the level of job satisfaction of the teaching faculty towards the compensation of 
the Institution (iii) to understand the job satisfaction level among the teaching faculty towards its institution's 
infrastructures and (iv) to analyze the job satisfaction level among the teaching faculty towards the professional 
development of the institutions. The study was conducted on 400 teachers of selected self-financing colleges. 
The findings revealed that workplace conditions, professional development, and infrastructure significantly 
created an overall job satisfaction of the teaching faculty, strategic attention needed to be given specifically to 
the compensation dimension which was closely associated with overall job satisfaction. The formation of a 
consortium at the state level would be the best choice to exercise the compensation dimension with reasoning. 

Boby Bhuyan (2013) conducted a study on the job satisfaction of engineering college teachers in Assam. The 
objectives of the study were: (i) to investigate the job satisfaction of Engineering College teachers based on 
their age groups and (ii) to examine the differences in job satisfaction between technical and non-technical 
faculty members of Engineering Colleges. Hypotheses of the study were: (i) there was no significant difference 
in job satisfaction of Engineering College teachers based on their age groups and (ii) there was no significant 
difference in job satisfaction between technical and non-technical faculty members of Engineering Colleges. A 
Descriptive survey method was used. The author used a stratified random sampling method in the study. The 
researcher selected 248 sample teachers from 4 Government (both under State Government and Central 
Government) engineering colleges or institutions of Assam namely, Assam Engineering College, Guwahati; 
Jorhat Engineering College, Jorhat; National Institute of Technology, Silchar and Indian Institute of 
Technology, Guwahati. The researcher used Teacher’s Job Satisfaction Scale (TJSC) prepared by Y. Mudgil 
(Rohtak), I.S. Muhar (Rohtak), and P. Bhatia (Rohtak), 1991 and the Structural Interview Schedule prepared by 
the investigator. Table, mean, SD, t-test, and ANOVA were used as statistical techniques for the study. The 
researcher finally revealed that the mean job satisfaction score of teachers was higher in the high age group 
followed by the lower age group and last in the middle age group. There was no significant difference between 
the teachers of technical and non-technical faculty members based on their teaching departments. It was seen 
from the analysis that both the teachers of technical and non-technical faculties of the four institutions had the 
same level of job satisfaction. The result showed that the age of the teachers of Engineering Colleges had no 
significant difference with the perception of their job satisfaction. 
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Dr. Kingshuk Adhikari & Mr. Surajit Paul (2017) carried out a study on the Job Satisfaction of College 
Teachers: An Empirical Study. The objectives of the study were: (i) to analyze the factor-wise degree of job 
satisfaction working in Government Degree Colleges of Tripura and (ii) to compare the degree of job 
satisfaction of Assistant Professors and Associate Professors working in Government Degree Colleges of 
Tripura. The hypotheses of the study were: (i) there was no significant difference in the satisfaction or 
dissatisfaction of Assistant Professors and Associate Professors working in Government Degree Colleges of 
Tripura over the selected organizational factors and (ii) there was no significant difference in overall job 
satisfaction or dissatisfaction of Assistant Professors and Associate Professors working in Government degree 
colleges of Tripura. Teachers working in the rank of Assistant Professor and Associate Professor in different 
government degree colleges of Tripura constitute the population of the study. In the study, the sample consisted 
of two hundred and twenty (220) teachers posted to different government degree colleges in Tripura. Out of 220 
teachers, 163 were Assistant Professors and 57 were Associate Professors working in various Government 
degree colleges scattered over different districts of Tripura. A structured schedule comprising of a numerical 
scale ranging from 'Highly Dissatisfied (1)', to 'Highly Satisfied (5)' had been used for the assessment of 
satisfaction or dissatisfaction of teachers. To analyze the collected data, mean, standard deviation, and 
independent two samples t-tests had been used. 

The result of the study reported that teachers working in government degree colleges of Tripura were satisfied 
with four factors, namely, 'work itself', 'student matters', 'pay and allowances', and 'promotion matters' while 
dissatisfaction of teachers had been observed with the factor 'physical facilities for teachers'. However, teachers 
of both ranks were by and large satisfied with a holistic view. Except for the factor 'of pay and allowances, there 
was no statistical evidence for the significant difference in the satisfaction of Assistant Professors and Associate 
Professors working in Government degree colleges of Tripura at a 5% level of significance. The level of job 
satisfaction of Associate Professor was more as compared to that of the teachers working in the rank of 
Assistant Professor over the factors 'pay and allowances' and 'promotion matters. On the contrary, the degree of 
satisfaction of Assistant Professors was moreover the factors 'work itself and 'student matters' as compared to 
the level of satisfaction of Associate Professors under consideration. Over the factor 'physical facilities for 
teachers', both the group of teachers was dissatisfied but the degree of dissatisfaction was marginally higher for 
Assistant Professors as compared to that of Associate Professors working in government degree colleges of 
Tripura. 

III. JUSTIFICATION OF THE STUDY 
As compared to other researchers on job satisfaction of teachers in Manipur, the study of Government college 
teachers’ job satisfaction is very limited. It can undoubtedly operate as a powerful instrument to carry out 
different responsibilities for social, economic, educational, and political development. There is needed to find 
out the satisfaction level among government college teachers in Imphal West district in the present time with the 
increasing number of male teachers greater than the female teachers in population and there are some problems 
faced during college period about working hours and others.  There seems to be a growing discontentment on 
the part of the teachers towards their job as a result of which standards of education are falling. A varying 
degree of progress in college education has been made in Manipur and there has been an increasing number of 
colleges in all parts of the state. It has given access to higher education to several social groups which did not 
have it in the past. In Manipur, the level of job satisfaction among male and female government college teachers 
in Manipur is uncertain because the effect on teachers' quality is related to many problems in colleges and 
universities. There is a long tradition of corruption in selecting college teachers, not for well-qualified academic 
qualifications and interviews. Female Government teachers are bound to have many personal and family 
problems regarding satisfaction of job. It is important to know there is a relationship between high educational 
qualifications and job satisfaction among college teachers.  Hence more research is needed on college teachers’ 
job satisfaction. 

IV. RESEARCH OBJECTIVES 
1.  To find out the level of job satisfaction among male and female Government college teachers in Imphal 

West district. 

2.  To find out the level of working hours between male and female teachers. 

3.  To find out the relationship between job satisfaction and educational qualification among male and female 
teachers. 
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V. RESEARCH HYPOTHESES 
1.  There is no significant difference between the job satisfaction levels of male and female government college 

teachers in the Imphal West district. 

2.  There is no significant difference between the working hours of male and female college teachers. 

3.  There is no significant relationship between job satisfaction and educational qualification among male and 
female teachers. 

VI. RESEARCH METHODOLOGY 
METHOD 
In the study, a descriptive type of method is used. In Descriptive type of research, it includes surveys and fact-
finding inquiries of different kinds. It involves the description of an individual, a community, a society, an 
event, or any other unit under investigation through the use of the questionnaire method, structured interview, 
schedule, or any other structured method. 

Population and Sample 
The population of the study consisted of 335 government college teachers of males and females in the Imphal 
West district. A sample of 100 college teachers was selected from five government colleges based on a simple 
random sampling technique. Out of 100 samples, the male and female teachers are in a ratio of 50:50. 

TOOL 
In the present study, the Questionnaire of Teachers’ Job satisfaction Scale (TJSS-MMB) was developed by 
Yudhivendra Mudgil, Prof. I. S. Mubar & Prabha Bhatia (2012) was used. The scale has 75 items based on the 
Likert scaling technique. They are presented on a five-point scale as 5, 4, 3, 2, and 1. Each statement is followed 
by the five response categories, i.e., Strongly Agree (SA), Agree (A), Indifferent (I), Disagree (DA), and 
Strongly Disagree (SD). 

PROCEDURE 
The researcher took the permission of college principals and heads of departments for administering the 
Teachers' Job satisfaction scales and fixed dates. On the scheduled date, the researcher meet the college 
teachers, and the questionnaire was administered personally in five government colleges in the Imphal West 
district - Imphal College, Manipur College, Oriental College, Mayai Lambi College, and N.G. College. The 
instructions were explained by the researcher and the doubts were clarified. They were assured that this 
response will be used for research purposes and will be kept confidential. The scales were collected only after 
they were responded to by the subject. 

STATISTICAL TECHNIQUES 
The raw scores were statistically analyzed in terms of z score norms. Means, standard deviation, and t-tests 
were used to compare job satisfaction among males and females during their working hours and Pearson 
product-moment correlation was used to find out the relation between job satisfaction and educational 
qualification. 

VII.   FINDINGS 
The findings of the present study are given as follows: 

Ho1:- There is no significant difference between job satisfaction levels of government college teachers in the 
Imphal West district. 

Table 1: Percentage of Male Government College Teachers According to Job Satisfaction Scores in Imphal 
West District 

Sl.No. Class Interval Frequency Percentage 
1 220-240 1 2% 
2 240-260 22 44% 
3 260-280 23 46% 
4 280-300 2 4% 
5 300-320 2 4% 

Total  50 100% 
Source: Primary data 

With the help of the above Table 1, it is observed that the job satisfaction scores of male government college 
teachers started at 220 scores and ended at 320 scores. Among the teachers, 46 percent were between the scores 
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of 260-280, 44 percent between the scores of 240-260, 4 percent between the scores of 280-300 and 300-320, 
and 2 percent between the scores of 220-240. So, there is a maximum percentage of male college teachers in the 
class intervals of 260-280 scores and the least percentage of male college teachers was found between the class 
intervals of 220-240 scores. 

Table 2: Job Satisfaction Levels of Male Government College Teachers in Imphal West District 
Range of Z-

Scores 
Numbers of 

Teachers 
Percentage Grade Levels of Job Satisfaction 

+2.01 and above 2 4% A Very High satisfaction 
+1.26 to +2.00 0 0% B High Satisfaction 
+0.51 to + 1.25 12 24% C Above Average Satisfaction 
-0.50 to + 0.50 19 38% D Average 
-0.51 to – 1.25 14 28% E Below Average Satisfaction 
-1.26 to – 2.00 3 6% F Dissatisfaction 

-2.01 and below 0 0% G Highly Dissatisfaction 
Total 50 100%   

Source: Primary data 

On analyzing the data level of job satisfaction of male government college teachers of Imphal West district, it 
was concluded that 38% of male college teachers were found at an average level of satisfaction while 28% of 
college teachers were found below-average satisfaction level, 24% college teachers at above-average 
satisfaction, 6% at dissatisfaction, 4% at very high satisfaction and not a single college teacher of Imphal West 
district was found at high satisfaction and highly dissatisfaction level. From the collected data, it is observed 
that the maximum percentage of male college teachers was found under an average level of job satisfaction and 
the least percentage of college teachers was found under a very high satisfaction level. 

Table 3: Percentage of Female Government College Teachers According to Job Satisfaction Scores in Imphal 
West District 

Sl.No. Class Interval Frequency Percentage 
1 220-240 1 2% 
2 240-260 16 32% 
3 260-280 28 56% 
4 280-300 5 10% 

Total  50 100% 
Source: Primary data 

From the above Table 3, it is observed that the lowest and the highest job satisfaction scores of female 
government college teachers in Imphal West district started at 220 scores and ended at 300 scores. Among the 
teachers, 56 percent were between the scores of 260-280, 32 percent between the scores of 240-260, 10 percent 
between the scores of 280-300, and 2 percent between the scores of 220-240. It was found that the maximum 
percentage of female college teachers was found between the class intervals of 260-280 scores and the least 
percentage of female college teachers was found in the class intervals of 220-240 scores. 

Table 4: Job Satisfaction Levels of Female Government College Teachers in Imphal West District 
Range of Z-

Scores 
Numbers of 

Teachers 
Percentage Grade Levels of Job Satisfaction 

+2.01 and 
above 

0 0% A Very High satisfaction 

+1.26 to +2.00 5 10% B High Satisfaction 
+0.51 to + 

1.25 
10 20% C Above Average Satisfaction 

-0.50 to + 0.50 24 48% D Average 
-0.51 to – 1.25 5 10% E Below Average Satisfaction 
-1.26 to – 2.00 5 10% F Dissatisfaction 

-2.01 and 
below 

1 2% G Highly Dissatisfaction 

Total 50 100%   
Source: Primary data 
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On analyzing the data level of job satisfaction of female government college teachers, it can be concluded that 
48% of female college teachers were found at an average level of satisfaction while 20% of college teachers 
were found under above-average satisfaction level, 10% of college teachers at high satisfaction, below-average 
satisfaction and dissatisfaction level and 2% at highly dissatisfaction level. There is not a single female college 
teacher in the Imphal West district was found a very high satisfaction level. From the collected data, it has come 
known that the maximum percentage of female college teachers was found under an average level of job 
satisfaction and the least percentage of female college teachers was found under highly dissatisfaction level. 

From the analysis, there exists a significant difference in different job satisfaction levels of government college 
teachers in the Imphal West district. The majority of female teachers are more satisfied than the male teachers 
with an average level of satisfaction in Grade D level. Therefore, hypothesis 1 is rejected. 

Table 5: T-test to determine working hours of Government college teachers in Imphal West district 
 

Working hours 
Gender N Mean SD t Sig. (2-tailed) 

Male 50 3.7 1.11 2.23 0.05 
Female 50 2.72 1.08   

Source: Primary data 

From Table 5, it is clear that the mean of males and females are 3.7 and 2.72 and their standard deviation is 1.11 
and 1.08. Their t-test value is 2.23 which is significant at a 0.05 level of confidence. It means a 95% difference 
in working hours. There is a significant difference between the working hours of male and female teachers in 
the Imphal West district. 

Most of the male teachers informed that they agreed with the statement ‘Teachers should be available to 
students in the Department/College for about 5 ½ hours daily as recommended by the U.G.C’ in the TJSS-MBB 
questionnaire Sr. No. 55. On the other hand, most of the female teachers disagree with the above statement. 
Therefore, hypothesis 2 i.e. there is no significant difference in working hours of male and female teachers is 
rejected. 

The degree of correlation is normally ascertained based on its relative measure. This relative measure is known 
as the coefficient of correlation and is universally denoted by r. 

Table 6 Norms for interpretation and size of the correlation value 

Size of Correlation Interpretation 
+1 Positive perfect correlation 

+.6 to +.99 approx. Positive correlation of high degree 
+.3 to +.55 approx. Positive correlation of moderate degree 
+.1 to +.25 approx. Positive correlation of low degree 

-1 Negative perfect correlation 
-.6 to -.99 approx. Negative correlation of high degree 
-.3 to -.55 approx. Negative correlation of moderate degree 
-.1 to -.25 approx. Negative correlation of low degree 

Source: Research Methodology in Social Sciences, p.329 

Table 7: Showing Relationship of Job Satisfaction and Educational Qualification of Male Government College 
Teachers in Imphal West District 

Variable Number of samples Coefficient of Correlation 
Educational qualification  

50 
 

0.899 Job satisfaction 
Source: Primary data 

Table 7 indicates the simple correlation analysis of educational qualification and job satisfaction of male 
government college teachers in the Imphal West district. The total number of sample is 50. By using Pearson’s 
Product-moment correlation co-efficient, the computed simple correlation produced an output (r=0.899) greater 
than the critical value of 0.354 at a 0.01 confidence level, PPMC. It reveals that there is a high degree of 
positive correlation between educational qualification and job satisfaction. 
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Table 8: Showing Relationship of Job Satisfaction and Educational Qualification of Female Government 
College Teachers in Imphal West District 

Variable Number of samples Coefficient of Correlation 
Educational qualification  

50 
 

0.853 Job satisfaction 
Source: Primary data 

Table 8 reflects the simple correlation analysis of educational qualification and job satisfaction of female 
government college teachers in the Imphal West district. The total number of sample is 50. By using Pearson’s 
Product-moment correlation co-efficient, the computed simple correlation produced an output (r=0.853) greater 
than the critical value of 0.354 at a 0.01 confidence level, PPMC. It reveals that there is a high degree of 
positive correlation between educational qualification and job satisfaction. 

Therefore, hypothesis 3 i.e. there is no significant relationship between job satisfaction and educational 
qualification among male and female teachers is rejected. This can be supported by the statement 'The 
promotions/appointments in this institution are usually merit-based in Sl. No. 19 in the TJSS-MMB 
questionnaire. The majority of the government college teachers of Imphal West district revealed that the 
promotions or appointments in their institution are usually merit-based. In the TJSS-MMB questionnaire Sl. No. 
110 - ‘The overall working condition in my Department/College are satisfactory’ as said by teachers of both 
male and female government colleges in their job satisfaction scale. But there is more relationship among male 
than female teachers. It indicates that teachers are satisfied with their job when come to the point that it should 
be attained by a high educational qualification and well experienced through some years. 

CONCLUSION 
The role of college teachers is undoubted extremely valuable in the academic life of the students. The overall 
job satisfaction of college teachers depends on what he or she receives. The behaviors of satisfied teachers will 
make positive contributions to the institutions. Whereas, dissatisfied teachers become low to contribute their 
responsibilities in college environment. In Manipur, government college teachers have no equal satisfaction 
level with their job as the profession of teachers. There are different levels of job satisfaction among 
government college teachers in the Imphal West district. Among the college teachers, both male and female 
teachers are satisfied with an average level of job satisfaction in the Grade D level. But in percentage, female 
teachers are more satisfied than the male teachers. On the other hand, there is a four percent in very high 
satisfaction level of male teachers in Grade A and ten percent in high satisfaction level of female teachers in 
Grade B. There is a difference in teachers’ working hours during the college period. The majority of the male 
teachers agreed that they have to work 5 ½ working hours daily as recommended by the UGC. While most of 
the female teachers disagree with their working hours of 5 ½ hours as prescribed by the UGC. There is a high 
degree of positive correlation that the appointments and promotions of college teachers are usually selected on a 
merit-based i.e. high educational qualification and well experienced through some years and there is more 
relationship among male teachers than female teachers. Therefore, well being of any society depends upon its 
intellectual assets in general and teaching faculties in particular. The success of higher education depend upon 
the quality of teachers, to a large extent. 
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Role of Hydrogen Ion Concentration (PH) Of Water for the Growth of Cyanobacteria 
(Blue Green Algae) In Some Sites of Darrang, District Assam, In Pre 
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ABSTRACT 
Role of Hydrogen ion concentration of water (pH) for the growth of cyanobacteria is an indicator factor 
physiological factor. Cyanobacteria is also known as blue green algae. At natural habitat cyanobacteria mostly 
grows with other algae as mixing behavior, so that it is also known as myxophyceae. The cyanobacterial growth 
is also influence by other algae as all growth factor acts on cyanobacteria and other surrounding organisms. 
Different pH factor indicate to grow different cyanobacteria with the support of other physio-chemical and 
biological factors. Three different sites were taken from the Mangaldoi sub-division, Darrang District, Assam 
for the period of February, March, April (pre-monsoon) 2019. In this studies it was found that pH in natural 
fresh water was most important physiological factor among other physiological factors which indicates the  
growth rate of the cyanobacteria 

Keywords: Mangaldoi sub-Division, cyanobacteria , pH in natural fresh water, indicates growth rate of the 
cyanobacteria 

INTRODUCTION 
Hydrogen ion concentration (pH) for natural water of cyanobacterial habitat, showed denotation and with mean 
total cyanobacterial counts (filaments/colony) at some range. The Hydrogen ion concentration (pH)  of water 
for natural blue green algal (cyanobacterial) ecology was influencing cyanobacterial growth. It was interesting 
that when other phytoplankton grown the cyanobacterial growth was dominated. The variation of seasonal 
growth and development for cyanobacterial species showed suitable at pre-monsoon season. The other 
phytoplankton in pre-monsoon season were not grown rapidly, which helped cyanobacteria to consume 
available nutrient from surrundings. Eutropication process was take place during pre-monsoon from the 
surroundings due to first rainfall as well as pH was also suitable with other physical and chemical factors for 
better and abundant growth and development of cyanobacteria. Various factor affecting the distribution of 
cyanobacteria where hydrogen ion concentration is an influencing factor on their distribution and frequency. 
Algalization effect under these conditions can be enhanced through proper soil amendments and by selecting pH 
specific forms (Kausik and Krishnamurti, 1981). Present study attempt to show the naturally occurring 
cyanobacterial forms in different sites of Darrang District of Assam from different ecosystem of sites, in pre-
monsoon season with reference to hydrogen ion concentration (pH) of freshwater in natural habitat of 
cyanobacteria. 

Abiotic factors like hydrogen ion concentration, heat, presence of oxygen, conductivity of electricity are 
important for cyanobacterial growth. Other chemical factor like density of nitrate or nitrite plays role for blue 
green algal growth. The role of succession for cyanobacteria  is also changing with changing rainfall. Dissolved 
oxygen in ponds was observed where positive correlation found with cyanobacterial species growth. It was 
exception in two districts of U.P . The districts are Farukhabad and Mahoba. Conductivity on water of 
electricity is positively correlated with total number of particles (solid) present . (Suseela et al., 2005). 

MATERIALS AND METHODS 
The hydrogen ion concentration (pH) of the fresh natural water was measured by digital pH meter (Manti Lab 
Digital pH meter).The natural waters were observed and measured at different times and at different places of 
sites and taken the records of measurement. The mean of the measurement was recorded and considered for the 
observation and analysis. Natural growth and development of cyanobacterial effects on different levels of pH, 
was observed at seven days intervals. Fresh strains or colonies were examined for their growth to different pH 
levels (6-10) in growth medium of nitrogen free (Fogg,1949). In this present study three different sites were 
taken for the effect of pH for the growth of cyanobacteria in pre-monsoon season. The sites were Bandia 
chapori sites, Burhadai chapara sites, Banglagarh sites. 1.0 ml portion of collected samples were ready for 
shaken and centrifuged  by centrifuge machine for separating at high rpm (5000 rpm) for 10 minutes. After the 
separation of debris the sediment was diluted with 1.0 ml of sterilized water. Than 0.5 ml collected suspension 
was carefully taken on Sedgewick Rafter Counting Cell slide (76mm x 40mm). (Sedgewick, 1891). Simple 
cover slip used for covering the slide for observing under compound microscope. Counted cyanobcterial forms 
as Colony or filament, in numbers ml-1 was recorded. 
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RESULTS 
Table 1: Mean Hydrogen ion concentration (pH) of water, Colony or Filament,( numbers ml-1), Number of 
species found in fresh water of pre-monsoon (February, March, April) season of Bandia chapori, Burhadai 

chapara, Banglagarh of 2019. 
Study sites Hydrogen ion 

concentration (pH) 
Colony or Filament 

in numbers ml-1 
Number of different 

species found 
Bandia chapori sites 7.2 2620 44 

Burhadai chapara sites 7.6 3960 74 
Banglagarh sites 7.0 2640 54 

   
Fig1. Mean pH of different sites.               Fig 2. No. of Species of different sites. 

The sites Burhadai chapara site having mean pH 7.6, showing highest number of cyanobacteria was three 
thousand nine hundred and sixty (3960) colony or filament (in numbers ml-1). This sites Burhadai chapara 
having seventy four (74) numbers of different species found. Bandia chapori site mean pH 7.2, where colony or 
filament (in numbers ml-1) was two thousand six hundred twenty. In this site number of different species found  
forty four (44). In Banglagarh site  mean pH 7.0 where colony or filament (in numbers ml-1) were two thousand 
six hundred forty (2640) having fifty four (54) numbers of different species. Seasonal variation with physical 
and chemical parameter effect on availability of phytoplankton’s distribution (Ezra and Nwankwo, 2001) 

DISCUSSION 
In this present investigation hydrogen ion concentration (pH) of water 7.6 is more suitable for the growth and 
development of the cyanobacteria. Cyanobacterial diversity is also rich in Burhadai chapara where 74 number 
of species was found.  The pH ranges from 7.5-10 is the best range for the growth of cyanobacteria (Agarwal 
and Rajwar,(2010) supports hydrogen ion concentration , conduction of water, hardness of water, deposition 
calcium, level of DO and BOD were more at summer seasons. Mean pH 7.6, was not only shown dense 
population but also shown rich cyanobacterial diversity as it was (pre-monsoon) a season where other aquatic 
diversity was not abundance. Cyanobacteria is the first aquatic life for succession. As Cyanobacteria having 
mixing habitat behavior it is also influence by biotic factors of food chain, so changing seasonal variation is 
depend upon changing surrounding vegetation, which vegetation also change by hydrogen ion concentration 
(pH). The loss of biological diversity of non-calcareous organisms due to species shifts in phytoplankton 
communities. This may be due to the direct effect of low pH (Kroeker et al. 2010). 
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ABSTRACT 
Turmeric powder (Curcuma longa L.) is highly valued for its nutritional properties. Due to its high demand in 
international trade, turmeric powder has been subject to economically driven, hazardous chemical adulteration. 
This study aims at assessing the safety parameters of four different brands of food grade turmeric powder 
brands procured from areas in and around Chennai, Tamil Nadu. Parameters such as physicochemical properties 
moisture, ash and water activity were studied and all the samples showed more than 8-10% of moisture and 
around 0.8-0.9 water activity and increased microbial load in all 4 samples for both bacteria and yeast and 
mould, which according to Food Safety and Standards Authority of India standards for Microbial contamination 
should have been absent. The other parameter tested was for adulterants like Metanil yellow and chalk powder 
wherein few samples showed the presence of all these two adulterants. Mycotoxins were also tested using High 
performance Thin Layer chromatography standard procedures from the literature where, Aflatoxin B1 was 11 
microgram per kilogram in one sample and other mycotoxins like ochratoxin, citrinin, etc were absent. Color 
measurement was done using Hunter colorimeter with Metanil Yellow was the standard. The tests revealed a 
compromise on safety standards of the samples; hence the Quality assessment of Turmeric powders were 
analysed and the results were compiled. 

Keywords: Turmeric {Curcuma longa L} Adulteration, Metanil Yellow, Mycotoxin, Microbial Load, 
Physicochemical 

INTRODUCTION 
Natural plant products have been used for a variety of purposes throughout human history. Many of the plants 
from which these natural products are derived have co-evolved with animal life and are billions of years old. 
Nevertheless, modern medicine does not evaluate or encourage the medicinal usage of plant products. Curcuma 
longa has been used a medicinal plant for nearly 4000 years now. 

Curcuma longa is also known as "Indian saffron" because of its bright yellow color. Modern medicine is 
beginning to recognize its importance, as evidenced by more than 3000 publications on turmeric that have 
appeared in the last 25 years. 

The rhizome from which turmeric is obtained is bulbous and the skin is coarsely segmented. The rhizome 
matures in the soil under the leaves. They are tan and dull orange inside. The main rhizome is pointed or tapered 
at the distal end, 2.5-7.0 cm (1-3 inches) long, 2.5 cm (1 inch) in diameter, and has small tubers branching. 
Once the curcuma longa rhizomes are dry, they can be ground into a bitter, slightly acrid, but sweet-tasting 
yellow powder. 

Turmeric is used to treat rheumatoid arthritis, chronic anterior uveitis, conjunctivitis, skin cancer, small pox, 
chicken pox, wound healing, urinary tract infections, and liver conditions It's also used to treat digestive issues 
including flatulence, jaundice, menstruation problems, and colic, as well as stomach pain and distension (1) and 
dyspeptic symptoms like loss of appetite, postprandial feelings of fullness, and liver and gallbladder complaints 
(1). 

Turmeric is one such important spice that is prized not just for the beautiful colour and texture it adds to any 
dish, but also for its medicinal properties. Turmeric powder that is currently available in the market is severely 
contaminated, robbing it of all of its medicinal properties. Virali Manjal aka Finger turmeric is used to make 
commercially available Food Grade Turmeric Powder since it is widely available and easy to process. To 
achieve the pure yellow colour, these food-grade turmeric powders are contaminated with various artificial 
colours such as Metanil Yellow, Lead chromate, Sudan red, and others. Various methods, including titration 
approaches, can be used to detect these hues. 

Metanil Yellow is among the major constituent when it comes to artificial colours addition into turmeric 
powder, their presence was confirmed using Fourier Transform InfraRed Spectroscopy, Raman Spectroscopy 
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(2, 3) and PCR Based Detection (4) was performed. A detailed study on the structure considering the protons 
and carbons was performed using Nuclear Magnetic Resonance Imaging (5). 

Turmeric powder contains a mixture of various compounds including Curcumin being the major constituent 
along with curcuminoids, alkaloids, phytochemicals and many more. Curcumin is the nutritional compound 
present in turmeric powder. Various studies have been performed for analysing the activity of curcumin and its 
structure. Some of the studies include Chemical stability and antiproliferative studies of curcumin (6), Nano 
emulsified curcumin and commercial curcumin characteristics were compared using various instrumentation 
facilities (8). Exact validated curcumin estimation was performed using High Performance Thin Layer 
Chromatography instrument using Methanol as a solvent for extraction. (12). 

The purpose behind this research work is to understand that the demand for turmeric powder is not able to meet 
the needs of the growing population and quantity is preferred over quality. Hence in order to increase this 
growing need, food items are being adulterated with non-nutritious compounds which deteriorates the health of 
the consumer in the longer run. 

In this study a detailed analysis of commercially available food grade turmeric powder is studied by performing 
a comparative analysis between four different samples and studying their color adulterants using standardised 
methods mentioned below. 

The scope and implications of the outcome of this survey are far and wide since, Turmeric powder is one of the 
main ingredients in Indian Cuisine and is widely used across all households in the country. Turmeric has a 
horde of medicinal properties but the presence of such adulterants which are used to increase the quantity are 
counterproductive and snub the health benefits from the ingredient. This survey will enable the consumers to 
make an informed decision while buying ingredients for their food preparation. 

MATERIALS AND METHODS 

SAMPLING: 
Four Commercially available Food Grade Turmeric powder samples were procured from the commercial 
market in and around Chennai and named as A, B, C and D. Other than microbial  in air-tight containers. All the 
below mentioned tests were done in triplicates. 

Physicochemical parameter testing 
MOISTURE: 
Moisture content in all these samples were tested using the standard proximate testing procedure where samples 
were weighed accurately and added in 4 different dishes and at different time intervals the weight was noted 
along with initial weight and final weight. Experiment was done in triplicates and values were noted. 

WATER ACTIVITY: 
Water activity was noted in a water activity meter. Experiment was done in triplicates and values were noted. 

ASH: 
This was performed using crucibles where, the crucible weight along with the sample was noted as the initial 
weight and after the sample was ashed at 560 degrees in the muffle furnace again weight was noted and 
calculated using the standard formula. 

Microbiological Contamination Study: 
Total plate count and yeast and Mould count was measured to determine the contamination level in various 
turmeric powder samples. The procedure was followed as per AOAC standard protocol. 

Samples were isolated from the commercially available turmeric powder packets and aseptically prepared in 
sterile air tight containers for microbial load detection. No. of samples considered were 4 main samples 
(Different brands from market was taken). Along with control 4 sub samples from each of these samples were 
taken to facilitate statistical data interpretation. Medium was prepared after serial dilution of the sample and 
further process was continued by using Plate count Agar for bacterial count and potato dextrose agar for yeast 
and mould. 

ADULTERANTS DETECTION 
Detection of Metanil Yellow and Lead Salts: 
1 gram of sample was mixed with 5 ml of hydrochloric acid and appearance of pink color indicates the presence 
of Lead salts and when dissolved in water leading to disappearance of pink color indicates presence of Metanil 
yellow. 
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DETECTION OF CHALK POWDER: 
1gram of sample was mixed with few ml of water to observe an effervescence which shows the presence of 
chalk powder. 

COLOR MEASUREMENT: 
Color was measured for all 4 samples using hunter colorimeter and wavelength was determined. The Graph 
obtained for each sample was compared with graph obtained for Metanil Yellow as the standard. 

Estimation of Mycotoxin using high performance thin layer chromatography 
Methodology for Aflatoxin Extraction: 
25 grams of the samples were measured in a beaker, mixed with 106 ml acetone, 19 ml of distilled water and 1 
scoop of sodium chloride. Extraction bottle was then placed on the rotator shaker for a period of 30 mins at 200 
rpm for extraction and homogenization. The mixture was then filtered through ordinary filter paper to run for 
the liquid-liquid phase clean up procedure. 75 ml was collected in the fresh beaker along with 0.3 gm cupric 
carbonate powder added to remove the interference caused by chlorophyll in the analysis. The mixture was then 
filtered through ordinary filter paper to run for the liquid-liquid phase clean up procedure. 75 ml was collected 
in the fresh beaker along with 0.3 gm cupric carbonate powder added to remove the interference caused by 
chlorophyll in the analysis. The mixture was then allowed to settle for 10 mins before filtering through 
Whatman paper (No.1) and 100 ml was collected. 100 ml filtrate was transferred into a 500 ml separating funnel 
and added 100 ml of 0.03 % sulphuric acid and 25 ml of chloroform. The mixture was shaken vigorously 
releasing the fumes or gases and allowed to settled for 10 minutes (Toxins are brought into acidic phase by 
partition. Chloroform extracts and binds to aflatoxin). The contents get divided into 2 distinct layers with the 
lower layer containing chloroform bound to aflatoxin. The lower layer was collected into a 100 ml separating 
funnel and mixed slowly with 40 ml of 1 % potassium chloride and 0.02M potassium hydroxide solution by 
gentle shaking and allowing for separation. The lower layer containing aflatoxin bound to chloroform was then 
filtered through a bed of 10 gm anhydrous sodium sulphate and collected in a beaker. The content of the beaker 
was then evaporated by placing them on the hot plate with a constant temperature of 120° C. The content was 
transferred to amber colored vials before complete drying. The extract was evaporated in a hot plate under the 
fume hood. Finally, the dried extract was re-dissolved in 0.2 ml of chloroform and used for Thin layer and high 
performance thin layer chromatography. 

ESTIMATION OF MULTITOXIN: 
With 25g of sample, add 88ml acetonitrile, 2ml 20% sulphuric acid, 4% potassium chloride and 1 scoop of 
sodium chloride and keep in stirrer for 3 mins and in shaker for 30 mins. Add 250ml of the mixture into a 
separating funnel after filtering through filter paper. Then add 50ml filtered sample and 50ml distilled water 
along with 50ml hexane and shake.  Collect the lower part into a measuring cylinder and discard the upper 
layer. In another 250ml separating funnel, add 50ml of the collected lower sample along with 50ml of hexane 
and Shake. Now collect the lower part into a measuring cylinder and finally wash the separating funnel. In one 
other 250ml separating funnel, add 50ml of that collected lower sample along-with 20ml chloroform and shake 
and allow it to separate. Gently tilt the separating funnel and collect lower layer over anhydrous sodium 
bisulphate bed and then evaporate to near dryness. 

RESULTS 
Table 1: Physicochemical Parameter values 

The procedures for physicochemical parameter testing were followed as per the protocol mentioned in the food 
safety standards authority of India Lab Manual 10. The higher the water activity the faster the microorganisms 
like bacteria, yeast and mold will be able to grow. Since turmeric powder is an organic compound, it has natural 
and artificial contaminants including some inorganic compounds. 

Samples Moisture (%) Water activity Ash (%) 

A 0.34 0.428 10 
B 0.9 0.509 8.4 
C 0.95 0.528 12 
D 0.64 0.479 11 

Table 2: Microbial Contamination Estimation 
Turmeric powder is isolated from curcumin rhizome which is found under soil level and it is prone to a lot of 
bacterial load which is the reason for contamination. This table clearly elucidates the values of total plate count 
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colonies which falls in between the values of 1.5 to 2.6X10^4 (cfu/g) and the Yeast and Mould colonies were 
found within the ranges of 1.7x 10^4 to 2.2x 10^4 (cfu/g) 

Samples Total plate count colonies (cfu/g) Yeast and Mould colonies (cfu/g) 

A 2.6 X 10^4 1.8 X 10^4 
B 2.9 X 10^4 TNTC 
C 1.5 X 10^4 1.7 x 10^4 
D 1.8 X 10^4 2.2 x 10^4 

Table 3: Color Analysis using Hunter Colorimeter 
Color analysis was done using Hunter colorimeter and the mean values of three readings of each color was 
noted at a wavelength of 580 nanometres. L represents lightness of the product, +a* represents redness, -a* 
represents green, +b* represents yellowness, -b* represents blue and finally dE is the total color difference. 
Mean values of 3 readings of each color was noted at wavelength of 580nm. 

Samples L a* b* dE* 
A1 47.71 13.09 13.49 49.64 
A2 46.69 12.93 13.76 50.57 
A3 51.06 12.75 13.73 49.71 
B1 48.26 14.02 12.38 46.77 
B2 46.27 14.50 13.91 49.69 
B3 47.72 14.27 14.16 51.47 
C1 52.74 12.49 10.77 44.99 
C2 52.22 12.33 10.41 44.42 
C3 51.94 12.21 9.80 45.10 
D1 58.15 15.89 13.36 41.36 
D2 57.88 15.98 13.28 41.63 
D3 57.48 15.76 13.12 41.86 

Table 4: Mycotoxin Detection using High Performance Thin Layer Chromatography 

 
Figure 1: Color analysis performed by Hunter Colorimeter indicating wavelength and absorbance of turmeric 

powder samples. X axis indicates wavelength in nanometres and Y axis indicates mean values for three readings 
of the samples. 

 
Figure 2: Standard Metanil Yellow graph with the above-mentioned axis metrics 

Toxins such as Aflatoxin B1, Aflatoxin B2, Aflatoxin G1 and Aflatoxin G2 were tested along with Citrinin, 
Ochratoxin A and T2 Toxin were tested using High Performance Thin Layer chromatography. Mobile phase = 
chloroform: Acetone::1:9. This analysis was done under fluorescence mode using Mercury detector at the 
wavelength of 366 nm 
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S.No TEST SAMPLE 
A 

SAMPLE 
B 

SAMPLE 
C 

SAMPLE 
D 

UNIT LOD 
(µg/kg) 

1 AflatoxinB1 11 BDL BDL BDL µg/kg 5 
2 AflatoxinB2 BDL BDL BDL BDL µg/kg 2 
3 AflatoxinG1 BDL BDL BDL BDL µg/kg 5 
4 AflatoxinG2 BDL BDL BDL BDL µg/kg 5 
5 Citrinin BDL BDL BDL BDL µg/kg 20 
6 Ochratoxin A BDL BDL BDL BDL µg/kg 20 
7 T2 Toxin BDL BDL BDL BDL µg/kg 60 

 
Figure 3: Aflatoxin Standard Peak in High Performance Thin Layer    Chromatography 

 
Figure 4: Positive sample peak indicating Presence of Aflatoxin B1 in High Performance Thin Layer 

Chromatography. Area of Coloured region is calculated to determine the amount of Aflatoxin present in Sample 
A. 

Adulteration Detection 

 
Figure 5: Detection of Metanil Yellow. Appearance of Red Color was observed. 
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Figure 6: Presence of Lead Salts. Disappearance of Red color on addition of water was observed. 

 
Figure 7: Presence of Chalk Powder. Effervescence was observed. 

DISCUSSIONS 
The Food Safety and Standard Authority of India has set a permissible level of not more than 9% on dry weight 
basis for moisture level in Turmeric powder as per the results it was confirmed that the moisture and water 
activity of all the four samples were within the prescribed limits. The permissible level of ash content in 
turmeric powder sample is only 9% as per Food Safety and Standard Authority of India, the values ranged from 
8.4-12% in all the four samples where 75% of them were far more than the permissible range and the rest 25% 
of the sample fell within this range. The results for bacterial contamination ranged from 1.5-2.9 x 10^4 cfu/g 
and for yeast mold was Too Numerous To Count (TNTC), this condition might be due to the increased amount 
of moisture and water activity which reduces the shelf life of the product thereby permitting ways for insects 
and /or rodents to enter. The presence of Metanil yellow, Lead Salts and Chalk powder was confirmed through 
qualitative tests. The peak for all 4 samples were observed at 580nm and that is similar to peak obtained by 
Metanil yellow at 473 nanometres where the frequency was at 5.16 Hertz and the energy was 2.14 electron 
volts, since the color range is similar to the peaks as in Metanil Yellow standard graph we confirm that the 
samples were administered or adulterated with Metanil yellow for the yellow color of the turmeric powder to be 
enhanced. Sample A showed the presence of Aflatoxin B1 up to 11µg/kg as per Food Safety and Standard 
Authority of India, the permissible Toxin limit is 0.5 µg/kg and the results were more than the permissible 
amount. Mycotoxin levels beyond permissible level causes detrimental health effects (13, 14). 

CONCLUSION 
Commercially available food grade turmeric powder was tested for its safety and quality and the following data 
was observed. It was found that the samples taken for testing were contaminated in one way or the other. 
Addition of Metanil yellow adulterant is harmful to health since it is carcinogenic in nature. This survey is a 
brief study which gives an outline about the presence of toxins, microbes and adulterants in commercial food 
grade turmeric powders. This survey is to enable the consumers to make an informed decision regarding their 
nutrition and establish transparency between the product and the consumers. 
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ABSTRACT 
Nanofluids have grabbed a substantial amount of attention in the recent past for its extraordinary heat transfer 
properties than conventional fluids. Like other thermo-physical properties such as thermal conductivity, specific 
heat and diffusivity, viscosity plays a significant role in determination of the fluid flow and in heat transfer 
mechanism. Therefore numerous researches have been done on the rheological behavior of the nanofluids. 
Nanofluids exhibit higher viscosity than conventional fluids. The existing classical models underestimate the 
viscosity of nanofluids. Among the various factors influencing the viscosity of nanofluids, the present work 
studies the effect of interfacial layer and aggregation of nanoparticles on the viscosity of nanofluids. The results 
of present model are in good agreement with available experimental data and give better predictions for the 
effective viscosity of nanofluids compared to existing classical models. 

Keywords: Nanofluids, Viscosity, Agglomeration 

INTRODUCTION 
To meet the ever increasing demand for more efficient heat transfer systems in industrial applications such as 
transportation, electronics, nuclear reactors as well as biomedicine and food, Nanofluids  have evoked immense 
interest among the researchers in recent years. Nanofluids are the suspensions of nanosized particles in the base 
fluids like water, ethylene glycol, engine oil, glycerol etc. Owing to large specific area and small size of 
nanoparticles, Nanofluids exhibit superior properties than the conventional fluids. A number of studies have 
been done to evaluate the transport properties of nanofluids. Most of the studies focused on the thermal 
conductivity of the nanofluids. Besides thermal conductivity, viscosity is an important property which relates 
directly to  fluid resistance, pumping power and convective heat transfer. 

At the beginning of the twentieth century, Einstein [1], Brinkman [2], Batchelor [3], and Lundgren [4] proposed 
analytical models based on the well-established theory of colloidal suspensions to estimate the viscosity of 
nanofluids. But these classical models predicted the lower value of effective viscosity of nanofluids when 
compared to the experimental results which clearly show the enhancement in the viscosity of nanofluids with 
the increase in particle concentration. Murshed et.al 2008 [5] reported an increment of 86% and 82% in relative 
viscosity of water based TiO2 and Al2O3 nanofluids respectively. An increase of 60% in the relative  viscosity of 
base fluid has been observed by Duan et al [6] with just  5% increase in the volume fraction of alumina 
nanoparticles in water. Garg et.al [7]   discovered that there is four times increase in viscosity of Cu/EG 
(ethylene glycol) nanofluids when compared with the Einstein model. Chevalier et.al [8] experimentally 
found that viscosity of SiO2-Ethanol nanofluid for different particle radius (17, 47, 95 nm) rises abnormally 
with the increase in volume concentrations. Experimental viscosity values were found to advance with the 
volume fraction as shown by Lu and Fan [9].  Phuoc and Massoudi [10] discovered experimentally viscosity of 
Fe2O3/deionized water based nanofluids rises with increasing particle volume concentration. Duang Thongsuk 
et. al [11] experimentally investigated the viscosity of TiO2 nanoparticles suspended in water  with volume 
fraction ranging from 0.2 to 2 vol% and  temperature between 15 oC and 35 oC .They reported that the viscosity 
of nanofluids increases as particle concentration increases and is quite different from that of the predicted 
values. The deviation in the experimental findings from that of the theoretically predicted values could be due to 
dependence of viscosity on some other parameters such as temperature, particle size, shape,  base fluid type, ph 
value, shear rate, stabilizing surfactants, particle agglomeration and the interfacial layer. 

The current work aims at the study of the effective viscosity of nanofluids taking into consideration the effect of 
interfacial layer, particle size and shape and aggregation of nanoparticles.  Furthermore, it also highlights some 
of the existing theoretical models and experimental correlations proposed to explain the anomalous behaviour of 
the viscosity of nanofluids. 

Existing theoretical/empirical models for the viscosity of nanofluids 
A number of research works have been carried out on viscosity property of nanofluids but only a few studies 
have focused on developing the theoretical models for predicting the effective viscosity of nanofluids. There is 
no widely accepted model that could estimate the viscosity of nanofluids accurately. Thus researchers primarily 
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use classical models or empirical models proposed on the basis of available experimental data to explain the 
rheological behavior of nanofluids. 

The most popular model for the estimating the viscosity of nanofluids is Einstein’s model (1906) that 
considered linear viscous fluid with dispersion of rigid spherical nanoparticles at very low concentration not 
more than 2 vol% [1]. The effective viscosity of suspension is given by 

)5.21(   feff  

where μf is  base fluid  viscosity and ϕ is the volume fraction of dispersed particles. 

Brinkman [2] modified the above model and extended it for the viscosity of dispersed fluid upto 4% volume 
fraction given by 

5.2)1(   feff  

Considering the interactions between the suspended particles and brownian motion, Batchelor [3] developed 
correlation for predicting the viscosity of nanofluids as 

)2.65.21( 2  feff  

Guo et al. [12]   upgraded Batchelor’s model taking  effect of particle size  and then presented  new correlation 
as follows: 

)/3501)(5.65.21( 2 dfeff    

where d is the particle radius. 

A similar correlation to Einstein model has been developed by Graham [13] based on the Brownian motion, 
vander waal and electroviscous interaction. Including the effect of particle size (dp) and interparticle distance 
(d), the correlation is expressed as 
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Frankal and Acrivos [14] suggested a model for Newtonian viscosity of suspensions containing spherical 
particles as 


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where ϕm is the maximum volume fraction determined experimentally. The power law model for the 
determination of viscosity of nanofluids at higher volume fraction more than 2% was developed by Nielsen 
[15]. The model is presented as 

)1/()5.11( mefeff
   

Masoumi et al. [16] included the effect of Brownian motion, density of nanoparticles,  temperature and diameter 
of nanoparticles on effective viscosity and developed the model accordingly as 

)
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where ρn denotes the density, dn represents the particle diameter, δ is the distance between the nanoparticles and 
C and Vb are the two temperature dependent functions. Krieger and  Dougherty [17] put forward  a semi 
empirical model for different volume fractions assuming the difference in viscosity at different shear rates. The 
expression of effective viscosity is as follows 
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where ϕm, the maximum volume fraction of nanoparticle is found to vary between 0.495 and 0.54 for static fluid 
and is equal to 0.605 for high shear rates. [η], the intrinsic viscosity has a typical value of 2.5 for mono disperse 
suspensions of hard spherical particles. 

Chen et al. [18] modified the above equation and considered the effect of maximum packing fraction within the 
aggregate structure. The modified form of correlation is 
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where a and aa are the size of  primary particles and the aggregates, respectively and D is the fractal index 
having value of 1.8 for nanofluids. ϕm is the maximum particle volume fraction which can be determined 
experimentally. Garg et al. [7] proposed an empirical model by fitting linearly their Newtonian Cu/EG 
nanofluids viscosity data, which takes the following form 

)111(   feff  

Namburu et.al [19] experimentally investigated the rheological behavior of an aqueous solution of ethylene 
glycol containing CuO2 nanoparticles at volume fraction ranging from 0 and 6.12% and temperatures between 
35oC to 50oC. Based on the experimental data, a correlation was developed that gives the temperature and 
volume fraction dependence on viscosity as 

BT
eff Ae)log(   

A and B are constants and were calculated with the correlations below 

56.165643.298375.1 2  A  

236 1086.1101104  B  

Jamshidi et.al [20] experimentally studied the effect on  the  viscosity of base fluids like water, ethylene glycol 
and transformer oil by adding SiO2 nanoparticles at different concentrations. The presented data shows the 
enhancement in the effective viscosity with volume fraction whereas it decreases when the temperature 
increases. They presented a new correlation as a function of volume fraction and temperature to predict the 
effective viscosity 

)exp( baTeff   

with 01523.003959.0 a  and 3848.653267.3 b . In the above correlation, T (°C) is the fluid 

temperature. Minakov et al [21] studied experimentally the rheological behaviour of water, ethylene glycol and 
engine oil based nanofluids containing different oxides particles and diamond. They showed that nanofluids 
demonstrate non Newtonian behavior at higher particle concentration and is well described by Herschel-Bulkley 
fluids model. 

Heyhat et al. [22] presented an exponential correlation of the viscosity of alumina-water nanofluid and volume 
fraction (ranging from 0.1 to 2%). The effect of volume fraction on viscosity of nanofluid over the temperature 
range of 20-60 0C was studied and is given by 
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Sharifpur (2015) et al. [23] measured viscosity of  Al2O3–glycerol based nanofluids with different sized Al2O3 
nanoparticles. Fitting the experimental results, they proposed the effective viscosity as function of particle 
concentration, size and temperature using the dimensional analysis    
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where R is the system  dependent parameter, μ  the intrinsic viscosity, d denotes the  nanoparticle diameter, h 
gives the thickness of the interfacial  layer, and α, β, and γ are fitting parameters. The values of R and α, β, γ 
were fitted to be 240.19, 0.807, 2.480 and −0.522, respectively. 

The correlation suggested by Chiam et.al (2017) al. [24] for dynamic viscosity of water/EG mixtures with Al2O3 
nanoparticles for different base ratio of 40:60, 50:50 and 60:40 is 
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Akbari et.al [25] examined the dependence of relative viscosity of SiO2/ethylene glycol (EG) nanofluid on 
concentration and temperature. The viscosity of different nanofluid systems at volume concentrations varying 
from 0.1% to 3% was measured. The experimental data indicated a Newtonian behavior of nanofluid at all 
temperatures range chosen.  The dynamic viscosity increases with the increase in nanoparticles volume fraction. 
A new correlation suggested in this work is 

)024.00006779.0)838.1exp(23.381.24( 32002334.008014.0   TTfeff  

Maher Dhahri et. al in 2019 [26] also contributed an empirical correlation for  viscosity of nanofluid based on 
the available experimental data of different nanofluids such iron, alumina, silica suspended in water, kerosene 
and propylene glycol. The correlation given by them relates nanofluid viscosity with viscosity of base fluid, 
particle volume fraction, size and temperature of nanoparticle and mass density of base fluid as 
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where d, m and h are the parameters found by fitting to the experimental data. 

Besides the dependence of nanofluid viscosity on particle volume fraction and temperature there are other 
parameters that influences the  viscosity of the nanofluid such as type of base fluid, particle shape, clustering of 
nanoparticle, thickness of interfacial layer, aspect ratio, shear rate. Among them, role of interfacial layer around 
the nanoparticle and agglomeration of nanoparticles is much influential as it not only alters the effective volume 
fraction but also affects the shape and size of nanoparticle thereby changes the viscosity of nanofluids. Various 
researchers attempted to speculate the viscosity of nanofluids based on these parameters. Timofeva et. al [27] 
presented effective viscosity correlation of nanofluids depending on the shape of alumina nanoparticles in 
alumina EG/water nanofluid. Jefferey in 1922 [28] further carried the work of Einstein for suspensions 
containing the ellipsoidal particles and provided the maximum and minimum limits of intrinsic viscosity for 
both prolate and oblate spheroids of different ellipticity. Masoumi et al. [16] analyzed the nanofluid as two 
phase problem and considered the dependence of viscosity of nanofluid on parameters such as temperature, 
nanoparticle size, nanoparticle volume fraction, nanoparticle density and fluid physical properties. Elena et. al 
[29], Jisun et. al [30], Gaganpreet and Sunita [31] and recently Maheshwary et. al [32] have outlined the 
particle's shape effect on the viscosity of nanofluids. Prasher et al [33] Anoop et. al [34] and Jarrah Nejad et. al 
[35]  also reported  the particle size effect on the effective viscosity of nanofluids. He et al. [36] demonstrated 
the increase in viscosity of TiO2/Water nanofluids with the increase in nanoparticle size. Nguyen et. al [37]  
experimentally studied the effect of  particle size and temperature on the dynamic viscosities of Al2O3-
water(at36nm and 47nm) and CuO-water(at 29nm) nanofluid. Esfe et al. [38] also observed the dependency of 
the effective viscosity of nanofluid on particle size. Including the effect of agglomeration in predicting the 
effective viscosity of nanofluid, Suganthi and Rajan [39] presented Einstein’s equation with a modified form 
with agglomerate volume fraction in place of particle volume fraction. Selvakumar and Dhinakaran [40] 
upgraded Chen et. al model taking into account the effective volume fraction of the cluster along with the 
interfacial layer. Hosseini et.al [41]   put forward an empirical model based on dimensionless groups taking 
relative viscosity of nanofluids as a function of particle volume fraction, size of the nanoparticle, thickness of 
the interfacial layer and the temperature apart from the viscosity of the base fluid. Avsec and Oblac [42] derived 
a new viscosity model with a simple twist to Ward’s model and Einstein model [1] by the inclusion of nanolayer 
interaction. Udawattha et. al [43] proposed a new correlation for the effective viscosity of nanofluids accounting 
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for the  effect of Brownian motion and the interfacial layer on nanoparticle. Most recently Zav′yalov et. al 
[44]  modified Batchelor formula  in consistent with  experimental data considering the effect of interfacial 
layer and agglomeration of nanoparticles on the effective viscosity of  nanofluids. The above literature and 
experimental investigations clearly indicates the underprediction of effective viscosity of nanofluids and its 
dependence on various factors. 

THE PRESENT WORK 
The existing models determine the viscosity of nanofluids including the effect of interfacial layer, 
agglomeration, size and shape of nanoparticles separately. In 2012, Gaganpreet et al [31] proposed unified 
model for predicting the effective viscosity of nanofluids. They presumed that the particles take the shape of 
prolate spheroid due to formation of interfacial layer around the particles including their possible 
agglomeration. Since viscosity is essentially a surface property of the system, the deviation from sphericity of 
nanoparticles would certainly affect the viscosity of nanofluids. Using the above formulation, Krieger and 
Dougherty (KD) model has been modified and studied for viscosity of different nanofluid systems. Although 
the proposed model affirmed good agreement with the experimental data but it was tested with limited samples 
of Al2O3-water-based nanofluids. The present work tests the validity of above model for other samples of 
nanofluids and also includes the effect of size of nanoparticle in predicting the effective viscosity of nanofluids 
for the given system. 

The modified Krieger and Dougherty (KD) model for the relative viscosity of nanofluids is 
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shape of the nanoparticle and b is its semi-minor axis The morphological structure aggregate of few 
nanoparticles in the base fluid is shown in figure 1  The maximum possible value of volume fraction for prolate 
spheroids ϕm varies between 0.68 and 0.71 where ra is the radius of the aggregates nanoparticles and  df 
measures the  change in the packing fraction  from the centre to the aggregate edge. Also [𝜂]  represents the 

intrinsic viscosity given by                
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where η and ηm are the effective viscosities of the suspension and the base fluid respectively. Jeffery [28] had 
developed a formulation for the viscosity of rigid rod-like particles which could be applied for the prolate 
shaped nanoparticles and hence calculated the values of intrinsic viscosity [η] for different values of 
eccentricity. 

 
Figure 1: The aggregate of nanoparticles when dispersed in the base fluid. The dark region shows the formation 

of interfacial layer around the nanoparticle 
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RESULTS AND DISCUSSION 
The present work studied the effect of interfacial layer, aggregation and shape of nanoparticles on effective 
viscosity of different nanofluids system i.e.Al2O3/water, TiO2/water, SiO2/EG and Cu/EG. The obtained results 
are compared with experimental data reported by Nguyen et.al 2007 [37], Murshed et.al 2008 [5], Jamshidi et.al 
2012 [20] and Rudyak 2013 [45]. The observed variations in the relative viscosity of nanofluids are shown in 
the figures 2-6.  The relative viscosity of  Al2O3/water nanofluid with particle size 47nn, 3.1r  radius of 
aggregation and nano layer thickness of 2nm, is found to be  deviated  by 3.28% from the experimental result as 

 
Figure 2(a): The variation of relative viscosity with volume fraction for Al2O3/water nanofluid for dp=47nm 

 
Figure 2(b): The variation of relative viscosity with volume fraction for Al2O3/water for different eccentricity 

compared to 9.6% in case of KD model  shown in figure 2(a). Figure 2(b) depicts the values of relative viscosity 
as a function of volume fraction for different eccentricity values.  The values of relative viscosity with 
eccentricity of 0.3 are in close agreement with the available experimental results for Al2O3/Water that depicts 
the deviation of nanoparticle shape from sphericity on dispersion. 

The figure 3(a) shows the variation of relative viscosity of SiO2 nanoparticles (considered spherical) with 
average radius of 28.3nm dispersed in ethylene glycol. The interfacial layer thickness for this system is found to 
be 1nm while the radius of aggregates is 1.9r. The mean and maximum deviation in our model are found to be 
1.14% and 2.9%, respectively, while the mean and maximum deviation of the KD model was found to be 1.19% 
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and 4.1%, respectively. The present model has an edge over both Batchelor and Nielson models. For SiO2/EG 
nanofluid, the lower value of eccentricity is found to be in close agreement with the experimental data as shown 
in figure 3(b). 

 
Figure 3(a): The variation of relative viscosity with volume fraction for SiO2/EG nanofluid for dp=28.3nm 

 
Figure 3(b): The variation of relative viscosity with volume fraction for SiO2/EG nanofluid for dp=28.3nm for 

different eccentricity 

Figure 4(a) shows variation of relative viscosity of TiO2/Water nanofluid for nanoparticle size of 15nm. For this 
system, the thickness of interfacial layer is 1nm while the radius of aggregates is 3.6r. The present model shows 
a deviation of 13.7% in the relative viscosity of nanofluid while in case of KD model it is 18.6%. The mean 
deviation in the present and the KD model are 8.8% and 12.7% respectively. The relative viscosity of 
TiO2/Water agrees well with the experimental data shown in figure 4(b) and hence one expects the 
nanoparticles to eventually acquire the shape of rod like structures 
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Figure 4(a): The variation of relative viscosity with volume fraction for TiO2/water nanofluid for dp =15nm 

 
Figure 4(b): The variation of relative viscosity with volume fraction for TiO2/water for dp=15nm for different 

eccentricity 

Figure 5(a) shows the increase in viscosity of Cu/EG nanofluid with an average radius of 200nm. The value of 
the interfacial layer is 1nm and the radius of aggregates is 3r. The maximum and mean deviation in case of 
present model are 1.75% and 1.06%, respectively. We observe that the results of the present model are found to 
agree more or less with that of KD model whereas results of Einstein law, Batchelor model and Nielson model 
are quite far from the experimental values. Again lower eccentricity value is in agreement with the available 
experimental values as depicted in figure 5(b). 

 
Figure 5(a): The variation of relative viscosity with volume fraction for Cu/EG nanofluid for dp=200nm 
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Figure 5(b): The variation of relative viscosity with volume fraction for Cu/EG for dp=200nm for different 

eccentricity 

The Figure 6 shows the results for the effect of base fluid on the viscosity SiO2/water, SiO2/EG and 
SiO2/Transformer oil with nanoparticle size of 10nm. The results have been compared with the experimental 
results reported by Jamshidi et.al 2012 [20]. The mean and maximum deviations of the present model for 
SiO2/water are found to be 3.85% and 4.6%, respectively, and for SiO2/EG system, these are obtained to be 2% 
and 5.1% respectively, while for SiO2/Transformer oil the mean and maximum deviations are calculated to be 
6.9% and 14%, respectively. 

 
Figure 6: The variation of relative viscosity with volume fraction for SiO2 nanofluid systems for dp=10nm 

CONCLUSION 
The novel concept of deviation of the shape of the nanoparticle from sphericity has been presented for different 
nanofluid systems. This model gives the better prediction for the effective viscosity of nanofluid systems such 
as Al2O3/water, TiO2/water, SiO2/EG, SiO2/water, SiO2/Transformer oil and Cu/EG and gives the results better 
than the already existing models put forward by Krieger and Dougherty (KD Model) [17], Neilson [15] and 
Batchelor [3]. It establishes the fact that the deviation from sphericity of nanoparticle certainly affects the 
viscosity of nanofluids. 
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ABSTRACT 
The present study was carried out to evaluate the antioxidant activities of Caralluma indica stem, Phoenix 
pusilla leaves and Sansevieria roxburghiana leaves. The antioxidant activity of different concentrations (20, 40, 
60, 80 and 100µg/ml) of these three medicinal plants was evaluated by various in vitro models such as reducing 
ability, free radical scavenging activity by DPPH, superoxide anion scavenging, hydroxyl radical scavenging, 
hydrogen peroxide scavenging, nitric oxide scavenging, Fe2+ chelating and reducing power assay. The effects 
were comparable with the standard antioxidant ascorbic acid. The results of the study showed that antioxidant 
properties were observed in concentration-dependent. Among the various plants, ethanol extract of leaf powder 
of Sansevieria roxburghiana exhibited higher antioxidant potential followed by Phoenix pusilla leaves and 
Caralluma indica stem. These results demonstrate that ethanolic extracts and their derived phytochemicals of 
plant extracts have excellent antioxidant activities and thus they have great potential as sources for natural 
health products. 

Keywords: Caralluma indica, Phoenix pusilla,  Sansevieria roxburghiana, Antioxidant. 

INTRODUCTION 
Oxidation is a major problem in many areas like human health, food producers and so on. Oxidation is caused 
by various elements one of which is free radicals namely nitric oxide, hydrogen peroxide and superoxide. The 
oxidation in metal triggers a serious problem called corrosion in industrial sectors. They are mostly seen in 
industries that work in corrosive environments like salt surfaces (ships), and food processing industries [1,2]. 
The substance which inhibits the oxidation process is called an antioxidant. Natural antioxidants have the 
property of protecting the human body from the damaging effects of free radicals. Natural antioxidants inhibit 
the progress of many chronic as well as retard lipid oxidation activity in foods and pharmaceuticals. The 
secondary metabolites like phenolic and flavonoids from plants have been reported to be potent free radical 
scavengers. They are found in all parts of plants such as leaves, fruits, seeds, roots and bark [3]. 

Traditional medicine from plant extracts has proved to be clinically effective and relatively less toxic than the 
existing drugs [4]. Successful determination of biologically active compounds from plant material is largely 
dependent on the type of solvent used in the extraction procedure [5]. Free radicals have the capacity to damage 
the biological molecules like proteins, lipids, DNA, carbohydrates etc. Free radicals are also responsible for 
cellular damage and homeostatic disruption [6]. A number of confirmations suggests that the biological actions 
of these compounds are related to their antioxidant activity [7]. Reactive oxygen species have their role in the 
complications associated with diabetes mellitus and other neurological diseases like Parkinson’s disease [8]. 
Out of various natural antioxidants, phenolic compounds are reported to be more active [9]. The present study 
has been conducted to evaluate the comparative antioxidant properties of Caralluma indica stem, Phoenix 

pusilla leaves and Sansevieria roxburghiana leaves. 

MATERIALS AND METHOD 
Collection and Preparation of alcoholic extract 
The Caralluma indica stem, Phoenix pusilla leaves and Sansevieria roxburghiana leaves werecollected from 
Sengipatti, Thanjavur, Tamil Nadu. The collected plant parts were shade dried and make a fine powder using a 
mixer grinder. 10grams of Caralluma indica stem, Phoenix pusilla leaves and Sansevieria roxburghiana 

leaves powder were used for extraction. Extraction was performed with cold extraction using the maceration 
method into ethanol solvent for 24 hours using the “intermittent shaking” method to obtain an extract. The 
extract was filtered using Whatman filter No 1 paper and filtrate was used for in vitro antioxidant assay. 

In vitro antioxidant activity 
DPPH radical-scavenging activity was determined by the method of Shimada, et al., [10]. The superoxide anion 
radicals scavenging activity was measured by the method of Liu et al. [11]. The scavenging activity for 
hydroxyl and hydrogen peroxide radicals were measured with Fenton reaction by the method of Yu et al. [12] 
and Ruch et al. [13] respectively. Nitric oxide radical scavenging activity was determined according to the 
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method reported by Garrat [14]. The metal chelating activity of the extract was assayed by Dinis et al. [15] 
method. The iron+ reducing power of the extract was determined by the method of Oyaizu [16]. 

STATISTICAL ANALYSIS 
Tests were carried out in triplicates for 3 separate experiments. The amount of sample needed to inhibit free 
radicals concentration by 50%, IC50, was graphically determined by a linear regression method using Ms- 
Windows based graphpad Instat (version 3) software. Results were expressed as graphically/ mean ± standard 
deviation. 

RESULTS AND DISCUSSION 
The use of plants as antioxidants and green inhibitors is a huge topic of discussion by many around the world. A 
major search for natural and green products are taken seriously as it has numerous benefits than any other man-
made product to prevent oxidation and corrosion. 

DPPH radical scavenging activity 
The DPPH test showed the ability of the test compound to act as a free radical scavenger. DPPH assay method 
is based on the ability of 1, 1- diphenyl-2-picrylhydrazyl (DPPH), a stable free radical, to decolourize in the 
presence of antioxidants. DPPH, a protonated radical, has a characteristic absorbance maximum at 517 nm, 
which decreases with the scavenging of the proton radical. This property has been widely used to evaluate the 
free radical scavenging effect of natural antioxidants. When DPPH radical is scavenged, the colour of the 
reaction mixture changes from purple to yellow with decreasing of absorbance at a wavelength 517nm. Figure 1 
represents DPPH radical scavenging activity of Caralluma indica stem, Phoenix pusilla leaves and Sansevieria 

roxburghiana leaves extract and compared with Ascorbic acid. DPPH scavenging was increased in a 
cconcentration-dependent manner compared to ascorbic acid, used as the positive antioxidant control in this 
investigation. The half inhibition concentration (IC50) of C. indica stem, P. pusilla leaves, S. roxburghiana 

leaves extract and ascorbic acid were 58.50μg/ml, 55.79μg/ml, 52.56μg/ml and 48.68μg/ml respectively (Table. 
1). The lower IC50 value has higher antioxidant activity. 

Table 1: Dpph Radical Scavenging Activity of Caralluma Indica Stem, Phoenix Pusilla Leaves, Sansevieria 
Roxburghiana Leaves Extract and Compared With Ascorbic Acid 

 

 
Figure 1: DPPH radical scavenging activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria 

roxburghiana leaves extract and compared with Ascorbic acid 

Superoxide Scavenging Activity 
It is well known that superoxide anions damage biomolecules directly or indirectly by forming H2O2, ˉOH, 
peroxynitrite or singlet oxygen during ageing and pathological events such as ischemic reperfusion injury. 
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Superoxide has also been observed to directly initiate lipid peroxidation. Superoxide scavenging activity of 
Caralluma indica stem, Phoenix pusilla leaves, Sansevieria roxburghiana leaves extract investigated and 
compared with Ascorbic acid. The half inhibition concentration (IC50) of C. indica stem, P. pusilla leaves, S. 

roxburghiana leaves extract and ascorbic acid were 58.97μg/ml, 57.18μg/ml, 54.09μg/ml and 49.44μg/ml 
respectively (Table 2 and Figure 2). 

Table 2: Superoxide Scavenging activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria 
roxburghiana leaves extract and compared with Ascorbic acid 

 

 
Figure 2: Superoxide Scavenging activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria 

roxburghiana leaves extract and compared with Ascorbic acid 

Hydroxyl radical scavenging activity 
Hydroxyl radical is highly reactive oxygen centered radical formed from the reaction of various hydroperoxides 
with transition metal ions. It attacks proteins, DNA, polyunsaturated fatty acid in membranes, and most 
biological molecule it contacts and is known to be capable of abstracting hydrogen atoms from membrane lipids 
and brings about peroxidic reaction of lipids. Plant extracts exhibited concentration dependent scavenging 
activity against hydroxyl radical generated in the Fenton reaction system. Figure 3 noticed the hydroxyl radical 
scavenging activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria roxburghiana leaves extract 
and compared with Ascorbic acid. The half inhibition concentration (IC50) of C. indica stem, P. pusilla leaves, 
S. roxburghiana leaves extract and ascorbic acid were 57.12μg/ml, 55.18μg/ml, 53.21μg/ml and 47.72μg/ml 
respectively (Table 3). 

Table 3: Hydroxyl radical scavenging activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria 
roxburghiana leaves extract and compared with Ascorbic acid 

 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

285 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

 
Figure 3: Hydroxyl radical scavenging activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria 

roxburghiana leaves extract and compared with Ascorbic acid 

Nitric oxide scavenging activity 
NO is a potentially toxic agent with a free radical character and therefore it is responsible for many physiologic 
and pathologic events. Figure 4 noticed the nitric oxide scavenging activity of Caralluma indica stem, Phoenix 

pusilla leaves, Sansevieria roxburghiana leaves extract and compared with Ascorbic acid. The half inhibition 
concentration (IC50) of C. indica stem, P. pusilla leaves, S. roxburghiana leaves extract and ascorbic acid were 
58.82μg/ml, 56.57μg/ml, 53.82μg/ml and 49.43μg/ml respectively (Table 4). 

Table 4: Nitric oxide scavenging activity Caralluma indica stem, Phoenix pusilla leaves, Sansevieria 
roxburghiana leaves extract and compared with Ascorbic acid 

 

 
Figure 4: Nitric oxide scavenging activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria 

roxburghiana leaves extract and compared with Ascorbic acid 

Iron chelating activity 
Ferrozine can quantitatively form complexes with Fe2+. However, in the presence of chelating agents, the 
complex formation is disrupted with the result that the red colour of the complex is decreased. Measurement of 
colour reduction, therefore, allows the estimation of the chelating activity of the coexisting chelator. The main 
strategy to avoid ROS generation that is associated with redox active metal catalysis involves chelating of the 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

286 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

metal ions. Figure 5 noticed the iron chelating activity of Caralluma indica stem, Phoenix pusilla leaves, 
Sansevieria roxburghiana leaves extract and compared with Ascorbic acid. The half inhibition concentration 
(IC50) of C. indica stem, P. pusilla leaves, S. roxburghiana leaves extract and ascorbic acid were 58.82μg/ml, 
56.57μg/ml, 53.82μg/ml and 49.43μg/ml respectively (Table 5). 

Table 5: Iron chelating activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria roxburghiana 
leaves extract and compared with Ascorbic acid 

 

 
Figure 5: Iron chelating activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria roxburghiana 

leaves extract and compared with Ascorbic acid 

Hydrogen peroxide scavenging activity 
The naturally occurring of H2O2 in the air, water, human body, plants, microorganisms and food is at low 
concentration levels. Hydrogen peroxide is a weak oxidizing agent and can inactivate a few enzymes directly, 
usually by oxidation of essential thiol (-SH) groups. Hydrogen peroxide can cross cell membranes rapidly, once 
inside the cell, H2O2 can probably react with Fe2+, and possibly Cu2+ ions to form hydroxyl radical and this may 
be the origin of many of its toxic effects. It is, therefore, biologically advantageous for cells to control the 
amount of hydrogen peroxide that is allowed to accumulate. Cells make the enzyme catalase to remove 
hydrogen peroxide. Different plant materials show different amounts of catalase activity. Hydrogen peroxide 
scavenging activity depends upon the phenolic content of the extract, which can donate electrons to H2O2 and 
thereby neutralizing it in to water. The decomposition of H2O2 by Caralluma indica stem, Phoenix pusilla 

leaves and Sansevieria roxburghiana leaves may at least partly result from its antioxidant and free radical 
scavenging activity which may be attributed to the presence of phenolic groups that could donate electrons to 
hydrogen peroxide, thereby neutralizing it into H2O. The half inhibition concentration (IC50) of C. indica stem, 

P. pusilla leaves, S. roxburghiana leaves extract and ascorbic acid were 59.81μg/ml, 57.99μg/ml, 56.25μg/ml 
and 49.05μg/ml respectively (Table 6 and figure 6). 

Table 6: Hydrogen peroxide scavenging activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria 
roxburghiana leaves extract and compared with Ascorbic acid 

 
Values expressed as Mean ± SD for triplicates 
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Figure 6: Hydrogen peroxide scavenging activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria 

roxburghiana leaves extract and compared with Ascorbic acid 

REDUCING POWER ACTIVITY 
The ability of extract to reduce Fe+3 to Fe+2 (reducing effect) transformation was investigated in the presence of 
plant extracts. The reducing capacity of a compound may serve as a significant indicator of its potential 
antioxidant activity. However, the activity of antioxidants has been assigned to various mechanisms such as 
prevention of chain initiation, binding of transition metal ion catalysts, decomposition of peroxides, prevention 
of continued hydrogen abstraction, reductive capacity, and radical scavenging. Plant extract with reducing 
power indicate that they are electron donors and can reduce the oxidized intermediates of lipid peroxidation 
processes, so that they can act as primary and secondary antioxidants. The results were expressed as µg ascorbic 
acid equ/µg extract per ml.  The antioxidant activity, the reducing power of extracts increased with increasing 
dosage (Table 6 and Figure 6). The result shows that extracts consist of hydrophilic polyphenolic compounds 
that cause the greater reducing power. 

Table 7: Reducing power activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria roxburghiana 
leaves extract and compared with Ascorbic acid 

 
Values expressed as Mean ± SD for triplicates 

 
Figure 7: Reducing power activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria roxburghiana 

leaves extract and compared with Ascorbic acid 

The in vitro antioxidant activity of Caralluma indica stem, Phoenix pusilla leaves, Sansevieria roxburghiana 

leaves extract tested using various in vitro model. Among the various Sansevieria roxburghiana leaves extract 
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has potential antioxidant activity followed by Phoenix pusilla leaves and Caralluma indica stem extracts. 
Oxidative stress plays an important role in the development and pathophysiology of many diseases [17]. This 
method is one of the most popular procedures to test the antioxidant potential of a plant extract. DPPH is a 
relatively stable radical that acts as an antioxidant or free radical scavenger by donating hydrogen ions to the 
compounds in the oxidised state [18]. 

The neutral form of a hydroxide ion (OH−) is a hydroxyl radical and is highly reactive. Therefore, it exists only 
for a short period. Several biological membranes including DNA can be damaged by hydroxyl radicals. To 
neutralise this radical, no endogenous enzymatic scavenging pathways are present inside the body and most 
often it is neutralised by several endogenous molecules such as glutathione, melatonin and antioxidants 
supplemented through diet [19]. Nitric oxide (NO), which is an important bioactive molecule, possesses several 
physiological functions [20]. Based on the antioxidant activity exhibited by various plant extracts, many plants 
with amino compounds have been shown to be effective sources of anticorrosion. Plants like Celosia argentea, 

Mentha pulegium, Datura metel, Phyllanthus amarus, and Pterolobium hexapetalum have been recognized as 
good anticorrosive materials due to the presence of amino compounds in the phenols and flavonoids [21]. 

The inhibition ability of the plant extracts was generally attributed to the presence of naturally phytochemical 
compounds which have antioxidant properties [22 -24]. It has also been found that plant components 
(biopolymers, proteins, flavonoids, and alkaloids) exhibit effective inhibitory activity based on their antioxidant 
activity derived from their structure. Beside the antioxidant and free radical scavenging activity, plants extracts 
became also a target for the discovery of natural inhibitors of steel corrosion [25-27]. 

Importantly, the correlation between antioxidant/free radical scavenging activity of the extracts and the 
inhibition action was observed [26]. The anticorrosion and antioxidant activity of a plant extract is affected by 
the extraction method and the solvent used, since the extraction procedure strongly influence the composition of 
the extract. However, due to the large variety of molecules contained in natural extracts, the inhibition 
mechanisms remain largely unknown. As for as the availability of review articles on plants extracts and they 
antioxidant and anticorrosive property and correlation between antioxidant or free radical scavenging activity of 
the extracts and they inhibition action was not found. It is important to mention that in certain cases, authors 
wonder about the correlation between the antioxidant and antiradical capacities of the plant extract. 

According to some authors, the action mechanism of antioxidant and anticorrosive additives can be interpreted 
by terminating oxygen radical reaction and passivating film theory. The performance measurement of the 
antioxidant and anticorrosive influence are reported in many kinds of literature, but its correlation study and 
overviews are little relatively. A similar work published in literature has not been found up to now. In the new 
publications presented in 2019 [28], the antioxidant and antiradical capacities of the water-soluble fraction 
(WSF) and a water-insoluble fraction (WIF) from the Pine radiata bark extracts were determined to identify 
which of the two is more effective as an organic corrosion inhibitor. Several authors have performed these 
determinations for medical applications, but never for the relationship between the antioxidant and anticorrosive 
capacities [29-31]. 

CONCLUSION 
Over all it can be concluded that Sansevieria roxburghiana leaves extract has potential antioxidant activity 
followed by Phoenix pusilla leaves and Caralluma indica stem extracts. The plant extracts contain several 
phytochemicals constituents that can easily adsorb and prevent oxidation. The antioxidant properties of the plant 
extract may be explained by the antioxidant properties. The correlation dependence of the increase in the degree 
of corrosion protection with an increase in total antioxidant capacity or antioxidant or free radical scavenging 
activity of the extracts. Thus, higher inhibitory effects of the extracts on radical anion formation noted herein 
possibly render them as a promising antioxidant. The antioxidant proper of plant extracts positive approach to 
study the anticorrosive activity. 
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ABSTRACT 
Extract of natural plants is one of the most important metallic corrosion inhibitors. They are readily available, 
nontoxic, environmentally friendly, biodegradable, highly efficient, and renewable. The present study focuses 
on the corrosion inhibition effects of Caralluma indica stem, Phoenix pusilla and Sansevieria roxburghiana 
leaves extracts in 1M HCl solutions using weight loss techniques and followed by adsorption isotherms. The 
results obtained indicate that the extracts functioned as good corrosion inhibitors in 1M HCl solutions. The 
inhibition efficiency has been increase with increase in the concentration of extracts. The ethanol extract of 
Sansevieria roxburghiana leaves had the highest inhibitory efficiency among the plant followed by Phoenix 
pusilla leaves and Caralluma indica stem. The phytochemical constituents with functional groups in the plant 
extracts adsorbed on the metal surface are found responsible for the effective performance of the inhibitor. Data 
obtained from weight loss experiments and adsorption isotherms (Temkin and Freundlich) indicated that plant 
extract represent the corrosion of steel in acidic media and confirms to the adsorption mechanism. The result 
shows that the Caralluma indica stem, Phoenix pusilla and Sansevieria roxburghiana leaves extracts acts as 
corrosion inhibitor and is able to promote surface protection by blocking active sites on the metal. 

Keywords:  Anticorrosion, Hydrochloric acid, Caralluma indica stem, Phoenix pusilla leaves and Sansevieria 
roxburghiana leaves 

INTRODUCTION 
Industries depend heavily on the use of metals and alloys. One of the most challenging and difficult tasks for 
industries are the protection of metals from corrosion. Corrosion is a ubiquitous problem that continues to be of 
great relevance in a wide range of industrial applications and products it results in the degradation and eventual 
failure of components and systems both in the processing and manufacturing industries and in the service life of 
many components. Corrosion control of metals and alloys is an expensive process and industries spend huge 
amounts to control this problem. It is estimated that the cost of corrosion in the developed countries such as the 
U.S. and European Union is about 3–5% of their gross national product [1,2,3] 

Corrosion damage can be prevented by using various methods such as upgrading materials, blending of 
production fluids, process control and chemical inhibition [4,5]. Among these methods, the use of corrosion 
inhibitors [6,7] is the best to prevent destruction or degradation of metal surfaces in corrosive media. The use of 
corrosion inhibitors is the most economical and practical method in reducing corrosive attack on metals. 
Corrosion inhibitors are chemicals either synthetic or natural when added in small amounts to an environment, 
decrease the rate of attack by the environment on metals. A number of synthetic compounds [8,9,10,11] are 
known to be applicable as good corrosion inhibitors for metals. Nevertheless, the popularity and use of synthetic 
compounds as a corrosion inhibitor is diminishing due to the strict environmental regulations and toxic effects 
of synthetic compounds on human and animal life. Consequently, there exists the need to develop a new class of 
green corrosion inhibitors with low toxicity, eco-friendliness and good efficiency. 

Throughout the ages, plants have been used by human beings for their basic needs such as production of food-
stuffs, shelters, clothing, fertilizers, flavors and fragrances, medicines and last but not least, as corrosion 
inhibitors. The use of natural products as corrosion inhibitors can be traced back to the 1930’s when plant 
extracts of Chelidonium majus (Celandine) and other plants were used for the first time in H2SO4 pickling baths 
[12]. After then, interest in using natural products as corrosion inhibitors increased substantially and scientists 
around the world reported several plant extracts [13,14,15] and phytochemical leads [16] as promising green 
anticorrosive agents. Although, a number of plants and their phytochemical leads have been reported as 
anticorrosive agents, vast majority of plants have not yet been properly studied for their anti-corrosive activity 

Recently, many eco-friendly corrosion inhibitors have been developed. For example, Zygophyllum album L 
Leave [17], Anacyclus pyrethrum L. stem [18] and Mentha Pulegium leaf extract [19] were successfully 
reported for their anticorrosion properties. The observed results showed that all the above said plants have 
excellent anticorrosion effect and most importantly eco-friendly. In the present study, Caralluma indica stem, 
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Phoenix pusilla leaves and Sansevieria roxburghiana leaves extract was investigated for its effectiveness as a 
natural inhibitor to prevent corrosion of mild steel in 1M HCl using the weight loss method and Adsorption 
Isotherm followed by Langmuir and Temkin model. 

MATERIALS AND METHODS 
Collection and Preparation of alcoholic extract 
The Caralluma indica stem, Phoenix pusilla leaves and Sansevieria roxburghiana leaves were collected 
from Sengipatti, Thanjavur, Tamil Nadu. The collected plant parts were shade dried and make a fine powder 
using a mixer grinder. 10grams of Caralluma indica stem, Phoenix pusilla leaves and Sansevieria 

roxburghiana leaves powder were used for extraction. Extraction was performed with cold extraction using the 
maceration method in ethanol solvent for 24 hours using the “intermittent shaking” method to obtain an extract. 
The extract was filtered using Whatman filter No 1 paper and filtrate was used for phytochemical analysis and 
anticorrosive activity. 

Qualitative Preliminary phytochemical analysis 
Preliminary phytochemical test was carried out by using standard procedure [20,21,22,23]. 

ANTICORROSIVE STUDY 
Effect of Caralluma indica  stem, Phoenix pusilla leaves and Sansevieria roxburghiana leaves extract in 
different concentrations on mild steel 

The mass loss studies were carried out at temperature 37°C in 100 ml of blank 1M HCl and test solutions of 
various concentrations of Caralluma indica  stem, Phoenix pusilla leaves and Sansevieria roxburghiana leaves 
extract (5, 10, 30, 50, 70 and 100 ppm) for 72 hours. At the end of the reaction the specimens were taken out, 
washed with water, dried with air drier and weighed. Blank has taken as without sample. Corrosion rates 
(decrease in weight in gram per cm2 per hour) were calculated using the following expression. 

W1 — W2 

Corrosion Rate (CR) (g.cm–2 h –1)    =         —————— 

  A × T 

Where, W1 = initial weight of rod, W2 = weight of rod after treatment,           W1— W2 = weight loss (g), A = 
surface area, T = time in hours 

The surface coverage (Ө) as a result of adsorption of inhibitor and inhibition efficiency (%) were calculated 
from corrosion rate values by using the following equation 

CRB — CRI 

Surface coverage (Ө)   =     —————— 

                    CRB 

 CRB — CRI 

Inhibition efficiency %  =        —————— × 100 

       CRB 

Where, CRB =  Corrosion Rate Blank and CRI =  Corrosion Rate Iinhibitor. 

Adsorption Isotherm followed by Langmuir and Temkin model 
The inhibition effect can be explained by adsorption of Caralluma indica  stem, Phoenix pusilla leaves and 
Sansevieria roxburghiana leaves extract at the mild-steel surface. The Caralluma indica  stem, Phoenix pusilla 

leaves and Sansevieria roxburghiana leaves extract replaces the water molecules at the metal interface 
according to the Langmuir and Temkin model [24,25]. 

Atomic Absorption Spectroscopy (AAS) 
The effect of inhibitor on mild steel specimen was observed using atomic absorption spectroscopy. Caralluma 

indica  stem, Phoenix pusilla leaves and Sansevieria roxburghiana leaves extract was tested for its efficiency 
against 1 M HCl by incubating mild steel in the absence and presence of inhibitor (5, 10, 30, 50, 70 and 100 
ppm) for 3 h at 303 ± 1.00 K [26]. After immersion time, the corrodent solutions were observed for the 
concentration of dissolved ions in each solution to calculate the IE % using the following formula: 
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IE % = B-A/B × 100 

where, A and B represents the amount of dissolved ions in the uninhibited and inhibited (with different 
concentration of inhibitor)  corrodent solutions 

RESULTS AND DISCUSSION 
Preliminary Phytochemical Screening of the plant Extract 
In this study to investigate the phytochemical analysis of alcoholic extracts from the stem of Caralluma indica, 
leaves of Phoenix pusilla and leaves of Sansevieria roxburghiana. The qualitative phytochemical analysis of the 
alcoholic extracts of Caralluma indica stem, Phoenix pusilla leaves and Sansevieria roxburghiana leaf shown 
that the presence of tannin, saponin, flavonoids, steroids, terpenoids, triterpenoids, alkaloids, anthroquinone, 
polyphenol and glycoside. Weight Loss Method 

Among many experimental methods available to determine the percentage inhibition efficiency and corrosion 
rate, the weight loss method is the simplest and most frequently used. In this study, the experiments were 
carried out by varying the concentrations of the inhibitor. This study is also carried out at different temperatures 
and the immersion period is fixed at 72 h. The weight loss calculated, in grams, is the difference between the 
weight of metal coupon before and after immersion in a inhibitor solution. The corrosion rate of mild steel in 
1M hydrochloric acid solution was studied by weight loss method in blank solution and with various 
concentration stem of Caralluma indica, leaves of Phoenix pusilla and leaves of Sansevieria roxburghiana. 

Effect of Concentration of Caralluma indica stem extract on corrosion inhibition 
The inhibition efficiency and the corrosion rate values for all the studied inhibitors and the blank system were 
determined and given in Table 1. The corrosion rate decreases and the inhibition efficiency increases with the 
increase in the concentration of Caralluma indica stem extract for all inhibitors and the concentration range is 5 
to 100ppm for 72 h immersion of the metal in inhibitore solution at room temperature (Figure 1 and 2). The 
inhibition efficiency increases because of the inhibitor molecules present in the Caralluma indica stem extract 
getting adsorbed on the metal surface. The maximum inhibition efficiency and the lower corrosion rate are 
found at high concentration (100ppm) for inhibitors (81.57%) while minimum inhibition efficiency at low 
concentration (5ppm) for inhibitors (23.68%). 

 
Figure 1: Mass loss examination Caralluma indica stem extract 

Table 1: Effect of Caralluma indica stem extract in corrosion rates, inhibition efficiency and surface coverage at 
various concentrations 
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Figure 2: Effect of Caralluma indica stem extract in anti-corrosion activity 

Inhibition Adsorption Isotherm model 
The inhibition effect can be explained by adsorption of Caralluma indica stem extract at the mild-steel surface. 
The Caralluma indica stem extract replaces the water molecules at the metal interface according to the 
Langmuir and Temkin model figure 3 and 4. 

 
Figure 3: Langmuir Adsorption Isotherm plot for mild steel in 1M HCl with different inhibitory concentration 

of Caralluma indica stem extract 

The Langmuir adsorption model was applied. Plotting the experimental data C/θ versus C resulted in a fitted 
straight line as shown in Figure 3. Concentrations (ppm) is the inhibition concentration of Caralluma indica 
stem extract and θ is the surface coverage. It is clear that the adsorption follows Langmuir adsorption isotherm, 
as indicated by the correlation coefficient (R) = 0.996 and the slope = 1.083 as expected from Langmuir model 
followed by Ali and Mahrousb [27] 

c/ θ = c+1/Kads 

Thus, the adsorption of Caralluma indica stem extract as corrosion inhibitor was harmonious with Langmuir 
adsorption isotherm. The strength and stability of the adsorbed layer formed by Caralluma indica stem extract 
was evaluated from inverse of the plot intercept. The Kads was found to be equal to 0.062 ppm-1. 

Temkin model was achieved by plotting log(θ/C) versus θ, Figure 4. The obtained straight line has adjustable 
correlation coefficient R = 0.962. Thus, Temkin model is less acceptable than Langmuir model because of less 
R value [28]. 
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Figure 4: Temkin Adsorption Isotherm plot for mild steel in 1M HCl with different inhibitory concentration of 

Caralluma indica stem extract 

Atomic Absorption Spectroscopy 
The analysis of dissolved ions in corrodent solution without inhibitor with that of corrodent solution with 
different concentrations of inhibitor (5, 10, 30, 50, 70, 70 and 100 ppm) were examined through AAS. The 
results (Table 2) were in correlation with mass loss measurement which exhibited corrosion inhibition in 
concentration dependent manner. Maximum level of inhibition against 1 M HCl corrosion was 79.83 % with 
100 ppm at 303 ±1.00 K. A study on acid inhibitor preventing ferrous (iron) pigment corrosion. The inhibition 
efficiency of the plant extract based on concentration apparently happens by the adsorption of active 
constituents of Caralluma indica onto the surface of metal forming protective film thereby prohibiting oxidation 
and reducing the ferrous (iron) ion diffusion in the corrodent solution. 

Table 2: AAS study of dissolved ferrous (iron) ions in corrodent solution against 1 M HCl control and different 
concentrations of Caralluma indica stem extract inhibitor 

 

 
Figure 5: AAS study of dissolved ferrous (iron) ions in corrodent solution against 1 M HCl control and 

different concentrations of Caralluma indica stem extract inhibitor 

The present study, the efficacy of Caralluma indica stem extract as an environmentally friendly inhibitor was 
demonstrated by investigating the mass loss behavior of mild steel in solutions of 1 M HCL. This indicates a 
high sensitivity of Caralluma indica stem extract toward inhibition of mild steel in acidic medium. It was also 
observed that adsorption follows Langmuir and Temkin isotherm model. 
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Effect of Concentration of Phoenix pusilla leaves extract on corrosion inhibition 
The inhibition efficiency and the corrosion rate values for all the studied inhibitors and the blank system are 
determined and given in Table 3 and figure 6. The corrosion rate decreases and the inhibition efficiency 
increases with the increase in the concentration of Phoenix pusilla leaves extract for all inhibitors and the 
concentration range is 5 to 100ppm for 72 h immersion of the metal in corrodent solution at room temperature. 
The inhibition efficiency increases because of the inhibitor molecules present in the Phoenix pusilla leaves 

extract getting adsorbed on the metal surface (Figure 6 and 7). The maximum inhibition efficiency and the 
lower corrosion rate are found at high concentration (100ppm) for inhibitors (85.96%) while minimum 
inhibition efficiency at low concentration (5ppm) for inhibitors (28.07%). 

 
Figure 6: Mass loss examination Phoenix pusilla leaves extract 

Table 3: Effect of Phoenix pusilla leaves extract in corrosion rates, inhibition efficiency and surface coverage at 
various concentrations 

 

 
Figure 7: Effect of Phoenix pusilla leaves extract in anti-corrosion activity 

Inhibition Adsorption Isotherm model 
The inhibition effect can be explained by adsorption of Phoenix pusilla leaves extract at the mild-steel surface. 
The Phoenix pusilla leaves extract replaces the water molecules at the metal interface according to Langmuir 
and Temkin model figure 8 and 9. 
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Figure 8: Langmuir Adsorption Isotherm plot for mild steel in 1M HCl with different inhibitory concentration 

of Phoenix pusilla leaves extract 

The Langmuir adsorption model was applied. Plotting the experimental data C/θ versus C resulted in a fitted 
straight line as shown in Figure 8. Concentrations (ppm) is the inhibition concentration of Phoenix pusilla 
leaves extract and θ is the surface coverage. It is clear that the adsorption follows Langmuir adsorption 
isotherm, as indicated by the correlation coefficient (R) = 0.994 and the slope = 1.047 as expected from 
Langmuir model followed by Ali and Mahrousb [27] 

c/ θ = c+1/Kads 

Thus, the adsorption of Phoenix pusilla leaves extract as corrosion inhibitor was harmonious with Langmuir 
adsorption isotherm. The strength and stability of the adsorbed layer formed by Phoenix pusilla leaves extract 
was evaluated from inverse of the plot intercept. The Kads was found to be equal to 0.067 ppm-1. 

Temkin model was achieved by plotting log (θ/C) versus θ, Figure 9. The obtained straight line has adjustable 
correlation coefficient R = 0.974. Thus, Temkin model is less acceptable than Langmuir model because of less 
R value [28]. 

 
Figure 9: Temkin Adsorption Isotherm plot for mild steel in 1M HCl with different inhibitory concentration of 

Phoenix pusilla leaves extract 

Atomic Absorption Spectroscopy 
The analysis of dissolved ions in corrodent solution without inhibitor with that of corrodent solution with 
different concentrations of inhibitor (5, 10, 30, 50, 70, 70 and 100 ppm) were examined through AAS. The 
results (Table 4) were in correlation with mass loss measurement which exhibited corrosion inhibition in 
concentration dependent manner. Maximum level of inhibition against 1 M HCl corrosion was 80.46 % with 
100 ppm at 303 ±1.00 K. A study on acid inhibitor preventing ferrous (iron) pigment corrosion. The inhibition 
efficiency of the plant extract based on concentration apparently happens by the adsorption of active 
constituents of Phoenix pusilla leaves onto the surface of metal forming protective film thereby prohibiting 
oxidation and reducing the ferrous (iron) ion diffusion in the corrodent solution. 
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Table 4: AAS study of dissolved ferrous (iron) ions in corrodent solution against 1 M HCl control and different 
concentrations of Phoenix pusilla leaves extract inhibitor 

 

 
Figure 10: AAS study of dissolved ferrous (iron) ions in corrodent solution against 1 M HCl control and 

different concentrations of Phoenix pusilla leaves extract inhibitor 

The present study, the efficacy of Phoenix pusilla leaves extract as an environmentally friendly inhibitor was 
demonstrated by investigating the mass loss behavior of mild steel in solutions of 1 M HCL. This indicates a 
high sensitivity of Phoenix pusilla leaves extract toward inhibition of mild steel in acidic medium. It was also 
observed that adsorption follows Langmuir and Temkin isotherm model. 

Effect of Concentration of Sansevieria roxburghiana leaves Extract on Corrosion Inhibition 
The inhibition efficiency and the corrosion rate values for all the studied inhibitors and the blank system are 
determined and given in Table 5. The corrosion rate decreases and the inhibition efficiency increases with the 
increase in the concentration of Sansevieria roxburghiana leaves extract for all inhibitors and the concentration 
range is 5 to 100ppm for 72 h immersion of the metal in corrodent solution at room temperature. The inhibition 
efficiency increases because of the inhibitor molecules present in the Sansevieria roxburghiana leaves extract 
getting adsorbed on the metal surface (Figure 11 and 12). The maximum inhibition efficiency and the lower 
corrosion rate are found at high concentration (100ppm) for inhibitors (92.98%) while minimum inhibition 
efficiency at low concentration (5ppm) for inhibitors (31.57%). 

 
Figure 11: Mass loss examination Sansevieria roxburghiana leaves extract 
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Table 5: Effect of Sansevieria roxburghiana leaves extract in corrosion rates, inhibition efficiency and surface 
coverage at various concentrations 

 

 
Figure 12: Effect of Sansevieria roxburghiana leaves extract in anti-corrosion activity 

Inhibition Adsorption Isotherm model 
The inhibition effect can be explained by adsorption of Sansevieria roxburghiana leaves extract at the mild-
steel surface. The Sansevieria roxburghiana leaves extract replaces the water molecules at the metal interface 
according to  Langmuir and Temkin model figure 13 and 14. 

 
Figure 13: Langmuir Adsorption Isotherm plot for mild steel in 1M HCl with different inhibitory concentration 

of Sansevieria roxburghiana leaves extract 

The Langmuir adsorption model was applied. Plotting the experimental data C/θ versus C resulted in a fitted 
straight line as shown in Figure 13. Concentrations (ppm) is the inhibition concentration of Sansevieria 

roxburghiana leaves extract and θ is the surface coverage. It is clear that the adsorption follows Langmuir 
adsorption isotherm, as indicated by the correlation coefficient (R) = 0.991 and the slope = 0.989 as expected 
from Langmuir model followed an equation by Ali and Mahrousb [27] 

c/ θ = c+1/Kads 

Thus, the adsorption of Sansevieria roxburghiana leaves extract as corrosion inhibitor was harmonious with 
Langmuir adsorption isotherm. The strength and stability of the adsorbed layer formed by Sansevieria 
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roxburghiana leaves extract was evaluated from inverse of the plot intercept. The Kads was found to be equal to 
0.069 ppm-1. 

Temkin model was achieved by plotting log (θ/C) versus θ, Figure 14. The obtained straight line has adjustable 
correlation coefficient R = 0.975 Thus, Temkin model is less acceptable than Langmuir model because of less R 
value [28]. 

 
Figure 14: Temkin Adsorption Isotherm plot for mild steel in 1M HCl with different inhibitory concentration of 

Sansevieria roxburghiana leaves extract 

Atomic Absorption Spectroscopy 
The analysis of dissolved ions in corrodent solution without inhibitor with that of corrodent solution with 
different concentrations of inhibitor (5, 10, 30, 50, 70, 70 and 100 ppm) were examined through AAS. The 
results (Table 6) were in correlation with mass loss measurement which exhibited corrosion inhibition in 
concentration dependent manner. Maximum level of inhibition against 1M HCl corrosion was 82.96 % with 100 
ppm at 303 ±1.00 K. A study on acid inhibitor preventing ferrous (iron) pigment corrosion. The inhibition 
efficiency of the plant extract based on concentration apparently happens by the adsorption of active 
constituents of Sansevieria roxburghiana leaves onto the surface of metal forming protective film thereby 
prohibiting oxidation and reducing the ferrous (iron) ion diffusion in the corrodent solution. 

Table 6: AAS study of dissolved ferrous (iron) ions in corrodent solution against 1 M HCl control and different 
concentrations of Sansevieria roxburghiana leaves extract inhibitor 

 

 
Figure 15: AAS study of dissolved ferrous (iron) ions in corrodent solution against 1 M HCl control and 

different concentrations of Sansevieria roxburghiana leaves extract inhibitor 
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The present study, the efficacy of Sansevieria roxburghiana leaves extract as an environmentally friendly 
inhibitor was demonstrated by investigating the mass loss behavior of mild steel in solutions of 1 M HCL. It 
was also observed that adsorption follows Langmuir and Temkin isotherm model. 

Corrosion Inhibition Mechanism 
The adsorption of leaves extract is caused by the adsorption of phytochemical components contained in the leaf 
extract on the metal surface, which prevent the surface of the metal from the attack by acid and thus do not 
allow the corrosion action to occur [29]. The retardation of anodic dissolution in presence of an inhibitor 
molecule has been described by the mechanism involving two absorbed intermediate. It is a known fact that 
mild steel has coordination affinity to sulfur, nitrogen, and oxygen containing ligand [28]. The corrosion of mild 
steel in HCl solution containing plant extracts can be inhibited due to the adsorption of phytochemicals present 
in plant extracts through their lone pair of electrons and p-electrons with the d-orbitals on the mild steel surface 
[7,30,31]. 

The atoms such as N, O, and S are capable of forming coordinate covalent bond with metal owing to their free 
electron pairs and thus, act as inhibitor [32]. The process may block the active sites and hence decrease the 
corrosion rate. The aqueous leaf extract contains these atoms in their phyto-constituents and could be adsorbed 
on the surface of the metal and reduce the surface area available for a cathodic and anodic corrosion reaction to 
take place. In acidic solution, the active constituents present in the inhibitor exist as protonated species and 
adsorb on the cathodic sites of mild steel reducing the evolution of hydrogen. The adsorption on anodic sites 
occurs through π electrons and lone pair of electrons on hetero atom of the active components present in the 
inhibitor. For example, leaves extract of Salvia officinalis exhibited decent corrosion inhibition activity on 304 
stainless steel in 1 M HCl solution because of the adsorption of phenolic components such as luteolin 7-
glucoronide, carnosol, sagecomarin, etc., [33], through their heteroatoms including N and O, which acted as 
effective adsorption centers. Osmanthus fragran leaves extract has shown mixed type corrosion inhibition 
activity against carbon steel in 1 M HCL [34]. In another study, alkaloids extract of Geissospermum leaf has 
also demonstrated mixed type inhibition activity on C38 steel in 1 M HCl, which is revealed by Langmuir 
adsorption isotherm [35]. 

CONCLUSION 
The ethanol extracts of Caralluma indica stem, Phoenix pusilla leaves and Sansevieria roxburghiana leaves 
extracts have shown promising corrosion inhibition properties for mild steel in 1M HCl media. The inhibition 
efficiency was found to be directly propotional to the extract concentrations and followed the trend: Sansevieria 

roxburghiana leaves > Phoenix pusilla leaves > Caralluma indica stem. Adsorption of inhibitor on the surface 
of the mild steel obeyed both Langmuir and Temkin adsorption isotherms. Further investigations to assess the 
corrosion morphology and to isolate and confirm the active phytochemicals responsible for the inhibition of 
mild steel corrosion in acidic media are required. 
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ABSTRACT 
Corporate disclosure expectations have progressed beyond the ordinary making of compulsions. Companies 
who have articulated a complete approach to website disclosure with purpose and vision, supported by 
strategies, actions, measurable performances, and future course of actions, are winning the positive influence. 
But the disclosure differs from company to company, as every company has different attributes like size, 
profitability, leverage, nature of the industry, age, liquidity, and so on. Prior studies on website disclosures have 
discovered the association between the extent of website disclosure and factors affecting website disclosure. 
The purpose of this study is to investigate the nature and extent of the relationship between website disclosure 
and corporate attributes. The study highlighted the significant corporate attributes (company size, profitability, 
leverage, liquidity, and age) and expected signs of association with the extent of website disclosure. 

Keywords: Corporate Website; Corporate Attributes; Website Disclosures; Size; Profitability. 

INTRODUCTION 
“In this regard, prior research documents that the extent of Web-based disclosure is associated with firm size 
(Debreceny et al., 2002; Ettredge et al., 2002; Marston and Polei, 2004; Xiao et al., 2004; and Bollen et al., 
2006), the level of information asymmetry between internal and external stakeholders (Ettredge et al., 2002), 
ownership characteristics (Marston and Polei, 2004), financial leverage (Xiao et al., 2004), the general 
disclosure environment (Bollen et al., 2006), industry membership (Brennan and Hourigan,2000) and cross-
listings (Debreceny et al., 2002; Marston and Polei, 2004; and Bollen et al., 2006)”.1 “Abdelsalman et al. (2007) 
find corporate internet reporting comprehensiveness is related to analyst following, director holding, director 
independence, and CEO duality. Ismail (2002) finds that firm assets, profitability, and leverage affect the 
decision to disseminate financial information on the internet”.2 

The determinants of website reporting were analysed by several studies in different countries such as New 
Zealand, Australia, Canada, Japan, Thailand, and Malaysia. Craven and Marston3 analysed the disclosure of 
financial information on the internet. The sample consisted of 200 big companies in the UK in 1998. Company 
size and industry size were the two important independent variables. Using the chi-square test, results found a 
statistically significant positive relationship between the internet disclosure and the size of a company. Bonson 
and Escobar4 examined the extent of financial information currently provided on the internet by the leading 
European companies. Study also identified the factors explaining the level of information disclosure of 
European companies. Data was collected from the biggest 20 companies in each European Union country in 
July and August 2001. The results showed a statistically significant relationship between the considered 
independent variables (sector, country of origin and size) and the extent of voluntary disclosure on the internet. 
Hamid and Salleh5 examined the dissemination of Investor Relation (IR) information at corporate websites and 
the factors affecting the disclosure. The study included a sample of 100 Malaysian index-linked counters (CIs) 
listed on the Malaysia Stock Exchange. The relationship between four exploratory variables and investor 
relation disclosure was examined using Ordinary Least Squares (OLS) regression. Results found significantly 
positive association of website disclosure with company size and industry classification. 

                                                           
1 Orens, R., Aerts, W. and Cormier, D. (2010), “Web-Based Non-Financial Disclosure and Cost of Finance”, 
Journal of Business Finance & Accounting, 1-37. 
2 Almilia, L.C. (2009), “Determining Factors of Internet Financial Reporting In Indonesia”, Accounting and 
Taxation, 1(1), 87-99.  
3 Craven, B.M. and Marston, C.L. (1999), “Financial Reporting on the Internet by Leading UK Companies”, 
European Accounting Review, 8:2, 321- 333.  
4 Bonson, E. and Escobar, T. (2002), “A Survey on Voluntary Disclosure on the Internet: Empirical Evidence 
from 300 European Union Companies”, The International Journal of Digital Accounting Research, 2(1), 27-51. 
5 Hamid, F.Z.A. and Salleh, S. (2005), “The Determinants of the Investor Relations Information in the 
Malaysian Companies’ Website”, Corporate Ownership and Control, 3(1), 173-185.    
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Abdelsalam and El-Marsy1 investigated the timeliness of online reporting of 44 Irish companies with the 
ownership structure and board independence. Timeliness index found that only 46 per cent of companies 
satisfied the timeliness criteria. And after controlling firm performance, size and audit fees, results found 
positive association of board of director’s independence and Chief Executive Officer Ownership with timeliness 
of online reporting. Akrout and Othman2 studied Arab Middle Eastern and North African companies 
environmental disclosure elements. Study investigated factors which are specific to this context: business 
culture, state ownership, family ownership and country’s internet penetration. Sample of 153 websites of listed 
companies was used in the study. Results of the study found a negative and significant relationship between 
family ownership and environmental disclosure. Consistent with prior studies, results found that environment 
disclosure practices are associated with company performance and size. 

OBJECTIVES 
 To study the corporate attributes affecting the corporate website disclosure. 

 To find out the expected signs of the association with the extent of corporate website disclosure. 

Corporate Attributes and Website Disclosure 
A wide variety of potential determinants of disclosure have been examined in the literature. A summary of 
major determinants of disclosure studies is presented in Table 1.1. This section presents a theoretical discussion 
of few significant corporate attributes affecting the disclosure practices of a company. 

Table 1.1: Summary of Determinants of Corporate Website Reporting 
Author(s) Sample Dependent Variable Statistics Independent Variables 

(* Significant Influence) 
Davies and 

Kelly (1979) 
Australia: 50 

firms 
Financial Reporting Univariate Size* 

Firth (1979) UK: 180 
firms 

Voluntary Financial 
Reporting 

Univariate Listing Status*, Auditor Size, Size* 

Chow and 
Wong-Boren 

(1987) 

Mexico: 52 
firms 

Voluntary Financial 
Reporting 

Multivariate Size*, Leverage 

Cooke (1989) Sweden: 90 
firms 

Financial Reporting Multivariate Industry*, Listing Status*, Size* 

Cook (1991) Japan :48 
firms 

Voluntary Financial 
Reporting 

Multivariate Industry*, Listing Status*, Size* 

Lau (1992) Hong Kong: 
26 firms 

Voluntary Financial 
Reporting 

Multivariate Leverage*, Profitability, Size 

Malone et al. 
(1993) 

USA: 125 
firms 

Financial Reporting Multivariate Leverage*, Auditor Size, 
Diversification, Listing Status*, 
Ownership Structure*, Foreign 

operations, Profitability, Proportion of 
outside directors, Size 

Ahmed and 
Nicholls (1994) 

Bangladesh: 
60 firms 

Mandatory Financial 
Reporting 

Multivariate Size, Leverage, Auditor Size*, Foreign 
parent*, Qualification of principal 

accounting officer* 
Raffournier 

(1995) 
Switzerland: 

161 firms 
Voluntary Financial 

Reporting 
Univariate Auditor Size*, Industry*, Leverage, 

Ownership Structure, Size, 
Internationality*, Profitability* 

Inchausti 
(1997) 

Spain: 138 
firms 

Financial Reporting Multivariate Auditor Size*, Profitability, Leverage, 
Size, Listing Status* 

Marston and 
Robson (1997) 

India: 58 
firms 

Financial Reporting Univariate Size*, Auditor Size 

                                                           
1 Abdelsalam, O. and El-Masry, A. (2008), “The Impact of Board Independence and Ownership Structure on the 
Timeliness of Corporate Internet Reporting of Irish-Listed Companies”, Managerial Finance, 34 (12), 907-918.   
2 Akrout, M.M. and Othman, H.B. (2013), “A Study of the Determinants of Corporate Environmental  
Disclosure in MENA Emerging Markets”, Journal of Reviews on Global Economics, 2, 46-59.   
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Owusu-Ansah 
(1998) 

Zimbabwe: 
49 firms 

Mandatory Financial 
Reporting 

Multivariate Age*, Ownership Structure*, Auditor 
Size, Liquidity, Profitability*, Size* 

Source: Oyelere et al. (2003), “Determinants of Internet Financial Reporting by New Zealand Companies”, 
Journal of International Financial Management and Accounting, 14(1) 

1.1  SIZE OF A COMPANY 
Size of a company is frequently considered as a significant factor of corporate internet disclosure. “Many 
researchers have found a positive relationship between firm’s size and the extent of internet corporate disclosure 
(Pirchegger and Wagenhofer, 1999; Ashbaugh et al., 1999; Hedlin, 1999; Craven and Marston, 1999; Ettredge 
et al., 2001; Ettredge et al., 2002; Debreceny et al., 2002; Marston, 2003; Oyeler et al., 2003; Xiao et al., 2004; 
Lodhia et al., 2004; Marston and Polei, 2004)”.1 Several arguments have been put forward in the literature that 
considered size as a proxy for a number of company’s characteristics. “Using agency theory, Hossain et al. 
(1995) explained the positive association between size and disclosure”.2 As compared to smaller companies, 
large companies have more means to produce information with lower cost. With better internal reporting 
system, large companies have more incentives to disclose voluntary information because they face higher 
political costs and pressures. With the fear of competitive disadvantage, smaller companies disclose lesser 
information. In the words of Aly and Simon (2008), “previous studies measured size in different ways and there 
is no theoretical reason behind the selection of a measure (Abd El Salam, 1999:42)”. Singhvi and Desai (1971) 
and Buzby (1975) have measured size by total assets. Cooke in (1989)3 used three size variables, total assets, 
number of shareholders and sales; and in (1992)4, considered eight size variables capital stock, turnover, total 
assets, current assets, number of shareholders, fixed assets, shareholders’ funds and bank borrowings. 

1.2 Profitability of a Company 
“Signalling theory suggests that profitable companies have an incentive to disclose more information, to signal 
the firm’s profitability to investors to support management continuation of their positions and compensation 
(Oyeler et al., 2003:36), and to raise capital at the lowest cost (Marston and Polei, 2004:294). Agency theory as 
well suggests that managers of higher profits companies  have  an  incentive  in  disclosing  more  information  
to  boost  their compensation (Abd  El  Salam, 1999:46)”.5 Various studies on disclosure practices refer to 
profitability as an independent factor that may affect the disclosure level. 

“Singhvi and Desai (1997) examined 500 large listed US firms, and found a positive association between 
profitability and the quality of disclosure” (Almilia and Surabaya, 2009)6. Aly and Simon (2008) stated that 
“Pirchegger and Wagenhofer (1999) found that profitability affects internet corporate disclosure of Austrian 
companies, but it does not affect that of German companies. Marston and Polei (2004:303) and Oyeler et al. 
(2003) found that profitability is not associated with internet reporting. Ismail (2002:18) found that profitability 
may increase the likelihood of the firm publishing financial information via the internet when this variable is 
within a particular range. If it increases beyond this range, the likelihood of firms publishing financial 
information on the internet decreases”. Oyelere et al. (2003)7 studied the elements of voluntary disclosure 
                                                           
1 Aly, D. and Simon, J. (2008), “Assessing the Development of Voluntary Internet Financial Reporting and 
Disclosure in Egypt”, available at: http://www.baa.group.shef.ac.uk/events/conference/2008 /papers/aly.pdf., 1-
60.  
2 Oyelere, P., Laswad, F. and Fisher, R. (2003), “Determinants of Internet Financial Reporting by New Zealand 
Companies”, Journal of International Financial Management and Accounting, 14:1, 27-63.  
3 Cooke, T. E. (1989), “Disclosure in the Corporate Annual Reports of Swedish Companies”, Accounting and 
Business Research, 19(74), 113-124. 
4 Cooke, T. E. (1992), “An Assessment of Voluntary Disclosure in the Annual Reports of Japanese 
Corporations”, The International Journal of Accounting, 26, 174-189.  
5 Aly, D. and Simon, J. (2008), “Assessing the Development of Voluntary Internet Financial Reporting and 
Disclosure in Egypt”, available at: http://www.baa.group.shef.ac.uk/events/conference/2008 /papers/aly.pdf., 1-
60.  
6 Almilia, L.S. and Surabaya, S.P. (2009), “Determining Factors of Internet Financial Reporting in Indonesia”, 
Accounting and Taxation, 1(1), 87-99.  
7 Oyelere, P., Laswad,F. and Fisher, R. (2003), “Determinants of Internet Financial Reporting by New Zealand 
Companies”, Journal of International Financial Management and Accounting, 14:1, 27-63.  

http://www.baa.group.shef.ac.uk/events/conference/2008/papers/aly.pdf
http://www.baa.group.shef.ac.uk/events/conference/2008/papers/aly.pdf
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practice by New Zealand companies. Findings reported that company liquidity, size, spread of shareholding and 
industrial sector has effect on website reporting as compared to the other characteristics. The results of the prior 
studies suggests that the company’s profitability can be regarded as an indicator of good management, as 
management tends to disclose more information when profitability is high. Profitable companies have extra 
financial resources to disseminate financial information voluntarily or in compliance with additional regulations 
imposed. Alternatively these companies might have incentives to show stakeholders that they are more 
profitable than their competitors. 

1.3  LEVERAGE OF A COMPANY 
Leverage of a company may also be related to disclosure practices on the websites. According to agency theory, 
“…highly leveraged firms have an incentive to voluntary increase the level of corporate disclosure to 
stakeholders through traditional financial statement, and other media (Jensen and Meckling, 1976)”.1  However, 
research done over a period of time has shown mixed results. Aly and Simon (2008) stated the mixed results of 
prior studies, “Ettredge et al. (2002) and Ismail (2002) have found a relationship between a firm’s leverage and 
the extent of internet corporate disclosure. On the other hand, Brennan and Hourigan (1998), Debreceny et al. 
(2002), Oyeler et al. (2003), Xiao et al. (2004), and Debreceny and Rahman  (2004) did not find an association 
between leverage and internet corporate disclosure.  Meek et al. (1995) and Zarzeski (1996) found that 
disclosure decreases with leverage; this may be because creditors are able to obtain private information. In 
contrast, Wallace et al. (1994) found no effect of leverage on disclosure. Ahmed and Courtis (1999:40,51), 
using meta-analysis, which involves combining the results of a set of disclosure studies over a period of time, 
concluded that disclosure increases with leverage”. 

Oyelere et al. (2003) study found that leverage does not explain the decision to use the internet as a medium for 
corporate financial reporting. Study explained that this may be due to the dissimilarities amongst internet 
financial reporting and traditional print-based financial reporting culture and environment, exhibited in the 
differences of costs, benefits, and demand and supply structures of the two environments. Zarzeski (1996)2 
advocated that companies having higher debt ratios share more information with their stakeholders because of 
good banking relationships. On the other hand, companies with lower debt ratio have a higher  percentage  of  
stock  ownership,  which would  encourage  investor  demand  for  information. 

1.4  LIQUIDITY OF A COMPANY 
The relationship between liquidity and the extent of disclosure have been examined by several studies, but they 
have contradictory outcomes. Wallace et al. (1994)3 examined the multivariate impact of firm charactertics on 
disclosure in annual reports and accounts. Findings stated that companies with lower liquidity disclose more 
information and also highlighted that the disclosure of more information will increase the future expectations of 
stakeholders, therefore companies do not want to present extra information. 

“Oyeler et al. (2003) found that liquidity is considered one of the primary determinants of internet financial 
reporting among New Zealand companies, and found a positive relationship between company liquidity and 
voluntary use of internet financial reporting. Other researchers (Owusu-Ansah, 1998; Abd El Salam, 1999; 
Wallace and Naser, 1995; Ahmedand Courtis, 1999) have found no association between liquidity and 
disclosure. Abd El Salam (1999:48) argued that companies, according to signalling theory, will disclose more if 
their liquidity ratio is high, to distinguish themselves from other companies. On the other hand, according to 
agency theory, companies with a low liquidity ratio may provide more information to satisfy the needs of 
shareholders and creditors” (Aly and Simon, 2008). 

1.5  AGE OF A COMPANY 
It is generally argued that old companies disclose more information than the new companies. “The extent of a 
company’s disclosure may be influenced by its age, i.e. stage of development and growth (Owusu-Ansah, 1998; 
Akhtaruddin, 2005). Owusu-Ansah (1998) pointed out three factors that may contribute to this phenomenon. 
                                                           
1 Almilia, L.S. and Surabaya, S.P. (2009), “Determining Factors of Internet Financial Reporting in Indonesia”, 
Accounting and Taxation, 1(1), 87-99. 
2 Zarzeski, M. T. (1996), “Spontaneous Harmonization Effects of Culture and Market Forces on Accounting 
Disclosure Practices”, Accounting Horizons, 10(1), 18-37.  
3 Wallace, R. S. O., Nasser, K. and Mora, A. (1994), “The Relationship between the Comprehensive of 
Corporate Annual Reports and Firm Characteristics in Spain”, Accounting and Business Research, 25(97), 41-
53.  
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First, younger companies may suffer competition; second, the cost and the ease of gathering, processing and 
disseminating the required information may be a contributory factor, and finally, younger companies may lack a 
track record on which to rely for public disclosure”. 1 

Several previous studies have used company’s age variable. Results of prior studies are mixed, “…Hossain and 
Hammami (2009) found positive significant association between firm age and disclosure level, Alsaeed (2006) 
and Hossain and Reaz (2007) found no significant association”.2 

Table 1.2 shows the companies’ attributes and the expected signs of the association with the extent of corporate 
website disclosure on the basis of prior literature. 

Table 1.2: Corporate Attributes and Sign of Association with the Extent of Disclosure 

Variables Expected Sign Proxies 
Size + Shareholders’ Funds 

Profitability +/- Return on Assets (Profit after tax/Total Assets) 
Leverage + Debt to Equity Ratio (Total Debt/ Shareholder Equity) 
Liquidity +/- Current Ratio (Current Assets/ Current Liabilities) 

Age +/- Number of years since the date of incorporation of a 
company 

To promote confidence  and  encourage  investors  to  invest, companies should meet  stakeholders’ demands  
for  greater  speed  and  volume  of  transparent  and  timely information. The internet can provide better and 
more effective ways of communicating corporate information.  Therefore,  there  is  a  need  to  examine  the  
role  played by the  internet  in communicating  corporate information in order  to  find out how that role may be 
enhanced. 

CONCLUSION 
The study presented a deeper understanding of the corporate website disclosure in relation to corporate 
attributes by collecting the findings of the prior different studies. In this context, study highlighted the 
significant corporate attributes (company size, profitability, leverage, liquidity and age) and expected sign of 
association with the extent of website disclosure. 
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ABSTRACT 
The outbreak of coronavirus disease (COVID-19) started at Wuhan, China during the year 2019. Despite the 
discovery of vaccinations multiple countries including India are now still experiencing the next waves of the 
COVID-19 with new variants. This inturn poses a huge burden on humanity due to economic crisis and causing 
a lot of Post covid complications. Hence it is anticipated that Siddha herbo mineral formulations along with 
external therapeutic measures would have great  effect in the early course of the disease in reducing the disease 
burden. The present study is an experiential sharing of the author’s clinical experience in the management of 
subjects with covid-19 who were under home quarantine with Siddha herbomineral formulations and external 
therapeutic measures. All the cases showed good prognosis with shorter treatment period and improved 
clinically with Siddha treatment. Hence these medicines can be used as add on therapy to mild to moderate 
stages of Covid -19 in the prevention of the disease progression to severe stage 

Keywords: Coronavirus disease, Siddha, Traditional medicine, Kabasura Kudineer, Herbal medicine 

INTRODUCTION 
Since time immemorial, herbal medicines were used by the Egyptians, Greek, Chinese and Indians for various 
human ailments. This traditional knowledge has been time-tested transferred from generation to generation and 
80% of  the world’s population still depend mainly on traditional medicines for their health care.(1) The present 
Corona virus disease known as 2019-nCoV, has gained worldwide attention as the World Health Organization 
(WHO) officially declared the COVID19 epidemics as a public health emergency of international concern on 30 
January 2020.(2)  Siddha system stands on its fundamental concept of tri humours (Vatham, Pitham and 
Kabam).  The selected Siddha medicines such as Kabasura kudineer, Thalisathy Chooranam, Swasa kudori 

Tablets, Adathodai Manapaagu and vasantha kusumakaram tablets have been used routinely for common 
respiratory illness by Siddha practitioners since age old times with safety and efficacy as per its indications in 
authoritative Siddha texts. In this present study, these formulations have been repurposed to neutralize the 
exaggerated Kaba kutram and its associated symptoms of Covid-19. 

MATERIALS AND METHODS 
The present study is an experiential report on Siddha intervention for seven SARS-CoV-2 positive cases aged 
35 - 44 years. One among them 44-year male was a hypertensive patient. All cases were found to be RT-PCR 
Positive for SARS CoV-2 antigen. They were presented with mild to moderate Covid symptoms (Fever, Head 
ache, Body pain, Cough and loss of taste). All these cases voluntarily requested for Siddha treatment and were 
treated under home quarantine. They also took allopathy medications paracetamol(sos) and multivitamins 
during the treatment period . 

Table-1. Siddha therapeutic regimen 

Procedure Therapeutics Dosages 
1. Kashaayam Kabasura kudineer Twice a day  60 ml bd for 5 days 
2. Chooranam Thalisathy Chooranam 5 gm bd with honey 

3. Tablet Swasa kudori 2 pills twice a day 
4. Manapaagu Adathodai 10ml twice a day 

5. Tablet Vasantha kusumakaram 2 pills twice a day 

Besides the above internal medicines, the external therapeutic measures such as salt water gargling was done 
twice a day, Pranayama (Breathing exercise) once a day, Sun bath 10 minutes/Day, Herbal steam inhalation 
twice a a day, Herbal pouch Oma pottanam for nasal inhalation was done frequently. The effect of Siddha 
treatment was assessed before and after treatment was assessed 
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RESULTS AND DISCUSSION 

Figure-1. Effect of Siddha treatment on Temperature (Day-1 to Day-5) 

 
Figure-2. Effect of Siddha treatment on Oxygen saturation (Day-1 to Day-5) 

 

Table-1. Effect of Siddha treatment on blood pressure (Day-1 to Day-5) 
CASES Day-1 Day-2 Day-3 Day-4 Day-5 

C-1 130/80 120/80 120/80 130/80 120/80 
C-2 130/70 130/70 120/80 120/70 120/70 
C-3 130/90 130/80 120/70 120/90 120/80 
C-4 110/70 110/70 120/80 110/70 130/70 
C-5 110/70 110/70 120/80 120/70 110/80 
C-6 130/90 130/80 120/80 130/80 130/80 
C-7 140/90 140/80 140/90 140/80 140/80 

Table-2. Effect of siddha treatment on ESR, D-Dimer,CRP (After 15 days) 
Platelet count ESR D-dimer CRP 
lakhs/cumm mm/hr FEU mg/L 

Cases BT AT BT AT BT AT BT AT 
1 2.1 4.2 34 16 0.52 0.32 0.73 0.3 
2 1.8 3.5 30 18 0.5 0.3 0.7 0.3 
3 3.2 4.7 28 14 0.54 0.28 0.8 0.21 
4 3.4 5.2 35 18 0.56 0.3 0.67 0.4 
5 2.8 3.7 32 20 0.53 0.34 0.79 0.2 
6 3.8 4.2 30 15 0.53 0.3 0.76 0.31 
7 3.7 4.5 36 16 0.5 0.26 0.71 0.27 
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According to Siddha doctrine, the prime principle is, “Food is medicine and medicine is food.” Hence the six 
taste and three humoural theory is the operating force behind the choice of food as well as medicine. (3) 

The Siddha system categorizes all kinds of respiratory illness associated with production of phlegm as Kaba 
noigal or Iyya Noigal and prescribes a vast number of herbal and herbomineral formulations in its literature. 
Kapha humor is a combination of two elements water and earth. Most of the herbs used in Siddha preparations 
for Kapha diseases are of bitter and acrid/pungent taste. Bitter reduces all glandular secretions, salivation, and 
excess body heat. It will improve renal and bowel functions. It will remove toxins from our body. The pungent 
taste will remove phlegm from the lungs. When taken in the correct quantity, it reduces the inflammatory 
diseases of the throat (4) Moreover, this system of medicine also emphasise the adherence of  rules for healthy 
living such as yoga, pranayama, steam bath, sun bath and other external therapeutic measures like inhalation of 
herbal pouches. The study also adopted these therapeutical measure for the patients and this produced 
synergistic effects. The herbal and herbomineral drugs selected by the author in the management of the present 
case series are from the books listed in the Drugs and Cosmetics Act. The phytochemical constituents present in 
Kabasura Kudineer the most widely used chief Siddha formulation for Covid has been studied for its anti-
inflammatory, antipyretic, analgesic, anti-viral, antibacterial, anti-fungal, anti-oxidant, hepato-protective, 
antidiabetic, anti-asthmatic, anti-tussive, immunomodulatory, antidiarrhoeal and anti-oxidant activities.(5) 
Figure-1 shows considerable reduction in body temperature from day-1 to day-5. The antipyretic action of 
Flavonoids are an important group of polyphenols of Kabasura Kudineer. It is due to the inhibition of 
prostaglandin synthesis which are known mediators of inflammation. anti-oxidant activity, promising anti-
inflammatory, antipyretic and antibacterial activity.(1) 

Oxygen saturation is an essential element of patient care. Oxygen is tightly regulated within the body because 
hypoxemia can lead to many acute adverse effects on individual organ including the brain, heart, and 
kidneys.(6) The present Siddha therapeutic regimen used in this study improved the oxygen saturation rate as 
shown in Figure-2. Case 5 and Case 6 showed lowest oxygen saturation of 93% in day one which improved 
significantly to 99 on day 5. A case report of previous outcomes of Ayurvedic intervention in a COVID-19 
patient with severe breathing difficulty also confirmed that the patient recovered with only supportive 
Ayurvedic care . Moreover, in silico studies have indicated that many herbs used in traditional medicines could 
have the ability to prevent cell entry of the SARS-CoV-2 virus .(7) 

In a recent open label two arm - randomized controlled interventional clinical study, Group I patients were 
assigned to Siddha add on treatment Kabasura kudineer, Vasantha kusumakaram Mathirai, Thippili Rasayanam, 
Adathodai Manapagu, added with the standard treatment for a duration of about 14 days whereas Group II 
subjects were assigned with standard treatment alone. The patients recruited for the study were Covid 19 RT-
PCR +ve patients declared by Tamil Nadu Government and admitted in IPD (in patient ward) at Omandurar 
Government Medical College Hospital. The study concludes that Siddha add on Group showed accelerated 
recovery for Covid - 19 patients compared to standard treatment Group. The synergistic effect of Siddha add on 
with standard treatment gave more promising results during the entire study period of Covid – 19.(9) 

Another study confirms that all the patients taking Nilavembu Kudineer and Kaba Sura Kudineer showed early 
recovery signs and were discharged by day 6. Further, the patients in the KSK arm recovered even faster than 
the NVK arm as 60% of patients of the KSK arm were discharged on day 3.(10) 

Another study on  Siddha Herbal Preparation – M V Kashayam  showed that the herbal drug was 87.5% 
effective in patients with co-morbid conditions like diabetes and hypertension. The patients recovered within the 
period of 4–6 days with RT-PCR negative without any supplements and side effects and it proved by clinical 
findings. Similarly, this drug is effective at any stage of severity in the clinical condition of the patients from 
strongly positive to mild positive condition.(11) 

The external therapeutic measures like sun bath, Inhalation with Notchi leaves were employed on humoural 
basis as the hot potencies of these therapies increases and normalizes Pitham and expels out excessive Kabam 
(Phlegm) which is the root cause of Kaba suram. Also, the Siddha treatment regime had good prognostic effects 
on Blood pressure and blood parameters such as ESR, D-DIMER and CRP as shown in table 1 and Table-2. All 
the cases were relieved of symptoms of  fever, head ache, body pain within 5 days of treatment. symptoms of 
Cough, and Loss of taste were gradually reduced and normalized within 10 days. The treatment was continued 
for 15 days so as to prevent any post covid complications. There was no observed side effects and Post covid 
complications in all the seven cases. 

https://www.sciencedirect.com/topics/immunology-and-microbiology/salivation
https://www.sciencedirect.com/topics/immunology-and-microbiology/intestine-function
https://www.sciencedirect.com/topics/immunology-and-microbiology/inflammatory-disorder
https://www.sciencedirect.com/topics/immunology-and-microbiology/inflammatory-disorder
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The medicines selected as Siddha regimen by the author had been already given for fever and respiratory 
ailments for decades by Siddha practitioners. Hence, repurposing these existing drugs could help to reduce the 
disease burden in this pandemic situation. 

CONCLUSION 
The clinical results of our study showed that the patients had better promising results and the treatment appears 
to help them recover well without any requirement for hospitalization. Though these medicines are time-tested 
with low scientific evidence and unknown target site of their actions, the trihumoural basis of these formulations 
deserve attention. Through this case series, an integrative setup including Siddha care may be considered as 
first-line cost-effective treatment for mild to moderate COVID-19 to hamper the disease progression to severe 
hypoxic stage and also for the prevention of  post covid complications. 
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ABSTRACT 
The objective of this paper is to understand the concept of talent acquisition as a component of Talent 
management. This paper focuses on five sectors, viz., Tourism Sector, Education Sector, Insurance Sector, 
Banking Sector and Health Sector, which form the core of the present research study. The paper focuses on 
understanding the impact of how talent acquisition practices in the service sector in Mumbai. For the study, 
a survey was conducted to get information about the practices by the HR department and employees of 
various service sector organization. Suggestions for improving the talent acquisition strategies were made.  

I. INTRODUCTION 
In the present scenario, business organizations are realizing that it is only their people and their abilities to form 
diverse, versatile and flexible teams that can help the organization to succeed in the long run. Talent 
management is a comprehensive or an umbrella term which includes a number of innovative and professional 
functions of HR department. Talent acquisition, talent retention, career management, performance management, 
succession planning and compensation management can be termed as the most important of all the determinants 
of talent management. The term Talent Acquisition would sound quite new to most of the people but the term is 
not new amongst the HR practitioners. Talent acquisition as a dimension of talent management refers to the 
process of attracting and recruiting the best talent available to help organisations own the right candidates with 
the desired skills for the right jobs in order to work against the right requirements. 

II. OBJECTIVE 
(a) To understand the concept, methods and strategies of Talent Acqusition in the selected industries in the 

service sector in Mumbai. 

(b) To seek the views of HR managers, Senior Officials and Employees of selected services sectors towards 
their Talent Acquisition strategies. 

III.TALENT ACQUISITION 
It can be referred to as a strategic method to select, hire and onboard the best talents. Further, by adopting 
strategic talent acquisition process, organisations can create pipelines and anticipate future talent needs. Being a 
proactive approach, talent acquisition can facilitate competitive advantage, lower the hiring costs and improve 
the quality of hired in the long run. Many times, talent acquisition is considered to be synonymous with 
recruiting. In contrast to recruiting, talent acquisition is a broader concept as it includes elements such as talent 
acquisition planning and strategy, workforce segmentation, employment branding, candidate audiences, 
candidate relationship management, metrics and analytics 1. Apart from these core elements, talent acquisition 
strategy even includes many other sub-elements----- Right selection of tools, technology and outsourcing 
partners help an organisation in framing an effective talent acquisition strategy. 

The process of strategic talent acquisition possesses a broader vision of not only filling jobs today, but utilising 
the candidates that emerge out of a recruitment process as a source to fill up similar job positions in the future. 
The professionals engaged in the talent management team in an organisation have a better understanding of 
extracting the best from each and every talent as every talent is unique and has something of value to be offered. 
Thus, such professionals strive to facilitate relationships with these identified talents in order to establish a more 
successful chain or network, more referrals and more business. 

IV. SERVICE SECTOR 
Let us now understand the five sectors, viz., Tourism Sector, Education Sector, Insurance Sector, Banking 
Sector and Health Sector, which form the core of the present research study. 

A. TOURISM SECTOR 
Maharashtra is one of the most favourite tourist centres in the country. The state capital city of Mumbai, one 
of the largest and most vibrant cities  in  the world, is visited by almost 6 million national and international 
tourists every year. Mumbai is known for its rich cultural heritages, natural beauty, beaches, entertainment 
industry, amusement parks and holy places. All these domestic and international tour operators and hotels 
provide  ample  job opportunities to youngsters in various fields  like  Travel  Agents, Hotel Manager, Spa 
Manager, Tour Operator, Event and Conference Organiser, Tour Guides, Executive Chef, Sommelier, etc. 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

315 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

Due to labour intensive nature of tourism sector, it is necessary not only to select the right talent for the right 
job but also to maintain the right talent for longer period of time. 

B. EDUCATION SECTOR 
Mumbai, apart from being the financial, commercial and entertainment capital of India, is also a major 
centre for education. The city has a  large network of institutions imparting education right from pre-primary, 
primary, secondary and higher secondary level to graduate, post-graduate and professional levels. All these 
educational institutions right from pre-primary level to higher education level and professional level provide 
various job opportunities to people such as Directors/Principals, Teachers, Office and Clerical Staff, Trainers, 
Mentors, Administrators, etc. Again education is the core sector of the economy  and  therefore, talent 
management plays a very important role in the education sector. 

C. INSURANCE SECTOR 
Considering the increasing complexities of urban lifestyle, high incidences of dreadful diseases and rising 
incidences of pre-mature deaths, life  insurance  and health insurance have become mandatory requirements 
for people. In addition to that other types of insurances like fire insurance, marine insurance and shop 
insurance businesses have expanded rapidly in the city. Insurance sector offers immense job opportunities to 
youth in the post- privatisation regime. Due to the establishment of large number of private sector insurance 
companies in India during the last two decades, many new job opportunities such as Actuary, Claim Adjuster, 
Claim Examiner, Insurance Investigator, Insurance Sales Agents, Insurance Underwriters and clerical jobs have 
arisen. Therefore in the competitive era talent management is of immense importance for insurance sector. 

D. BANKING SECTOR 
Being the commercial capital of India, Mumbai is the epicentre of banking and finance industry of the nation. 
The city has headquarters of most of  the banks  of  all types, viz.,  public sector banks, private sector banks 
and foreign banks.  Also  the city has dense network of bank branches. Banking and financial sector provides 
large number of job opportunities such as bank teller, bank marketing representative, relationship managers, 
internal auditor, branch manager, loan officer, data processing officer, loan consultants, etc. Therefore, talent 
management is of immense importance in banking and financial sector. 

E. HEALTH SECTOR 
Mumbai city is also known for its world class affordable medical facilities and is one of the main centres of 
medical tourism in India. Every year, large  number of patients from different parts of the world visit 
Mumbai city for medical treatment. Mumbai city has a number of government and private hospitals, private 
nursing homes, municipality-run dispensaries, health centres, etc. There is a vast network of supporting 
facilities for these large hospitals like pathologies, medical stores, pharmacy, etc. Health centre offers career 
options as medical assistants, nursing assistants, nurses, physicians, doctors, therapists, pharmacy 
technicians, diagnostic medical sonographers, clinical laboratory technicians, dental assistants, pharmacists, 
radiologists, etc. Thus, there is a need  to manage talent in health sector too. 

It can be seen in the above discussion that tourism sector, education sector, insurance sector, banking sector and 
health sector rely largely on human resource. With the increasing competition in all these fields there is an acute 
shortage of talents in each sector, quantitatively and more specifically qualitatively. Therefore, it is necessary 
to recruit, develop and retain right talent for the growth and development of the organisation in this 
competitive era. Therefore, the role of  talent management in all these sectors is increasing rapidly. The 
human resource departments in most of the large and big sized organisations are being replaced by the talent 
management departments. 

V. HYPOTHESIS 
HYPOTHESIS-1 
H0:      There  is  no  significant  interaction  between  Service  sectors under consideration  and  the  various  
components  of  talent  acquisition strategies. 

H1:      There is a significant interaction between Service sectors under consideration  and  the  various  
components  of  talent  acquisition strategies. 

VI. RESEARCH METHODOLOGY 
The researcher has made use of both primary as well as secondary data for achievement of objectives and 
establishment of hypotheses. 
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The researcher randomly distributed questionnaires to 500 respondents (100 from each sector under 
consideration), of which 386 completely filled questionnaires were received back. All these respondents were 
those dealing with HR issues in their respective organisations in one or the other capacity. Thus, the response 
rate is 77.20% (386/500), which is considered to be satisfactory. 386 questionnaires so received were 
scrutinised by the researcher and it was found that 361 of these questionnaires were complete in all respects and 
were fit for data analysis. The researcher randomly selected 350 questionnaires from them for analysis. 
Sampling unit refers to the basic units consisting all the elements of the of target population.  The  present  
study  mainly  consists  of  HR  managers,  Senior Executives  in  HR  Department  and  Top  Level  
Administrators  from  five  service sectors  selected  for  the  purpose  of  the  present  study 

VII. FINDINGS: 
Q .1. Does your organisation have well-defined talent acquisition policy? 

Table No.1.3 Existence of Well-defined Acquisition Policy 

Clear Talent 
Acquisition 

Policy 

Tourism 
Sector 

Educatio
n Sector 

Insurance 
Sector 

Banking 
Sector 

Health 
Sector 

F % F % F % F % F % 

Yes 31 48 64 80 56 80 52 74 49 75 
No 34 52 16 20 14 20 18 26 16 25 

Total 65 100 80 100 70 100 70 100 65 100 
Source: Field Survey 

In the field survey 48% respondents from tourism sector, 80% respondents from education sector, 80% 
respondents from insurance sector, 74% respondents from banking sector and 75% respondents from health 
sector reported having a well-defined talent acquisition policy in their organisations. 

Q.2. How frequently does your organisation undertake talent acquisition drives? 

Table No. 5.16 Frequency of Talent Acquisition Drives 

Frequency of 
Talent 

Acquisition 

Tourism 
Sector 

Educatio
n Sector 

Insurance 
Sector 

Banking 
Sector 

Health 
Sector 

F % F % F % F % F % 

<a year 45 69 0 0 46 66 58 83 44 68 
Yearly 20 31 18 23 21 30 11 16 21 32 

Once in 3 years 0 0 2 3 3 4 1 1 0 0 
Once in 5 years 0 0 11 14 0 0 0 0 0 0 

> 5 years 0 0 49 61 0 0 0 0 0 0 
Total 65 100 80 100 70 100 70 100 65 100 

Source: Field Survey 

 
Fig. No. 5.16 Frequency of Talent Acquisition Drives (%) 

ANALYSIS: 
In the field survey: 
 69% respondents from the tourism sector, none from the education sector, 66% from the insurance 

sector, 83% from the banking sector and 68% from the health sector reported that their organisations 
undertake talent acquisition drives in less than one year. 
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 31% respondents from tourism sector, 23% respondents from education sector, 30% respondents from 
insurance sector, 16% respondents from banking sector and 32% respondents from health sector 
reported that their organisations undertake talent acquisition drives once in a year.  

 None from tourism sector, 3% respondents from education sector, 4% respondents from insurance 
sector, 1% respondents from banking sector and none from health sector reported that their 
organisations undertake talent acquisition drives once in three years.  

 None from tourism sector, 14% respondents from education sector and none from insurance sector, 
banking sector and health sector reported that their organisations undertake talent acquisition drives 
once in five years. 

 None from tourism sector, 61% respondents from education sector and none from insurance sector, banking 
sector and health sector reported that their organisations undertake talent acquisition drives once in more 
than five years. 

Q.3. What sources does your organisation prefer for talent acquisition? 

Table No. 5.17 Preferred Source of Talent Acquisition 

Sources of 
Talent 

Acquisition 

Tourism 
Sector 

Educatio
n Sector 

Insurance 
Sector 

Banking 
Sector 

Health 
Sector 

F % F % F % F % F % 

Internal 49 75 57 71 61 87 58 83 45 69 
External 16 25 23 29 9 13 12 17 20 31 

Total 65 100 80 100 70 100 70 100 65 100 
Source: Field Survey 

 
Fig. No. 5.17 Preferred Source of Talent Acquisition (%) 

ANALYSIS: 
In the field survey, 
 75% respondents from tourism sector, 71% respondents from education sector, 87% respondents from 

insurance sector, 83% respondents from banking sector and 69% respondents from health sector 
reported that their organisations prefer internal sources for talent acquisition, 

 25% respondents from tourism sector, 29% respondents from education sector, 13% respondents from 
insurance sector, 17% respondents from banking sector and 31% respondents from health sector 
reported that their organisations prefer external sources for talent acquisition, 

VIII. TESTING OF HYPOTHESES 
The researcher has made use of ANOVA Test for establishment of hypotheses under the consideration.  

HYPOTHESES: 
H0:  There is no significant interaction between the service sectors under considerations  and the various 

talent acquisition strategies. 
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H1:  There is a significant interaction between the service sectors under considerations and the various 
talent acquisition strategies. 

The above set of hypotheses has been tested or established using ANOVA Two Factor Test with 
Replication. 

INTERACTION: 
(1) The F-value (f) (2.3215) is larger than the F Critical Value (f crit) (1.6587), therefore, we reject the null 

hypothesis. 

(2) Also, the p-value (0.0018) is smaller than the significance level (0.05), therefore, we reject null 
hypothesis. 

Therefore, reject Null Hypothesis at 5% significance level. 

NULL HYPOTHESIS: 
There is no significant interaction between the Service sectors under consideration and  the  various  
components  of  talent  acquisition strategies.    Rejected 

ALTERNATIVE HYPOTHESIS: 
There is a significant interaction between the Service sectors under consideration and the various 
components of talent  acquisition strategies.     Accepted 

IX. CONCLUSION AND SUGGESTIONS: 
The study concludes that There is an interaction between the sector and various components of talent 
management strategies but this interaction is not too significant. 

SUGGESTIONS: 
a. Talent acquisition process should be undertaken with the efforts and involvement of all stakeholders of 

an organisation which include recruiters, hiring managers, HR team members, the prospective 
candidates, etc. All these stakeholders need to be kept updated by communicating with them on regular 
basis with regards to acquiring and recruiting talent and be made aware about their roles with regards to 
talent acquisition so that they all contribute inclusively in making the whole process an effective and 
objective one. 

b. In order to improve the whole process of talent acquisition and recruitment, organisations should take 
the assistance of various mobile recruitment tools, social networking sites, referral networking tools, 
applicant tracking system, social media platforms, etc. Organisations can also outsource the services of 
external professional agencies to reduce costs, bring greater efficiency and improve the whole process 
of talent acquisition and recruitment. 

c. Organisations should give the foremost priority and opportunity to its internal employees rather than 
hiring from outside as internal employees, being a part of the organisation possess a good knowledge of 
the functioning of various business processes and thus, they can be recruited directly for the newer 
positions. This may also promote higher morale among the internal staff. For this, the talent acquisition 
team should collaborate with the Learning and Development (L&D) Team to extract information about 
the skill gaps and create an environment, where internal job openings are made available to the internal 
employees. 

d. Data driven insights can also prove quite effective in improving talent acquisition processes, where data 
regarding cost per hire, quality of hire, time required to fill job vacancies, internal hire ratio and ratio of 
job offers accepted to job offers declined should be calculated. Based on this information, the 
management can take better decisions on acquiring talent. 

e. Organisations should strive to create a talent pipeline for meeting its current and future needs for talent 
by formulating workforce planning and undertaking skill gap analysis, scenario planning and headcount 
analysis. 

REFERENCES: 
1. Kohli Garima, (2013), ‗Talent Acquisition Latest Trends‘, Indian Journal of Research, Volume – 3, 

Issue – 4, pp.223-226. 
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Implementation of Data Transmission from PC To PC Using Lifi Technology 
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Department of ECE, PVP Siddhartha Institute Of Technology, Vijayawada, India 

ABSTRACT 
The function of verbal exchange may be very crucial in a day after day life. Communication may be of types: 
wi-fi or stressed verbal exchange. Wireless verbal exchange is typically desired over-stressed verbal exchange. 
Data transmission of the usage of Li-Fi is a hundred instances quicker while as compared to records 
transmission of the usage of Wi-Fi. In this paper, we gift a new mode of verbal exchange among laptops or PC’s 
the usage of the Li-Fi era. Li-Fi refers to wi-fi verbal exchange structures that use mild LEDs as a medium in 
place of traditional RF, as utilized in the Wi-Fi era. Li-Fi yields more advantageous bandwidth, performance, 
connectivity & protection as compared to Wireless Fidelity. One of the advantages of Light Fidelity is that it is 
able to be utilized in electromagnetically diffused situations along with airways and thermonuclear strength 
stations with no interference. This paper employs this era for the transmission of the records designed with 
software programs and hardware requirements. 

Keywords: Atmega8 IC, Transmitter, Receiver, puTTY, Solar Panel 

INTRODUCTION 
With globalization and society-huge want for networking, there's a growing want for mobile networks and their 
usefulness, and an increase in person counts that use the Internet, restrained bandwidth capability makes it even 
more difficult to experience 

Excessive records switch speeds and connect with a strong community. Due to the decreased bandwidth to be 
had with inside the RF range, this device could attain the essential threshold very soon. Radio waves, that may 
be used for transmitting records are the  minor part of the electromagnetic spectrum. Their desires to be a 
manner to defeat forthcoming exhaustion. Li-Fi has a mile’s wider records transmission spectrum. The essential 
idea in the back of this invention is the propagation of records via LED illumination, converting mild intensities 
that cannot be decided by human eyes. In reality, mild has been a huge part of our lives for heaps and heaps of 
years and has no outstanding sick impact. Li-Fi may have an important contribution in the direction of the 
easement of the large load which the existing Wi-Fi community is facing. It can supply moreover a frequency 
band of 400THz as compared to the only one found in Radio Frequency conversation that's 300GHz. 

In general, the Li-Fi generation makes use of LEDs for transmitting any sort of information at excessive speed. 
In this paper, information transmission is from one PC to a different PC the usage of the Li-Fi generation. 

There are such a lot of benefits to the usage of Li-Fi generation .The utilization of mild from the Light Emitting 
Diodes this is being formerly used for lights functions in the home, workplaces & mall, etc. will lessen power 
utilization. Thus, information transmission calls for zero extra energy, which makes it very cost-effective & 
power intensive. 

•  As it isn't viable to skip via the partitions and obstacles it gives excessive protection and safety as compared 
to Wi-Fi generation 

•  As it isn't primarily based totally on the radio indicators there may be no radiation impact with inside the use 
of this generation. Because it entails the illuminated waves . 

•  Combining decreased latency, better bandwidth & better energy performance, permits Light Fidelity to 
acquire better information speeds, i.e., 1 Gbps or maybe more. 

•  This is not a hassle due to the fact that mild assets are everywhere. There may be internet wherein there is a 
delivery of sunshine. There are bulbs in all places -in houses, workplaces, commercial enterprise gadgets, or 
even craft that are probably used for transmitting information. 
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Table 1: Comparison of LIFI and WIFI 

SOFTWARE REQUIREMENTS 
A. PuTTY is an unfastened implementation of SSH (and telnet) for PCs walking Microsoft Windows (it is also 
a term terminal emulator). You will locate PuTTY beneficial in case you need to get admission to an account on 
a Unix or different multi-consumer gadget from a PC (as an instance your personal or one in a web cafe). In the 
case of the University of Sussex, this will consist of customers of the valuable ITS Unix gadget and of the Unix 
structures supplied with the aid of using a few different faculties and units. The valuable ITS Unix gadget helps 
using SSH clients. Users of different structures ought to ask their gadget administrator if SSH is supported. 
PuTTY is an opportunity to telnet clients. Its number one benefit is that SSH gives a secure, encrypted 
connection to the faraway gadget. It's additionally small and self-contained and may be carried around on a 
floppy disk. This makes it best for getting access to Sussex structures securely from different places on the 
general public Internet, PuTTY is full-featured, strong and its terminal emulation is good. Since model 0.53, it 
additionally helps the by skip via printing function of VT100 terminals 

 
Fig 3:puTTY configuartion 

 
Fig 4 : puTTY sessio 
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HARDWARE REQUIREMENTS 
TRANSMITTER 
The transmitter is designed with Atmega8 IC. It is used for handling serial data. It includes capacitors and 
energy supply. The LiFi Transmitter is a custom-layout front-quit for seen mild communications (VLC). It has a 
huge bandwidth (25 MHz) to 

 
Fig 5: : LiFi Transmitter 

guide even the maximum worrying video streaming applications. The transmitter has an effective 5000K,186 
lumens LED with an interchangeable lens mechanism. 

RECEIVER 

 
Fig 6: : LiFi Receiver 

The receiver is designed with Atmega8 Ic. It is used for handling serial data. It includes capacitors, electricity 
supply, and a potentiometer. LiFi Receiver is a custom-layout front-quit for seen mild communications (VLC). 
It has an extensive bandwidth (20 MHz) to aid even the maximum annoying video streaming applications. The 
receiver functions as a photodetector with a field-of-view of 170° permitting a sturdy overall performance in 
non-line-of-sight conditions. 

LED 
LiFi or VLC is a wi-fi communique era primarily based totally on the usage of seen mild among the blue color 
(450nm) and the pink color (760nm), generated with the aid of using LEDs. Unlike Wi-Fi, which makes use of 
the radio as a part of the electromagnetic spectrum, LiFi makes use of the optical spectrum. Micro-sized 
Gallium Nitride (GaN) mild-emitting diodes (micro-LEDs) are robust applicants for VLC (seen mild 
communique) and LiFi (mild fidelity) because of their excessive bandwidths. Segmented violet micro-LEDs are 
mentioned in this painting with electrical-to-optical bandwidths as much as 655 MHz. 

SOLAR PANEL 
Most impressively, there may be no threat for statistics dribble. It does now no longer penetrate walls, the 
identical mild and the identical spectrum may be used without interference in communication. This innovation 
uses the growing availability of sun cells for diverse applications. 
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Fig 7 : Solar Panel 

USB TO TTL 

 
Fig 8:USB to TTL Inteface 

The USB TTL Serial cables are a number of USB to serial converter cables which offer connectivity among 
USB and serial UART interfaces. A variety of cables are to be had to present connectivity at 5V, 3.3V, or 
person certain sign stages with diverse connector interfaces. The AN-USB-TTL module is a cost-powerful 
manner to transform the TTL sign into a USB interface. When related to a PC USB port the AN-USB-TTL 
module is robotically detected and is mounted as a local COM port that is well-matched with any present serial 
verbal exchange application. 

WORKING 
By the usage of the transmitter module circuit linked with the LED, the entry is given in a single PC and via 
way of means of the usage of the receiver module circuit, the output gets generated in a different PC. The 
records that are given as entered in a single PC will receive identical records in any other PC with no connection 
among those PCs. This procedure is achieved on the premise of Li-Fi technology. 

The transmitter as proven in parent 1 has the subsequent operations: choice of the file for transmission then 
extracts the information inside the shape of 1’s and 0’s. codes it to serial information on a GPIO, strategies the 
information and turns the LED 

 
Fig 9:Block diagram of the transmitter 

ON or OFF consistent with the information encoded. Text to be transmitted is given as an entrance to the 
transmitter PC reserved for serially transmitting the textual content. The information with inside the transmitter 
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PC serially sends the textual content through a USB to TTL converter cable that's related to the COM3 serial 
port of the transmitter PC with the baud charge of 9600. Information is now written in putty configuration to 
transform the acquired textual content into binary bits. The receiver extracts the bits from the textual content 
and sends them to the LED related to the PC. When the transmitted bit is ‘1’ the LED activates and while the 
transmitted bit is ‘0’ the LED is switched off. 

 
Fig 10:Block diagram of Reciever 

The receiver module as proven in determine 2 calls for nearly the identical additives as that of the transmission 
module. The number one distinction is the solar panel. The receiver module has the characteristic of receiving 
the transmitted bits from LED at the sun panel & sending it to the receiver PC through the USB to TTL 
converter. The configuration of Raspberry Pi stays identical to the only utilized in the transmitter module. The 
receiver module does the opposite engineering of the operations with inside the transmitter module. mild 
encountered from the Light Emitting Diode is captivated through the photosensitive thing which performs the 
function of a sensor and transfers the output to the receiver PC and the unique textual content is recovered 
through the use of a solar panel. Solar panels cannot be at once related to the transmitter module however the 
facts are transmitted through the lifi technology. 

Analog assets like a sun panel to be related to the receiver, which acts as an ADC is needed (analog-to-virtual 
converter). The photosensitive aspect detects the On & OFF of the LED and is despatched to the receiver. The 
textual content written at the putty mode of the recipient sends 1/zero the usage of a sequential port to the 
processing software program. The processing software program gets the facts with inside the serial port. The 
processing putty configuration for studying the facts at the serial port, retrieving the bytes, showing the unique 
facts despatched from the transmitter, and showing it at the Receiver PC 

Connect Tx of LIFI to Rx of TTL, Rx of LIFI tx of TTL Power supply 12v ( 5v regulator is on board)LED 
supply is soldered to Tx board.ATMEGA8 IC is used on Tx & Rx forums for managing serial records. If the 
LED is on, it transmits a virtual 1, if it off transmits a zero. The LEDs may be switched on and stale very 
quickly, which offers first-class possibilities for transmitting records. Hence all that we required is a few LEDs 
and a controller that codes records into the one’s LEDs.On one-cease all of the records at the net might be 
streamed to a lamp motive force while the led is became at the microchip converts the virtual records in the 
shape of mild. A mild-touchy device (photodetector) gets the sign and converts it again into authentic records. 
This approach of the usage of speedy pulses of mild to transmit records wirelessly is technically called 

Visible light communication 

 
Fig 11:Hard ware setup implementation 
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RESULT & DISCUSSION 

 
Fig 12:Data trasnsfer from PC to PC 

This paper developed a data transmission system between two PCs based on Li-Fi technology that utilizes two 
Arduino UNO boards,  one at  the  transmitter part and  another at  the receiver  part. This paper developed a 
data transmission system between two PCs based on Li-Fi technology that utilizes two Arduino 

UNO boards,  one at  the  transmitter part and  another at  the  receiver  part. This paper developed a data 
transmission system between two PCs based on Li-Fi technology that utilizes two Arduino UNO boards,  one at  
the  transmitter part and  another at  the receiver  part. This paper developed a data transmission system between 
two PCs based on Li-Fi technology that utilizes two Arduino UNO boards,  one at  the  transmitter part and  
another at  the receiver  part. his paper developed a data transmission system between two PCs based on Li-Fi 
technology that utilizes two Arduino UNO boards,  one at  the  transmitter part and another at  the receiver  par  

This paper developed a PC to PC data transmission system based on Li-Fi technology that utilizes two Atmega8 
IC one on transmitter side another one on receiver side. After the experiment was conducted the data 
transmission rate is not affected up to 15 cm distance. If the distance increased, this leads to the data 
transmission with noise. 

CONCLUSION 
Quite glaringly improvement in studies on Light Fidelity will screen that it will be had to each person with 
inside the coming times. This era will advantage most or maybe in VC a navy sectors for its beneficial aid in 
secured verbal exchange. A top-notch exchange in regular lifestyles on each component will display if the Li-Fi 
era supersedes Wireless Fidelity and exceptional broadband connections. While Li-Fi has many blessings, 
information provides us one-of-a-type exposure to factors elements, and statistics delivered at a totally rapid 
rate, which is this technology's largest challenge.. LI-Fi is a quick and reasonably priced wireless 
communication technique. There is a developing call for higher bandwidths, faster, and additional comfortable 
statistics transmission further to environmental and simply human pleasant is all fulfilled with the aid of using 
the Li-Fi 
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ABSTRACT 
The aim of the study is to synthesize different concentrations (2,4,6 and 8%) of cerium doped tin oxide 
nanoparticles (Ce-SnO2 NPs) using Ipomoea carnea flower extract and evaluation of its antimicrobial activity. 
The prepared samples have been investigated by UV spectrum, Powder XRD pattern, SEM, TEM and EDAX 
analysis. From the XRD pattern of different concentrations (2, 4, 6, and 8%) of Ce-SnO2 NPs grain size in the 
range of 31.28 to 40.03nm. TEM, SEM and EDAX for various concentrations confirmed the surface 
morphology of SnO2 nanoparticles. The antimicrobial activities of cerium doped tin oxide nanoparticles (Ce-
SnO2 NPs) were studied against bacteria and fungi using the standard disc diffusion method. The different 
concentrations (2, 4, 6, and 8%) of Ce-SnO2 NPs tested against Escherichia coli, Bacillus subtilis 
Staphylococcus aureus, Pseudomonas aeruginosa and Candida albicans. The antimicrobial activity was 
increased directly proportional to the concentration-dependent manner. Experimental results demonstrated that 
8% Ce doped tin oxide nanoparticles (Ce-SnO2 NPs) exhibited the minimized nanoparticle size and maximum 
antimicrobial effect compared to other concentrations of Ce-SnO2 nanoparticles. 

Keywords:  Ipomoea carnea flower, Cerium doped tin oxide nanoparticles, Characterization, Antimicrobial 
activity 

INTRODUCTION 
Nanotechnology, abbreviated as nanotech is the intriguingly emerging modern technology that involves the 
manipulation of bulk materials into nanosized materials ranging from 1 to 100 nm. Nanotechnology 
encompasses almost all the domains known to mankind, it is physics, chemistry, human biology, genetics, 
energy sciences, food industry, electronics, aviation, medicine or any other field of scientific research [1]. The 
scaling down of the size of materials increases its surface to volume ratio, thereby bringing about novel 
physical, biological, chemical, electrical, and optical properties to the material. These properties of 
nanomaterials and nanoparticles have led to their versatile applications. Thus, nanotechnology produce 
materials with light weight, higher screening, better electrical conductivity, more strength, more durability, and 
better reactivity with other significant traits [2]. 

Nanoparticles have been long known for their antimicrobial behavior against gram-positive and gram-negative 
bacteria pathogens, and other [3[. Metal oxide nanoparticles serve as antimicrobial agents owing to their large 
surface area [4]. Out of several metal oxide nanomaterials, scientists have more interest in SnO2 nanoparticles 
because of their novel properties such as high chemical stability, high transparency, and low electrical sheet 
resistance, etc. [5,6]. The modified SnO2 also has great technical and scientific interests because of its diverse 
applications, e.g., transparent conducting electrodes, gas sensors, as electrodes in lithium-ion batteries, 
electronic devices, dye-based solar cells, H2 generation, etc. [7-9,1]. Other than these applications, SnO2 has 
been seeking attention as an antimicrobial agent and has played an essential role against the growth of various 
bacterial strains like Staphylococcus aureus, E. coli [10]. This work involves the synthesis and characterization 
of Ce doped SnO2 nanoparticles using Ipomoea carnea flower and evaluates its antimicrobial activity against 
microbes. 

EXPERIMENTAL METHODS 

Collection of Materials 
The flower of Ipomoea carnea was collected in January 2019 from Poondi, Thanjavur District, Tamil Nadu, 
India. Tin (II) chloride hexahydrate, sodium hydroxide, distilled water and ethanol were purchased from Merck 
chemical co private limited. 

Preparation of Alcoholic Extract 
Fresh Ipomea carnea Leaf were cut and washed with distilled water. The extraction procedure was as follows: 
10g of Leaf was added to 100mL of ethanol and soaked for 24h. The obtained extraction was filtered using 
Whatman No.1 filter paper and the filtrate was collected and stored at room temperature for further usage. 
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Synthesis of Cerium Doped Tin Oxide Nanoparticles 
For the preparation of Cerium doped  Tin Nanoparticles, 100ml of 0.1M Tin (II) chloride dihydrate 
(SnCl2.2H2O) solution and different atomic percentage of ammonium ceric nitrate was added with 100ml of I 
carnea Flower extract, we get the Ash colour solution. This solution was stirred constantly at room temperature 
for 4 hours. The colloidal particles dried at hot air oven at 800c for one hour. Further the precipitate was 
calcinated at 3500c for 3hours. The synthesised nanoparticles further characterized by  UV spectrum, XRD, 
SEM, TEM and EDAX. 

Determination of Anti-Bacterial Activity 
The antimicrobial activity was performed by disc diffusion method followed by NCCLS [11] and Awoyinka et 

al., [12]. Antibiogram was done by disc diffusion method using test sample. Petri plates were prepared by 
pouring 30 ml of NA medium for bacteria. The test organism was inoculated on solidified agar plate with the 
help of micropipette and spread and allowed to dry for 10 mints. The surfaces of media were inoculated with 
bacteria from a broth culture. A sterile cotton swab is dipped into a standardized bacterial test suspension and 
used to evenly inoculate the entire surface of the Nutrient agar plate. Briefly, inoculums containing of bacterial 
strains Staphylococcus aureus (MTCC 3160), Bacillus subtilis (MTCC 441), Escherichia coli (MTCC 732) 
Pseudomonas aeruginosa (MTCC 1035) and Candida albicans (MTCC 183) were spread on Nutrient agar 
plates. Using sterile forceps, the sterile filter papers (6 mm diameter) containing each 20μl of samples were laid 
down on the surface of inoculated agar plate. The plates were incubated at 37 ºC for 24 h for bacteria and 48hrs 
for fungi. Each sample was tested in triplicate. 

RESULTS AND DISCUSSION 

UV Spectrum studies 
The nanoparticles were primarily characterized by UV–Visible spectrophotometer, which proved to be a very 
useful technique for the analysis of nanoparticles. It is commonly accepted that size and shape-controlled 
nanoparticles in aqueous suspensions are examined by UV–Vis spectroscopy. In the UV–Vis spectra of the 
reaction mixture of different concentrations of (2, 4, 6 and 8%) of Ce doped SnO2 nanoparticles, the peak was 
observed at 338nm. A similar report was observed by Mani Bharathi et al [13] who reported the peak at 340nm 
in 2 and 4% of Ce doped SnO2. 

 
Figure 1 UV visible spectrum of different concentrations of (2, 4, 6 and 8%) of cerium doped tin oxide 

nanoparticles (Ce-SnO2 NPs) 

X ray diffraction study 
The Powder X-ray direction pattern of the synthesized Ce doped SnO2 nanoparticles has been shown in the 
Figure 2. It shows a structure with tetragonal symmetry space group] and shows clear reflection at (110), (111), 
(200), and (211) crystallographic planes corresponding to JCPDS file no. 41-1445  [14, 15]. The absence of any 
other characteristic peaks rule out possibilities of impurities or other species within the lattice represents high 
phase purity.  The Grain crystalline size D can be calculated by using the Scherer’s equation (i.e.,)D= kλ/(ß 
cosθ), where ‘k’ is the shape factor, ‘λ’ is the wavelength of x-rays used, ß is the full width at half maximum of 
the prominent Bragg peak and θ is the Bragg angle. From the small crystalline size indicated the presence of 
broad peaks. When the increasing the dopant level of Ce, it in indicates that the intensity level CeO2 peaks also 
increased, it’s shows that, the peak shifted towards the higher angle. The crystallite size of the different 
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concentrations (2, 4, 6 and 8%) of Ce doped SnO2 samples were calculated. When the concentration of doped 
increases the grain sizes also decreased. Crystallite size of different concentrations (2, 4, 6 and 8%)  Ce doped 
SnO2 nanoparticles are shown in the Figure 1 and Table 1 to 4. 

 
Figure 2 X-ray diffraction (XRD) analysis of different concentrations of (2, 4, 6 and 8%) of cerium doped tin 

oxide nanoparticles (Ce-SnO2 NPs) 

Table 1 The grain size of Cerium doped Tin oxide (2%) nanoparticle 

2θ of the intense 
peak (deg) 

Miller indices 
(hkl) 

θ of the intense 
peak (deg) 

FWHM of intense 
peak (β) radians 

Size of the particle 
(D) nm 

31.57 110 15.785 0.2755 29.8065 
38.89 111 19.445 0.3393 29.4146 
45.07 200 22.535 0.3933 23.9948 
56.19 211 28.095 0.4903 17.6199 
66.23 300 33.115 0.5779 116.7424 
75.32 311 37.66 0.6572 12.3974 

Average nanoparticle size 40.0338 

Table 2 The grain size of Cerium doped Tin oxide (4%) nanoparticle 

2θ of the intense 
peak (deg) 

Miller indices 
(hkl) 

θ of the intense 
peak (deg) 

FWHM of intense 
peak (β) radians 

Size of the particle 
(D) nm 

31.74 110 15.87 0.276984 29.9002 
45.25 111 22.625 0.394882 25.31412 
56.39 210 28.195 0.492097 16.36885 
66.23 211 33.115 0.577967 109.5316 
75.32 220 37.66 0.657293 12.28328 

Average nanoparticle size 38.679 

Table 3 The grain size of Cerium doped Tin oxide (6%) nanoparticle 
2θ of the intense 

peak (deg) 
Miller indices 

(hkl) 
θ of the intense 

peak (deg) 
FWHM of intense 
peak (β) radians 

Size of the particle 
(D) nm 

31.69 110 15.845 0.276548 29.78852 
39.01 111 19.505 0.340427 29.65407 
45.29 200 22.645 0.395231 25.69685 
56.17 211 28.085 0.490177 16.61386 
66.34 220 33.17 0.578927 76.88853 

Average nanoparticle size 35.728 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

329 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

Table 4 The grain size of Cerium doped Tin oxide (8%) nanoparticle 

2θ of the intense 
peak (deg) 

Miller indices 
(hkl) 

θ of the intense 
peak (deg) 

FWHM of intense 
peak (β) radians 

Size of the particle 
(D) nm 

31.77 200 15.885 0.277246 29.97918 
45.47 210 22.735 0.396802 27.71893 
56.37 220 28.185 0.491922 16.382 
65.57 310 32.785 0.572208 69.94054 
75.09 320 37.545 0.655285 12.42126 

Average nanoparticle size 31.288 

SEM and TEM analysis 
The scanning electron microscope (SEM) uses a focused beam of high-energy electrons to generate a variety of 
signals at the surface of solid specimens. The signals that derive from electron-sample interactions reveal 
information about the sample including external morphology (texture), chemical composition, crystalline 
structure and orientation of materials making up the sample. SEM is used for morphological characterization of 
different concentrations (2,4,6 and 8%) of Ce-SnO2 NPs and represent in figure 3. It is limited in some 
morphological analysis because it produces limited information regarding the true population and average size 
distribution. SEM analysis showed the ranges from 31.56 – 56.53 nm and the average particles size were found 
to be 56.53 ± 12.96nm for 2% Ce-SnO2 NPs, 52.13 ± 9.54nm for 4% Ce-SnO2 NPs, 44.37 ± 11.21nm for 6% 
Ce-SnO2 NPs and 31.53 ± 8.39nm for 8% Ce-SnO2 NPs. 

Transmission electron microscopy (TEM) is a microscopic technique whereby a beam of electrons is 
transmitted through an ultra-thin specimen TEM is regarded as the best among other electron microscopy 
techniques for the determination of morphological identities of Ce-SnO2 NPs. Transmission electron 
microscopy (TEM) is a microscopic technique whereby a beam of electrons is transmitted through an ultra-thin 
specimen. TEM analysis (Figure 4) showed the tetragonal nature of the nanoparticles in both methods.  Most  of  
the  nanoparticles  gathered  and  only  a little  of  them  were  dispersed  when observed  under  SEM.  The Ce 
doped SnO2 NPs yields were comprised of abundant consistent nanostructured agglomerated particles. In 
accumulation, the circulation of NPs with the superficial of SnO2 NPs is clear. The present study agrees with an 
earlier report by Bhawna et al. [1] who observed tetragonal symmetry. 

 
Figure 3 SEM analysis of different concentrations of (2, 4, 6 and 8%) of cerium doped tin oxide nanoparticles 

(Ce-SnO2 NPs) 
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Figure 4 TEM analysis of different concentrations of (2, 4, 6 and 8%) of cerium doped tin oxide nanoparticles 

(Ce-SnO2 NPs) 

EDX ANALSYSIS 
Figure 5 spectacles the EDX spectrum of different concentrations (2, 4, 6 and 8%) of Ce doped SnO2 and 8% of 
Ce doped SnO2 NPs which leak the incidence of (O, C, Sn and Ce) elements in the corresponding samples. 
Furtherly, no impurity peak was identified, hence it has been recognized that Ce ions consume excellently 
imported the Sn in the SnO2 lattice, which specifies the clearness of related composition. Even so, the uniform 
distribution nature was accessible in the essence of Sn, O and Ce species remained established. Table 5 
represents EDX elemental analysis showing the atomic percentage of different concentrations of Ce doped 
SnO2. The cerium atomic percentage was directly proportional to the concentrations. Present study agreement 
with Mani Bharathi et al (2017) [13]who reported the similar reports in 2 and 4% Ce doped SnO2. 

 
Figure 5 EDX analysis of different concentrations of (2, 4, 6 and 8%) of cerium doped tin oxide nanoparticles 

(Ce-SnO2 NPs) 

Table 5 Atomic percentage of different concentrations of (2, 4, 6 and 8%) of cerium doped tin oxide 
nanoparticles (Ce-SnO2 NPs) 

 
Elements 

Ce-SnO2 NPs 
2% 4% 6% 8% 

O (L) 80.65 72.24 60.78 54.14 
Ce (L) 1.58 3.98 5.45 7.28 
Sn (L) 15.25 21.64 26.73 32.95 
C (K) 2.52 2.14 7.04 5.63 
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ANTIMICROBIAL ACTIVITY 
The antimicrobial actions of concentrations (2, 4, 6 and 8%) of Ce-doped SnO2 NPs were verified via agar disc 
diffusion method against strains Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas 

aeruginosa and Candida albicanss. The antimicrobial effectiveness was scrutinized from the zone of inhibition 
(ZOI) established around the sample areas. Figure 6 displays the pictures of ZOI established around the 
obtained samples, and reliable values are charted in Table 5. All the Ce-doped SnO2 NPs illustrate improved 
bacteriological and fungal retardant performance equated to the pristine sample besides the experienced 
pathogenic microbes. The inadequate antibacterial and antifungal movement detected for the pristine Ce SnO2 
NPs might be owing to its short diffusivity which inhibits the interface between the nanomaterials and microbial 
kinds [16]. Among the tested gram-positive and negative bacteria, a gram-positive bacterium attains a higher 
degradation efficiency than gram-negative bacteria.  It is reported that gram-positive bacteria attain a higher 
inhibition zone than gram-negative bacteria due to the variation in the cell membrane of the bacteria. The 
heightened antimicrobial efficacy detected for the 8% of Ce doped SnO2 NPs might be owed to the contact amid 
their amended shells and microbes owing to adsorption-desorption and also chemical/physical capabilities. 

Owing to the enriched gathering of 8% of Ce doped SnO2 NPs on the superficial of the microbes, the 
cytoplasmic phospholipid cell membrane interruption takes place triggering the cell death [17]. It has fine 
identified that reactive/regenerative oxygen species (ROS) are being fashioned once the NPs enter the cell 
barrier of microbes owing to their surface response on the cell wall exterior. The ROS kinetics of hydrogen 
peroxide (H2O2), superoxide radical anions (°O2-), (°OH) hydroxyl radicals and organic hydroperoxides source 
react with cell damage owing to the oxidative strain on the wall of the cell membrane [18]. The augmented 
steadiness and diminished crystallite size might furthermore be the potential object for the improved 
antimicrobial action of the Ce doped SnO2  NPs.  The observed result shows that on increasing the 
concentration of Ce doped SnO2 nanoparticle in the bacterial and fungal broth an increase in the inhibition zone 
was achieved which suggest the good antimicrobial activity of the as-synthesized Ce doped SnO2 nanoparticles. 

 
Figure 6 Antimicrobial activity of different concentration of (2, 4, 6 and 8%) of cerium doped tin oxide 

nanoparticles (Ce-SnO2 NPs) and tin oxide (SnO2) 

Table 6 Antimicrobial activity of different concentrations of (2, 4, 6 and 8%) of cerium doped tin oxide 
nanoparticles (Ce-SnO2 NPs) and tin oxide (SnO2) 

Bacterial and fungal name Sn02 
(mm) 

2% 
Ce+SnO2 

4% Ce+SnO2 

(mm) 
6% Ce+SnO2 

(mm) 
8% Ce+SnO2   

(mm) 
E.coli [G (-)] 6 ± 0.0 10 ± 0.05 13 ± 0.02 15 ± 0.02 19 ± 0.02 

Staphylococcus aureus [G (-)] 8 ± 0.02 10 ± 0.02 15 ± 0.03 17 ± 0.02 18 ± 0.02 
Pseudomonas aeruginosa [G(+)] 5 ± 0.02 12 ± 0.05 15 ± 0.02 18 ± 0.02 22 ± 0.01 

Bacillus subtilis[G(+)] 8± 0.02 10 ± 0.05 12 ± 0.02 18 ± 0.02 23 ± 0.03 
Candid albicancs 

(Fungal) 
2 ± 0.02 5± 0.02 10 ± 0.02 12 ± 0.02 14 ± 0.01 

Values are expressed as Mean ±SD for triplicates 
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CONCLUSION 
Economical synthesis of Ce doped SnO2 nanoparticles were prepared by using Ipomoea carnea flower extract. 
From, the XRD pattern studies identified a structure with a tetragonal symmetry space group (JCPDS card no: 
41-1445). The results of nanoparticle size were decreased due to the concentration of dopant increases. The 
SEM, TEM and EDAX studies confirm the presence of Ce doped SnO2 nanoparticles. The antimicrobial activity 
of different concentrations (2, 4, 6 and 8%) of Ce doped SnO2 showed a concentration-dependent manner. 
These nanomaterials could be used against bacterial and fungal infection mediated diseases. 
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ABSTRACT 
The HVAC (Heating ventilation and air conditioning) industry is constantly innovating to reduce the GWP 

(Global warming Potential). It is the need of the hour that HVAC professionals look for greener alternatives 
since the industry is mainly dominated by the VCR system. Handling of the latent load in any cooling 
application is a major concern. Solid desiccants which are hygroscopic substances can efficiently handle latent 
load and can prove to be a viable option to remove moisture. Desiccant technology over the years has 
progressed extensively. This paper presents the latest advances in the field of solid desiccant dehumidification 
which can be applicable to HVAC. The past decade has seen a lot of advances in the utilization of solid 
desiccants. This review covers the vast area in which solid desiccants are utilized, how the related technology is 
getting better by the day. 

INTRODUCTION 
Solid desiccant base air conditioning systems are gaining popularity especially in areas dealing with high latent 
load. Studies by(Dhar & Singh, 2001) have shown that for moisture removal, solid desiccant-based hybrid air 
conditioning systems are able to give substantial energy savings as compared to the conventional vapour 
compression refrigeration-based air conditioning systems. Industries handling food production, pharmaceutical 
production, industrial chemicals and goods storage tend to show high dependency on dry air, as it is utilized for 
improving the process, product and conditions(Rambhad et al., 2016).  (Zheng et al., 2014) reviewed the recent 
progress on desiccant materials that can be adopted in Solid Desiccant Cooling (SDC) systems. Focus was given 
to composite desiccants, nanoporous inorganic materials and polymeric desiccants. Adsorption isotherms were 
compared, regeneration ability was also considered for full use of low-grade thermal energy, regeneration 
temperature as low as 40°C was achieved. This paper focuses on the work carried out by various researchers 
utilizing solid desiccants in different ways to dehumidify air. From the review carried out, it is evident that 
some applications of utilizing solid desiccants such as desiccant wheels have been used by most researchers 
whereas use of packed bed have been less explored. Hence this paper draws a comparison between the research 
work carried out by many researchers making use of solid desiccants through different technologies. This paper 
identifies the area which are less explored and provides a road map to novices to carry out research work in less 
ventured areas to efficiently use solid desiccants. 

1. Solar energy in desiccant air conditioning 
(Guidara et al., 2013)developed the design of a solar air conditioning unit coupled with a desiccant dehumidifier 
as shown in Fig. 1. Solar collector was used to produce the water for regeneration. Each component was 
modeled mainly on thermal and mass balances. Simulation was carried out for three climate cases 1) Cold & 
humid 2) Hot & dry 3) Moderate. Results obtained suggested that the solar air conditioner performed 
successfully. 

 
Fig 1.Design of the solar air conditioning unit.[5] 
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(Misha et al., 2015) developed a solar assisted solid desiccant dryer which could work well even at low solar 
radiation. The desiccant wheel made the drying process more effective. In the first stage, the desiccant material 
adsorbed the moisture from the ambient air. A heat exchanger further sensibly heated the dry sir. Solar energy 
was used for regeneration of the desiccant wheel. (Gadalla & Saghafifar, 2016)suggested the two-stage 
desiccant air conditioning system as opposed to the conventional desiccant air conditioning system for 
improved C.O.P. Moreover, the Maisotsenko cooling cycle was also incorporated which resulted in less 
dependency on solar heating. (Misha et al., 2016)used solar energy as primary energy source in a hybrid 
desiccant system assisted by a solar dryer. This resulted in low electrical consumption. The desiccant wheel 
improved the drying air quality with sensible and latent effectiveness of 74% and 67% respectively. A similar 
study was conducted by (Merabti et al., 2017) for Algerian coastal climate, where too, a solar assisted system 
was coupled with a desiccant based evaporative cooling system. The results provided acceptable comfort 
conditions. (Jani et al., 2018b)conducted an extensive literature survey on application of solar energy in hybrid 
desiccant cooling. Comparative analysis of different solar powered desiccant cooling cycle was made. Work 
done by various researchers was compiled. The review highlighted the potential of using solar energy in 
desiccant-based cooling applications. Various researchers (Gadalla & Saghafifar, 2016; Guidara et al., 2013; 
Merabti et al., 2017; Misha et al., 2015, 2016) have conducted successful work and research on the use of solar 
energy in desiccant-based air conditioning. It can be concluded that use of solar energy in desiccant-based air 
conditioning is a viable option and holds potential for development in comparison to the conventional vapour 
compression refrigeration system. 

2. Solid Desiccant technology used in heat pumps 
(Jiang et al., 2013) proposed the use of solid desiccants in heat exchangers used in a heat pump. The 
conventional evaporators and condensers were directly coated with solid desiccant materials. Fin and tube type 
heat exchangers were employed for this task. (Nie et al., 2015) investigated the energy performance of the heat 
pump coupled with a solid desiccant cooling system. (Tu et al., 2013)suggested the use of square plates having 
honey comb structure which should be coated with the desiccant material to be used along with a conventional 
heat pump. The plates change positions for dehumidification and regeneration between the process air duct and 
the regeneration duct respectively. The high temp end of the heat pump was used for regeneration while low 
temperature end was used for cooling the process air. 

3. Solid desiccant in packed bed 
Utilization of solid desiccants in a Solid Desiccants and Air Conditioning system is of prime importance. The 
following researchers have worked on a packed bed solid desiccant system. (Ramzy et al., 2015)proposed the 
intercooling of the desiccant bed as shown in Fig 2. to eliminate the heat of adsorption and increase the 
utilization heat of adsorption and increase the utilization of solid desiccant. The optimum bed length and 
intercooler location depended on the operating parameters. Intercoolers were not recommended for high air flow 
rates. 

 
Fig 2. Physical model of silica gel bed in adsorption mode, (a) conventional and (b) intercooled packed beds. 

[14] 

(Gandhidasan, 2005)used a two tower, solid desiccant dehydrator as shown in Fig 3. The system also consisted 
of a heater to provide necessary heat for regeneration. It was found that the desiccant mass required for 
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dehydration was highly dependent on the operating temperature. Higher the regeneration temperature meant 
lesser quantity of regeneration gas was needed. 

 
Fig 3. Schematic of a two-tower solid desiccant dehydrator (Ramzy et al., 2015) 

Desirable properties of solid desiccants for packed beds (Gandhidasan, 2005; Ramzy et al., 2015). 

1) Large surface area of solid desiccants is desirable for high capacity and high mass transfer rate. 

2) Easy and economical to regenerate. 

3) Packed bed units are sensitive to pressure drop. Hence minimum resistance to gas flow is desirable as this 
can ensure low pressure drop. 

4) High mechanical strength to resist crushing and dust formation. 

5) Solid desiccants must be cost effective, non-corrosive, nontoxic and chemically inert. 

The volume must have minimum or no changes during adsorption and desorption. They must be able to retain 
their strength even when wet. 

(Fatouh et al., 2009)Integrated a packed bed solid desiccant with R407C conventional vapour compression 
refrigeration system and found that the system resulted in reduction in compressor electric power and number of 
electric unit (KWh) by 10.2%. Increase in mass flow rate of regenerated air resulted in reduction in regeneration 
time whereas, increase in the regeneration temperature reduced the regeneration time by almost 25%. The 
schematic of the system is as shown in fig 

 
Fig 4. Schematic diagram of the experimental test rig for packed bed solid desiccant integrated with the R407C 

vapour compression refrigeration system. 
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4. Solid Desiccant wheel 
(Panaras et al., 2007)proposed a methodology using a case study of a solar desiccant air conditioning system 
applied to a residential building. By using this methodology, he was able to define the attainable working range 
for comfort air conditioning. 

4.1 Desiccant wheel rotation (Eicker et al., 2012)conducted experimental investigation on different 
commercially available desiccant wheels and found that the optimal rotational speed to be lower for lithium 
chloride rotors in comparison to silica gel rotors. (Angrisani et al., 2013)studied the wheel rotation and its effect 
on the performance of the desiccant-based system. It was found that if the wheel rotated too fast, the desiccant 
was not able to adsorb the moisture similarly in case of too slow rotation, possibility of saturation increased. 
(Zendehboudi, 2016)Six desiccant wheels with diameters 44cm, 55cm and 77cm using silica gel and molecular 
sieve desiccants under different conditions were experimentally evaluated. Process outlet temperature, 
dehumidification effectiveness, moisture removal capacity, sensible energy ratio, and regeneration specific heat 
input effectiveness were examined as functions of regeneration temperature, volume flow rate and rotation 
speed at different wheel diameters and materials. 

4.2 Active and Passive desiccant wheels (Nóbrega & Brum, 2012)conducted a comparative study on the roles 
played by heat and mass transfer in passive and active adsorptive air dehumidification. The passive desiccant 
wheels were usually applied as an energy saving technique for vapour compression cooling systems, reducing 
the load on the cooling coil from handling the humidity of outside ventilation air stream. While the active 
desiccant wheels were made to facilitate a thorough dehumidification of outside ventilation air. 

4.3 Non adiabatic desiccant wheel  (Narayanan et al., 2013) The conventional desiccant wheels have a major 
setback, excessive heating of the supply air and desiccant during the dehumidification process. This increases 
the partial pressure of the water vapour on the desiccant material, resulting in less amount of moisture removal 
from the air. To battle this problem , a non-adiabatic wheel design was investigated. This wheel consisted of an 
internal heat transfer structure with alternative channels for dehumidification and for indirect cooling of the 
dehumidification process. 

4.4 Regeneration methods applied in desiccant wheels (Guidara et al., 2013)proposed a system consisting of 
a solar thermal collector to produce hot air which could be used for regeneration of the desiccant wheel. 
Mathematical models based on thermal mass balance was developed for the proposed system. (Misha et al., 
2015)developed a system which used solar energy to heat water with the help of a solar collector. Two heat 
exchangers transferred heat to the air, which was later utilised to regenerate the desiccant wheel.(Chen et al., 
2015) To regenerate a silica gel/polymer composite desiccant wheel, it was suggested that heat from a heat 
pump be used as the heat source at 40 – 50 0C. The heat pump's adsorption heat was utilised to dehumidify the 
processed air by condensing it, resulting in a high relative humidity situation that aided the desiccant wheel's 
functioning. 

5. Regeneration using Electro Osmosis 
(Li et al., 2012) Highlighted the potential of Electro -osmosis based regeneration for solid desiccants, 
specifically for dehumidification systems in HVAC. Sufficient mass flow was obtained for water removal rate 
inside the solid desiccant array with 20 V DC voltage on the installed electrodes. (Qi et al., 2010)Emphasised on 
the potential of Electro osmosis regeneration method for the solid desiccant system. By the help of detailed 
experimental validation, he investigated the possibility and performance of a novel electro-osmotic regeneration 
method for solid desiccant system. Where the system could adsorb the water from the moist air and be 
regenerated by the electro osmotic force at the same time. (Qi et al., 2011)observed that electro-osmotic 
regeneration for the solid desiccant had many merits such as regeneration without the heat source; energy-
saving and simple structure. In this paper; four possible improvement methods were investigated 
experimentally; including changing the material of anode; changing layout of cathode; applying the interrupted 
power and optimizing the electrical field strength. 

6. Artificial Neural Network  (Koronaki et al., 2012)The neural network model was developed to examine the 
performance of an air conditioning system which used silica gel desiccant wheel, conventional heat pump and 
heat exchangers to improve the outlet air of the system. The accuracy and the feasibility of the method was 
verified and showed good agreement with ANN model outputs and measured data. (Jani et al., 2016b)developed 
an artificial neural network (ANN) to predict the performance of a rotary desiccant dehumidifier for varying 
inlet air conditions. Test results of the experiments conducted were used as target data to train the ANN model. 
Close agreement was observed between the experimental test results and the predictions by the ANN model. 
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7. Composite Desiccant Utilization (Rajamani et al., 2017)discusses one step approach to synthesize a 
nanostructured desiccant. It mainly consisted of biopolymer template, metal oxyhydroxide and a lyophilic metal 
salt. The solid composite displayed good adsorption capacity, low regeneration temperature and ecofriendly 
nature. (Zheng et al., 2016)studied the important features of silica gel- LiCl composite desiccant. Composite 
desiccant was coated on aluminium sheets and fabricated for experimental investigation in heat exchangers. 

(Zheng et al., 2015) investigated composite desiccant which was produced by impregnating LiCl into pores of 
activated carbon and activated carbon fibre. Its performance was investigated for its application in desiccant 
coated heat exchangers. 

8. Exergy Analysis (Lior & Al-Sharqawi, 2005) presented an exergy analysis of the water vapor adsorption 
process in a desiccant air stream system, for laminar humid air flow over a desiccant flat bed with constant and 
variable properties, as well as in a desiccant-lined channel, and for turbulent humid air flow in such a channel, 
for different turbulence intensities. (Tu et al., 2015) This paper investigates the performance of desiccant 
dehumidification and cooling systems. Six types of systems (systems A–F) were studied based on a theoretical 
inquiry. It was noted that the performance reduced as the system changed from being reversible to irreversible. 
The performance of system E, which consisted of a desiccant wheel, an actual heat recovery exchanger, and an 
actual single-stage heat pump, represented the relatively high standards that actual systems can achieve. 

 
Fig 5. The above chart shows the magnitude of research done by different scholars in the respective fields using 

solid desiccants. 

The following table 1 indicates the use of different techniques used for dehumidification and regeneration 
by different researchers 

Sr 
No 

Year Author 
Technique used for 
dehumidification & 

regeneration 

Sr 
No 

Year Author 
Technique used for 
dehumidification 

&regeneration 

1 2001 (Gandhidasa
n, 2005) Packed bed 18 2016 (Jani et al., 

2016c) Desiccant Wheel 

2 2007 (Panaras et 
al., 2007) Desiccant Wheel 19 2016 (Misha et al., 

2016) Desiccant Wheel 

3 2009 (Fatouh et 
al., 2009) Packed bed 20 2016 (Tu et al., 

2016) Desiccant Wheel 

4 2011 (Panaras et 
al., 2011) Desiccant Wheel 21 2016 (Zendehboudi

, 2016) Desiccant Wheel 

5 2012 (Eicker et 
al., 2012) Desiccant Wheel 22 2017 (Fong & Lee, 

2018) Desiccant Wheel 

6 2012 (Nóbrega & 
Brum, 2012) Desiccant Wheel 23 2017 (Fong & Lee, 

2018) Desiccant Wheel 

7 2013 (Angrisani et 
al., 2013) Desiccant Wheel 24 2017 (Goodarzia et 

al., 2017) Desiccant Wheel 

8 2013 (Guidara et 
al., 2013) Desiccant Wheel 25 2017 (Jani et al., 

2017) Desiccant Wheel 
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9 2013 (Narayanan 
et al., 2013) Desiccant Wheel 26 2017 (Narayanan, 

2017) Desiccant Wheel 

10 2015 (Guan et al., 
2015) Desiccant Wheel 27 2018 (Higashi et 

al., 2018) Desiccant Wheel 

11 2015 (Intini et al., 
2015) Desiccant Wheel 28 2018 (Jani et al., 

2018a) Desiccant Wheel 

12 2015 (Misha et al., 
2015) Desiccant Wheel 29 2018 (Jani et al., 

2018c) Desiccant Wheel 

13 2015 (Tu et al., 
2015) Desiccant Wheel 30 2018 (Jani et al., 

2018b) Desiccant Wheel 

14 2015 (Ramzy et 
al., 2015) Packed bed 31 2018 (Tu et al., 

2018) Desiccant Wheel 

15 2016 (Chen et al., 
2016) Desiccant Wheel 32 2018 (Zendehboudi 

et al., 2018) Desiccant Wheel 

16 2016 (Jani et al., 
2016a) Desiccant Wheel 33 2018 (Zhou et al., 

2018) Desiccant Wheel 

17 2016 (Jani et al., 
2016b) Desiccant Wheel  

The following table 2 indicates the use of different techniques for regeneration implemented by different 
researchers 

Sr 
No 

Year Author 
Heat utilization 
for regeneration 

Sr 
No 

Year Author 
Heat utilization 
for regeneration 

1 2010 (Qi et al., 2010) Electro- osmosis 8 2015 (Misha et al., 
2015) Solar Energy 

2 2011 (Qi et al., 2011) Electro- osmosis 9 2016 (Misha et al., 
2016) Solar Energy 

3 2012 (Li et al., 2012) Electro- osmosis 10 2016 (Wang et al., 
2016) Solar Energy 

4 2013 (Guidara et al., 
2013) Solar Energy 11 2016 (Gadalla & 

Saghafifar, 2016) Solar Energy 

5 2013 (Jiang et al., 
2013) Heat Pump 12 2017 (Merabti et al., 

2017) Solar Energy 

6 2013 (Tu et al., 2013) Heat Pump 13 2017 (Tu et al., 2017) Heat Pump 

7 2014 (Nie et al., 
2015) Heat Pump     

9. CONCLUSION 
From the review conducted it can be concluded that use of solid desiccants is gaining popularity for applications 
where there is a need for dehumidification. Relatively considerable amount of research has been conducted on 
solar assisted solid desiccant cooling systems. Desiccant wheels have been extensively used for 
dehumidification and regeneration of solid desiccants. However, a huge potential lies in the utilization of 
packed desiccant beds also, for the process of dehumidification and regeneration which can be further explored. 
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ABSTRACT 
Aging is a natural phenomenon that affects the entire physiology of an organism. It is the accumulation process 
of diverse detrimental changes in the cells and tissues with advancing age. The main cause of aging is repeated 
exposure on UV radiation and excessive formation of free radicals. Today every human being wants to post-
pone his/her aging and different theories have been given from time to time for aging. Regarding this many 
products are present in the market, including synthetic as well as a natural molecule. Nowadays it is 
recommended to highly involved in the anti-aging properties of phytochemicals of natural origin. This is 
because these phytochemicals have less side effects comparison with synthetic one and are more easily trustable 
to human beings. Thus, the maintenance of antioxidant homeostasis and the suppression of adipose 
accumulation are important strategies for anti-aging. Objective of the study to analysis physicochemical, 
phytochemical and to evaluate in vitro antioxidant properties of ethanolic extracts of Ananas comosus (L.). The 
present study was efficiently involved in assaying anti-aging activity of Ananas comosus (L.) a member of 
Bromeliacecae, is a fruit that might have therapeutic properties. Methods: Preliminary phytochemical analysis 
and quantitative phytochemical analysis for alkaloids, phenol, flavonoids, and saponins were made by following 
standard procedures. In vitro antioxidant properties were evaluated by assessing 2,2-diphenyl-1-picrylhydrazyl 
(DPPH); 2,2ʹazinobis (3ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) radical scavenging 
abilities and assaying the reducing power. The results show that highest DPPH radical scavenging activity (60% 
inhibition) and IC 50 Value 890 µg/ml, the highest ABTS radical scavenging activity (67.1% inhibition) IC 50 

Value 400 µg/ml. With increasing concentration (100 to 1000 µg), the reducing power of fruit extracts also 
increased. correlation of their antioxidant activities with phenolic, flavonoid content in Ananas comosus (L.) 
fruit extract explains high radical scavenging activity and potential antiaging activity. 

Keywords: aging, anti-aging, ananas comosus, physicochemical, phytochemical, Antioxidant. 

INTRODUCTION 
Aging is a complex process which involves all the layers of the epidermis and dermis. Internal and external 
factors influence this process. The most important external factor in skin aging is UV radiation, which causes 
photoaging of the skin. The free radicals that are formed as a result of the UV radiation cause the degradation of 
unsaturated lipids of the intercellular cement, gaps in the lipid barrier of the skin and changes in the structure of 
fibrillar proteins–collagen and elastin. The internal factors that cause changes in the skin structure are primarily, 
physiological disorders in the rate of epidermis exfoliation, inhibition of tissue regeneration, and inhibition of 
tissue growth and differentiation processes. 

PREMATURE AGING 
The two distinct types of aging that exist may be due to genetic inheritance implicated in intrinsic (internal) 
involving cellular senescence and extrinsic (external) aging, such as photoaging. A consequence of both 
however is the production of free radicals at whose door the blame is laid for the loss of skin elasticity; one of 
the classical aging characteristics.Skin firmness and elasticity is mainly contributed to by elastin. A dermal 
protein which is a constituent of the connective tissue (CT). 

Over time, the metabolism of the CT proteins slows down accompanied by an increase in enzymatic activity, 
particularly elastase, which breaks down elastin. One way to prevent such a loss of elasticity is to use active 
ingredients that are able to inhibit these enzymes and we concentrated on evaluation of the anti-elastase activity. 
Another molecule of interest is the antioxidant which functions by contributing an additional oxygen molecule 
to free radicals. In the absence of antioxidants, the free radicals will acquire an oxygen molecule from another 
biological molecule and this leads to tissue damage and eventually to skin aging. (Widowati W et al., 2016) 

Aging may be induced by both endogenous factor (reactive oxygen species, H2O2, Lipid peroxidation) and 
exogenous factors (alcohol intake, pollution, radiation). 
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ANTI-AGING 
Anti-aging, which is primarily targeted to replenish new skin cells. Antiaging is the process of slowing down 
and eventually reversing the effects of aging. Anti-aging can be treated by various herbal products and 
medicines and are effective in preventing many age-related diseases. 

Aging can be prevented by scavenging free radicals. The excessive free radicals like NO can be reduced by 
escalating antioxidant intake through food or supplements. Many compounds in plants have been identified 
as free radical or active oxygen scavengers Furthermore, the other way to retard aging is inhibiting 
collagenase and elastase activities. As collagenase and elastase increase significantly with age, inhibiting 
their activities may retard skin aging without interfering their abilities to breakdown damaged skin 
components. In other words, the use of inhibiting agents helps restore the balance that the skin possessed 
when it was younger. (Sri Utami et al., 2018) 

 

Medicinal plants have several phytoconstituents such as polyphenols, alkaloids, tannins, saponins, 
carotenoids, and terpenoids which possess antioxidant properties and can be used in treating the signs of 
aging. Some plants contain phenolic compounds which have free-radical scavenging property and can 
suppress aging. An antiaging agent by neutralizing free radicals, used in the treatment of wrinkles, aging, 
diabetes mellitus, kidney problems and cancer. The phenolic constituent allylpyrocatechol from the leaves 
showed activity against obligate oral anaerobes responsible for halitosis and antioxidant activity. (Chanchal 
Garg et al., 2017) 
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Ananas comosus protect against the cardiovascular diseases includes disorder of blood vessels, heart attack, 
stroke, hypertension. 

1. It promotes bone growth and strengthens bones due to presence of sufficient amounts of manganese, a 
mineral considered responsible for healthy bones and connective tissues. 

2. Pineapple has been shown to be an effective treatment in upper respiratory tract infections by suppressing 
coughs and reducing the thickness of mucus. 

Pineapple contains bromelain, which is a mix of enzymes can reduce inflammation and nasal swelling, and also 
aid in the healing of wounds and burns. It’s also been linked to helping improve digestion and to treat digestive 
disorders, reduces the effect of diarrhea. 

MATERIALS AND METHODS: 

COLLECTION OF PLANTS: 
The plant source selected for the study was Ananas comosus (L.) is belong to the family Bromeliaceae the 
fruit were collected in a local market. Fresh juice of pineapple was lyophilized for five days. The lyophilized 
powder was taken for the antioxidant and antiaging activity. 

EXTRACTION OF Ananas comosus (L.): 
Twenty grams of lyophilized fruit powder were soaked in 80ml of 95% ethanol in sterilized bottle and kept in 
fume hood chamber for overnight. The ethanol fraction was separated using sterilized cheesecloth and filtered 
through sterilized Whatman filter paper (No.3). Filtered the extract into a tarred evaporating dish and 
evaporated the solvent on a water bath. The residue was dried at 105 ºC to constant weight. The percentage of 
extractive values calculated with reference to the air-dried drug, for ethanol solvent. 

PHYSICOCHEMICAL PARAMETER 
The determination of various physicochemical parameters such as total ash, acid insoluble ash, water soluble 
ash, water soluble extractive value, alcohol soluble extractive value and moisture content were calculated as per 
Indian Pharmacopoeia. (Anonyms., 2001) 

Determination of moisture content 
5g of drug (without preliminary drying) was weighed accurately, in a tarred evaporating dish, dried at 105 ºC 
for 5 hours, and weight. The drying and weighing were continued at one hour interval until difference between 
two successive correspond to not more than 0.25 per cent. When constant weight is reached, the material is 
cooled for 30 minutes in desiccators.  The percentage of moisture content was calculated. 

Determination of Total Ash 
2g of accurately weighed plant drug was incinerated in a silica dish at temperature not exceeding 450 ºC until 
free from carbon and weighed.  The percentage of ash was calculated with reference to the air-dried drug. 

Determination of Acid Insoluble Ash 
The ash obtained from total ash was boiled for 5 minutes with 25 ml of dilute hydrochloric acid. Collected the 
insoluble matter in an ash less filter paper washed with hot water and ignited to constant weight. The percentage 
of ash was calculated with reference to the air-dried drug. 

Determination of Water-Soluble Ash 
The ash obtained from total ash was boiled for 5 minutes with 25 ml of distilled water. The insoluble matter was 
collected in an ash less filter paper, washed with hot water and ignited for 15 minutes at a temperature not 
exceeding 450 ºC. The weight of the insoluble matter subtracted from the weight of the ash, the difference in 
weight represents the water-soluble ash. The percentage of water-soluble ash with reference to the air-dried 
drug was calculated. (Chase CR et al., 1949) 

FLUORESCENCE ANALYSIS 
Fluorescence analysis of the drug was observed under Day and UV light for 24 and 48 hours using various 
solvent extracts as well as treating with acids and alkaline solutions of the drug. The powder was treated with 
neutral solvents like Hexane, Benzene, Chloroform, Ethyl acetate, Alcohol, Acetone and acids like 1N 
Hydrochloric acid, 50%Sulphuric acid and alkaline solutions like aqueous and alcoholic 1N NaOH. (Brindha P 
et al., 1981) 

 

 

https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Bromeliaceae
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DETERMINATION OF EXTRACTIVE VALUES 
2g of the air-dried plant drug macerated with 100 ml various solvent in the order of increasing polarity (Hexane, 
Chloroform, Water, Alcohol, Ethyl acetate, methanol) in a closed flask for 24 hrs frequently shaken during first 
6 hrs and allowed to stand for 18 hrs. Rapidly filtered taking precautions against loss of solvent. Evaporated 25 
ml of filtrate to dryness in tarred flat-bottomed china dish and dried at 105ºC until constant weight is obtained. 
The percentage of soluble extractive calculated with reference to the air-dried drug. 

PRELIMINARY PHYTOCHEMICAL SCREENING   OF PLANT POWDER 
Preliminary phytochemical screenings of various extracts and drug powder were carried out as per the standard 
textual procedure. ( Prashant Tiwari, et al.,2011) 

Test for Saponins: 
The substance was shaken well with water. 

Test for Tannins: 
The substance was mixed with basic lead acetate solution. 

Test for Steroids (Liebermann burchard test) 
The sample was taken in a test tube added few drops of glacial acetic acid, acetic anhydride and 1ml of 
concentrated Sulphuric acid was added along the sides of the test tube. 

Test for Terpenoids (Salkowshi test) 
The substance was warmed with tin and thionyl chloride. 

Test for Flavonoids (Shinado’s test) 
To the substance added alcohol, few magnesium turnings and few drops of concentrated hydrochloric acid and 
boiled for 5 minutes. 

Test for Coumarin 
A small quantity of substance was mixed with few drops of 10% sodium hydroxide. 

Test for Quinones 
The substance was mixed with few drops of concentrated sulphuric acid. 

Test for Lignins 
The substance was mixed with Alcoholic solution of Phloroglucinol and added few drops of concentrated 
Hydrochloric acid. 

Test for Alkaloid 
To the substance few drops of acetic acid was added, followed by Dragendroff’s reagent and shaken well. 

Test for Sugars 
The substance was mixed with anthrone and 1 drop of concentrated Sulphuric acid and warmed gently. 

Test for Phenol 
The substance was mixed with sodium carbonate and folins phenol solution. 

 Quantitative Estimation Of Major Secondary 

Metabolite 

 Estimation of Phenol (Malick Cp Et Al., 2008) 

Estimation of Total Alkaloids (Fergusn Nm, 1956) 

Estimation of Saponins (Hiai S Et Al., 1976) 

Estimation of Total Flavonoids (Suman Chandra Et Al., 2014) 

 Quantitative Estimation Of Primary Metabolites 

Estimation of Carbohydrate (Sathasivam And Manickam., 1992) 

Estimation of Protein (Lowry Et Al., 1951) 

Determination of Crude Fat (Arlington Va Et Al., 1993) 

 Antioxidant Assay: 
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1. DPPH radical scavenging assay (Brand williums et al., 1995) 

2. ABTS radical scavenging Assay (Jain.P.K  et al.,2008) 

3. REDUCING POWER ASSAY (Manmohan Snghal et al., 2011) 

4. COLLAGENASE INHIBITION ASSAY 

5. MTT Assay 

RESULT AND DISCUSSION 

Table - 1   Physicochemical Constant Of Ananas Comosus (L.) 
S/NO PARAMETER VALUES (%) 

1. Moisture content 17.3 
2. Total ash 15.8 
3. Water soluble ash 6.21 
4. Acid insoluble ash 2.42 
5. Loss on dry 9.25 

 

From the Table 1 it was found that the ash content of the fruit material was 15.8 % and acid insoluble ash was 
found to be 2.42 %, which indicated the purity of the test drug taken under study. 

LOSS ON DRYING: 
The presence of active chemical metabolites and its decomposition on storage dry powder of plant materials is 
based on its moisture content during storage condition. The low value of loss on drying of dry powder of 
Ananas comosus (L.) showed its proper storage and further indicated that the fruit powder does not have any 
foreign particles. 

ASH VALUE: 
Ash value aids to decide quality and purity of crude drugs. Total ash, acid insoluble ash and water-soluble ash 
% were determined. The results showed that there is a higher value of total ash and lesser acid insoluble ash 
indicates the purity.  (Kokate et al.,2002) 

Table – 2   Extractive Value of Ananas Comosus (L.) 
EXTRACTIVE SOLVENTS VALUES (%) 

Hexane 0.65 
Chloroform 1.9 
Methanol 40.5 

Ethyl acetate 5.45 
Ethanol 50.5 
Water 30.6 

Table 2 depicted that ethanol extractive value is significantly more when compared to other extractives, 
indicates the presence of high polar compounds in selected drug (Anonymous 2002) the hexane and chloroform 
extractive values were 0.65 % and 1.9 % respectively, which indicated the presence of low polar compounds 
such as Flavones and phenols. 

Table – 3 Fluorescent Analysis Of Ananas Comosus (L.) 

S.N
o Treatment 

Ananas comosus (L.) 
Day light (0 

hrs) 
UV light 
(0 hrs) 

Day light 
(24 hrs) 

UV light 
(24 hrs) 

Day Light 
(48 hrs) 

UV light 
(48 hrs) 

1 Drug powder Green Black Green Light green Green Black 

2 Drug powder+aq. 
1 N NaOH Yellow Light 

Green 
Light 
brown Dark green Brown Light 

green 

3 Drug powder+alc. 
1 N NaOH White Light 

Green yellow Yellowish 
Green Yellow Brown 

4 Drug powder+1 
N Hcl Brown Light 

Green 
Dark 
green Light green Green Dark 

green 

5 Drug powder+ 
50% H2SO4 

Light Brown Light 
green 

Light 
brown Brown Brown Light 

green 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

348 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

6 Drug powder+ 
chloroform Pale yellow Light 

Green Yellow Light 
orange Yellow Orange 

7 Drug powder+ 
Hexane White Light 

green 
Light 

yellow 
Light 

orange 
Light 

yellow 
Light 

orange 

8 Drug powder+ 
Ethyl acetate White Orange Dark 

green Orange Dark green Light 
orange 

9 Drug 
powder+acetone Pale yellow Orange Light 

green Orange Green Orange 

10 Drug 
powder+Benzene Pale yellow Yellow Light 

yellow Orange Light green Orange 

11 Drug 
powder+alcohol 

Light 
Green 

Light 
green 

Dark 
green Light green Green Light 

orange 

12 Drug 
powder+water White Dark 

green 
Yellowis
h brown Light green Yellowish 

brown 
Light 
green 

Table 3 depicted the fluorescence analysis of the drug powder. The fluorescence behavior of the drug powder 
with the above-mentioned chemicals was observed in the daylight and UV light, which was found to give 
various shades of green, brown, and yellow. 

The brown and yellow fluorescence indicates the presence of Alkaloids and Flavonoids. The green fluorescence 
indicates the presence of sterols. 

Crude drugs are often assessed qualitatively for their fluorescence features and it is an important parameter to 
evaluate the nature of chemical constituents present in the fruit. 

Table -4 Preliminary Phytochemistry Of Ananas Comosus (L.) 
S. No Test Dry Powder Ethanolic Extract 

1 Saponin + + 
2 Tannin + + 
3 Sterol _ _ 
4 Terpene + + 
5 Flavonoid + + 
6 Coumarin + + 
7 Quinone + + 
8 Lignin _ _ 
9 Alkaloid + + 
10 Glycosides _ _ 
11 Sugar + + 
12 Phenols + + 

Note: (-) Absence, (+) Presence 
The preliminary phytochemical screening of the test drug was tabulated (Table 4), which revealed the presence 
of Saponin, Tannin, Quinone, Coumarin, terpene, alkaloid, flavonoids, sugar, and Phenol. and the absence of 
sterol, glycosides, Lignin. 

The preliminary phytochemical screening of ethanolic extracts of the drug powder Ananas comosus (L.) 
revealed the presence of saponin, tannin, terpene, quinone, coumarin, alkaloid, flavonoids, sugar, phenols. 

Table – 5 Quantitative Analysis of Major Secondary Metabolites of Ananas Comosus (L.) 
SECONDARY METABOLITES mg/g 

Phenols 3.9 
Alkaloids 2.17 
Saponins 18 

Flavonoids 12 

Quantitative estimation of important metabolites was carried out and the results were tabulated in Table 5. The 
saponin of Ananas comosus (L.) content was found to be higher when compared to Flavonoids and phenol. The 
fruit drug also contains a moderate amount of Alkaloid. 
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The high amount of Saponin content may attribute to the pharmacological activity of the fruit drug taken under 
study. (Histogram 1). 

Table – 6 Quantitative Analysis of Primary Metabolites of Ananas Comosus (L.) 
S/NO PRIMARY METABOLITES mg/g 

1 Carbohydrates 0.9 
2 Proteins 36.8 
3 Crude fat (%) 3.37 

The results of the quantitative analysis of organic compounds of the test drug powder were tabulated in Table 6. 

IN VITRO ANTIOXIDANTS 
Table 7 - Effect of Ananas Comosus (L.) On Dpph Scavenging Activity: 

S. No 
 

CONCENTRATI
ON (µg/ml) 

SCAVENGING OF DPPH 
FREE RADICAL (%) 

IC50 VALUE 
(µg/ml) 

1 100 10.81  
 
 
 
 
 
 
 

890 

2 200 12.85 
3 300 18.16 
4 400 21.59 
5 500 23.6 
6 600 27.2 
7 700 34.4 
8 800 40.6 
9 900 52 

10 1000 60 
11 Ascorbic acid 21.2 

The percentage scavenging of DPPH free radical was calculated and the percentage inhibitions were tabulated 
in Table 7. 

The result depicts the increased antioxidant effect on DPPH (Diphenyl-2- picrylhydrazyl) with an increase in 
the concentration of the test drug (100 – 1000 µg/ml). The result was comparable with that of standard ascorbic 
acid. The maximum percentage inhibition of DPPH radical was   60% at a concentration of 1000 µg/ml.  The 
percentage of inhibition of DPPH is strongly dependent on the concentration of fruit extract (Amin & Tan 
2002). The mean IC 50 value of fruit extract was found to be 890 µg/ml. 

DPPH is a relatively stable free radical and the assay determines the ability of ethanol extracts of Ananas 

comosus (L.) to reduce DPPH radical to the corresponding hydrazine by converting the unpaired electrons to 
paired ones. Various concentration of ethanolic extract of fruit was allowed to react with stable DPPH radicals 
and its antioxidant potentials were determined by a decrease in its absorbance at 517 nm. The free radicals in 
DPPH can be neutralized by the antioxidants present in fruit extract by transferring either electron or by 
hydrogen atoms to DPPH thereby changing the color from purple to yellow colored diphenyl picrylhydrazine 
(Naik et al.,2003). The concentration of antioxidants needed to decrease the initial DPPH concentration by 50 
% is known as the IC50 value. The lower concentration of fruit for IC50 indicates higher antioxidant activity 
(Kazimeriz et al.,1997). Both the fruit extract and standard ascorbic acid demonstrated strong DPPH 
scavenging properties in a concentration-related manner. The presence of polyphenolics compounds could be 
responsible for this observation (Adedapo et al.,2008). 

Table  8 - Effect Of Ananas Comosus (L.) On Abts Scavenging Activity: 

S. No CONCENTRAT
ION (µg/ml) 

SCAVENGING OF ABTS 
FREE RADICAL (%) 

IC50 VALUE 
(µg/ml) 

1 100 24.3  
 
 

400 

2 200 34.2 
3 300 42.1 
4 400 50.3 
5 500 67.1 
6 Ascorbic acid 49.3 
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The percentage scavenging of ABTS free radical was calculated and the percentage inhibitions were tabulated 
in Table 8. 

The result depicts the increased antioxidant effect on ABTS (2, 2-azinobis-3-ethly-benzothiozoline-6-sulphonic 
acid) with increase in concentration of the test drug (100 – 500 µg/ml). The result was comparable with that of 
standard ascorbic acid. The maximum percentage inhibition of ABTS radical was 67.1% at a concentration of 
500 µg/ml. The percentage of inhibition of ABTS strongly dependent on concentration of fruit extract (Amin & 
Tan 2002).  The mean IC 50 value of fruit was found to be 400 µg/ml. 

An antioxidant with an ability to donate a hydrogen atom will quench the stable free radical: a process which is 
associated with a change in absorption can be followed by spectrophotometrically. The relatively stable ABTS 
radical has a green color and is quantified spectrophotometrically at 734 nm. (R.K. Agrawal et al., 2018) 

Table  9 - Effect Of Ananas Comosus (L.) On Reducing Power Activity: 

S. No CONCENTRA
TION (µg/ml) 

FRAP SCAVENGING 
ACTIVITY (%) 

IC50 VALUE 
(µg/ml) 

1 100 33.3  
 
 
 
 

160 

2 200 60 
3 300 71.4 
4 400 77.7 
5 500 81.8 
6 600 84.6 
7 700 86.5 
8 800 88.2 
9 900 88.8 
10 1000 90 

The percentage of reducing power activity was calculated and the percentage of reducing power activity were 
tabulated in Table 9. 

The Reducing power of fruit extract as increased with increasing concentration of the test drug (100-1000 
µg/ml). (Table -9) The result was comparable with that of standard ascorbic acid. The percentage inhibition of 
reducing power was recorded maximum of 90% at concentration of 1000 µg/ml. The percentage inhibition of 
reducing power strongly dependent on concentration of fruit extract. The mean IC 50 value of fruit found to be 
160 µg/ml. Ethanolic extract of fruit showed high reducing power potential and followed by dose dependent 
increase in the reducing power activity. 

Fe (III) reduction is often used as an indicator of electron donating activity. Which is an important mechanism 
of antioxidant activity. In the reducing assay. The presence of antioxidant in the test drug resulted in the 
reduction of Fe 3- to Fe 2+ by donating electron. Amount of Fe2+ complex can be measured at 700 nm. Increasing 
absorbance indicated an increase in reductive ability. 

The ethanolic extract seems to have good reducing power that was comparable with standard ascorbic acid. 

The reducing capacity of a compound serves as an important indicator of its potential antioxidant activity. 
(Meir et al..1995) 

Table 10 - Effect of Ananas Comosus (L.) On Collagenase Inhibition Activity: 

S. No CONCENTRA
TION (µg/ml) 

INHIBITION OF 
COLLAGENASE (%) 

IC50 VALUE 
(µg/ml) 

1 100 6.7  
 

480 
2 200 18.6 
3 300 27.8 
4 400 39.6 
5 500 52.6 

The percentage inhibition of collagenase was calculated and the percentage inhibitions were tabulated in Table 
10. 

Collagenase inhibition of fruit extract shows increased with increasing concentration of the test drug (100 – 500 
µg/ml). (Table 10). The percentage of collagenase inhibition was recorded maximum of 52.6 % at a 
concentration of 500 µg/ml.  The percentage of collagenase inhibition is strongly dependent on the 
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concentration of fruit extract. The mean IC 50 value of fruit was found to be 480 µg/ml. ethanolic extract of fruit 
showed high collagenase inhibition potential by dose-dependent. 

Table  11 – Cytotoxicity Effect of Ananas Comosus (L.) On Mccoy Cell Line 
S.No CONCENTRATION (µg/ml) (%) OF DEATH CELLS 

1 6.25 0.7 

2 12.5 2.0 

3 25 2.6 

4 50 3.6 

5 100 4.5 

MTT assay is based on the respiratory ability of the mitochondrial succinate tetrazolium reductase system, 
which converts the yellow tetrazolium salt to purple formazan dye. The “succinate-tetrazolium reductase” 
system belongs to the respiratory chain of the mitochondrial and is active only in viable cells. The amount of 
formazan produced by the dehydrogenase enzyme was directly proportional to the number of living cells in the 
culture. an increase in cell number results in an increase in the amount of MTT formazan formed and an 
increase in absorbance. 

The ability of the cells to survive a toxic insult has been the basis of most cytotoxicity assays. It depends both 
on the number of viable cells and on the mitochondrial activity of cells. 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay is based on the assumption that dead cells or their products do not 
reduce tetrazolium. Tetrazolium salts are reduced only by metabolically active cells. The MTT can be reduced 
to purple-colored formazan by the mitochondrial succinate dehydrogenase enzyme. The amount of formazan 
produced is directly proportional to the number of active cells (Asokan and Thangavelu, 2014). 

The present study was subjected to an MTT assay to evaluate its anticytotoxicity nature using the McCoy cell 
line. McCoy cells showed mild cytotoxicity with the increase in concentration. The ethanol extract of Ananas 

comosus (L.) did not confer any significance to healthy cell lines, McCoy cell line confirming the safe nature of 
the extract. 

SUMMARY AND CONCLUSION 
Aging is caused by both intrinsic damage due to chronological aging, and extrinsic damage such as dryness, 
sunlight, smoking, and environmental pollution. With respect to extrinsic damage, the effect of ultraviolet (UV) 
irradiation is well known and generally referred to as photo-aging. UV irradiation leads to DNA damage and 
induces oxidative stress by the production of reactive oxygen species (ROS). These pathways increase the 
synthesis and activity of proteases that degrade the extracellular matrix (ECM), which comprises collagen and 
elastin fibers (Takeuchi et al 2010). During this process, ROS generation is increased which leads to 
mitochondrial damage in the cell. It was postulated that lifespan is determined by the rate of free radical damage 
to the mitochondria. Ananas comosus (L.). a member of the family Bromeliaceae is an important medicinal 
fruit. 

The fruit is used in folk medicine to treat antiaging, diabetes mellitus, anti-bacterial, anti-inflammatory, 
analgesic, anti-diarrheal, anti-cancerous, nephroprotective, antimicrobial, antioxidant, and thyroid regulating 
activity. As per the ethnobotanical literature on traditional phytotherapy of Indian medicinal fruit, the species 
Ananas comosus (L.).  is consistently used to prevent antiaging. There is not much scientific evidence 
available for this plant to treat antiaging. 

The preliminary phytochemical screening of drug powder Ananas comosus (L.)  was tabulated which revealed 
the presence of Saponin, Tannin, Quinone, Coumarin, terpene, alkaloid, flavonoids, sugar, and Phenol. and the 
absence of sterol, glycosides, Lignin. 

These high amounts of carbohydrates in the fruit investigated confer on them, significant roles to human health. 
This is because, apart from the supply of energy, carbohydrates are also needed in numerous biochemical 
reactions not directly concerned with energy metabolism. The level of protein in the fruit is the only minimal 
amount of the protein contents of fruit studied, indicating that its intake can contribute to the formation of 
hormones that controls a variety of body functions such as growth, repair, and maintenance (replacement of 
wear and tear of tissues) of body. 

Crude fiber is increasingly being recognized as a useful tool for the control of the oxidative process in food 
products and as a functional food ingredient. The presence of crude fiber in the diet is necessary for digestion 

https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Bromeliaceae
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and for the elimination of wastes. The contraction of muscular walls of the digestive tract is stimulated by fiber, 
thus counteracting constipation. 

The effect of excess intake of crude fat has some well-established health implications, especially for the 
overweight. The consumption of excess amounts of fats has been recognized as the most important dietary 
factor aiding increased levels of cholesterol. Besides the cholesterol implications due to high fat intake, obesity 
is a factor in the causation of disease. 

Quantitative analysis of various secondary metabolites shows high phenol content. The increase in the total 
phenolic content of the ethanolic extracts shows higher antioxidant activities as it is well known that fruit 
phenolics, in general, are highly effective free radical scavengers and antioxidants (Rathee et al., 2006). 
Ananas comosus (L.). fruit ethanolic extract shows better scavenging effects on DPPH, ABTS and also higher 
reducing power. 

The result suggests that the ethanolic extract of Ananas comosus (L.).  exhibits a significant antioxidant 
potential which is proved by the techniques such as the DPPH scavenging assay method, ABTS scavenging 
assay method, and reducing power assay. So, the fruit extract is a potent source of natural antioxidants, which 
might be helpful in preventing the progress of various oxidative stresses. They may result in a new antiaging 
drug with less toxicity. So, ethanolic extract of the fruit of Ananas comosus (L.). may be potentially useful in 
controlling the excessive formation of free radicals. MTT assay shows mild cytotoxicity on the increasing 
concentration of fruit extract. The ethanolic extract of Ananas comosus (L.).  did not confer any significance to 
healthy cell lines, McCoy cell line confirming the safe nature of the extract. This study provides scientific 
evidence of their anti-aging effect. These plants are very affordable to the common man and can be easily 
incorporated into their daily diets. They can be further analyzed to develop antiaging drugs free from harmful 
side effects. 
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ABSTRACT 
The goal of this study is to discover the differences in organic food awareness and attitudes between the X and 
Y generations. Questionnaires were utilized to collect data, which were assessed using closed-ended questions 
and a 5-point Likert scale. According to the findings of this study, there is no substantial difference between the 
X and Y generations in terms of organic food awareness and the factors that influence organic food purchasing 
decisions, but there are variances in attitudes about organic food. There are also some disparities in the elements 
that respondents evaluate while purchasing organic food. 

Keywords: Organic foods; attitudes toward organic foods; X generation; Y generation. 

INTRODUCTION 
Along with the times and technological developments that occurred, people began to experience changes in 
lifestyle. According to (Jain 2010), currently Indians prefer to eat fast food, are practical, and like foods that 
contain fat. Moreover, by rarely doing activities that can make the body healthier, such as exercise or walking, 
Indian people often get sick. Changes in people's lifestyles into unhealthy lifestyles, lack of physical activity 
and poor eating habits result in a shift from communicable diseases to non-communicable diseases such as 
obesity, lung cancer, heart disease, digestive disorders, stroke, and other internal harm that can lead to death. 
(Vardhini, Raja, and Kabirdoss 2016) 

The role of Agriculture in the postmodern economy has changed considerably due to the industrialization 
process that took place between the middle and the end of the 20th century and which Kuznets called "the 
modern growth of the economy". Within this process of industrial transformation of the “Agriculture of the new 
economy” that takes into account the markets for differentiated products, where the demand for food 
increasingly depends on the socioeconomic characteristics of the population and a series of product quality 
attributes. These quality attributes are valued according to the subjective perception of the consumer, and are 
usually the nutritional content, confidence or safety in the mode of production and the impact that its cultivation 
generates on the environment. Recent studies on the perception of consumers about biotechnology and 
genetically modified foods conclude that some consumers buy a cheap product to the extent that they do not 
identify it as such or if they identify it, they do not care that it is genetically modified. But those who are willing 
to pay a higher price for a "healthy" product, it is because they perceive that they will have less health risk by its 
consumption.(Antle 1999) 

Organic farming is a production method that is intended to be sustainable and harmonious with environment. 
This method prohibits the use of fertilizers and synthetic pesticides, manufactured products with gene 
modification, irradiation as a process preservation, sewage sludge as fertilizer, and chemical material. The main 
difference between organic farming and conventional is the absence of use of chemical fertilizers. Organically 
reared livestock must be given to eat with natural or organic food ingredients. Consumers feel organic food is 
healthier, have more quality and safety than conventional food because it is produced with organic farming 
(Blair, 2012). 

LITERATURE REVIEW: 
Consumers' purchasing intentions toward organic food are influenced by environmental concerns, health 
reasons, and perceived value, according to the findings of the study. Surprisingly, organic food knowledge has 
little bearing on the intention to purchase organic food. The study's findings offer marketers and food 
manufacturer’s valuable insight into the elements that influence customers' desire to buy organic food. The 
findings of the study can help marketers communicate with their customers through nonverbal means like 
perception. (Hassan, Yee, and Ray 2015) 

The impression of organic product worth and belief in the product's safety and health aspects have a significant 
impact on the desire to purchase organic foods. Organic buyers and non-buyers were separated among the 
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respondents. Organic food, according to most organic shoppers, is healthier, tastier, and better for the 
environment than conventional food. (Ahmad, S. 2010). 

According to previous study on organic food consumption, the most prominent reasons for not purchasing 
organic food are the goods' lack of availability and greater price as compared to conventionally produced food 
products, which are cheaper and easier to obtain. The findings show that willingness to pay is strongly and 
positively related to income and risk aversion, but not to education. (Boccaletti,S. & Nardella, M. 2000) 

In this study, it was discovered that there is a link between respondents' occupation and their purchase of 
organic products, however there is no link between respondents' annual income and their purchase of organic 
products. When it comes to purchasing, the majority of respondents prioritize quality. (Vardhini et al. 2016) 

The relationship between organic food qualities and abstract ideals like "security," "hedonism," "universalism," 
"benevolence," "stimulation," "self-direction," and "conformity" can help explain why people buy organic food. 
Using these ideals to persuade people to eat organic food can have a good impact. Aside from attitude, 
subjective and personal norms, as well as (perceived) behavioral control, all have an impact on organic food 
intake.(Aertsens et al. 2009) 

Consumer preferences clearly show that cleanliness/freshness of food products is their top priority, followed by 
price, quality, variety, packaging, and non-seasonal availability. The convenience of purchasing at the 
marketplace, as well as the availability of additional services, children's attractions, basic comforts, and pricing, 
are all factors that influence consumer preference. The findings indicate that the majority of food and grocery 
goods are acquired in loose form from nearby stores. Due to their perishable nature, fruits and vegetables are 
purchased on a daily or twice-weekly basis, whereas grocery products are purchased less regularly.(Ali, Kapoor, 
and Moorthy 2010) 

According to the findings, customer attitudes toward organic food in China are influenced by health 
consciousness, consumer knowledge, and personal norms. In other words, the more health-conscious consumers 
are, the more knowledge/experiences they have gained, or the more positive their particular ideas about the 
benefits of eating organic food, the more positive their attitude will be. Due to the rejection of their 
assumptions, two components of environmental concern and subjective standards, on the other hand, show no 
evident influence on consumer attitude.(Yang and Sattari 2014) 

Organic food is increasingly preferred by health-conscious people over conventionally cultivated food. The 
increased frequency of lifestyle ailments such as heart disease and depression has had a significant impact on 
modern consumers' attitudes. The necessity to purchase organic food in order to improve one's quality of life 
will have significant ramifications for businesses' retail, distribution, and marketing responsibilities.(Rana and 
Paul 2017) 

Among the explanatory variables in the expert survey, the importance put on health motivation has the highest 
average rating and one of the lowest standard deviations. Experts also place a high value on the three mentioned 
attitudes (conviction about the utility of organic food, store reputation, and certification process-related 
information), as well as organic food-specific consumer innovativeness, organic food-specific consumer opinion 
leadership, word of mouth activity, WOM (praise), and affective commitment to the store.(Chakrabarti 2010) 

OBJECTIVES 
1. To study the awareness of organic food among X, and Y generations. 

2. To analyze the factors which influence the purchase decision for organic food among X and Y generations. 

3. To find out the availability & accessibility of the organic foods. 

RESEARCH METHODOLOGY 
The type of research used is quantitative research with a comparative approach. The population used in this 
study are the people who live in Pune City who have consumed organic food. The sampling technique used is a 
non-probability sampling technique, namely quota sampling. The sample in this study is the people of Pune and 
have consumed organic food, have age criteria that are in accordance with the age of the generation X (1965-
1980) and generation Y(1981 – 1999). In 2021 the Generation X is 41 years– 56 years, and the age of 
generation Y is 22 years – 40 years. 

The primary data collection methods and procedures in this study were carried out by distributing online 
questionnaires during November 2021. The questionnaire distributed was a questionnaire with closed ended 
questions where alternative answers had been provided by the author. Respondents will be asked to give their 
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opinion on a series of statements related to the variables being studied. The measurement scale that will be used 
is the 5-point Likert Scale. From the questionnaires conducted, a total of 148 samples were obtained with 18 
samples of generation X, and 130 samples of generation Y. 

In this study, data processing used descriptive statistical analysis techniques. In descriptive statistical analysis 
technique, the authors compare the attitudes towards organic food to provide an overview or description of the 
differences between generations. 

RESULTS AND DISCUSSION 
Table 1: Respondent Description Profile: 

 Generation X % Generation Y % Total % 

Gender       
Male 10 55.55 90 69.23 100 67.56 

Female 8 44.45 40 30.77 48 32.44 
Others 0 0 0 0 0 0 
Total 18 100 130 100 148 100 

Occupation       
Student 2 11.11 81 62.30 83 56.08 

Entrepreneur 1 5.56 6 4.61 7 4.8 
Housewife 0 0 2 1.54 2 1.30 

Privateemployee 7 38.88 27 20.76 34 22.97 
Government employee 1 5.56 0 0 1 0.67 

Professional 6 33.33 14 10.7 20 13.51 
Retired 1 5.56 0 0 1 0.67 
Total 18 100 130 100 148 100 

Table 1 shows the identity of the respondents in terms of age, gender and occupation. Overall the majority of 
respondents obtained in this study were male respondents with a total of 100 respondents. The majority of 
respondents’ with a percentage of 56.08 % are students followed by private employees at 23 %. 

Table 2. Awareness of Organic Food: 
 Generation X % Generation Y % Total % 

Awareness       
Yes 18 100 130 100 148 100 
No 0 0 0 0 0 0 

Total 18 100 130 100 148 100 
Purchased/Consumed       

Yes 18 100 123 94.61 141 95.27 
No 0 0 7 5.39 7 4.73 

Total 18 100 130 100 148 100 

According to table 2 data, 100% respondents are aware about the organic food. All the respondents from 
generation X have purchased or consumed organic foods at least once whereas around 5 % of respondents from 
generation Y have never purchased/consumed organic food. 

Table 3. Types of Organic Food Ever Purchases/Consumed by Respondents: 
 Generation X % Generation Y % Total % 

Type of Organic Food       
Vegetables 16 29.09 113 24.40 129 24.90 

Fruit 12 21.81 102 22.03 114 22 
Grains 12 21.81 56 12.09 68 13.12 
Rice 6 10.90 48 10.36 54 10.42 
Milk 4 7.27 58 12.52 62 11.96 
Meat 1 1.81 23 4.96 24 4.63 
Egg 3 5.45 41 8.85 44 8.49 
Fish 1 1.81 22 4.75 23 4.44 

Total 55 100 463 100 518 100 
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According to table 3 data, the 2 types of organic food majorly consumed by the generation X and generation Y 
are vegetables and fruits. Generation X also seemed to have affinity towards organic grains and generation Y 
towards organic milk to a certain extent. 

Table 4. Reasons for trying/ consuming organic food by the respondents: 
 Generation X % Generation Y % Total % 

Reasons for trying/consuming 
Organic Food 

      

Health Benefits 16 55.17 121 58.45 137 58.05 
Recommendation from family 

and friends 7 24.13 44 21.25 51 21.61 

Status 1 3.44 0 0 1 0.42 
Social Cause :Support Organic 

Farming 5 17.24 39 18.84 44 18.64 

Other 0 0 3 1.44 3 1.27 
Total 29 100 207 100 236 100 

The majority of respondents from the X generation as much as 55%, generation Y as much as 58 % stated that 
the reason for trying/consuming organic food is because of its health benefits. Also both groups followed the 
recommendation on organic foods from their family and friends. Both the group also agreed on supporting 
organic farming on a social cause. So it can be concluded that the interest in buying organic food from each 
generation is very high. 

Table 5. Attitude towards organic food of the respondents: 
 Generation X Generation Y 

Variable Mean SD n Mean SD n 
Organic Foods are healthier 

than the ordinary foods. 4.56 0.7 18 4.55 0.76 130 

Organic foods have no harmful 
effects on the human body. 4.61 0.5 18 4.27 0.86 130 

Organic food is more delicious 
than ordinary food. 4.11 0.83 18 3.92 0.89 130 

Organic food is more attractive 
than ordinary food. 3.44 0.86 18 3.67 0.96 130 

Organic food is better than 
conventional food. 4.22 0.88 18 4.23 0.90 130 

Organic food is expensive than 
conventional food. 4.44 0.61 18 4.35 0.89 130 

Results in table 5 show that many of the respondents from both generations agreed that organic foods are 
healthier than the ordinary foods and organic foods have no harmful effects on the human body. 

Both the generations feel that organic food is expensive than conventional food (Gen X, M=4.44, Gen Y, 
M=4.35) 

Looking at the mean score results, majority of Generation X (M=4.22) and Generation Y (M=4.23) also feel 
that organic food is better than conventional food. 

More of Generation X (M= 4.11) feel that organic foods are delicious than ordinary food compare to Generation 
Y (M=3.92), whereas more of Generation Y (M=3.67) feel that organic foods are attractive than ordinary food 
compared to Generation X (M=3.44). 

Table 6. Factors considered while buying organic food by the respondents: 
 Generation X % Generation Y % Total % 

Factors considered while 
buying organic food 

      

Fresh Produce 14 18.18 101 18.87 115 18.79 
Cost 12 15.58 50 9.35 62 10.13 

Availability 9 11.68 53 9.90 62 10.13 
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Nutrition 10 12.98 94 17.57 104 16.99 
Care for environment/ Preserve 

our ecosystem 7 9.09 48 8.97 55 8.98 

Avoiding chemicals & pesticides 10 12.98 94 17.57 104 16.99 
Avoid hormones, antibiotics and 

drugs in animal products 8 10.38 48 8.97 56 9.15 

Support farming directly 7 9.09 47 8.78 54 8.82 
Total 77 100 535 100 612 100 

Based on table 6, it is known that the X and Y generations in the variables of Cost, Availability, Nutrition, 
Avoiding chemicals & pesticides, Avoid hormones, antibiotics and drugs in animal productsindicators have 
significant differences, but the Fresh Produce,Care for environment and Support farmingindicators have no 
significant differences. So, it can be concluded that indicators that have significant differences are indicators of 
Cost, Availability, Nutrition, Avoiding chemicals & pesticides, Avoid hormones, antibiotics and drugs in 
animal products. 

Table 7. Preference of buying organic food online or by visiting organic food store by the respondents: 
 Generation X % Generation Y % Total % 

Preference       
Online 02 11.11 23 17.69 25 16.89 
Store 16 88.88 107 82.31 123 83.11 
Total 18 100 130 100 148 100 

Based on table 7 , it is known that majority of X and Y generations i.e. 89% and 82% like to purchase the 
organic by visiting an organic food store, whereas few generation Y i.e. 18 % respondents prefer to buy online. 

Table 8. Average spend on organic food monthly.by the respondents: 
 Generation X % Generation Y % Total % 

Average Spend       
Less than 1000 02 11.11 63 48.46 65 43.92 

1000-3000 16 88.88 63 48.46 79 53.37 
Above 5000 0 0 4 3.08 04 2.71 

Total 18 100 130 100 148 100 
 

Results in table 8 show that many of the respondents from generations X i.e. 89% spend roughly Rs. 1000-3000 
Monthly on organic food.  Whereas equal respondents from generation Y i.e. 48 % each spend Less than Rs. 
1000 and Rs. 1000-3000 respectively on purchase of organic food. 

Table 9. Accessibility of organic food store to the respondents: 
 Generation X % Generation Y % Total % 

Easy accessibility       
Yes 11 61.11 68 52.30 79 53.38 
No 07 38.89 62 47.70 69 46.62 

Total 18 100 130 100 148 100 
Results in table 9 show that the majority of respondents from the X generation as much as 61%, generation Y as 
much as 52 % stated that the organic food store is accessible to them 

Table 10.Organic food stores opening and accessibility will have a positive impact on your buying decision of 
the respondents: 

 Generation X % Generation Y % Total % 

       
Yes 11 61.11 68 52.30 79 53.38 
No 07 38.89 62 47.70 69 46.62 

Total 18 100 130 100 148 100 

The majority of respondents from the X generation as much as 61% and generation Y as many as 52 % stated 
that better availability and accessibility of organic food stores will have an positive impact on their buying 
decision. 
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FINDINGS 
1. Among generation X 55.5% of the respondents are male whereas 45.5 % of the respondents are female, 

majority of respondents being private employees and professionals. Among generation Y about 69 % of 
population is male whereas 31 % of the respondents are female, majority of respondents being students and 
private employees. 

2. All the respondents are aware about the organic food. Entire respondents from generation X have purchased 
or consumed organic foods at least once whereas around 5 % of respondents from generation Y have never 
purchased/consumed organic food. 

3. 2 types of organic food majorly consumed by the generation X and generation Y are vegetables and fruits. 
Generation X also seemed to have affinity towards organic grains and generation Y towards organic milk to 
a certain extent. 

4. The majority of respondents from the X generation & generation Y stated that the reason for 
trying/consuming organic food is because of its health benefits. Also both groups followed the 
recommendation on organic foods from their family and friends. Both the group also agreed on supporting 
organic farming on a social cause. So it can be concluded that the interest in buying organic food from each 
generation is very high. 

5. Many of the respondents from both generations agreed that organic foods are healthier than the ordinary 
foods and organic foods have no harmful effects on the human body. Both the generations feel that organic 
food is expensive than conventional food. 

6. Majority of Generation X and Generation Y also feel that organic food is better than conventional food. 

7. More of Generation X feel that organic foods are delicious than ordinary food compare to Generation Y, 
whereas more of Generation Y feel that organic foods are attractive than ordinary food compared to 
Generation X. 

8. X and Y generations in the variables of Cost, Availability, Nutrition, Avoiding chemicals & pesticides, 
Avoid hormones, antibiotics and drugs in animal products indicators have significant differences, but the 
Fresh Produce, Care for environment and Support farming indicators have no significant differences. So, it 
can be concluded that indicators that have significant differences are indicators of Cost, Availability, 
Nutrition, Avoiding chemicals & pesticides, Avoid hormones, antibiotics and drugs in animal products. 

9. It is known that majority of X and Y generations like to purchase the organic by visiting an organic food 
store, whereas few generation Y respondents prefer to buy online. 

10. Many of the respondents from generations X spend roughly Rs. 1000-3000 monthly on organic food.  
Whereas equal respondents from generation Y spend less than Rs. 1000 and Rs. 1000-3000 respectively on 
purchase of organic food. 

11. Majority of respondents from the X generation & generation Y stated that the organic food store is 
accessible to them and agreed that better availability and accessibility of organic food stores will have an 
positive impact on their buying decision. 

CONCLUSION 
This study aimed at discovering the differences in organic food awareness and attitudes between the ‘X’ and ‘Y’ 
generations Organic foods are growing increasingly popular among consumers. As a result of our current 
research investigation, both generations are aware of organic products. 

The study clearly reflects the factors while buying organic food among ‘X’ and ‘Y’ generations in the variables 
of Cost, Availability, Nutrition, Avoiding chemicals & pesticides, Avoid hormones, antibiotics and drugs in 
animal products. Both the generations are highly aware of the importance of health and safety. 
Recommendations from families and friends are the driving forces behind customers' decisions to buy organic 
food products. Increased availability and accessibility of organic food stores will have a favorable impact the 
purchasing decisions of consumers. 

SUGGESTIONS 
1. Organic food-related businesses can be more aggressive in presenting various sorts of organic food to the 

community than fruits and vegetables, so that people are aware that organic food is not restricted to fruits 
and vegetables. 
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2. In both the generations the attitude toward organic food is found fairly high, indicating that the majority of 
respondents who have consumed organic food have a good view. As a result, marketers should not be scared 
to promote organic food to individuals who have never had it by using salad packing and mixing salad with 
various types of dressing. 

3. Further research could be expanded by looking into other cities or generations outside the Generation X, and 
Generation Y. 
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ABSTRACT 
It can be hard to imagine a silver lining to the all-consuming cloud that is the current and ongoing spread of 
Covid-19 across the planet, but, as cities and lives are pulled to a standstill by communicable disease, our skies 
and rivers are revealing an unexpected positive to the pandemic. While the beneficial effects for our 
environment by no means reduce the anguish and suffering caused by such an outbreak, economic slowdown 
and reduced travel as a result of government-enforced quarantines has put a dramatic cap on outgoing pollution 
and the effects are being seen all over the world. This paper focuses on the Impact of Pandemics on the 
Environment because it has a diet impact by re-generating the environment but the question is that - Is it a 
permanent positive impact ? 

Keywords: Covid-19, Corona Virus, Environment, Pollution, Pandemic 

INTRODUCTION 
About two-thirds of all infectious diseases in humans have their origins in animals. Scientists say the ability of a 
virus to mutate and adapt from animals to the human system is very rare, but the expansion of the human 
footprint is making that rare event much more likely. 

For most people, up until the novel coronavirus took over the headlines, the possibility of a new disease 
emerging out of nowhere and spreading around the world at a breakneck pace seemed like something out of a 
science fiction movie. But some members of the scientific community have been sounding the alarm for 
decades, warning that it was not a matter of if, but when another pandemic would threaten humanity. 

IMPACT ON ENVIRONMENT 
Compared to what so many are experiencing, the impact on Nature has been relatively small, but nonetheless 
historic. The skies are clearing of pollution, wildlife is returning to newly clear waters, a host of flights have 
been scrapped and crude oil is so worthless that the industry would have to pay you to take it off their hands – a 
few months ago, environmentalists could only dream of such a scenario as the 50th anniversary of Earth Day 
came into view. 

But this disorientingly green new reality is causing little cheer given the cause is the coronavirus pandemic that 
has ravaged much of the world. 

“This isn’t the way we would’ve wanted things to happen, God no,” said Gina McCarthy, former head of the US 
Environmental Protection Agency in the Obama administration. “This is just a disaster that pointed out the 
underlying challenges we face. It’s not something to celebrate.” 

The recent annual Earth Day event, this year largely took place online, came as a public health restriction to 
prevent the spread of Covid-19, has resulted in a sharp dip in air pollution across China, Europe and the US, 
with carbon emissions from the burning of fossil fuels reporting a record 5% annual drop. 

The waters of Venice are now clear, lions lounge on roads normally frequented by safari-goers in South Africa 
and bears and coyotes wander around empty accommodation in Yosemite national park in California. 

Meanwhile, nearly eight in 10 flights globally have been canceled, with many planes in the US carrying just a 
handful of people. The oil industry, a key driver of the climate crisis and direct environmental disaster, is in 
turmoil, with a barrel of crude hitting an unprecedented figure. 

These would perhaps be the sort of outcomes seen had stringent environmental policies been put in place in the 
wake of the first Earth Day in 1970, which saw 20 million Americans rally in support of anti-pollution 
measures. 

Instead, the pain of the Covid-19 shutdown has highlighted how ponderous the world’s response has been – the 
expected cut in emissions, for example, is still less than what scientists say is needed every year this decade to 
avoid disastrous climate impacts for much of the world. 

 

https://www.nature.com/articles/nature06536
https://www.cbsnews.com/live-updates/coronavirus-live-updates-2020-04-29/
https://www.cbsnews.com/news/coronavirus-bill-gates-epidemic-warning-readiness/
https://www.cbsnews.com/news/the-1918-flu-pandemic-a-cautionary-tale/
https://www.theguardian.com/environment/2020/apr/12/global-carbon-emisions-could-fall-by-record-25bn-tonnes-in-2020
https://www.theguardian.com/business/2020/apr/17/us-airlines-empty-planes-coronavirus-environment
https://www.theguardian.com/business/2020/apr/17/us-airlines-empty-planes-coronavirus-environment
https://www.theguardian.com/business/2020/apr/20/over-a-barrel-how-oil-prices-dropped-below-zero
https://www.theguardian.com/business/2020/apr/20/over-a-barrel-how-oil-prices-dropped-below-zero
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“It’s the worst possible way to experience environment improvement and it has also shown us the size of the 
task,” said Michael Gerrard, an environmental law expert at Columbia University. 

McCarthy, now head of the Natural Resources Defense Council, noted that some Indian people were seeing the 
Himalayas for the first time due to the veil of air pollution lifting. 

“You wonder if people will want to go back to what it was like before,” she said. “The pandemic has shown 
people will change their behavior if it’s for the health of their families. This has been the lost message on 
climate, that it’s a human problem, not a planetary problem. We have to show you can have a stable 
environment and your job, too.” 

The problems in the natural world haven’t suddenly vanished – various researchers found that the Arctic is 
very likely to be free of sea ice in summers before 2050, that the bushfires that torched Australia earlier 
released more carbon than the country’s annual CO2 output and that the first quarter of 2020 was the second-
warmest on record. 

Conservationists also warn that returning the world to its pre-pandemic settings will quickly wipe out any 
environmental benefits of the shutdown i.e. failure of the crash course environmental diet plan. 

“It’s a serious wake-up call,” said Thomas Lovejoy, an ecologist who coined the term “biological diversity”. 
“We bulldoze into the last remaining places in nature and then are surprised when something like this happens. 
We have done this to ourselves by our continual intrusion into nature. We have to re-chart our course.” 

LESSONS FOR THE FUTURE 
As the coronavirus pandemic unfolds across the globe, threatening lives and upending the world economy, it’s 
also had a profound impact on the environment. Scientists first noticed a decrease in greenhouse gas emissions 
in China, where the pandemic began. This trend followed the pandemic’s spread across the world. Meanwhile, 
viral social media posts started to pop up about wildlife sightings in urban areas, claiming “nature just hit the 
reset button on us.” 

Less reported has been the dramatic rise in medical waste and packaging from online shopping. 

A global pandemic that is claiming people’s lives certainly shouldn’t be seen as a way of bringing about 
environmental change either. For one thing, it’s far from certain how lasting this dip in emissions will be. When 
the pandemic eventually subsides, will carbon and pollutant emissions “bounce back” so much that it will be as 
if this clear-skied interlude never happened? Or could the changes we see today have a more persistent effect? 

The first thing to consider, says Kimberly Nicholas, a sustainability science researcher at Lund University in 
Sweden, is the different reasons that emissions have dropped. Take transport, for example, which makes up 
23% of global carbon emissions. These emissions have fallen in the short term in countries where public 
health measures, such as keeping people in their homes, have cut unnecessary travel. Driving and aviation are 
key contributors to emissions from transport, contributing 72% and 11% of the transport sector’s greenhouse 
gas emissions respectively. 

Reduction in the duration of travel during the pandemic has emission levels lowered. But what will happen 
when measures are eventually lifted? In terms of routine trips like commuting, those miles left untravelled 
during the pandemic aren’t going to come back – you’re not going to travel to the office twice a day to make up 
for all the times you worked from home, says Nicholas. But what about other kinds of travel – might the 
cabin-fever of self-isolation encourage people to 

travel more when the option is there again? It may be the case that people who are avoiding travel right now are 
really appreciating spending time with families and focusing on those really core priorities. These moments of 
crisis can highlight how important those priorities are and help people focus on the health and wellbeing of 
family, friends and community.” If this change in focus as a result of the pandemic sticks, then this could help 
to keep emissions lower. 

But there’s another way it could go. “It could also be that people are putting off long-distance trips but plan on 
taking them later,”. Frequent flying forms a large part of the carbon footprint for people who do it regularly, so 
these emissions could simply come back if people return to their old habits. Also, this is not the first time an 
epidemic has left its mark on atmospheric carbon dioxide levels. Throughout history, the spread of disease has 
been linked to lower emissions – even well before the industrial age. The impact from today’s outbreak is not 
predicted to lead to anywhere near the same number of deaths, and it is unlikely to lead to widespread change in 

https://www.theguardian.com/world/2020/apr/21/ice-free-arctic-summers-now-very-likely-even-with-climate-action
https://www.theguardian.com/world/2020/apr/21/ice-free-arctic-summers-now-very-likely-even-with-climate-action
https://www.theguardian.com/australia-news/2020/apr/21/summers-bushfires-released-more-carbon-dioxide-than-australia-does-in-a-year
https://www.carbonbrief.org/state-of-the-climate-first-quarter-of-2020-is-second-warmest-on-record
https://www.carbonbrief.org/state-of-the-climate-first-quarter-of-2020-is-second-warmest-on-record
https://twitter.com/b8taFPS/status/1239863383354224641?ref_src=twsrc%5Etfw%7Ctwcamp%5Etweetembed%7Ctwterm%5E1239863383354224641&ref_url=https%3A%2F%2Fwww.nationalgeographic.com%2Fanimals%2F2020%2F03%2Fcoronavirus-pandemic-fake-animal-viral-social-media-posts%2F
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter8.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter8.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter8.pdf
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land use. Its environmental impacts are more akin to those of recent world events, such as the financial crash of 
2008 and 2009. “Then, global emissions dropped immensely for a year,” says Pongratz. 

The reduction in emissions then was largely due to reduced industrial activity, which contributes carbon 
emissions on a comparable scale to transport. Combined emissions from industrial processes, manufacturing 
and construction make up 18.4% of global anthropogenic emissions. The financial crash of 2008-09 led to an 
overall dip in emissions of 1.3%. But this quickly rebounded by 2010 as the economy recovered, leading to an 
all-time high. 

“There are hints that coronavirus will act the same way,” says Pongratz. “For example, the demand for oil 
products, steel and other metals has fallen more than other outputs. But there are record-high stockpiles, so 
production will quickly pick up.” 

One factor that could influence whether or not these emissions bounce back is how long the coronavirus 
pandemic lasts. “At the moment that’s hard to predict,” says Pongratz. “But it could be that we see longer-term 
and more substantial effects. If the coronavirus outbreak continues to the end of the year then consumer demand 
could remain low because of lost wages. Output and fossil fuel use might not recover that quickly, even though 
the capacity to do so is there.” 

CONCLUSION 

COMMUNITY ACTION 
One response to the coronavirus outbreak that has drawn mixed reactions from climate scientists is the ways 
that many communities have taken big steps to protect each other from the health crisis. The speed and extent of 
the response has given some hope that rapid action could also be taken on climate change if the threat it poses 
was treated as urgently. 

“It shows that at the national, or international level, if we need to take action we can,” Donna Green, associate 
professor at University of New South Wales’s Climate Change Research Centre in New Zealand, told CNN. “So 
why haven’t we for climate? And not with words, with real actions.” 

But for others, such as Nicholas, the community action has sparked hope for the climate in the longer term. And 
Pongratz sees the time afforded by self-isolation as a good opportunity for people to take stock of their 
consumption. 

It’s safe to say that no one would have wanted for emissions to be lowered this way. Covid-19 has taken a grim 
global toll on lives, health services, jobs and mental health. But, if anything, it has also shown the difference 
that communities can make when they look out for each other – and that’s one lesson that could be invaluable 
in dealing with climate change. 

Also, we can safely say that the environment is on a recovery mode diet plan compelled by the outbreak of this 
pandemic but perhaps the dim light at the end of this long and distressing Covid-19 tunnel could be healthier 
environments in cities worldwide subject to we not forgetting the lessons learnt the hard way and not resorting to 
our earlier ways. 
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ABSTRACT 
Women had faced gender discrimination in every field since ages. Because of this discrimination, women are 
still not getting equal status as men in the society. Education may bring tremendous change in this regard. It is 
the key to social change and makes women empower. Thus it is necessary for each and every woman to be 
Educated. But, why women need higher Education? The answer can be women empowerment. In other words, 
higher education makes women self reliant, economically wealthy and contributor for the development of the 
country. The present study is an effort to analyse the status of women in higher education special reference to 
Assam. 

Keywords: Higher Education, Status, Women, Women Empowerment 

1. INTRODUCTION 
Women are the backbone of a family. In an old African proverb it is said that, “If you educate a man you 
educate an individual, but if you educate a woman you educate a family (nation) (Suen, S., 2013). The first 
education of a child begins from his home and mother is the first teacher of a child. To develop perception and 
knowledge about the various things in a child the mother should be educated first. It brings the importance of 
women education in the society. However, women were deprived of their basic human rights and were denied 
equal opportunities in all over the world (Jagaran, 2022). As a consequence, different socio- religious 
movement took place to empower the women and availed them their basic human rights. Access to education 
has been most crucial demand of these socio- religious movements (Jagaran, 2022). Educating a woman helps 
her to lead a happy life, aware about her rights and raising voice against the injustice took place in the society. 
Moreover, women population took half of the place of total population, so government as well as the nation will 
also be benefited by educating them; produce human resources for the development of nation. 

In India conscious efforts were made by different social reformers to promote women education. But the status 
of women’s education in India was below the level of satisfactory as the literacy rate of women was increasing 
from 0.2% in 1988 to only 6% in 1947. (Dahal, C., 2021) Thus, higher education of women has been neglected 
for centuries. The educational status of women in Assam also was very poor as compared to the other states of 
the country. A great number of girl child dropouts from the education system before reaching to higher 
education. (Bora, L., Teron, N. & Boro, R., 2019). The reason behind the dropouts might be the tradition of 
early marriage of girls and beliefs that girls are born to be taken care of her family rather than doing any other 
jobs. 

However, higher education is the only key for empowering a woman and it is also the pathway of economic 
security and opportunities for the women. Hence, it is very important for the country to make a flexible, 
equitable and accessible education system where women along with men can contribute for the development of 
the nation. (Bora, L., Teron, N. & Boro, R.,2019). From 2000, many Indian women play a major role in various 
fields of science, literature, research, economy, polity, art & culture, sports etc. By manifest themselves as the 
contributing member of the society through quality higher education in those fields. Higher Education in India 
for women observes major growth over the years and government also take intuitive to eradicate gender 
disparity from the higher education in India. (Packianathan, N., Anusree, S. M & Manjunatha, B., 2016). 

2. OBJECTIVES OF THE STUDY 
2.1  To study the status of Higher Education of women in India special reference to Assam. 

2.2  To analyse the student enrolment in Higher Education based on gender. 

3. METHODOLOGY 
The present study is based on the secondary data collected from various websites including Magazines, 
Journals, Newspaper article, Govt. of India reports, Blogs etc. This data was analyzed and reviewed to draw the 
conclusion. 
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4. Women and Higher Education in India: 
Higher Education is referred as a system of education which can be obtained after 12 years of schooling. The 
institutional framework of higher education in India consists of Universities and colleges. According to NRF 
ranking list 2021, India has over 1000 universities and over 45,000 degree colleges. (India Today.,September, 
2021). It is the third largest higher education system in the world. India had a viable higher education system 
since 1000 B. C. However, those ancient learning centres only concerned with furnishing Vedic Education. The 
modern education system has its roots from colonial legacy. They used higher education as cultural 
colonization. (Wikipedia, March, 2022) 

Although Women were deprived of higher education from ages, but in Vedic period women were actively 
participated in the higher education system. Gargi, Maitreyi, Apala, Sanghamitra were the well known women 
scholar in the Vedic Education. Moreover, in Buddhist education system India witnessed world famed 
Universities of Nalanda, Takshila and Vikramshila were numbers of girls’ students were enrolled. Merely, they 
had lost their right gradually from later the Vedic age and medieval period. However, in the British period there 
was a re-establishment of women’s education in India as an effect of the socio religious movements led by Raja 
Rammohan Roy, Ishwar Chandra Vidyasagar. (Mandal, P.) Eventually, government of India took many 
initiatives and formulate policies to promote higher education of women after the country got independence in 
1947. The various report reflected the growth of higher education of women from 1947 to till date. 

5. Women and higher Education in Assam 
Assam also had gender disparity in the field of education. There is no evidence that female were access to 
education in ancient Kamrup. Though during Ahom rule, the women from royal families took education 
informally, not accessible to all. It can be said that the formal education for women in Assam started with the 
establishment of British colonial rule in the state. The effort was made with an establishment of girls’ school in 
Sadia by Mrs. Brown in 1838.  Consequently, the collective efforts of Baptist missionaries, British Government 
and reformers of the age made it possible to open numbers of different type of schools and colleges for women. 
By the year 1897-98, 185 primary schools were established and no. of girls enrolled was only 3823. (Moran, N., 
2019).Till 19th century higher education in Assam had not started and in 1901, the first college of Assam Cotton 
College was started in Guwahati. Although, women were allowed to take admission after a long wait from its 
establishment i.e. on 1929. Sujata Roy was the only girl student in the college, when she took admission in 
1929. After that in 1939 the first women college, Handique Girls’ College was established, followed but 
opening of two more women colleges during 1940-41. Hence, higher education of women in Assam had started 
only from the 20th century.  Sudhalata Duwarah and Sukhalata Duwarah , were the first MA BT from Assam. 
Additionally, Rajabala Das, Puspalata Das, Nalinibala Devi was the women who got higher education and 
inspired many women, opened up the path for women’s higher education in Assam., 

In 1948, Gauhati University was established, and brought a remarkable change in the Higher Education for the 
girls. Moreover, Assam State Council for Women’s Education, 1963 had provide valuable suggestions for the 
improvement of higher education of women, such as establishment of one college in each district, scholarship 
for girls, appointment of lady joint director at the higher education level etc. (Bora, L., Teron, N. & Boro, R., 
2019). As a result of govt initiatives various Women’s Studies Centres such as Chandraprabha Saikiani Centre 
for Women’s Studies (Tezpur University, 2009), Department of Women’s Studies under Gauhati University 
(2010) and Assam Women’s University in Jorhat (2013) was established. Thus, all the initiatives helped in 
increasing the enrolment ration of girls in higher education. 

6. Status of Enrolment in higher Education in India 
6.1  Gender Distribution at various level of Higher Education in India 

Table 1: Gender Distribution at various level of Higher Education 
Levels Male Female 
Ph.D 55% 45% 

M.Phil 35% 75% 
Post Graduation 40% 60% 

Under Graduation 50.8% 49.2% 
PG Diploma 53.6% 46.4% 

Diploma 65.1% 34.9% 
Certificate 40% 60% 
Integrated 56.2% 46.4% 

Source: AISHE 2019-2020 
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Graph 1: Gender Distribution at various level of Higher Education 

 
Source: AISHE 2019-2020 

6.2  Gender distribution in Student Enrolment 
The total student enrolment is approximately 3, 85, 36,359 out of which nearly 51% are male and rest 49% are 
female students. 

Graph 2: Gender distribution in Student Enrolment 

 
Source: AISHE 2019-2020 

6.3  GER in higher Education 
The Estimated Gross Enrolment Ratio (GER) in Higher education in India is 27.1%, which is calculated for 18-
23 years of age group. GER for male population at all India level is 26.9% whereas for SC Male it is 22.8% and 
18.2% for ST male. Likewise, GER for female population at all India level is 27.3% whereas for SC female it is 
24.1% and for ST female, it is 17.7%. 

6.4  Growth in student Enrolment 
The enrolment has grown significantly during the last 5 years, which has increased from 3, 45, 84, 781 in 2015-
16 to 3, 85, 36,359 in 2019-20. The overall growth is 11.4%. 
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Graph 3: Growth in student Enrolment 

 
Source: AISHE 2019-2020 

7. Literacy Rates in Assam, 1961-2011 
Table 2: Literacy Rates in Assam, 1961-2011 

Census Year Persons Males Females Gender Gap in literacy Rate 
1961 35.58% 44.28% 18.61% 25.67% 
1971 33.32% 42.96% 22.31% 20.65% 
1981 N.A N.A N.A N.A 
1991 52.89% 61.87% 43.03% 18.84% 
2001 64.28% 71.93% 56.03% 15.9% 
2011 73.18% 78.81% 67.27% 11.54% 

 
Graph 4: Female literacy Rates in Assam, 1961-2011 

 

8. CONCLUSION 
Education is the birth right for every person irrespective of gender, caste, region, religion, colour etc. In this 
context, women fought an extensive battle to attain these basic human rights not only in India but also all over 
the world. Education is the only tool for creating women empowerment and makes them self- reliant. The 
present study indicates remarkable changes in the field of Education in India as well as in Assam. It also 
indicates the increasing status of women literacy rate in Assam from 18.61% in 1961 to 67.27% in 2011. 
Although we can distinguish gender gap of 11.54% in literacy rate of Assam. Moreover, the present study 
shows that a gender disparity in Enrolment of students in higher education i.e. 51% male whereas 49% female. 
The reason behind this gender disparity is the patriarchal tradition and customs of our society. In Assam also 
female experiences ill effects of patriarchal norms and customs, which stop them in attaining equal educational 
opportunities. It is no doubt that today’s girls are going far ahead from boys in almost every field. But, in reality 
the bigger picture articulate the gender disparity in the field of Higher Education. Hence, it is necessary to take 
appropriate measures in this context. It is the responsibility of government as well as people to promote higher 
education among all women. Without Education the development of women are not possible and without 
development of women over all development of our country is in vain. 
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ABSTRACT 
Nanoparticles are colloidal particles with a size smaller than 1 mm. The active compound can be present in 
various physical states; it can be dissolved in the polymeric matrix, can be encapsulated, or can be adsorbed or 
attached to the surface of the colloidal carrier. The term nanoparticles derive both nanocapsules and 
nanospheres. The objective of the study was to prepare and evaluate nanoparticle containing Bosentan in 
different polymer ratio. The drug and the polymer were used in five different ratios in the process of 
formulations The nano-precipitation method was used to prepare nanoparticles so as to avoid both chlorinated 
solvents and surfactants to prevent their toxic effect on the body.The prepared nanoparticulate formulations of 
bosentan with different polymers in 1:1, 1:3, 1:5, 1:7 and 1:9 ratio have shown particle size in the range of 
ranging 120.1 nm to 184.0 nm, polydispersity index (PDI) in the range of 0.112 to 0.367,zeta potential in the 
range of -8.39 mV to -21.6 mV, The pH values of the nanoparticulate dispersions obtained ranged from 3.84 to 
5.30. About 98% of drug release was seen in 22 hours for F3, whereas about 99% release was achieved and 
entrapment efficiency in the optimum range range 74.3%. 

Keywords: Bosentan, nanoparticle, entrapment efficiency, invitro drug release. 

INTRODUCTION 
It is often more difficult to distinguish between the different structures and morphologies of the types of 
nanoparticles; the term nanoparticles is thus used as a general term 1. Polymeric nanoparticles are colloidal solid 
particles with a size range of 10 to 1000nm, spherical, branched or shell structures. The first fabrication of 
nanoparticles was made about 35 years ago with carriers for vaccines and cancer chemotherapeutics drugs, 
developed from non-biodegradable and biodegradable polymers. Their small sizes makes them to penetrable in 
the capillaries and to be taken up by cells, thereby ensuring the accumulation of drugs at target sites. Drugs are 
incorporated into nanoparticles by methods like dissolution, entrapment, adsorption, attachment or by 
encapsulation, and the nanoparticles provide sustained release of the drugs for longer periods, e.g., days and 
weeks. Such formulation enhance immunization by protecting degradation of the vaccine and increased uptake 
by immune cells1-,3. 

Polymer is One of the determinants of the extent of uptake by immune cells.  In a study comparing poly-(ε-
caprolactone) (PCL), poly (lactide-coglycolide) (PLGA) and their blend, PCL nanoparticles were the efficient 
polymer taken up by immune cells due to their hydrophobicity. However, all polymeric nanoparticles elicited 
vaccine (diphtheria toxoid) specific serum IgG antibody response significantly higher than free diphtheria 
toxoid. 4,5. The drug can be conjugated to a tissue or cell specific ligand or coupled to macromolecules that 
reach the target organs. To target an anticancer agent to the liver, polymeric conjugate nanoparticles which 
comprised biotin and diamine-terminated polyethylene glycol with a galactose moiety from lactobionic acid 
were prepared. Some other applications of nanoparticles are possible recognition of vascular endothelial 
dysfunction; oral delivery of insulin; brain drug targeting for neurodegenerative disorders such as Alzheimer’s 
disease; topical administration to improve penetration and distribution in and across the skin barrier; and pH-
sensitive nanoparticles to improve oral bioavailability of drugs such as cyclosporine A.6-8.  Examples of some 
polymers used to formulate nps are chitosan, alginate, albumin, gelatin, polyacrylates, polycaprolactones, poly 
(D, L-lactide-co-glycolide) and poly (D, L-lactide) including cytotoxicity of by-products (although some, such 
as polyanhydrides, degrade into products that are biocompatible) and scalability. Certain drugs lack specificity 
at the target organs /sites. To overcome the problem drugs are to be selected for enhancing wellness, lessens 
sickness and provides better energy. Bosentan is under such category that facilitates reaching to the targeted 
sites with efficient concentrations. Bosentan is (4-tertbutul-N-[6-(2-hydroxyethoxy)-5-(2-methoxyphenoxy)2-
(pyrimidine-2-yl) pyrimidin-4-yl) benzene sulphonamide hydrate and is being used to treat pulmonary 
hypertension by blocking the action of endothelin molecules that would otherwise promote narrowing that 
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would otherwise promote narrowing of blood vessels and lead to high B.P. It is first approved by United states 
Food and Drug adminisration as tracer (125mg) 9,10. This drug should not be stopped without consulting doctor 
as it may become worse. It can cause liver damage. It is a benzene-1- sulphonamide derivative & is a dual 
endothelin receptor antagonist indicated mainly in the management of pulmonary arterial hypertension. It is a 
highly water soluble drug having only 50% bioavailability with a terminal half-life of 5 hrs. It is a white 
crystalline powder, odourless powder, with a bitter taste11. 

MATERIALS AND METHOD: 

Materials: 
Bosentan from Aurobindo pharmaceuticals, Hydrabad, India, PH 6.8 buffer in distilled water,acetone polymers 
e g PLGA RG 503 H, PLGA RG 502 and PLA R 203; two stabilizers e.gPoloxamer 188 and Gelucire 
44/14,were obtained from Central 12 Drug House, Mumbai, India. Distilled water was prepared in laboratory 
using all glass 15 distillation apparatus. UV Spectrophotometer (shimadzuuv 1800, japan) is used for the study. 
Particle size and polydispersity were determined by photon correlation spectroscopy (PCS) by using a Zetasizer 
5000 (Malvern Instruments Ltd., UK). 

Methods: 
Formulation and optimization of Nanoparticle of Bosentan 
Nanoparticles was prepared by nanoprecipitation method which is based on preformed biodegradable polymers 
was followed. About 25-50 mg of the polymer was made a solution in 5 ml of a suitable organic solvent to form 
the diffusing phase. To this diffusing solution 5 mg of accurately weighed drug was added and dissolved 
completely. After this step 20-30 ml of purified water was taken in a clean beaker and 0.5-1.5% of a stabilizer 
was dissolved to form aqueous phase or the diffusion phase. Then the drug-polymer solution was injected into 
the non-solvent i.e., the aqueous phase.Two phases were mixed on the magnetic stirrer at 600 rpm to form a 
dispersion system. It is most important that the organic solvent was removed from the solution. So, it is made 
possible by keeping the dispersion system under reduced pressure on the rotary evaporation equipment12. 

Optimization of Process Variables: 
The effect of formulation such as stabilizer concentration, Concentration of the Organic Phase, ultrasonication, 
temperature, solvent ratio, stirring speed and drug polymer ratioetc have been studied in order to control and 
optimize the process 12. 

(i) Concentration of stabilizer: To see the effect of concentration of stabilizer, Poloxamer 188 was used at 
0.5%, 1% and1.5%. 

(ii) Different stabilizers: Apart from Poloxamer 188, other stabilizers such as Polyvinylpyrrolidone K30 
(2%), Polyvinylalcohol (0.2%), Gelucire 44/14 (0.5%) and Polyvinylalcohol (0.2%) in combination with 
Poloxamer 188(0.5%) were used  inthe formulation of nanoparticles; to see theirinfluence. 

(iii) Organic Phase/Solvent: Various water immiscible organic solvents/phases to dissolve the biodegradable 
polymer were used in the formulation to observe the effect on size of the nanoparticles. Acetone alone 
and in 1:1 combination with ethanol, chloroform and toluene, were used as the diffusing phase/solvent for 
drug- polymersolution. 

(iv) Concentration of the Organic Phase: The effect of concentration of organic phase i.e., acetone for the 
nanoprecipitation wasevaluated. 

(v) Ultrasonication: The fine nanoparticulate dispersions were subjected to ultrasonication to see itseffect. 

(vi) Temperature: The effect of temperature during the formulation of nanoparticles wasobserved. 

(vii) Solvent (S) to Nonsolvent (NS) ratio: The ratio/proportion of the solvent (S) and nonsolvent (NS) was 
varied to see the effect on nanoprecipitation of bosentan particles. 

(viii) Stirring speed on the formation of nanoparticles: While following the nanoprecipitation method the 
stirring speed was varied to observe the effect on the formation ofnanoparticles. 

(ix) Ratio/Proportion of drug and polymer: The drug/polymer ratio was varied to see the the effect on 
entrapmentefficiency. 
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CHARACTERIZATION OF NANOPARTICLES: 

Particle size analysis 13 
Particle size analysis The size distributions along the volume mean diameter of the nanoparticlesand Zeta 
potential of all formulated nanoparticle was the range between were measured by laser scattering light using 
photon correlation spectroscopy using a Horiba Zetasizer Instruments. 

Entrapment efficiency: 
The nanoparticles were first separated from the aqueous suspension medium by ultracentrifugation at 10000 
rpm for 45 min. The amount of free drug in supernatant was measured by validated UV spectrophotometric 
method at 222 nm.14The drug entrapment efficiency (EE) of nanoparticles was determined in triplicate and 
calculated as indicated below: 

 

In-vitro drug release study: 
The dialysis bag diffusion technique was used. 5 mL of the aqueous dispersions of the nanoparticles were 
placed in the dialysis bag (i.d. 22 mm, Mw cut off between 12000 to 14000), hermetically sealed and dropped 
into 200 ml of an aqueous environment. The receptor media used was phosphate buffer (pH 6.8) under sink 
conditions. The entire system was kept at 37°C with continuous magnetic stirring at 200 rpm. Samples (5 ml) 
were withdrawn from the receptor compartment at predetermined time intervals and replaced by fresh buffer. 
The amount of drug dissolved was determined by UV spectrophotometry at 222 nm15. 

RESULTS AND DISCUSSION: 
Particle size and  zeta  potential  of  all  the  formulations  are  shown  in Table  1.  The particle size analysis 
was carried out  using  optical  microscopy   and   zeta   potential   will   be   measured   using   Malvern   
instrument.  It shows that all formulations provided particles in the range of 94.46 –198.7 nm, respectively.  
Increasing in the particle size observed with varying concentration of polymer in increasing order16. 

Table 1: Comparative Particle size and Zeta potential data of nanoparticulate formulations 

 

The entrapment  efficiency  and  drug  content  of  different  formulations  are shown in Table 2. It  shows  that  
all  formulations  provided  entrapment efficiency  in  the  range  of  35.8–75.3%. 

Table 2: Entrapment Efficiency of Formulated Nanoparticles 

Formulations % Entrapment Efficiency 

F1 35.8 
F2 38.2 
F3 42.6 
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F4 60.3 
F5 67.2 
F6 36.7 
F7 39.3 
F8 45.7 
F9 59.3 
F10 68.4 
F11 39.3 
F12 40.9 
F13 46.7 
F14 63.4 
F15 75.3 
F16 66.7 
F17 69.5 
F18 74.3 

In vitro release studies for the nanoparticles of bosentan was performed using dialysis bag diffusiontechnique. 
The dialysis bag diffusion technique was used. 5 mL of the aqueous dispersions of the nanoparticles were 
placed in the dialysis bag (i.d. 22 mm, Mw cut off between 12000 to 14000), hermetically sealed and dropped 
into 200 ml of an aqueous environment. The receptor media used was phosphate buffer (pH 6.8) under sink 
conditions. The entire system was kept at 37°C with continuous magnetic stirring at200 rpm. Samples (5 ml) 
were withdrawn from the receptor compartment at predetermined time intervals and replaced by fresh 
buffer17. The amount of drug dissolved was determined by UV spectrophotometry at 222 nm. Dissolution 
datas of F3,F4,F5 are shown in Table 3. 

Table 3:Dissolution data of Formulations F3, F4, F5 
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Fig.(1): Dissolution profile for F3, F4 and F5 

 
Fig. (2): Zero order plot for F3, F4 andF5 

 
Fig. (3): First order plot for F3, F4 andF5 
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Fig. (4): Higuchi plot for F3, F4 and F5 

 
Fig. (5): KoresmeyerPeppas plot for F3, F4 and F5 

Table (4.): Illustrative data of various kinetic models for F3, F4 and F5 

Formulations Zero Order 
(R2) 

First Order 
(R2) 

Higuchi 
(R2) 

Koresmeyer- 
Peppas (n) 

F8 0.98 0.93 0.99 0.54 
F9 0.99 0.92 0.98 0.57 
F10 0.99 0.86 0.98 0.57 

The results are noted in Table (3) and shown in Fig. (1-5). For formulations F3 to F5 in case of polymer PLGA 
503 H with Poloxamer 188 as the stabilizer. The formulations displayed a sustained release profile with no 
initial burst effect with increased polymer concentration, the drug release decreased which could be due to 
retardation at higher viscosity. About 98% of drug release was seen in 22 hours for F3, whereas about 99% 
release was achieved in 24 hours in case of F4 and F5. At the end of 12 hours, 64%, 58% and 56% drug release 
from F3, F4 and F5 respectively. Analysis of drug release data from various plots such as Zero order, First 
order, Koresmeyer-Peppas plot and Higuchi plot; it could be inferred that the drug release followed Zero order 
kinetics, non-Fickian anomalous diffusion mechanism as well as showed good correlation with square root of 
time indicating the drug release mechanism to be diffusion controlled. 

 3.4 Nanoparticle morphology 
 The nanoparticle surface appearance and shape were analysed by SEM. Samples were prepared by finely 

spreading concentrated nanoparticle dispersions over slabs and by drying them under vacuum. The samples 
were then coated in a cathodic evaporator with a fine gold layer and observed by SEM using a JSM-6400 
scanning electron microscope. 16. 
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 3.5 Short-term Stability Study 
The formulated nanoparticulate dispersions of bosentan were kept under refrigeration (2-8°C) conditions, in 
well closed glass containers for a period 2 months. All the formulations were tested for particle size and 
zetapotential. 

3.6 Drug-Excipient Compatibility: 
A drug or active principle was most often delivered to a patient along with other chemical substances within a 
pharmaceutical formulation, which should comply with strict specification, often prescribed by law. In order to 
be approved a formulation should warrant well defined level of stability.Interaction between drug and excipient 
occur by several mechanisms including adsorption, complexation, chemical interaction, pH effect, and eutectic 
formation, resulting in drug products with desired or undesired properties.This is performed by using FT-IR 
spectroscopic analysis method and spectras were compared with reference. 

CONCLUSION 
In this research work, we synthesize nanoparticles system for bosentan, a benzene -1- sulfonamide derivative, 
which is a dual endothelin receptor antagonist indicated mainly in the management of pulmonary arterial 
hypertension. Bosentan is a highly water insoluble drug, having only 50% bioavailability, with a terminal half-
life of 5 hrs. Stable nanoparticulate dispersions/systems of bosentan can be formulated employing 
biodegradable polymers, with fairly good entrapment efficiency and controlled release upto 24 hours. However, 
there is scope to extend the investigations to in vivo studies, long-term stability tests, toxicity testing, scale-up 
and other studies. 
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ABSTRACT 
The majority of farmers cultivate Kharif crop in the tropical region and has been experimenting with some crop 
like Soybean, Moong and Urad, etc., as a source of their economy. A literature survey reveals that the utility of 
chlorosubstituted Flavones in the field of agricultural science and pharmaceutical science is ever increasing. 
Due to their importance in the field of agriculture as plant growth regulating agents, we study the efficiency of 
newly synthesized chlorosubstituted Flavones viz.  3-(4-methxybenzoyl) -2 (4- Chloro phenyl) flavone and  3-
(4-chlorobenzene)-2-(4-chlorophenyl) flavone in the light of their significance towards the growth-promoting 
impact on Kharip crop. The results obtained in the present study are very encouraging. 

Keywords: Kharif crop, Chlorosubstituted Flavone, Growth promoting agents. 

INTRODUCTION 
Flavones are class of flavonoids based on the backbone of 2- phenylcromen-4-one (2-phenyl-1-benzopyran-4-
one). Flavones are considerable attention towards agriculture field [1]. Some substituted flavones were reported 
to a various biological activity [2-9]. Central India i.e. tropical region farmers are engaged in the cultivation of 
Kharif crops but yield not satisfactory with their efforts. Literature survey reveals that, Chlorosubstituted 
flavones have enormous importance in the field of agriculture sector as plant growth regulating agents. Many 
medicinal and agricultural chemists interested in the synthesis of flavone derivatives for growth promoting 
agents and improved properties towards respective fields [10]. Chalcones and their derivatives containing α, β 
unsaturated carbonyl group are active ingredients for the progress of various reactions and physiologically 
active compound [11].     The present study to synthesize and efficacy of some chlorosubstituted flavones viz. 3-
benzoyl -2 (4 Chloro phenyl) 4- chloro phenyl flavone and 3-benzoyl -2 (4 Chloro phenyl) 4- methoxy phenyl 
flavone with special refrence to their use as growth promoting agents for some Kharif crops viz. Soyabean 
Monng and Udit. 

EXPERIMENTAL 
All solvents and reagents were picked up since Merck India Ltd and are of AR Grade and recycled without 
further purification.  Melting Points were unwavering by the open capillary method and were uncorrected. Thin-
layer chromatography (TLC) was implemented on silica. The spots were visualized by exposure to iodine vapor 
Nuclear magnetic resonance (NMR) spectra were recorded on a 400-MHz spectrometer for 1 HNMR.  IR 
spectra of the compounds accomplished in potassium bromide (KBr) disks on a Bruker IR spectrometer. Mass 
spectra were recorded on a Waters ZQ-4000 spectrometer. The yields of the synthesized compounds were 
revealed for the isolated product.The analytical and spectral data of compounds were highly satisfactory. 

Preparation of 2-acetyl phenyl 4-chlorobenzoate (3a): 
Starting from o-hydroxy acetophenone (0.05 mol) (1a), p-chlorobenzoyl Chloride (0.05 mol) (2a) suspended in 
NaOH (10%) (30 ml) in 500 ml Round Bottom Flask with cork .  This reaction mixture was shaken for 45 min.  
After shaking reaction mixture was poured in 500 ml separating funnel . The favorable product was separated, 
filtered and washed with the help of Sodium bicarbonate (10%). The reaction mixture was Raines with water.  
Recrystallized with the absolute  ethanol. M.P. 670 C, yield 78%. 

Preparation of 1-(4-clorophenyl)-3(2-hydroxyphenyl) propane-1,3-dione (4a): 
2-acetyl phenyl 4-clorobenzoate was suspended in dry pyridine (40ml) in 100 ml RBF. The solution warmed up 
to the temperature of 600 C. Then Pulverized KOH (15 gm) was added with constant stirring at room 
temperature. Completion of reaction mixture was monitored by using TLC plate. After four hours of heating, 
the reaction mixture was acidified with adding ice-cold dil. HCl (1:1). The brownish- yellowish solid product 
was separated, filtered and washed with sodium bicarbonate (10%). Then wash with again cold water. 
Recrystallized using ethanol acetic acid mixture to acquire 1-(4-chlorophenyl)-3-(2-hydroxyphenyl) (4a), 
m.p.1110 C, yield 76%. 
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Preparation of 3-(4-chlorobenzoyl)- 2-(4 Cloro phenyl) flavanone (5a): 
1-(4-chlorophenyl)-3-(2-hydroxyphenyl) propane-1,3-dione (0.01 mol) mixed with 4-chlorobenzaldehyde (0.01 
mol) in 25 ml of ethanol and piperidine (0.5 mol) in the 100 ml RBF. It was refluxed for 20 min. Progress of 
reaction was monitored by using a TLC plate. After the completion of the reaction, the reaction mixture was 
cooled to room temperature. It was acidified with dil. HCl (1:1) and the desired product was separated. 
Recrystallize from ethanol-acetic acid mixture to get product. M.p. 142 0C,  yield 78% (5a). 

Preparation of 3-(4-chlorobenzoyl)-2-(4-chlorophenyl) flavone (6a): 
A mixture of 3-benzoyl2-(4 chloro phenyl)-4-chlorophenyl flavanone (6a) (0.01 mol) and iodine crystal was 
refluxed in DMSO (20 ml) for about 10 min. in 100 ml RBF. Progress of the reaction was monitored by using a 
TLC plate. After completion of reaction, the reaction mixture cooled to the room temperature. The solid product 
was obtained and separated. It was washed with sodium thiosulphate solution. Finally recrystallize from ethanol 
acetic acid mixture to get the 3-(4-chlorobenzoyl)-2-(4-chlorophenyl) flavone. (M.p. )1310 C. yield 80%. 

Preparation of 2-Aceto phenyl-4-methoxybenzoate (3b): 
Starting from o-hydroxy acetophenone (0.05 mol) (1b), anisic acid (0.05 mol) (2b) were suspended in dry 
pyridine (40 ml) and to this POCl3 (3 ml) was added drop wise with constant stirring and cooling. This reaction 
mixture was kept overnight and then worked up by dilution and acidification with ice cold HCl (1:1) to 
neutralize pyridine. The solid product thus obtained was filtered, washed with water followed by Sodium 
bicarbonate (10%). The reaction mixture was  Raines with water.  Recrystallized from absolute ethanol. M.P. 
670 C, yield 78%. 

Preparation of 1-(2-hydroxy phenyl)-3-(4’-methoxyphenyl)-1,3-propadione (4b): 
2-Aceto phenyl-4-methoxybenzoate (3b) (0.05 mol) was suspended in dry pyridine (40 ml). The solution was 
warmed up to the 600 C and pulverized KOH (15 gm) added slowly with constant stirring. After four hours the 
reaction mixture was acidified with ice cold dil. HCl (1:1) . The solid product was separated and washed with 
sodium bicarbonate (10%). Then wash with cold water. Recrystallized using absolute ethanol to get 1-(2-
hydroxy phenyl)-3(4’-methoxyphenyl)-1,3-propadione (4b), m.p. 1150 C, yield 76%. 

Preparation of 3-(4-methxybenzoyl) -2 (4- Chloro phenyl ) flavanone (5b): 
A mixture of 1-(2-hydroxy phenyl)-3(4’-methoxyphenyl)-1,3-propadione (4b) (0.01 mol) and 4-
chlorobenzaldehyde (0.01) was refluxed in ethanol (25 ml) and piperidine (0.5 ml) for 20 min. After cooling, 
the reaction mixture was acidified with dil. HCL (1:1) and the product thus separated, was crystalized in 
absolute ethanol to get ,3-(4-methxybenzoyl) -2 (4- Chloro phenyl ) flavanone(5b), m.p. 150 0 C, yield- 74%. 

Preparation of 3-(4-methxybenzoyl) -2 (4- Chloro phenyl) flavone (6b): 
3-(4-methxybenzoyl) -2 (4- Chloro phenyl) flavanone (5b) (0.01 mol) and iodine crystal was refluxed in DMSO 
(20 ml) for about 10 min. in 100 ml RBF. Progress of the reaction was monitored by using a TLC plate. After 
completion of reaction, the reaction mixture cooled to the room temperature. The solid product was obtained 
and separated. It was washed with sodium thiosulphate solution. Finally recrystallize from absolute ethanol to 
get the 3-(4-methxybenzoyl) -2 (4- Chloro phenyl) flavone (6b) , M.p. 119 0 C, yield- 77%. 

RESULT AND DISCUSSION: 
We have synthesized first series a chlorosubstituted flavone derivative (6a) by flavanone drivatives which as 
prepared by cyclisation of 1-(4- chlorophenyl)-3-2 hdroxyphenyl (4a) with chlorobenzladehyde by using a 
catalytic amount of piperidine under solvent of ethanol. Starting from o-hydroxy acetophenone treated with p-
chlorobenzoyl chloride in presence of NaOH to obtain 2-acetyl phenyl 4-chlorobenzoate by literature method 
[12]. 1-(4-chlorophenyl)-3-(2-hydroxyphenyl) propane-1,3-dione was obtained by 2-acetyl phenyl 4-
chlorobenzoate under catalytic amount of BVT in Pyridine by using potassium hydroxide. The synthesized 
compound purified by recrystallization in absolute ethanol. The synthesized compound is characterized by 
various techniques like 1H-NMR, IR and mass. Compound 6a confirmed by NMR peaks of aromatics proton 
appears δ 6.1-6.6 as multiplet. IR absorption band appears at 3435 cm-1 for aromatic proton. band appears at 
1523 cm-1 indicates –C=O group while band appears at 814 cm-1 and 1016 cm-1 Ar-Cl stretching.GC-MS spectra 
shows at m/z 396. 

We have also synthesized second series of a methoxysubstituted flavone derivative (6b) by flavanone drivatives 
which as prepared by cyclisation of 1-(4- methoxyphenyl)-3-2 hdroxyphenyl (4a) with chlorobenzladehyde by 
using a catalytic amount of piperidine under solvent of ethanol. Starting from o-hydroxy acetophenone treated 
with anisic acid in presence of POCl3 to obtain 2-acetyl phenyl 4-methoxybenzoate by literature method [12]. 1-
(4-methoxyphenyl)-3-(2-hydroxyphenyl) propane-1,3-dione was obtained by 2-acetyl phenyl 4-
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methoxybenzoate under catalytic amount of BVT in Pyridine by using potassium hydroxide. The synthesized 
compound purified by recrystallization in absolute ethanol. The synthesized compound is characterized by 
various techniques like 1H-NMR, IR and mass. Compound 6a confirmed by NMR peaks of aromatics proton 
appears δ 6.5-6.9 as multiplet. IR absorption band appears at 3412 cm-1 for aromatic proton. band appears at 
1599 cm-1 indicates –C=O group while band appears at 854 cm-1 and 1030 cm-1 for Ar-Cl and OCH3 stretching 
respectively. GC-MS spectra shows at m/z 379. 

Spectral data of Chlorosubstituted flavone derivatives: 

3-(4-chlorobenzoyl)-2-(4-chlorophenyl) flavone (6a): 
Molecular formula: C22H12O3Cl2 yield:76%, m.p. 1310C. IR (KBr) cm-1: 3435 (-CH      Aromatic str),  1523 (> 
C = O str), 814 (Ar-Cl), 1016 (Ar-Cl);  1 H NMR (DMSO-d6), 400 MHz, δ (ppm) 6.1 (d, 1H), 6.3 (m, 3H), 6.4 
(dd, 2H), 6.5(d, 1H), 7.01(m, 3H), 9.1 (d, 1H)., mass: 395 (M+1). 

3-(4-methxybenzoyl) -2 (4- Chloro phenyl) flavone (6b): 
Molecular formula: C22H15O4Cl yield: 74%, m.p. 1190C. IR (KBr) cm-1: 3412(-CH Aromatic str), 1599 (> C = 
O str), 854 (Ar-Cl), 1113 (Ar-OCH3);  

1 H NMR (DMSO-d6), 400 MHz,  δ (ppm) 6.5 (d, 4H), 6.9 (d, 2H), 7.7 
(d, 2H), 7.9(d, 2H), 9.7 (d, 1H)., mass: 379 (M+1). 

The compound (3a-6a) and (3b-6b) were studied the vegetative growth promoting effects of some newly 
synthesized chlorosubstituted flavones with special reference to kharif crops.  
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For growth promoting effects: 
The beds cotton soil, 2.5 x 2.5-meter size prepared on an open field of the small plants of Soybean, Moong and 
Urad is cultivated. 

The seeds of all three species Soybean, Moong and Urad has taken under examination were sowed in these beds 
separately by conventional method. The plant beds were irrigated with tap water. The seeds of Soybean, Moong 
and Urad kept in solutions of newly synthesized chlorosubstituted flavones were prepared in (0.01 dilution) 
separately overnight and sprayed thrice at fortnightly intervals (15, 30, 45 days). The seeds from each bed were 
divided in to two groups (A) and (B). The group (A) seeds were not kept in solution overnight and unsprayed 
termed as control group. Whereas the seeds from group (B) designated as treated group these seeds were kept in 
solution and sprayed with the compounds being tested. 

All the filed experiments were conducted to compare the treated seeds and control seeds. The samples were 
taken at 15, 30, 45, 60, 75 and 90 days after planting stage. The plants were carefully examined and number of 
leaves and heights of shoots were recorded (Table-2a-2b). The data obtained was subjected to analysis of 
growth parameters. 

Table-2a: Effect of newly synthesized compound: 3-(4-chlorobenzoyl)-2-(4-chlorophenyl) flavone (6a): on 
the growth of Kharif crop. 

Days Soyabean Moong Urad 
 No.of leaves Shoot Hight 

(Cm) 
No.of Leaves Shoot Hight 

(Cm) 
No.of leaves Shoot Hight 

(Cm) 
 C T C T C T C T C T C T 

15 7 9 8.1 11 5 8 7 10 4 7 6 9 
30 13 16 15 18 9 13 12 14 8 11 10 12 
45 29 34 24 28 18 22 21 24 19 23 18 20 
60 48 52 31 36 27 31 29 32 32 35 25 27 
75 60 64 33 39 34 38 60 64 41 45 29 31 
90 66 70 36 41 62 66 33 38 55 60 31 33 

Note: C = Control, T = Treated 

Table-2b: Effect of newly synthesized compound: 3-(4-methxybenzoyl) -2 (4- Chloro phenyl) flavone (6b): 
on the growth of Kharif crop. 

Days Soyabean Moong Urad 
 No.of leaves Shoot Hight 

(Cm) 
No.of Leaves Shoot Hight 

(Cm) 
No.of leaves Shoot Hight 

(Cm) 
 C T C T C T C T C T C T 

15 7 9 6 8 7 9 5 8 6.2 8 4 7 
30 11 14 14 17 10 13 11 13 9 11 8 11 
45 22 26 23 26 24 27 17 20 16.4 22 16 19 
60 28 31 34 36 30 33 26 29 24 27 25 30 
75 31 33 47 50 32 35 39 41 29 31 38 46 
90 34 36 56 61 34 37 54 61 31 33 49 64 

Note: C = Control, T = Treated 

The synthesized compounds were screened for their growth-promoting activity on Kharif crop. The plants were 
used as Soybean, Moong, and Urad. Efforts have been made to examine and study the morphology of treated 
plants 

The choice of these crops was based on their enormously vast utility and also the indispensability for the 
survival of the human race, all across the globe. Efforts have been made to investigate and analyze the 
convergence and divergence effect of test compounds on the morphology of plants under investigation. It was 
interesting to note that, all the treated seeds exhibited remarkable leaves and shoot elongation as compared to 
untreated ones. 

When the growth of all the treated plants were compared among themselves, it was distinctly observed that, the 
change which is dominant while applying the treated compound i.e. chlorosubstituted flavanones in Soybean, 

Moong, and Urad .In the initial stage, vegetative growth was not significant but after 2nd interval, it gradually 
increases, and after 15 days leaves and shoot elongation was dominant to a considerable extent. In this 
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experiment 6a compound gives promising effect as compared to  6b compound. Thus there has been a fair 
amount of satisfaction in crying out the present study. The encouraging results have surely contributed to the 
enthusiasm of the author. But honestly, this is just the beginning. There is much scope for further study, and 
there is a long way to go. 
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A Study on Employee Inclusion of Squarefoodmeal Pvt Ltd among Speech and 
Hearing Impairment (SHI) Individuals in Mumbai 

Rhutula Jadhav 
Guru Nanak Institute of Management Studies, Mumbai, Maharashtra 

ABSTRACT 
Speech and Hearing Impairment individuals look normal and hence they have more social acceptability and 
connection is higher among people. Sign Language has been used to indicate by all individuals to convey 
emotions and express ourselves better than any words would ever do. Hence Interacting with SHI individuals 
becomes easier by learning sign languages.  This Paper creates awareness about implications of reverse 
inclusion in work settings. 

Keywords:-  Speech and Hearing (SHI) Impairment ,Inclusion, Workforce 

INTRODUCTION 
There are nearly 6.5 million Speech and Hearing Impaired (SHI) people in India, with only 15-20% of them 
working. Many are treated as dependents in their households. 

Being speech-and-hearing-impaired (SHI) has been a significant barrier for many young people in finding work, 
primarily because workplaces are not equipped to assist and support SHI employees. 

Squaremeals food Pvt ltd India, on the other hand, has made special efforts to ensure that workplaces are 
inclusive and that every individual can find professional growth. 

Squaremeal Foods was founded to carry out the vision of establishing a chain of 21 restaurants offering cutting-
edge, well-thought-out, and evolved food, while also developing capabilities in people who are deaf or hard of 
hearing. And in response, like-minded investors stepped forward, putting their hearts and hands 
together.Squaremeal Foods' first restaurant, Mirchi & Mime, opened in May 2015, serving modern-Indian 
cuisine, and their second, Madeira & Mime, opened in October 2016, a pub serving world cuisine comfort food. 

"Reverse integration" refers to the phenomenon in which able-bodied Employees ( few in numbers )  join 
employees with disabilities ( more in numbers). 

LITERATURE REVIEW 
This research paper current framework is disability research, which encompasses biological, psychological, 
social, and cultural aspects of functioning, impairment, and disability (Danermark & Gellerstedt, 2004b). 
Traditionally, disability research has been conducted using medical and social theoretical models. One 
limitation of using either model separately is that neither can provide a comprehensive view of disability. In the 
current study, functioning and disability are viewed as a result of an interaction between an individual's health 
status, as well as contextual and personal factors (WHO, 2001). When conducting interdisciplinary disability 
research, many decisions must be made (e.g., methods, what to study, under what conditions, and so on) 

The American Annals of the Deaf is a professional journal dedicated to quality education and related services 
for deaf or hard of hearing children and adults. First published in 1847, the Annals is the oldest and most widely 
read English-language journal dealing with deafness and the education of deaf persons. The Annals is the 
official organ of the Council of American Instructors of the Deaf (CAID) and of the Conference of Educational 
Administrators of Schools and Programs for the Deaf (CEASD) and is directed and administered by a Joint 
Annals Administrative Committee made up of members of the executive committees of both of these 
organizations. 

OBJECTIVES OF THE STUDY: 
To Study the Employee inclusion among Speech and Hearing Impairment (SHI) individuals 

To understand the impact of reverse inclusion at workplace 

RESEARCH METHODOLOGY 
“Research design is the conceptual structure within which research is conducted. Research design indicates the 
blue print for the collection, measurement and analysis of data. The design includes an outline of what the 
researcher plans and frames the research work. It explains how samples are selected, sample size determined, 
how data is collected, and which statistical methods are used for data analysis”. Qualitative Research means 
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Data from first-hand observation, interviews, questionnaires, focus groups, participant-observation, recordings 
made in natural settings, documents, and artifacts are used in qualitative research. The information is mostly 
non-numerical. 

Researcher has Interviewed the founder of Restaurant Mr. Raja  Sekhar Reddy.The interview is a valuable data 
collection technique that involves verbal communication between the researcher and the subject. Interviews are 
frequently used in survey designs as well as exploratory and descriptive research. Unstructured or in-depth 
individual Interview was conducted by the researcher. Researchers come up with the suitable findings and 
results regarding the different suitable factors of the study. 

Findings and results based on Recruitment 
Recruitment is the foundation of any company's hiring process. Squaremeals Pvt Ltd wanted to provide SHI 
employment, so their first step was to visit Deaf and speech impairment schools. There are only seven such 
schools in Mumbai. Initially, they intended to interview only 25 people. The principal of the school was 
concerned because SHI people are socially mocked and have taken advantage of their situation, and he was not 
convinced. However, the founders later assured them with a proper business plan, and everything proceeded as 
planned. 

On the day of the interview, those 25 candidates brought 4-5 family members with them so that they could 
answer questions on behalf of their wards. These family members also asked counter-questions because they 
were concerned about their safety at work. Making people believe and entrusting trust was thus a challenge for 
the employer. With 25 people on board, they began slowly and steadily with their first batch of employees. The 
next challenge was to train SHI employees. 

Findings and Results based on Training 
Squarefoodmeals pvt ltd outsourced the training of 25 SHI employees as part of the CSR activity of the leading 
company in India. It was intended to last 90 days. Following training, they discovered that these SHI employees 
were perplexed and lacked confidence in dealing with customers at the restaurant. As a result, they intended to 
retrain them on the job. With this in mind, they altered their recruitment strategy. They hired another 25 capable 
individuals to act as a shadow while SHI employees received on-the-job training. At this time, the company has 
made it mandatory for abled employees to learn sign languages in order to better train and understand SHI 
employees. In addition, the company hired 1 Translator, 1 Functional Trainer, and 1 Behavioral Trainer. This 
made them realize that "Visual training" help SHI employees learn better. 

As a result, the company's training continues to follow the same pattern, with 3-4 hours of classroom training to 
understand the terminologies. 

Company have also developed their own manual on sign language to improve communication barrier at their 
workplace. Abled Employees were also educated on the importance of reverse inclusion so that there is a 
culture of belonging and happiness. 

Other Findings and Results 
Each restaurant employs a total of 50 people, with 25 being waiters, 25 being SHI employees, and the remaining 
25 being abled employees (cooks, managers etc). Employee benefits are identical to those provided by any other 
employer. Through referrals within Mumbai, the company builds a pool of candidates. When it comes to 
terminating SHI employees, one must be extremely cautious so that they are not negatively impacted. In the 
process of terminating SHI employees, they must first notify their parents, and then make them understand the 
errors at work. SHI employees have more trust among parents than any other group. 

CONCLUSION OF THE STUDY 
The concept of Reverse Inclusion has assisted organizations in being successful, where there is a balance of 
abled and SHI employees, which also brings about more sensitization in the workplace culture. Providing SHI 
individuals with employment opportunities demonstrates that disability does not imply a lack of ability to 
perform in a role. SHI employees can be a valuable asset to any company because of their unique perspective, 
loyalty, and skills. It may take some getting used to, and some kinks in the general workforce may need to be 
worked out, but the benefits are well worth the effort. 
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Some Medicinal Plants Mix Grow with Mulberry Plant 

Shashi Kanta 
S.S.M. College, Dinanagar 

ABSTRACT 
Sericulture industry is facing many challenges due to limited land resources, competition with other agricultural 
crops and climate. Kandi area  of Punjab and adjoin area of  Himachal also has its importance as these areas are  
herbs  rich. Therefore, this area always catch by researchers to develop mutual harmony between sericulture and 
medicinal industries for of sustainable co- existence. 

Local farmers want Mulberry is cultivated as tree under conditions in Kandi Area of Pathankot for  their 
additional income , Punjab for sericulture. The gestation period of mulberry for sustaining silkworm rearing is 
3-4 years. When plants are raised through cutting. Further, sericulturists do not earn much due to bivoltine 
rearing during spring and autumn, which keeps them busy only for three months and their 9 months, in this 
region remain free. The gestation period and afterwards remain periods of 9 months, every year. So wayb find 
for it is to adopt process of intercropping of medicinal plants to raise income of sericulturists of this region. This 
area is rich for medicinal plants. Present paper deals with the Survivality and prospects of intercropping of three 
medicinal plants viz. Aloe barbandense. Asparagus racemosu and  Plumbago zeylanica. 

Keywords: Mulberry, Medicinal Plants, Cultivation and medicinal plants. 

INTRODUCTION 
Sericulture is facing tough time due to bivoltine crops, limited land resources and competition with other 
agricultural crops. Besides, the part of Kandi area of Punjab also has importance as herbal rich area Therefore, 
there is an urgent need to have cropping between sericulture and medicinal industries for sustainable co- 
existence. The gestation period (4- 5yrs) between transplantation of the saplings and full tree capable of 
sustaining silkworm rearing and the lean periods after pruning of mulberry is July / December may effectively 
be utilized every year for the intercropping of medicinal plants to increase the income of sericulture Farmers 
and government. Due to heavy demands from pharmaceutical of industries, the over- exploitation of medicinal 
plants is leading to the destruction of habits and habitats and unsustainable harvesting practice has conservation 
and cultivation support of many valuable herbs. Since majority of sericultural farmers have very small land 
holdings and depend mainly upon family labor and simple tools, they neither have the capacity to take risk nor 
have enough land to diversify the cropping system. Thus, by growing other of short duration crops along with 
mulberry, the farmer gets additional benefits from intercrops . 

In Punjab , intercropping of bush mulberry with lentil and Mung at (8’+2’)x2’ spacing have maximum returns 
from sericulture and cost of pulses thereby facilitating additional net gain from one acre of mulberry plantations 
during spring and autumn seasons. An additional incomecan easily be fetched by growing short duration crops 
like mustard and beans between rows of mulberry. Lot of work has already been done for integration of 
Sericulture with agriculture and horticulture . However, so far as intercropping of medicinal plants is concerned 
to increase the income of farmers and Government mulberry gardens, very little works has been done for 
integration of sericulture with medicinal industries. In hilly region of west Bengal, the net profit is increased by 
26.3% from the Same piece of land without any additional investment When intercropping of turmeric and 
ginger, turmeric and field pea were practiced along with mulberry. Intercropping of mulberry with saffron in 
Kashmir yielded a good quality of mulberry leaf from the same field Where saffron was cultivated alone to 
generate work as well as good deal of returns to farmers during lean period when there are no operations related 
to saffron cultivation . Present communication deal with the initial studies conducted with respect to 
intercropping of seven medicinal plants in the mulberry gardens of directorate of sericulture, Dhar Block . 

MATERIALS AND METHODS 
Intercropping of Medicinal plants was made under tree as well as bush cultivation system of mulberry. The 
mulberry plants maintained as tree under 10’x10’ and 6’x6’ spacing or as bush plantation under (8’+3’)x2’ 
spacing were utilized for intercropping of medicinal plants Aloe barbadensis,Asparagus racemosus, , Plumbago 

zeylanica. The propagation and nursery period during which these medicinal plants were raised is given in table. 
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Table: Survivality % of Medicinal plants under Intercropping with Mulberry 
 Medicinal plants Survivality% rate 

in free  
system(10”x10”) 

Survivality % rate 
in free 

system(10”x10”) 

Survivality % rate 
In free 

system(10”x10”) 

Grand mean   
of Survivality 

% 
1 Aloe Barbandensts 100 98.61 90.27 96.29 
2. Andrographis 

Paniculata 
98.61 95.83 65.27 86.34 

43 Plumbago zeylanica 98.61 91.66 88.88 93.05 

The sapling of these medicinal plants were transplanted at their recommended spacings in Dhar block design in 
three replication during July-August in sericulture Research Centre of Dhar Block.. Each replication had 24 
plants in all the treatments except in case of Acorus calamus and Cyperus scariosus which had 25 plants/ 
replication in all the spacing. The living percentage of the medicinal plants was recorded and analysis was 
calculated following standard statistical procedures (Madhusudan et al., 2013). The mulberry plants were 
Pollarded/ Pruned at 1.5 ft height from ground in bush system and at 5ft. height in tree system before 
transplantation of medicinal plants. 

RESULTS AND DISCUSSION 
The live percentage of seven medicinal plants cultivated as intercrops in all the three plantation of mulberry 
raised (8’+3’) x2’ as bush and 6’x6’ and 10’10’ as tree has shown in table . Results reveal that maximum grand 
mean of Survivality was notice in 10’x10’ spacing whereas maximum Survivality (100%) was found in Aloe 
barbandense and asparagus racemous and minimum Survivality was found in Cyperus Scariosus. 6’x6’ Spacing 
of mulberry ranked Second Since Grand Mean of Survivallity was shown by Rauvolfia Sertpentina in 6’x6’ 
Spacing of mulberry plants as Paired bush ranked third from the survivality points of view since it exhibited 
survivality . The cumulative overall survivalityb was shown by Asparagus racemous followed Aloe 
barbandense, , Plummbogo zeylanica, which Shows that these medicinal Plants can successfully be grow as 
intercrops in mulberry gardens 

When individual Survivality of medicinal plants is considered under all three spacings of mulberry bush/tree it 
was found that Aloe barbadense, has perfomed well. It is shown that these medicinal plants may be grown in all 
the three system. Results further revealed that Andrographis paniculata Plumbogo Zeylanica serpentine 
Exhibited minimum survivality in 10’x10’ tree system, hence these systems are not much suitable for 
intercropping of aforesaid four medicinal plants. Significant variation was observed between the survivality of 
cyperus with Aloe Barbandense, Andrographis paniculata, Asparagus racemous and plumbogo Zeylanica at 
10’x10’ Spacing of mulberry tree, significant Variation in survivality of Rauvolfia Serpentina was observed 
with that of Aloe Barbadense, Aspargus racemosus. And cyperus scariosus while Andrographis paniculas . 
Andrographis paniculata exihibited significant difference with the survivality of Aloe barbadense  under paired 
row bush system. The medicinal importance and the availability of market in the revealed in this area. These 
seven medicinal plants very high and if Seri cultural farmers and Govt. Farms take up intercropping of these 
medicinal plants with mulberry their income will increase manifold . 
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Effect of Irrigation Systems on Growth of Various Parts of Mulberry Plant by 
Spacing Method 

Shashi Kanta 
S.S.M.College, Dinanagar 

ABSTRACT 
Mulberry is a hardy plant control by agro climatic conditions. it is also sensitive responding extremely well to 
optimum agricultural inputs but showing practically no growth when plant nutrients and moisture begin to 
operate as limiting factors. This is evidence from the fact that under the poor rainfall conditions prevailing in 
India, the current leaf yield is of the order of only 3,000-3,500 kgs per hectare whereas under assured irrigation 
and appropriate fertilizer application, it can be stepped up to 30,000 kgs. 

After monsoon water is the limiting factor and adversely affects the growth and leaf of mulberry and 
consequently the raw silk production particularly during the dry period, December to May Spacing recorded 
15.58% increase over wider spacing possibly due to increase plant population. As such; it is suggested to use 
micro-sprinkler system. A field experiment was carried out during December to May for two years at the 
Central Serucultural Research &Training Institute, Sujanpur for two years. S type cultivation of mulberry with 
two different spacing  methods viz.60x60cm and 45x15 cm in a spilt-plot design having three replications. Four 
systems of irrigation viz. drip, micro-sprinkler, subsurface and alternate furrow were used  each with two levels 
of irrigation based on I W/CPE (irrigation water/cumulative pan evaporation) ratios of 0.4 and 0.6 the plants 
were maintained following the recommended package of practices for irrigated mulberry .The result was 3,500 
kg per hectare whereas under assured irrigation and appropriate fertilizer application, it can be stepped up to 
30,000 kg or so, or nearly ten times. 

Monsoon water becomes the limiting factor and adversely affects the growth and leaf of mulberry and 
consequently the raw silk production particularly during the dry to 5.0 ha cm of water in mulberry garden by 
furrow method at 10 days intervals for sandy loam soil and at 15 days intervals for clayey loam soil during 
December to April in south India while in Punjab indicated that plants height, number of branches and level 
per plant and leaf yield due to irrigation at 0.4 and 0.6 IW/CPE ratios being at per the lower level of irrigation is 
preferable thereby saving 33%of irrigation water vis-à-vis the earlier recommendation of 4.5 ha cm at 
fortnightly intervals. As regards the system of irrigation, micro –sprinkler irrigation recorded significantly taller 
plants ,higher number of branches and leaves ( plant and leaf yield ) over drip, subsurface and alternate furrow 
systems of irrigation, the first three systems recording 23.45%,11.34% gain over alternate furrow method ,the 
drip and subsurface system being at per. Wider plant spacing (60 x 60 cm) recorded significantly taller plants 
(114.95 cm),higher number of branches (9.37) and leaves (189.48)/plants vis-à-vis closer spacing (45x15 
cm).on the other hand .leaf yield due to close irrigation at 0.4 IW/CPE ratio 

Keywords: Micro- sprinkler, drip, subsurface, alternate furrow irrigation, IW/CPE ratio, mulberry, spacing, 
growth, leaf yield. 

INTRODUCTION 
Mulberry is a hardy plant capable of thriving under a variety of agro climatic conditions. At the same time, it is 
also sensitive responding extremely well to optimum agricultural inputs but showing practically no growth when 
plant nutrients and moisture begin to operate as limiting factors. This is evident from the fact that under the poor 
rainfall conditions of 25-30 (625-750 mm) prevailing in South India, the current leaf yield is of the order of only 
3,000- period, December to May. Thus to overcome this limitation and to augment the yield irrigation is 
essential for mulberry. It is reported that irrigation given between December and April significantly increased 
the leaf yield by 68% (Kasiviswanathan and lyenger, 1965). It was advocated to apply 3. 

MATERIALS AND METHODS 
In December to May for two year experiment was done  in the field at the central Sericultural Research & 
Training Institute. Sujanpur, using S, cultivar of mulberry with two applications of 4.5 ha cm of water for 
clayey loam soil at fortnightly intervals between December and May was suggested through the conventional 
flood irrigation.  In another experiment at Dinangarfor mulberry sapling  with 60 cm x 60 cm spacing of Punjab. 
considered drip and sprinkler irrigation systems to be more efficient in economizing water use and maximizing 
the leaf yield of mulberry. However, in the past, water requirement of mulberry through micro-irrigation 
systems was worked out based on conventional approaches. As such information on scheduling of irrigation 
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based on climate only which is now considered more scientific and efficient method of irrigation. different micro 
irrigation system under different plant spacing is lacking. Thus, to make a comparative study on the efficacy of 
different micro irrigation system and alternate furrow system at different IW/CPE ratios and plant spacing, this 
experiment was undertaken. 

1. To conduct research and developmental work for improvement in quality mulberry leaf productivity by 
evolving appropriate irrigated and rain fed agronomical packages for high yielding mulberry varieties from 
time to time. 

2. To develop cost-effective mulberry cultivation technology. 

3. Eco -friendly technologies, maintenance the soil health and redress of agro-ecological condition with 
curtailment of inorganic fertilizers in mulberry cultivation. 

RESULTS AND DISCUSSION 
Effects of level of irrigation (IW/CPE ratio): 
Irrigation at 0.4and 0.6 IW /CPE ratios with 3.0cm and 4.5 cm depth of irrigation water (i.e.3, 00,000 I water 
/ha and 4, 50,000 I water /ha) did not influence the plants height, number of branches and leaves per plant as 
also the leaf yield the growth and yield parameters due to irrigation at 0.4 and 0.6 IW/CPE ratios being at per 
the lower level of irrigation is preferable. Different spacing i.e60x60 cm2 and 45x15 cm2 It was laid out in a split 
–plot design having three replications .The treatment comprised four system of irrigation –ciz. Drip micro 
sprinkler, subsurface and alternate furrow each with two levels of irrigation based on IW/CPE ratio mentioned 
above in the sub –plots. Drip system consisted of fixed CPE value of mm in main plots and two different 
spacing as mentioned above in the sub plots. Drip system consisted of emitters at 60 cm intervals for 60x60 cm 
spacing and at 30cm intervals for 45x5 cm spacing with the laterals laid between alternate rows The sprinkler 
system was a non – portable micro – sprinkler type sub- surface irrigation system consist of bi-wall perforated 
tubes laid in alternate rows. The sprinkler systems was a non-portable micro- sprinkler type (four per plot).sub –
surface irrigation system consisted of bi-wall perforated tubes laid in alternative rows at 20 cm depth of soil and 
having pores at 30 cm intervals .the plot size was 4.88x4.88m. Mulberry plants of all the plots were given 
bottom pruning during last week of November and February every year and were maintained uniformly 
following the recommended “package of practices” In case of micro-irrigation system was given at four days 
intervals during winter and at three days intervals during summer spread over   a fixed CPE value of 75 mm 
while in alternate of water at 1.0kg pressure per unit time through the micro-tube of drip, micro-sprinkler and 
pore of the sub –surface systems while alternate rainfall received between two irrigation ,if any ,was considered 
for calculating the subsequent date of irrigation. Plant height, number of branches, leaves per plant and leaf 
yield were recorded during February and May over the two years AS the trends of results were found to be 
almost similar 

Spacing significantly influenced the height of plants, number of branches and leaves per plants as also the leaf 
yield; wider spacing (60x60 cm) recording significantly taller plants, number of branches and leaves (189.48) 
per plant compared to closer spacing (45x15cm). However, as regards leaf yield, closer spacing registered 
significantly higher yield. 

Effect of various irrigation systems: 
1.  Micro-sprinkler system of irrigation recorded sufficiently taller plants (116.72 cm) compared to drip, sub- 

surface and alternate furrow systems, the latter three being at par. 

2. Numbers of branches per plant was also found to be significantly higher in micro-sprinkler irrigation than in 
case of drip, sub-surface and alternate furrow systems. The last two systems as well as the drip and sub-
surface were at par but the drip showed significantly higher number of branches compared to alternate 
furrow system. 

3. Number of leaves per plants was found to be significantly higher in case of micro –sprinkler irrigation than 
in drip, sub –surface and alternate furrow systems, the last three being at par. 

4. Micro- sprinkler irrigation is better than drip, sub –surface and alternate furrow system, the last three being 
at par. 

5. Micro-sprinkler irrigation registered significantly higher yield (13123.35 kg/ha) over drip (11836.42hg/ha), 
sub –surface (11825.89kg/ha) and alternate furrow (10630.58kg/ha) systems, were at par yet showing 
23.45%,11.34%and 11.24%gain over alternate furrow irrigation. 

http://www.csrtiber.res.in/monicachaudhuri.htm
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http://www.csrtiber.res.in/monicachaudhuri.htm
http://www.csrtiber.res.in/monicachaudhuri.htm
http://www.csrtiber.res.in/monicachaudhuri.htm
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6. Drip and sub-surface systems were at par yet showing significantly higher yield over alternate furrow system 
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Impact on Development Sericulture Activities to Enhance Silk in Punjab 

Shashi Kanta 
S.S.M.College, Dinanagar 

ABSTRACT 
Sericulture is one of the most important cottage industries in India. But still not sufficient research has been 
conducted in India for development and evaluation of sericulture activities.Sericulture is a short gestated and 
labor intensive cottage industry which can be helpful to remove poverty in the rural areas. Times to time new 
Sericulture activities are developing. Punjab initiated to strengthen the already existing setup and to promote the 
sericulture activities in the rural areas. This project envisaged distribution of silk seed packets at subsidized 
cost, give training to jobless and marginalized income rural people to engage them in the silkworm rearing 
practices as earning source. Mulberry nurseries were also raised at the project area locations on the state lands to 
provide mulberry leaves to the silk rearing for farmers at a nominal cost. A well structured Questionnaire was 
designed to collect data randomly from some selected households where people doing this silkworm rearing. 
Data was collected as survey plan. The data analyzed by using Statistical Package of Social Sciences and 
conclusion and recommendations were drawn. The relationship among these variables was studied using 
appropriate statistical techniques. The paper is related to results of these Questionnaires and also give 
recommendation for enhance sericulture production. 

Keywords: Socio-economic development, Sericulture, Punjab, Impact Evaluation, and questionnaire. 

INTRODUCTION 
Sericulture is one of the most important cottage industries in India. But still not sufficient research has been 
conducted in India for development and evaluation of sericulture activities.  Even there are not full  fledge 
sericulture  research  center  established  in  all states of India for  the  production  of better  quality  of  silk  and 
maximum silk product. Silk seed produce diseases free cocoon to generate high volume and high quality of silk. 

This paper is focus to enhance the production of best quality cocoons and a high yielding cocoon crop.  This 
study would be useful for future breeding programs and commercial rising of sericulture activities in Punjab. 
For this purpose a development project was initiated by Sericulture department of Punjab. Punjab Govt. took 
many  initiative to  strength  the activities  of  sericulture andits  culture  activities  in  the  Punjab  to improve 
the socio-economic  conditions  of  rural  people and increase production of silk at national level. In Punjab, 
sericulture industry has limited growth mainly due to poor quality of mulberry leaves and silk seed. Sericulture 
industries depend upon Mulberry leaves because it is main food of silkworm in Punjab. Thus the  cultivation  of  
mulberry  is  one  of  the  most  important factor  in  the  production  of silkworm  eggs,  rearing  of silkworm  
cocoons . The main idea of this paper is to increase the production of best cocoons in quality and quantity for a 
high yielding cocoon crop and formation of high quality cocoon crop. Availability of silkworms cocoon  and  
mulberries  is  related  to climate  and  ecological  conditions  such as rainfall,  temperature,  relative Humidity, 
soil quality, etc. He worked for the evaluation  of  genetic  potential  of inbred  pure  lines  of silkworm  for  
breeding  and  cocoon production  . The large genetic variability concerning mulberries as well as silkworms 
opens up many possibilities for breeding and selection. Punjab has, in some area very favorable climate for 
rearing of Sericulture. One experiment done by the dept. of sericulture ,as per their 

report  , they concluded  that  the project  increased  the  income  of  bivoltine  sericulture and  mori  culture  
activities  e.g.  Herbal medicine, fodder for cattle, for soil preservation.  Sericulture development provides 
opportunities to improve the living standards of people in the rural area in developing countries. In Punjab, 
sericulture industry  also work on this pattern to increase growth due to poor quality of mulberry leaves and silk 
seed. Sericulture industries depend upon Mulberry leaves because it is main food of silkworm in Punjab. Thus 
the  cultivation  of  mulberry  is  one  of  the  most  important factor in  the  production  of silkworm  eggs,  
rearing  of silkworm  cocoons . The main idea of this paper is to increase the production of best cocoons in 
quality and quantity for a high yielding cocoon crop and formation of high quality cocoon crop. On this way 
enhance upgrade social economic status of people of Punjab. The information yield in this study would be 
useful for design future breeding programs and commercial rising of sericulture activities in Punjab. Further the 
data analyzed by using the evaluation index method each breed was maintained in three replications. Despite of 
these efforts success was not attained in sericulture and mori culture activities in Punjab. For this purpose  a  
development  project  was initiated  by  Sericulture department, to  strength  the activities  of  sericulture  in  the  
province  to  change  the socio-economic  conditions  of  rural  area people.  It was also tried to know through 
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instrument (questionnaire) how much sericulture has developed in Punjab after this intervention and why 
previous efforts in this regards were not fruitful? Evaluation team was also supposed to know about the pros and 
cons of sericulture activities in Punjab due to which this idea has not been successful in Punjab; however, it is 
fairly working in other countries of similar topography, culture and climate. 

MATERIALS AND METHODS 
Keeping in view the importance of the project’s impact, the questionnaire has given to selected families for 
survey for following points. To measure the impact of the project activities Total sample of 1000 questionnaire 
were filled from the people from  selected district Pathankot and displays the distribution of data collection 
through questionnaire in selected districts.  Which is proportionally based on the number of beneficiaries in 
each district shown in table? 

Table: Indicators of Impact Assessment 

Impact Indicators                                    Description 

1. Age & Gender                                    %age of Male or Female, age of person 

2. Education                                          Education level 

3. Motivation for silk rearing                   reason is to in involved in silk 

Rearing activities 

4. Experience of silk rearing                     how many years are involved in silk rearing? 

5. Level of Income                                    families’ income 

6. Availability of Silk Seed                       Satisfaction of beneficiaries in availability to silk seeds 

7. Quality of Silk seed                               Satisfaction of beneficiaries on the quality of silk seeds 

8. Availability of food (Mulbery               Satisfaction of beneficiaries in availability of food (Mulbery                   
Leaves)                                                      Leaves 

9. Training & Quality of Training             No. of and quality of the trainings provided to the farmers for silk 
rearing                                                  silk rearing 

10. Production & Quality of Production     Production (quality and quantity) of cocoons by villagers 

11. Income Generated through Sericulture Level of income generation through sericulture activities. 

12. Use of Income Generated Through       According to need on which income utilize. 

This statistical study was carried out to collect   data from the sericulture farmers involved in silkworm rearing 
district of Punjab Pathankot. This Random Questionnaire Sampling was used to the selected households in 
Pathankot district of the Punjab.  Total sample of 1000 Questionnaire were filled from the selected districts.   
The  distribution  of  data  collection through  questionnaie  is  based  on the  number  of beneficiaries in  
district. 

RESULTS AND DISCUSSION 
Data verify: 
The analysis has been made based on the data obtained from beneficiaries on questionnaires filled from 
Pathankot districts of Punjab. 

Based on the analysis, it was observed that more than 50 % sericulture farmers were women.  Silk rearing 
activities are usually done by females for additional source and male do their jobs main earing of families. Ages 
of respondent were ranging from 14 to 80 years. 86 percent families that were involved in silk rearing for 
income generation to uplift their living.  However, 14 percent had various other motivation factors such as 
learning  and skill  development, loan  payments were the  main  factors  to motivate them for silk rearing. 58 
percent of the respondents were involved in silk rearing for more than five years. 

Income from silkworm rearing by farmer was ranging from 6,000 to 10,000 per month. 44.6 percent of the 
target respondents were having income less than or equal to Rs. 6,000 per month.  30.7 percent of the 
respondents were having monthly income equivalent to Rs.  8,000  whereas,  24.7  percent  respondents  were 
those  having monthly  income  Rs. 10,000  or  above. 
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Based on the analysis, 97 percent of the farmers got the silk seeds from the Sericulture Department and 3 
percent were those which were never involved in sericulture activity. Responding to the question of per  kg sale  
of cocoon, minimum sale price  of cocoon  was  found in  survey was  Rs. 160  and maximum  selling  price  
was  Rs.  350. 

95%  were  of  the  view  that sericulture activities have a significant impact on family income,  these  families  
utilize  the  income  generated through  these  activities  on  clearing  loans,  purchase  of assets,  education  of  
their  children,  sustaining  livings, marriages  of  their  children  and  buying  cattle’s  etc  as shown in table 5 

Table 5 

Earning from Sericulture: 

Investment (for 30 days) 
Cost of Silk Seed Packet      = Rs. 250 

 Cost of forty days labor (2 hours per day) = 50* 

Total Investment 2.40         = Rs. 4,000 

 Mulberry leaves (food for worms) 

= Rs. 300 

Mulberry leaves (food for worms) 

Total Investment      = Rs 4,650 

RETURN AFTER 30 DAYS: 
Total Investment      = Rs 4,650 

Production * average selling price)    = Rs. 6,380 

Based on above analysis, return of sericulture activities is about 37% higher than its investment. 

This  inferential  analysis  was developed  on  the  basis  of  prior  knowledge .association  of  factors  involved  
in  sericulture  activities e.g.  education of  farmers, income  of the households/farmers,  training of  farmers 
from  Sericulture Department  and  production  level  of  Cocoon. 

The null hypotheses (Ho) using p<= 0.10 was determined as under: 

 There exists a positive association between education of the farmer and production level of Cocoon; 

 There exist a positive association between the education and income of the farmer; and 

 There exist  a  positive  association  between training  of  the  farmer  from Sericulture  Department  and 
production level of Cocoon.  The alternate hypothesis  H1 was  assumed  that there  does  not  exist  any  
association  between  these factors. The parameters were tested using a well known non-parametric chi-square 
test statistics. 
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ABSTRACT 
Training is needed by every organisation to ensure that the employees are performing their work properly. The 
continuously changing business environment has increased the importance of training as jobs are becoming 
more complex and new techniques are developed day by day for doing different jobs which are pertaining to 
more productive and qualitative.  The hospitality industry as a whole has seen a lot of growth in the past decade. 
The growth and expansion of the Hotel industry are leading to an increase in competition in the industry. In this 
scenario of growth and competition organisations rely on training function which bridges the gap between skills 
present and skills required by the human resource working in the organisation. This study mainly focuses on the 
training practises followed by Reputed hotels of capital complex Arunachal Pradesh. For the purpose of the 
study 14 reputed hotels and 188 employees were surveyed. The results of the study show positive changes in 
employee after training programme. The problems regarding training were also studied and given appropriate 
solutions. 

Key words: Reputed hotels, Training need, Training outcome, Training Practices, Training problems. 

1. INTRODUCTION 
Training is the learning process by which an effort is made to increase the knowledge and skills of an employee 
for the successful accomplishment of business tasks. Also, training is an organisational process by which people 
learn knowledge and skills for specific purposes (Beach, 1980). It is a sequence of experiences that are designed 
to modify the behaviour of trainees in order to attain objectives (Hesseling, 1971). The objectives of the training 
are to improve the work methods and skills of employees, to prevent obsolescence, to prepare employees for 
higher responsibilities, etc. And organisations can analyse the needs and requirements of their employees and 
apply different methods to train them. The organisation can use methods like lecture, coaching etc for the 
training of their employees. Three distinct phases of training are Pre-training, Training, and Post-training 
(Lynton & Pareek, 1990).  Training is the process that helps trainees to meet the objectives and goals of 
organisation (Chowdhry,1994). Nowadays, the continuously changing business environment has increased the 
importance of training. Training is a continuous process and employees' skills should be updated regularly to 
keep up with the present competitive environment. Training is very much required by all the organisations not 
only for improving employee's performance and productivity but also for the overall growth of the organisation 
in every sector of the economy. 

Many international hotels chains have also come to India over the last few decades.  The state of Arunachal 
Pradesh has also seen a growth in the hospitality industry with several new hotels and resorts etc have opened 
for business in the state. The state’s Capital complex has also seen an increase in the number of hotels over 
recent years. 

In the Hotel industry training of the employees is very much needed. Since it is extremely competitive and 
providing great service to the customers is very much required to stay ahead in the competition. Training helps 
staff in giving better services to the customers so that customers satisfaction can be augmented. The lack of 
skilled and trained personnel is also one of the challenges faced by the hotel industry. Therefore, training 
becomes an important function to upgrade the skills of the hired workers/employees.  The present study is 
undertaken to find the training practices of Reputed hotels in the capital complex of Arunachal Pradesh. 

2. LITERATURE REVIEW 
Reviews of several pieces of literature relating to different aspects of training and training in the hotel industry 
have been carried out. There has been many debates and difference in opinion of the researcher around the 
globe regarding training practice. But most researchers agree on the importance of training in organisations. 
Similarly, the literature reviewed are also consistent in this regard for the hotel industry, that training is 
important in the hotel industry. In their research Malonza & Walaba (2015), have found that employees who 
have been trained showed improvement in their performances. Which was also supported by study of Nda & 
Fard (2013), according to them training changes employee behaviour and enhances their skills which result in 
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enhancing the performance of the employee. Hazra, Ghosh & Sengupta (2017) further add that training helps 
employees in developing a new skill, refresh the knowledge of old employees, improves safety, health of 
employees and also helps employees in developing their future career prospects. 

Many researchers also have emphasised the training need assessment for the success of the training programme. 
Ludwikowska, (2018), stated that training needs analysis to increase employee efficiency.  Sharma, (2018), has 
found that the failure of the organisation to train employees according to their training needs hinders the 
performance of the employees. 

Different studies have been conducted on the effectiveness of training method, Mahadevan & Yap (2019) stated 
that both on-the-job and off-the-job method has a positive impact on employee performance with the on-the-job 
method having slightly more impact on employee performance. The coaching method has been stated to be 
effective in training method in increasing employee performance by Abdiwali & Musa (2019), they also have 
stressed induction training for the new employees. 

3. OBJECTIVE OF THE STUDY 
 To find out if training needs of employees are considered before training in reputed Hotels of Capital 

complex. 

 To find outcomes of training employees in reputed Hotels of Capital complex. 

 To find problems relating to training and offer suggestions. 

4. RESEARCH DESIGN 
4.1 POPULATION AND SAMPLING 
Total of 14 Reputed hotels were taken for the study. The Cochran Formula for finite population was used for 
calculating employee sample and gave the sample size of 187.62 which was rounded up to 188 employees. The 
convenient sampling technique is used for the collection of data from employees and hotels. The data were 
collected from October 2019 to June 2021. 

4.2 TOOLS FOR DATA COLLECTION 
The questionnaire is used for the purpose of collecting data for the study. Likert scale was used to make the 
questionnaire. The questionnaire consisted of 16 questions and was divided into two parts first part consisting of 
questions relating to demographic profile of the respondents and the second relating to training practices carried 
out in their hotels. 

4.3 METHODS FOR DATA ANALYSIS 
The data were analysed by tabulating the responses of the respondents based on questionnaire. Frequency, 
percentages and mean were used for the analysis and interpretation of the data. Cronbach's alpha has been used 
for questionnaire of employees. The questionnaire has value of 0.862 alpha and so is confirmed as highly 
reliable and are valid for analysis purposes. The hypotheses are tested using the Chi-square test. Various 
statistical tools like MS excel, Ms word were used during the study. 

4.4 AREA OF THE STUDY 
For the proposed study Capital complex (comprising Itanagar and Naharlagun towns), Papumpare district of the 
state Arunachal Pradesh is selected as the focal area of study. The town of Itanagar and Naharlagun is called the 
"twin capital city”.  The capital complex covers an area of 200 sq km and a population of above 1 lakh people. 

4.5 DATA ANALYSIS 

Table 1: Demographic profile of the employees 
Demographic Features Frequency Percentage Cumulative percentage 

Age Below 20 Years 8 4.3 4.3 

20-30 Years 124 66 70.2 

31-40 Years 45 23 94.1 
41-50 years 11 5.9 100 

Gender Male 164 87.2 87.2 
Female 24 12.8 100 

Qualification Higher education 139 73.9 73.9 
Graduate 29 15.4 89.4 

Post- Graduate 6 3.2 92.6 
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Others 14 7.4 100 

Employee 
Experience 

Less than 1 year 35 18.6 18.6 
1-5 years 90 47.9 66.5 

6-10 years 30 16.0 82.4 
Above 10 33 17.6 100 

Source: Field survey 

Table 1 shows the demographic profile of the employees working in the hotels. 70% of the employees are 
below 31 years. 87% of the employees working in hotels were male and less than 20% were female. Less than 
20% had graduate and post graduate degree, 73.9% have higher education and 7.4% has other basis education. 

Table 2: IS Training Provided to employees? 
Training Provide Frequency Percentage Cumulative percentage 

Yes 140 74.46 72.3 
No 48 25.54 100 

Table 2, shows that 74.46% of the employee are given training by the reputed hotels and 25.54 are not given 
training. 

Table 3: Employee Training needs in Reputed hotels 
Statements N Minimum Maximum Mean SD 
Employee’s skills and knowledge are assessed before 
training 

140 2 5 4.01 .569 

Training given are relevant to employees’ work 140 1 5 4.04 .698 
Employees are provided sufficient information about 
training goals 

140 3 5 4.04 .542 

Employees participate in determining their own 
training needs 

140 2 5 3.92 .537 

Employees undergoing training programmes 
understand the objective of training programs 

140 2 5 4.03 .634 

At the end of the training feedback are taken from 
the employees 

140 2 5 4.16 .660 

Overall mean 140   4.03  
Source: Field survey 

From Table 3, it can be seen that the overall mean value is 4.03 which indicates that the employee of the 
Reputed hotels agrees that their training needs are taken into consideration before training is provided to them. 

Table 4: Employee Training Outcome in Reputed Hotels 

Statements N Minimum Maximum Mean SD 
After training employees are able to perform jobs 
and task better 

140 3 5 4.17 .599 

Training improves the performance of the 
employees 

140 3 5 4.16 .591 

There is improvement in skill and knowledge of 
employees after training 

140 3 5 4.13 .663 

Employee gain self confidence in performing jobs 
after training 

140 2 5 4.12 .593 

Employee manage their time better after receiving 
training 

140 1 5 4.04 .616 

Employees acquire valuable professional 
experience during training 

140 1 5 3.95 .743 

Training has increased the quality of work of the 
employees 

140 1 5 4.09 .581 

Employee productivity increases after undergoing 
training 

140 1 5 4.05 .554 

Overall mean 140   4.08  
Source: Field survey 
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Table 4, shows that overall mean value of training outcomes is 4.08 which means that training gives an overall 
positive outcome and helps the employees in improving their skills and performance. 

Table 5: Problems related to training 

Statements N Minimum Maximum Mean 
Absence of proper equipment and material while training 140 2 5 3.53 
Absence of proper Training structure 140 1 5 2.63 
Mismatch between theoretical and actual practise 140 3 5 3.41 
Language and communication 140 2 5 2.28 
Absence of proper Training instructor/ trainer 140 2 5 2.06 
Accommodation and transportation problem 140 2 5 2.16 

Source: Field survey 

Table 5, shows that Absence of proper equipment and material while training and Mismatch between 
theoretical and actual practise are the problems related with training. 

5. RESULTS AND DISCUSSION 
The results of the study shows that majority of the employees working in reputed hotels of capital complex of 
Arunachal Pradesh are provided with training i.e., more than 70%. The hotels are dominated by male employee 
which make up to more than 80% of workforce and less than 20% are female employee. The training 
programmes are conducted taking consideration of the training need of the employees like their skilled are 
assessed, training is relevant to their work, employees are participating in determining their needs. Training 
results in improvement of performance of the employees, productivity increases, quality of work increases, they 
are able to perform jobs and task better, confidence in performing jobs increases, they acquire valuable 
professional experience and manage their time better. Absence of proper equipment and material while training 
and Mismatch between theoretical and actual practise are the problems were identified as problems relating to 
training in the reputed hotels. Chi-square (goodness of fit) was conducted in whether there is an association 
between employee experience and training needs of the employees and employee experience and employee 
training outcome the results of the test gave value of .057 and 0.689 which are greater than p-value of 0.05 so 
the null hypothesis was accepted and alternative hypothesis was rejected. Hence, no significant association was 
found between the experience of employee working in the hotels with their training needs and also their training 
outcome. 

6. SUGGESTIONS 
 Proper equipment and materials should be provided by the Reputed hotels for training programs so that 

employees are trained more properly and understand the training process better. Proper list of equipment 
and materials should be prepared while planning the training programmes, so that these are procured and 
ready before the start of training programme. 

 The trainers should make sure that there is no difference between the theories taught to the employees with 
the actual practice of the work. So those employees are not confused with what they are taught and the 
practical application of it. Theories and application of it should be taught to the employee side by side. 

 The proper structure should be set up for training the employees in Reputed Hotels. The employee should 
know the procedure to be followed while in training and should know the details about each step of 
training programs so that there is active participation by the employees. 

7. CONCLUSION 
The study is based mostly on primary data and covered 14 Reputed Hotels in the capital complex (Itanagar and 
Naharlagun) of Arunachal Pradesh. A total of 14 HR managers and 188 employees were surveyed for the 
purpose of the study. 

The finding of the study shows that training need of employees is taken into consideration before providing 
training to the employee. The training outcome shows that after training there is improvement in employee’s 
work and task, knowledge, and skills, confidence in performing jobs, quality of work, productivity, etc. which 
are also in line with previous studies. The problems with training were also identified and suggestions were 
extended accordingly. 
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Training is important for all industries and also the Hotel industry as the employees in the hotels have to directly 
deal with customers, they should be trained properly to give their best to satisfy the expectation of the customer 
which will ultimately help in the growth and also contributes to the reputation of the Hotels. 
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ABSTRACT 
The heavy metals have no biological role they are well known for their toxicities, mutagenic, and carcinogenic 
impact on human beings and other living system they can enter the food chain through aqua life or agriculture 
which may have an effect on fish, birds and mammals, including humans, which migrate into different 
ecosystems. They may enter the human body through food, water, air or absorption through the skin when they 
meet humans in agriculture, manufacturing, pharmaceutical, industrial or residential settings. Heavy metals are 
toxic to soil, plants, aquatic life and human health when they are not metabolized by the system and accumulate 
in different parts of system. Several acute and chronic toxic effects of heavy metals on human body, such 
as Gastrointestinal and kidney dysfunction, nervous system disorders, skin lesions, vascular damage, immune 
system dysfunction, birth defects, and cancer, common toxic effects on plants, such as low biomass 
accumulation, chlorosis, inhibition of growth and photosynthesis, altered water balance and nutrient 
assimilation, and senescence, which ultimately cause plant death. And exhibit toxic effects towards soil 
microbes by affecting key microbial processes and decrease the number and activity of soil microorganisms. 
Bioremediation is a type of waste management technique which involves the use of microorganisms to remove 
or utilize the pollutants from a polluted area as it uses no toxic chemicals. Microorganisms like Bacteria are the 
most crucial microbes in this process as they break down the waste into nutrients and organic matter. In 
Bioremediation, the population of these helpful bacteria can be increased by adding nutrients. And bacteria are 
used because the reduction rate of heavy metals is often slow unless catalyzed by microbial interactions. 
Biodegradation requires microbial population with the metabolic capacity to degrade the pollutant. It can’t be 
easy to explain the results from the lab studies into field operations. By the use of genetic engineering, we can 
create organisms like bacteria specifically designed for bioremediation.  Two categories of genes can be 
inserted in the organism: the genes (degradative) which encode proteins required for the degradation of 
pollutants, and another genes (reporter) that are able to monitor pollution levels. 

Keywords: Bioremediation, Heavy metals, contaminated water, Bio-sorption Efficiency, minimum inhibitory 
concentration, 16S rRNA. 

INTRODUCTION 
In previous decades, the wastes were traditionally disposed by digging a hole and filling it with waste material. 
This mode of waste disposal was difficult due to lack of new place every time to dump. New technologies for 
waste disposal that use high-temperature incineration and chemical decomposition (e.g., base-catalyzed 
dechlorinating, UV oxidation) have evolved. New technologies can be very effective at reducing wide a range 
of contaminants but at the same time have some drawbacks. These methods are complex, uneconomical, and 
lack public of acceptance. The associated deficiencies in these methods have focused efforts towards harnessing 
modern day bioremediation process as a suitable alternative. The process of bioremediation mainly depends on 
microorganisms which enzymatically attack the pollutants and convert them to innocuous (safe) products. The 
bioremediation can be effective only where environmental conditions permit microbial growth and activity, 
environmental parameters and degradation to proceed at a faster rate. The microorganisms accumulate heavy 
metals in polluted water systems. In order to survive in heavy-metal polluted environments, many bacteria have 
developed resistance to toxic metal ions and most of them are known to have specific genes for resistance to 
toxic ions of heavy metals. The research activity in this area would contribute towards developing advanced bio 
process technology to reduce the toxicity of the pollutants and to obtain novel useful substances. 

The research work on one of the mechanisms of bioremediation that is Bio-sorption which is a physical and 
chemical process that can be simply defined as the removal of substances from solution with the participation of 
microorganisms (Bacteria) by surface adsorption concerning the gathering of heavy metals on the cell surface. 
The other method relies on metal infiltration to the middle of the cell. It is often when bio-sorption occurs as the 
first phase of the following intracellular accumulation and the process of surface adsorption occurring very fast 
during several minutes may have a dominant role in metal linking to high metal accumulation in the cell. Metals 
are linked by active groups of compounds occurring in the surface layers of bacterial cells. This is the reaction 
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number of ions transfer between metal cations and active groups gifted with the negative potential of outer cell 
structures of bacteria, active in metal linking. 

The research work on one of the mechanisms of bioremediation that is Biotransformation which are reactions of 
oxidation, reduction, methylation and demethylation by the enzymatic systems of microorganisms. Practically 
useful may be reactions of significantly toxic or valuable metal reduction, like bacteria caused the reduction of 
highly toxic chromium (VI) to less toxic chromium (III), which may be removed from the environment. Any 
bacteria can conduct a reduction of metal ions to metallic form may be in vacuoles, on the cell surface, and in 
the extracellular environment. 

MATERIALS AND METHODS 

Collection of Wastewater Samples 
Wastewater samples collected from the least suspected contaminated area to the most suspected contaminated 
area like agriculture field outlets, canals, bore wells of industrial areas and outlets of industries in Andra 
Pradesh. Placed the sample into labeled single-use vial and stored in an individual container. Distilled water 
taken as blank and heavy metal mixers were taken as test blanks. 

Screening and Isolation of Heavy Metal Tolerant Bacteria 
The wastewater sample was serially diluted in which 9ml of sterile saline water in 10 test tubes and then 1ml of 
sample was added to the first test tube to have 10-1 repeated up to 10-10 then 0.1 ml of the dilution was spread 
on the surface of the nutrient agar plates where the metals were added and incubated at 37ºC for 2-3 days, 
colonies differing in morphological appearance were selected for further studies and sub-cultured on the same 
media. After the bacterial growth, added 500 μL of the overnight culture to 500 μL of 50% glycerol in a 2 mL 
cryovial and gently mix to make glycerol stock. Freeze the glycerol stock tube at -80°C. The stock is now stable 
for years, if it is kept at -80°C. 

To determine tolerance, bacterial strains were aseptically streaked on nutrient agar plates supplemented with 10 
mg/L to 300 mg/L (10mg, 20mg, 30mg, 40mg, 50mg, 100mg, 150mg, 200mg, 250mg, 300mg per 1 Liter 
concentrations) of Cadmium Sulphate (CdSO4), Potassium Dichromate (K2Cr2O7), Copper Sulphate 
(CuSO4.5H2O), Nickel Chloride (NiCl2.6H2O) And Lead Chloride (PbCl2) incorporated LB (Luria Bertani) agar 
plates (Peptone 10 g/L, yeast extract, 5 g/L, NaCl 5 g/L, dextrose anhydrate 10 g/L and agar 30 g/L: pH-7.00) 
were used and screened by standard pour plate method observed at 37°C. 

After preliminary screening of effluent samples containing heavy metal degrading bacteria, Streak plate 
technique was followed during isolation. Control plates were prepared with LB media without heavy metal to 
make comparison in morphological characteristics. 

In this study, a total of 6 bacterial strains able to grow in the presence of toxic metals. They were Escherichia 
coli, Salmonella typhi, Bacillus licheniformis, Bacillus thuringiensis, Pseudomonas aeruginosa and 
Pseudomonas putida 

Heavy Metal Stock Solutions 
A separate stock solution of CdSO4, K2Cr2O7, CuSO4.5H2O, PbCl2 and NiCl2.6H2O was prepared in 100ml 
capacity flask by dissolving appropriate quantities (10 mg/L to 300 mg/L) of pure metal powders in 1% nitric 
acid with double distilled water. 

Initial Heavy Metal Concentration 
To evaluate the effect of heavy metal concentration on bacterial biomass the initial heavy metal concentration is 
important. Active binding sites and functional groups, available on the bacterial surface, are affected by the 
initial concentration of metal ions. Higher concentrations of heavy metals possess higher toxicity for bacterial 
biomass. The bio-sorption efficiency of seven heavy metals was taken for Cd, Cu, Ni, Pb and Cr. 

Determination of Minimum Inhibitory Concentration (MIC) 
To observe the minimum inhibitory concentration, bacteria isolates were grown on heavy metal incorporated 
media against respective heavy metal. It was identified by gently inclining the concentration of the heavy metals 
on LB agar plates until the isolates failed to give colonies on the petri plate concentration of the heavy metals 
was from 50 µg/mL to 3000 µg/mL and MIC was determined at 370C after 24hrs. 

Bio-Sorption Efficiency 
A batch equilibrium method (Khodaverdiloo and Samadi, 2011) was used to determine the sorption of 
Cadmium, Chromium, Copper, Nickel and Lead by Escherichia coli, Salmonella typhi, Bacillus licheniformis, 

Bacillus thuringiensis, Pseudomonas aeruginosa and Pseudomonas putida. 
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All set of experiments was done in fixed volume (100 ml) of metal ions contaminated solution in a 250 ml 
Erlenmeyer flask. Bacterial biomass was exposed to metal solutions (for 72 hrs.) on an orbital shaking incubator 
at 160 rpm. Biomass was separated by centrifugation at 8000rpm for 15 min. and the supernatant was analyzed 
for residual metal concentration by analytical spectrophotometer. 

Measurement of metal uptake by the bio-sorbent was calculated as: 

Q =  
𝑽 (𝑪𝒊−𝑪𝒇)𝑴  

Where, 

Q = Metal ion uptake capacity 

Ci = Initial concentration of metal in the sorption 

Cf = Final concentration of metal in the sorption 

M = Dry weight of bio-sorbent 

V = Solution volume 

The difference between the initial metal ion concentration and final metal ion concentration was considered as 
metal bound to the bio-sorbent. The higher the bio-sorption capacity, the higher the amount of heavy metal ions 
can bio-sorb by bacteria, under optimum pH of media and temperature 

16S Rrna Based Identification of the Heavy Metal Resistance in the Selected Bacterial Samples 
In all microorganisms, 16S rRNA is considered as the highest quality level for describing phylogenetic 
similarities among microbial communities. It can be used for a complete assessment of microbial diversity. The 
bioremediation processes can be determined by investigating the 16S rRNA sequences obtained from 
contaminated environments. Kou et al. (2018) reported 16S rRNA gene amplicon sequencing to study the 
abundance and diversity of the microbial community in soil polluted with heavy metals like lead, zinc and 
copper. 

Physical & Chemical Parameters 
The physicochemical parameters were measured using standard methods. The physical & chemical parameters 
of the wastewater samples were 1. Turbidity, 2. Centrifugation, 3. Dissolved Oxygen (DO) profile, 4. Oxygen 
uptake rate (OUR), 5. pH, 6. Conductivity, 7. Color, 8. Temperature, 9. BOD. 

RESULTS AND DISCUSSION: 
The bacterial strains were aseptically streaked on nutrient agar plates which were supplemented with heavy 
metals in respective concentrations. After incubation (24 hrs.) the plates were observed for growth of bacteria 
on the culture medium. 

Determination of Minimum Inhibitory Concentration (MIC) 
The bacteria isolates were grown on media against respective heavy metal. The growth was identified more 
when the concentration was least (50 µg/mL) and the isolates failed to give colonies on the petri plate 
concentration of the heavy metals was very high (3000 µg/mL) and MIC data was taken where the lowest 
concentration of heavy metal inhibited growth of bacteria at 370C after 24hrs. MIC of heavy metals showed 
high tolerance to Pb, by the selected six bacterial strains. 

Minimum inhibitory concentration (MIC) is the lowest concentration at which isolate is completely suppressed 
bacterial growth was recorded. In this study order of MICs for the selected six bacterial strains was found to be 
Cd > Pb > Cu > Cr > Ni - for the Escherichia coli. It was resistant against Cd with MIC of 150 µg /mL, Cr, Ni 
with MIC of 300 µg /mL has been recorded. Here demonstrated that Bacillus, Pseudomonas sp. bacteria are 
resistant to heavy metals (Pb, Cu, Ni, Cd); Pseudomonas sp. bacteria were found to the most multiple heavy 
metals resistant with MIC against Pb (1900 µg /mL), Cr (600 µg /mL) and Cd (1500 µg /mL). Among six 
bacterial strains, Escherichia coli was identified here as the lowest capacity of Pb and Cr against respective 
heavy metal. 

 
Escherichia 

coli 
Salmonella 

typhi 
Bacillus 

licheniformis 
Bacillus 

thuringiensis 
Pseudomonas 

aeruginosa 
Pseudomonas 

putida 

Cd 150 500 250 150 1500 1200 
Cr 300 250 350 300 600 500 
Cu 250 200 1000 1500 1200 1500 
Ni 300 400 600 500 1000 1200 
Pb 200 500 1800 1600 1900 1800 
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16S RRNA Based Identification of the Heavy Metal Resistance in the Selected Bacterial Samples 
In all microorganisms, 16S RRNA is considered as the highest quality level for describing phylogenetic 
similarities among microbial communities. It can be used for a complete assessment of microbial diversity. The 
bioremediation processes can be determined by investigating the 16S RRNA sequences obtained from 
contaminated environments. Kou et al. (2018) reported 16S rRNA gene amplicon sequencing to study the 
abundance and diversity of the microbial community in soil polluted with heavy metals like lead, zinc and 
copper. 

The primer sets used for 16S rRNA gene amplification of the selected six bacterial strains. All primer sets were 
synthesized by Invitrogen BioServices India Pvt. Ltd, Whitefield, Bangalore. A total volume of 25 μL of a 
reaction mixture of forward and reverse primer (0.5 μL of each), DNA template (1 μL), 2X master mix 
(12.5 μL) (Biolab, England), and 11 μL nuclease free water was used for the Polymerase Chain Reaction (PCR). 
PCR was performed using a thermal cycler (Bio-Rad) and the PCR products were analyzed on 1% (w/v) 
agarose gel supplemented with 10 μL EtBr and done electrophoresis. 1Kb molecular marker was used to 
determine the band size of the amplicons 

   
M stands marker, Lane 1 to 12 and 1 to 7 shows 16S rRNA gene in different isolates of Escherichia coli and 
Salmonella typhi 

 

M stands marker, Lane 1 to 8 and 1 to 7 shows 16S rRNA gene in different isolates of Bacillus thuringiensis, 
Bacillus licheniformis 

 

M stands marker, Lane 1 to 12 shows 16S rRNA gene in different isolates of Pseudomonas aeruginosa 
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M stands marker, Lane 1 to 12 shows 16S rRNA gene in different isolates of Pseudomonas putida 

Bio-Sorption Efficiency 
All set of experiments was done in fixed volume (100 ml) of metal ions contaminated solution in a 250 ml 
Erlenmeyer flask. Bacterial biomass was exposed to metal solutions for 3 days in orbital shaking incubator at 
150 rpm. The bacterial biomass was separated by centrifugation at 8000rpm for 15 min. and the supernatant was 
analyzed for residual metal concentration by analytical spectrophotometer. 

The initial metal ion concentration of chromium was high (1950 µg /L) and Nickel was low (100 µg /L) in 
sample. After incubation the metal ion uptake capacity was E. coli < S. typhi < B. thuringiensis < B. 

licheniformis <P. putida < P. aeruginosa. Pseudomonas aeruginosa showed higher the bio-sorption capacity 
like Cadmium > Lead > Copper > Nickel > Chromium under optimum pH of media and temperature. 

Bacterial isolates Type of 
Heavy Metal 

Initial Heavy Metal 
ion concentration 

(µg /L) 

Final Heavy Metal 
ion concentration 

(µg /L) 

Dry 
Weight 

(mg) 

Metal ion 
uptake 

capacity (Q) 

Escherichia coli 
 

Cadmium 120 80 600 67 
Chromium 1950 1360 7500 79 

Copper 450 310 2200 64 
Nickel 100 70 450 67 
Lead 150 110 600 67 

Salmonella typhi 
 

Cadmium 120 85 500 70 
Chromium 1950 1320 8800 71 

Copper 450 280 2400 71 
Nickel 100 75 350 71 
Lead 150 105 650 69 

Bacillus 
licheniformis 

 

Cadmium 120 90 400 75 
Chromium 1950 1250 8500 82 

Copper 450 320 1400 93 
Nickel 100 80 250 80 
Lead 150 90 700 86 

Bacillus 
thuringiensis 

 

Cadmium 120 85 450 78 
Chromium 1950 1170 9200 85 

Copper 450 300 1800 83 
Nickel 100 80 250 80 
Lead 150 80 850 82 

Pseudomonas 
aeruginosa 

Cadmium 120 100 200 100 
Chromium 1950 1460 5500 89 

Copper 450 315 1300 104 
Nickel 100 85 100 150 
Lead 150 120 250 120 

Pseudomonas 
putida 

Cadmium 120 100 150 133 
Chromium 1950 1540 4200 98 

Copper 450 325 1200 104 
Nickel 100 85 150 100 
Lead 150 120 250 120 
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Physical & Chemical Parameters 
The physicochemical parameters were measured using standard methods. The physical & chemical parameters 
of the wastewater samples were 1. Color, 2. Temperature, 3. pH, 4. Turbidity, 5. TDS, 6. TSS, 7. DO, 8. COD, 
9. BOD. 

Physical & Chemical Parameters of Effluent Sample 

S.No Parameters Effluent 

1 Color Pale Reddish brown 
2 Temperature 37°C 
3 pH 5.1 
4 Turbidity 9.4 ntu 
5 Total Dissolved solids 20 mg/l 
6 Total suspended solids 28 mg/l 
7 Dissolved Oxygen 8 mg/l 
8 COD 65.5 mg/l 
9 BOD 33 mg/l 

CONCLUSION 
The biomass of metal tolerant bacteria Escherichia coli, Salmonella typhi, Bacillus licheniformis, Bacillus 

thuringiensis, Pseudomonas aeruginosa and Pseudomonas putida successfully removed the metals such as Cd, 
Cr, Cu, Pb and Ni from mixed wastewater which brought from industrial effluents. The bio-sorption of heavy 
metals by the bacterial was affected by initial metal concentrations, pH, and contact time (72 hrs.). 

According to the pooled data Pseudomonas aeruginosa showed higher the bio-sorption capacity on different 
heavy metals at pH 5.1 within 72Hrs at 37± 2°C. The functional groups included amino, carboxyl, hydroxyl and 
carbonyl groups, which could possibly be involved in the bio-sorption of Cd, Cr, Cu, Pb and Ni. 
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ABSTRACT 
Social networking phenomenon has emerged over the last few years. Social networking sites have grown from a 
niche to a mass online activity, in which millions of internet users are engaged, both in their leisure time, and at 
work. On one side these sites facilitate communication with our dear ones and also these websites can be useful 
for education based on sound pedagogical principles and under proper supervision by the teachers while on the 
other hand it creates platform for many cyber crimes, distracts students from their studies. The impact of these 
social networking sites on the youth of India is both positive as well as negative. Internet medium is developing 
with the increased usage and understanding of how to use e-mails, shopping online, and searching the web for 
recipes or looking out for the long- lost instruction manual for a piece of equipment in the garage etc. Now, 
internet is more about blogs, podcasts, Facebook, Myspace, and Whats App. These are some of the tools and 
technologies associated with a recent phenomenon called social networking and is present everywhere. Agains 
this backdrop present paper attempts to examine the impact of social media on  interpersonal communication  
and relations. The paper is based on mainly primary data collected through field survey in Lucknow city. 

INTRODUCTION 
Social networking phenomenon has emerged over the last years. Social networking sites have grown from a 
niche to a mass online activity, in which millions of internet users are engaged, both in their leisure time, and at 
work. Social networking websites like Orkut, Facebook, Myspace and Youtube are becoming more and more 
popular and has become part of daily life for an increasing number of people. Young people are attracted to 
social networking sites. No doubt these social networking sites provides employment, marketing, personal 
growth, sharing of information but the most prevalent danger through often involves online predators or 
individuals. These social networking sites have great impact on youth. One can easily see the entry gate of these 
social networking sites but it is unable to find exit for these social networking sites.  One side these sites provide 
to communicate with our dear ones websites can be useful for education based on sound pedagogical principles 
and proper supervision by the teachers on the other side it creates platform for many cyber crimes, and also 
distracts students from their studies. Several research studies have revealed that social media technologies such 
as Facebook, Twitter, blogs, wikis, Flick, and YouTube have garnered more than a billion users across the 
world and have redefined the modern business. Modern universities and Colleges are making consistent efforts 
to utilize the support of social media in reaching the existing customers, attracting the new customers and 
building credibility and reputation of their brand image. Research studies further revealed that these educational 
institutional brands need to measure their visibility in the most popular social media relative to that of 
competitors. Social media is influencing every walk of life including social relations, society, politics, economic 
and business. 

REVIEW OF LITERATURE 
Abbas and Singh (2014) opined that media industry in 2014 has moved away from traditional print and audio-
visual domination and into the digital age with smart phones being the key to ushering in innovative technology, 
creativity and high-speed communication. Manjunath (2013) said that the usage of Social Networking Sites 
(SNS) has significantly increased in India particularly among the Indian college students and it certainly has far 
reaching impacts on the academic and other activities of the students. Kavita (2015) has highlighted that in the 
last few years, social network media have spread widely all over the world and are used by various users for 
several reasons and purpose. Jain (2017) has highlighted that social media is considered as ultimate tool of 
marketing communication. It connects with online arena and spread the information of products and services. 
Ahmed (2011) opined that social network offers people great convenience for social networking. It allows 
people to keep in touch with friends, reconnect with old friends, meet new people, and even conduct business 
online. The social network is rising not even in India, all over the World. Deshmukh et.al (2014) opined that 
online social networking has achieved an exceptional global growth over the last decade by attracting much 
attention from all age group people. It is a known fact that young adults and teenagers are the most avid users of 
such sites.  Jothi et.al (2011) highlighted that Internet is the emerging information technology with the 
credibility of immediacy and fastness, thus, it brings globalization in every aspects of communication. 
Communication through internet is more specified, with effective interactive strategy among its users. In recent 
days, internet advertising has taken new forms which have more advantages over the traditional mediums like 
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print media, television and radio. Marketing communication is becoming precise, personal, interesting, 
interactive and social. Different strategies of communication are followed in various social networking sites like 
Face book, Twitter and Orkut. Bhagwat and Gautam (2013) said that social networks are groups of people, or 
communities, who share a common interest, perspective, or background. Mathew (2013) opined that the period 
of 2010  to  2013  has been an eventful period for social media. Several new networking sites became popular 
(WhatsApp, Google Plus, Instagram), the usage base grew by leaps and bounds, and Facebook bought over 
some of its competition. The growth of social media along with the rapid growth of smart phone usage has also 
made a great impact on various facets of our lives. Siddiqui and Singh (2013) highlighted that Social media 
plays a vital role in transforming people’s life style. Social media includes social networking sites and blogs 
where people can easily connect with each other. Since the emergence of these social networking sites like 
Twitter and Facebook as key tools for news, journalists and their organizations have performed a high-wire act. 
Bhardwaj et. al (2017)  highlighted that the  extensive use of Social Networking in India has been on the rise 
among the new generation youths. In today's world, life cannot be imagined without Facebook, YouTube, 
Instagram, WhatsApp, LinkedIn or Twitter accounts and online handles. Isodje  (2014) presented an overview 
on the use of social media for business promotion, since social media as an online collaborative platform has the 
power to impact cultures and business. Mamta et al. (2016) tested for affiliation that exists between Higher 
Education and Social Networking Site. Purva et al. (2015) presented that online social networking like 
Facebook and Twitter have the fastest means of communication and having gained wide popularity, have 
revolutionized interpersonal communications by providing a platform to individuals for expressing themselves 
at a global level, beyond their immediate geography. Davmane et al. (2015) analyzed the factors for the online 
social networking sites as per users’ behavior regarding user friends, the peer groups, access patterns, amount of 
time spend, the effect on personal and professional life. Singh et al. (2014) presented the research effort in 
ensuring awareness about the social networking site concept, merits, demerits and meaning. Purti at al. (2016) 
focused on Big Data Management for Social Networking Sites by review and analysis of how Big Data is being 
managed for social networking sites by Facebook and Twitter. Kumar et al. (2016) proposed a sentiment 
analysis method on the tweets in Cloud environment and utilized Hadoop for intelligent analysis and storage of 
big data on Facebook and Twitter. The reason is that handling huge amount of unstructured data is a tedious 
task to take up. The current Analytics tool and models used that are available in the market are not sufficient to 
manage big data. Mittal et al. (2016) analyzed the effects of online shared sentiments of emoticons, interjections 
and comments extracted from posts and status updates. Shang et al. (2015) investigated why and how people 
use location sharing services on social networking platforms in China. Muhammed et al. (2017) reviewed 
research papers from 2010 to 2016 on Sybil attacks regarding use of fake and malicious identities on the online 
social network. Zhou et al. (2017) proposed a unique system called Pro Guard for detecting malicious identity 
accounts in financial institutions dealing online with real and virtual currency. Kiliroor et al. (2017) presented a 
trust analysis system for online social networks to improve privacy and approval process for authentic social 
network site users. Wang et al. (2016) proposed use of a probabilistic model for detecting identity thefts on 
social networking when using mobiles over unsecure Internet. Baruah (2012) highlighted that social media can 
be effective for building social authority; individuals or organizations can establish themselves as experts in 
their fields, and then they can begin to influence these fields. Jain and Gupta (2012) opined that social 
networking sites provide a platform for discussion on such issues as it is this media which majority mass rely on 
and extend warm support. Parvathi and Suchitra (2015) have made detailed analysis of what activities the youth 
population involved with social networking sites. Sarkar  et. al. (2015) opined that social networks have 
undergone an intense evolution in recent years. 

OBJECTIVES AND METHODS 
 To study the accessibility, affordability and exposure of information technology and social networking sites 

among the students pursuing higher education; 

 To study the mode, usage and timings of engagement of students  in social media ; 

 To examine the attitudinal change among the students regarding information technology and social media, 
social networking sites and interpersonal relationships. 

The present paper is based on a major research study. The study is  empirical in nature and based on mainly 
primary data collected through field survey. Lucknow city has been selected in the study. Overall, about 500 
students pursuing different courses from higher education institutions were surveyed with the help of structured 
interview schedule. 
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DISCUSSION OF RESULTS 
Lucknow being the state capital, there are a number of educational institutions including universities, 
postgraduate colleges and other academic institutions. State, Central, Private and Medical universities were 
selected in the sample of study. However, about 48 per cent respondents were from State University. The 
overwhelming majority of respondents were from government institutions.  Slightly more than 1/3rd respondents 
were from rural background while about 30 per cent respondents were females. About 86 per cent respondents 
were from Hindu communities and mainly from General and OBC communities.  The overwhelming majority 
of respondents were from the low age group i.e.  less than 25 years. About half of the respondents were 
postgraduates while slightly less than 2/5th respondents were undergraduates and graduates. About 22 per cent 
respondents reported that they are receiving fellowship/scholarship. Majority of the respondents reported that 
their institutes have adequate number of computer for students. 

About 2/3rd respondents further reported that internet connectivity is available to them. About 62 per cent 
respondents further revealed that their institutes have arranged appropriate software and subscribed online 
journals, books and periodicals. Majority of respondents reported that the institutes are using computerized 
system for issuing of library resources. However, online access to library stock was reported by 45 per cent 
respondents.  Access to desktop computers, laptops, printers, smart mobile phones, pen drive/USB stick and 
digital camera was reported satisfactory however; accessibility to webcam, wireless internet, broad band 
internet connection and scanner was reported to be low. About half of the respondents reported that their 
institutes are supporting them in accessing of computer and internet facility. However, majority of the 
respondents reported that they are getting access to ICT for learning at home, libraries, computer labs and class 
rooms. About 2/5th respondents reported that computers in computer labs for students are not adequate. 
Similarly, the arrangement of appropriate software is not adequate in their institutes/colleges. Thus, about 58 
per cent respondents revealed that they are getting maximum access to internet at home. Almost all the 
respondents reported that they have active account in social media. The social media accounts were reported 
mainly Whats App, Facebook, Youtube, Twitter. Skype and Linkedin. Internet services as per priority of use 
were reported to be search and downloading, social networking, chatting, conferencing, gaming,  e-
communication and online shopping. 

Most of the respondents are consuming internet data less than 4 GB per day. The overwhelming majority of the 
respondents reported that they are using internet frequently and regularly. Voice mail, internet, search, social 
networking, SMS, Video, Music, FM radio, news and GPRS were some of the most preferred services being 
used by mobile phones. Majority of the respondents revealed that they have associated with less than 10 social 
networking sites.  More than 3/4th respondents revealed that they are getting access to social networking sites 
through their smart phones. More than half of the respondents reported that they are spending less than 2 hours 
daily on social networking sites. About 2/5th respondents had contact of less than 50 persons on their social 
networking sites while about 60 per cent respondents had more than 50 persons in their contacts on social 
networking. Finding information, keeping in touch with family and friends,   making new friends, making 
professional and business contacts, sharing images and videos, gaming and sharing experience were the major 
usages  of online social networking. About 2/3rd respondents were of the view that online networking has 
affected their social life.  Most of respondents opined that social networking is important for them. Most of the 
respondents admitted that social networking sites are affecting adversely their social relations. Most of the 
respondents reported that social media has replaced traditional mode of communication. It has emerged as 
effective tool for e-learning and educational development. Majority of the respondents reported that social 
networking sites are affecting their personal life and their study. 

CONCLUSION 
The use of information technology in society and particularly educational institutions has become the fashion 
today. It has proved to be the most effective mode and delivery mechanism. The educational programmes 
highlight on the new models, approaches and modes for developing educational contents, conducting of 
programmes, and delivery of educational inputs. Besides, effective use of technology in education sector has 
widened the scope and nature of institutions with cost effective mechanism of administration, monitoring and 
evaluation of performance. Even, use of ICTs in education sector has improved the quality of education and 
more accessible to the target population. The application of information technoologies in education system has 
become common now days The use of ICTs in the higher education system has been also encouraged in the 
New Education Policy while COVID-19 pandemic has forced educational institutions to think beyond 
traditional boundaries of education .Thus, online mode of teaching, training and sessions of seminar , 
examinations, and via voice are being conducted. This may depend upon various factors including existence of 
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ICT equipped labs, workshops, classroom and library; student&#39;s their background, nature of subject etc. 
The e learning process is gaining importance. 

SUGGESTIONS 
 Infrastructure of higher education institutions should be developed and further strengthened. Students find 

computer laboratory, communication facility (such as telephone, fax, e–mail etc.), and electricity supply, as 
inadequate. These facilities should be made more and more accessible to both the teachers and students. 

 Library resources especially e-journals, other periodicals, textbooks, other reference books, audio–
videocassettes etc. need to be further enriched. They must be made more and more accessible to the students. 
Librarians of these institutions need to shed away their “close access” approach to work and display of 
literature and information resources. 

 Computer-based teaching, learning and training have vast scope for improving the quality and access of 
education in higher education institutions. However, e-learning requires improvement in content, services, 
mode of delivery of knowledge and educational infrastructure.  Video conferencing, video lectures, e-
lectures, online courses, etc. may replace traditional mode of teaching and training. 

 Internet facilities and wi fi should be available in all the higher education institutions providing professional 
education while smart classrooms are required for students so that students get access learning materials 
through using wi fi and may interact effectively with faculty members. 
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ABSTRACT 
The rapid economic growth leading to demand for skilled human resource and enhance to competitiveness of 
Indian industries in a globalized economy has made the higher education sector a priority sector today. There 
has been phenomenal growth in private academic institutions providing higher education in traditional and 
professional disciplines and courses. Use of ICT in higher education has become integral part of education; 
however variations in purpose and frequency its use are seen among students. The use of ICT in education not 
only improves classroom learning process, but also provides the facility of e-learning. ICT has enhanced 
distance learning. In view of this, present study has attempted to examine the role of ICT in higher education in 
the state of Uttar Pradesh. 

INTRODUCTION 
ICT is technology which supports activities encompassing information including gathering, processing, storing 
and presenting data. Significantly these activities also involve collaboration and communication. Information 
and Communication Technologies comprises of the hardware, software, networks, and media for collection, 
storage, processing, transmission and presentation of information (voice, data, text, images), as well as related 
services. ICTs may be divided into two components viz. information and communication infrastructure which 
are referred to physical telecommunications systems and networks (cellular, broadcast, cable, satellite, postal) 
and the services which utilize those (Internet, voice, mail, radio, and television), and information technology 
which refers to the hardware and software of information collection, storage, processing, and presentation. 
Information and communication technologies are conceptualized  as all devices, tools, content, resources, 
forums, and services, digital and those which  can be converted into or delivered through digital forms, and may 
be deployed for realizing the goals of teaching learning, enhancing access to and reach of resources, building of 
capacities, as well as management of the educational system. These technologies  will not only include 
hardware devices connected to computers, and software applications, but also interactive digital content, 
internet and other satellite communication devices, radio and television services, web based content 
repositories, interactive forums, learning management systems, and management information systems. These 
technologies will also encompass processes for digitization, deployment and management of content, 
development and deployment of platforms and processes for capacity development, and creation of forums for 
interaction and exchange. 

ICT and communications technology are the infrastructure and components which enable modern computing. 
ICT encompasses both the internet-enabled sphere as well as the mobile one powered by wireless networks. It 
also encompasses antiquated technologies, such as landline telephones, radio and television broadcast -- all of 
which are still widely used today alongside cutting-edge ICT pieces such as artificial intelligence and robotics. 
The term ICT is also used to refer to the convergence  of audio-visual and telephone networks with computer 
networks through a single cabling or link system. ICT has no universal concept, as "the concepts, methods and 
applications involved in ICT are constantly evolving on an almost daily basis. The broadness of ICT 
encompasses any product that will store, retrieve, manipulate, transmit or receive information electronically in a 
digital form, e.g. personal computers, digital television, email, robots.  Advancements, standards, specifications 
and subsequent adoptions have led to major growth in the extensibility, interoperability and scalability of e-
learning technologies. E-learning is fast becoming a major form of learning. Computer multimedia offers ideal 
opportunities for creating and presenting visually enriched learning environments. The latest technologies 
connected with virtual reality will also play an important role in not too distance future. The rapid development 
of Information and communication technology, particularly the Internet, is one of the most fascinating 
phenomena characterizing the information age. ICT powers our access to information, enables new forms of 
communication, and serves many on-line services in the spheres of commerce, culture, entertainment and 
education. 

Integrating ICT in teaching and learning is high on the educational reform agenda. ICT can moreover be seen as 
a way to merge into a globalizing world. It is assumed that ICT brings revolutionary change in teaching 
methodologies. The innovation lies not per se in the introduction and use of ICT, but in its role as a contributor 

http://searchdatacenter.techtarget.com/definition/infrastructure
http://searchmobilecomputing.techtarget.com/definition/nomadic-computing
http://searchcio.techtarget.com/definition/AI
http://whatis.techtarget.com/definition/robotics
https://en.wikipedia.org/wiki/Convergence_(telecommunications)
https://en.wikipedia.org/wiki/Telephone_network
https://en.wikipedia.org/wiki/Computer_network
https://en.wikipedia.org/wiki/Computer_network
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towards a student-centered form of teaching and learning. Enhancing and upgrading the quality of education 
and instruction is a vital concern. ICTs can improve the quality of education in a significant ways. ICTs are also 
tools which enable and bring about transformation. ICTs which can be in the form of videos, television and also 
computer multimedia software, that merges sound, transcripts and multicolored moving imagery, can be made 
use of so as to make available stimulating, thought provoking and reliable content that will keep the student 
interested in the learning process. The radio on the other hand through its interactive programs utilizes songs, 
sound effects, adaptations, satirical comedies and supplementary collections of performances so as to induce the 
students to listen and get drawn in to the training that is being provided. Academics have taken to the use of 
computer in teaching much more readily than they adopted earlier audio-visual media. This is because the 
strength of computers is their power to manipulate words and symbols - which is at the heart of the academic 
endeavor. 

There is increasing trend to introduce e- learning or online learning both in courses taught on campus and in 
distance learning. Distance education and e-Learning is not necessarily the same thing and can have very 
different cost structures. Whether e-learning improves quality or reduce cost depends on the particular 
circumstances. ICTs in general and e- learning in particular have reduced the barriers to entry to the higher 
education business. ICT according to a number of commentators, enhance teaching, learning, and research, both 
from the constructivist and instructive theories of learning. Behind this increasing faith in the role of technology 
in higher education however, lies implied acceptance of technology by various commentators, either as neutral 
and autonomous, neutral and human controlled, autonomous and value laden, or human controlled and value 
laden. 

REVIEW OF LITERATURE 
The integration of ICT in higher education is 'inevitable' (James & Hopkinson, 2009). ICT has changed the way 
businesses and industries are conducted and influenced the way people work, interact and function in society 
(Bhattacharya & Sharma, 2007; UNESCO, 2002). ICT has become common place at home, at work, and in 
educational institutions (Kirkup & Kirkwood, 2005). The use of ICT has increased exponentially (McGorry, 
2002). Education drives the economic and social development of nation  (Mehta & Kalra, 2006) and the 
importance of having competent human capital (Hassan, 2001; Purwadi, 2001). The use of ICT in higher 
education has resulted in a move from teacher-centred delivery and transmissive learning to student-centred 
learning. ICT functions as information sources and cognitive tools, supporting and enabling students to be 
responsible for their own learning (Jonassen & Reeves, 1996). Hattangdi and Ghosh (2005) used the terms 
informative, situating and constructive tools to further conceptualize the functions of ICT. Learning 
environments become inquiry-based and problem-centred within authentic settings. Lecturers are facilitators, 
coaches and mentors and ICTs support the learning environment (Oliver, 2000). The education and mostly 
higher education results in the adoption of technology at a higher rate. The internet helps in bringing out better 
outcomes in terms of quality in education ( Rye, 2008). According to Miller (2016), a lot of college students 
might not have the technical skills that are required to navigate through the online learning activities and 
mastering of instructional technology in an effortless manner is not guaranteed just because they are capable of 
handling the social media accounts that well. 

OBJECTIVE AND METHODS 
The present paper purports to examine the dependency and use of internet and ICT  among the students 
pursuing higher education  in management and technical institutions.  The paper is based on primary data 
collected through field survey in 20 Engineering and Management Institutes/ Colleges from Lucknow region of 
Uttar Pradesh. Overall 300 students pursuing higher education in Engineering, and Management were surveyed 
with the help of structured interview schedules. 

DISCUSSION OF RESULTS 
ICTs are making dynamic changes in society. They are influencing all aspects of life. The influences are felt 
more and more at schools, colleges and universities because ICTs provide both students and teachers more 
opportunities in adapting learning and teaching. The field of education has been affected by ICTs, which have 
undoubtedly affected teaching, learning and research. ICTs have the potential to accelerate, enrich, and deepen 
skills, to motivate and engage students, to help relate school experience to work practices, create economic 
viability for tomorrow's workers, as well as strengthening teaching and helping schools change.  In this part of 
the dissertation, an attempt has been made to examine the usage of ICT by students perusing higher education. 

Majority of respondents revealed that they do not have access of information technologies or limited access to 
such technologies. The significant proportion of respondents who had wider access of information technologies 
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was reported to be in terms of white board, desk top computer, smart mobile phone, wireless internet access, 
broad band internet connection and pen drive.  The respondents were asked that whether they have opened their 
account in social media. About 80 per cent respondents reported that they have opened their account in face 
book while about 2/3rd respondents further reported that they have account in whatsApp. About 1/4th 
respondents further reported that they have account in twitter and instagram . 

The respondents were asked that whether they are using different types of information technology. A large 
proportion of respondents reported that they are not using information technologies such as use of computer to 
play games, use of web/internet for video calling, use of internet /web to play network games, use of social 
networking software on the web, use of web for keeping own blogs/account in social media, use of web for web 
conferencing and use of web for leisure activities. However, a large proportion of respondents reported that they 
are using various types of information technologies such as use of computers for preparing note, use of web to 
access literature and use of computers to develop digital photo/maps. The respondents were asked that which 
applications/programming they use in computer. Majority of respondents reported that they are using word 
processor, spread sheet and programming. About more than half of the respondents further reported that they 
are using web designing and image editor /photo shop.The respondents were asked that how often they use 
internet. Majority of the respondents revealed that they are regularly using internet. It was found more 
pronouncing in engineering institutions as compared to management institutions. 

The respondents were asked that whether from where they get maximum access to internet. Slightly less than 
half of the respondents reported that they get maximum access to internet at home. However, about 48 per cent 
respondents revealed that they get maximum access to internet at college/institute. A significant proportion of 
respondents from management institutions reported that they get maximum access to internet at internet 
cafe.More than half of the respondents reported that most accessible place to get information through ICT for 
learning is computer lab. However, about 19 per cent respondents reported that most accessible place to get 
information through ICT for learning is class room. The adoption and use of ICTs in higher education have a 
positive impact on teaching, learning, and research. ICT can affect the delivery of education and enable wider 
access to the same. It can influence the way students are taught and how they learn. It would provide the rich 
environment and motivation for teaching learning process which seems to have a profound impact on the 
process of learning in education by offering new possibilities for learners and teachers. These possibilities can 
have an impact on student performance and achievement.  The analysis also shows that students perusing higher 
education   are highly influenced by ICTs and their access and usage of ICTs including social networking sites 
have potential to learn and  gain skills as well as knowledge. The overall literature suggests that successful ICT 
integration in education. 

CONCLUSION 
The increasing use of information and communication technologies has brought changes to teaching and 
learning at all levels of higher education systems to improve the quality. Traditional forms of teaching and 
learning are increasingly being converted to online and virtual teaching and learning. There are endless 
possibilities with the integration of ICT in the higher education system. The use of ICT in higher education not 
only improves classroom teaching learning process, but also provides the facility of e-learning. ICT has 
enhanced distance learning too. The outreach of teachers has increased while learners are able to access 
qualitative learning environment from anywhere and at anytime. Successful implementation of ICT to lead 
change is more about influencing and empowering teachers and supporting them in their engagement with 
students in learning rather than acquiring computer skills and obtaining software and equipment.  The use of 
ICT can play a variety of roles in education by changing the teaching and learning process. However ICT 
integration is not easy task. There are significant challenges in integrating ICTs use in higher education system 
rising from environmental, cultural and educational faced by policy makers, educators, educational 
administrators and students in higher education. Thus there is a need of government support and the higher 
education institutions commitment to making the integration of ICT in education a successful process. The 
challenges to ICT usage among academic staff ranges from, lack of funds, less  opportunity for training, lack of 
sponsorship by the college management, inability to acquire personal ICT facilities, inadequate  ICT facilities at 
workplace, poor electricity supply, lack of ICT knowledge, insufficient time due to workload, lack of interest in 
learning, and lack of time for practice. 
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ABSTRACT 
Micro finance programs are expected to make significant contributions to eradicating poverty and empower 
poor in economic, social and political sectors. Increase in the income of rural poor families will have an impact 
on income, housing, consumption, health care, education of children, reducing burden of debt and so on. 
JLGs/SHGs are necessary to overcome exploitation, create confidence for the economic self-reliance of the 
rural poor. These groups enable them to come together for a common objective and gain strength from each 
other to deal with business development and income generation endeavors. Significantly, credit is a major factor 
in boosting economic development if it is effectively utilized. The government’s recent initiatives to streamline 
credit operations and delivery system through micro finance movement and strengthening and expansion of 
financial institutions can definitely help in the revival of rural economy and empowerment of the rural poor. 
Against this backdrop, present paper  examines the impact of micro finance  provided through micro finance 
institutions  on the enterprises development  in Uttar Pradesh.  The paper is based on mainly primary data 
collected through field survey. 

INTRODUCTION 
Micro Finance has emerged as is a powerful instrument for poverty alleviation and empowering poor. The 
global nature of the Micro Finance movement is reflected in the growing number of organizations providing 
Micro finance to poor people.  Micro Finance is being referred to as one of the cost effective and supplementary 
tools of rural credit delivery system which facilitates prompt and timely availability of institutional credit to 
poor in an effective and economical manner. One of the objectives of development planning is to reduce extant 
of poverty by providing employment opportunities and raising the income levels of the population. There has 
been remarkable progress in the outreach and expansion of MFIs in India. In this part of dissertation an attempt 
has been made to analyze the views of MFIs officials regarding micro finance activities. Entrepreneurship has 
been considered as the backbone of economic development. It has been well established that the level of 
economic growth of a region, to a large extent, depends on the level of entrepreneurial activities in the region.  
Microfinance has positive impact on enterprise development and most of the MFIs are providing technical and 
business development  services besides  financial services  to the poor and small entrepreneurs. Against this 
backdrop, present study aims at examining the impact of microfinance on rural enterprises development. 

The SHGs based micro financing programme has wider coverage to more than 10 million groups while a large 
amount of loan was disbursed for livelihood generating activities. The poverty alleviation programmes such as 
NRLM and NULM account for majority of SHGs (NABARD, 2019). However, Southern states have major 
share while Central Region (10.6 per cent) and Northern Region (5.5 per cent) recorded lower shares. Micro 
Finance Institutions presently are in operation in 29 States and 4 Union Territories with the outreach of 563 
districts. Twenty one MFIs have wise outreach and are functional in more than five states while four MFIs are 
operating in more than fifteen states. However, 57 MFIs are functional in two to five states while 90 MFIs are  
confined to only one state. The client outreach of MFIs had grown significantly during the period of 2005 to 
2011 and achieved a level of 317 lakh clients. Majority of these clients are being served by NBFCs (NBFC/ 
NBFC-MFIs) .Number of functional MFIs during 2017 was reported large in Maharashtra followed by Madhya 
Pradesh, Bihar, Chhattisgarh and Uttar Pradesh. However, number of branches was reported large in Uttar 
Pradesh followed by Karnataka, Madhya Pradesh, Tamil Nadu, Bihar and West Bengal. Number of clients was 
reported high in Karnataka followed by Uttar Pradesh, Bihar, Odisha and Tamil Nadu. Gross loan portfolio was 
recorded high in Karnataka followed by Uttar Pradesh, Maharashtra, Bihar, Tamil Nadu and West Bengal 
(Mishra and Tankha, 2018). 

MFIs can either grow by expanding their branch network or by adding more clients to the existing branch. 
While the first approach typically leads to greater breadth in operations, the second approach leads to depth 
within the existing area of operation. During the year 2017–18, an analysis of the operations of the top 10 
NBFC-MFIs shows that a mixed approach was the trend. Except in the case of Spandana, Muthoot and Asirvad, 
growth in the number of clients is either similar to growth in branches or slightly less. The overall data for 47 
NBFC-MFIs also confirms this trend, as the sector average was 25 per cent annual growth in both the number of 
branches and clients. A logical corollary of this aspect is that the existing operational areas of MFIs are 
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saturated, necessitating a move to new geographies. As the number of districts with NBFC-MFI presence did 
not see a corresponding increase during the year, it can be inferred that most of the new branches are within 
existing districts. It is a positive development because in previous years the focus was more on depth that is, 
adding more branches. 

The number of micro finance institutions functional in the state was reported high in Maharashtra followed by 
West Bengal, Tamil Nadu, Madhya Pradesh, Bihar and Uttar Pradesh. Number of districts of the state which 
were covered by MFIs operation was reported high in Uttar Pradesh followed by Madhya Pradesh, Maharashtra, 
Tamil Nadu, Bihar, Karnataka and Odisha. Similarly, there were 10233 branches of MFIs and a large number of 
MFI branches were found located in Karnataka, Tamil Nadu, West Bengal, Uttar Pradesh, Madhya Pradesh and 
Maharashtra. The top five states viz., Karnataka, Tamil Nadu, Uttar Pradesh, Odisha and Bihar account for 60 
per cent of total client outreach in India. 

Most of MFIs provide financial services through group based financial model such as JLGs/ SHGs . These 
institutions lend through the concept of Joint Liability Group (JLG). A JLG is an informal group which 
comprising of 5 to 10 individual members who join together for receiving credit either individually or through 
the group based mechanism. Out of cumulative number of JLGs promoted in India as on March 31st, 2019, 
southern states accounted share of 30.97 percent while eastern states constituted more than one third share. The 
share of northern states was recorded 13.24 percent while least share went to north eastern states. Out of the 
total loan disbursed as on March 31st , 2019, about two fifth share accounted for southern states while about 27 
percent share was reported for eastern states ( NABARD, 2019) . 

Micro-enterprise development and microfinance has been widely adopted as anti-poverty strategies in most of 
the countries. Micro enterprises have been accepted as an engine of economic growth and development. Women 
owned businesses are one of the fastest growing sectors of micro-enterprises. Micro-enterprise support 
programs aims to help people with modest means to start, strengthen and expand very small businesses. Micro-
enterprises encourage self-employment to a large amount. Micro enterprises have been accepted as the engine 
of economic growth and for promoting equitable development. Women owned businesses are one of the fastest 
growing sectors of micro-enterprises. Economic growth, stability and equity can be achieved significantly 
through micro-enterprises. Micro-enterprises encourage self-employment to a large extent.  Microenterprise 
development helps micro-entrepreneurs combine their knowledge and determination with microfinance services 
to attain standard of living and generate income through business. Microenterprises are small or petty business 
ventures, usually conducted by the poor. They are limited to an income generation activity but are included in 
the concept of business activity in which profit is a major motive of the owner/ entrepreneur. Microenterprises 
are mostly the outcome of the efforts at promoting self employment.  Microenterprises are generally known as 
poor people’s businesses. They are small in size and scale and locally served. Microenterprise is seen as one of 
the alternatives for the livelihood of the poor. Entrepreneurial spirit and efficient role of the supporting systems 
for the expressions seem to be important factors in development of microenterprise. 

Microenterprises also usually operate in the informal sector and could a trading (street vendors, food stalls), 
beauty-parlors, transport operators etc. are service sector set up or even a small manufacturing unit( machine 
shops or assembly units etc.). Microenterprises are set up a little investment in fixed assets and inventory. They 
operate mostly on cash and carry terms. The enterprises sales may not be distinguished from any other kind of 
income of the individual or household earning. These enterprises may be quite unstable and footloose. If better 
opportunity arises or cost cannot be recovered, the entrepreneurs may move on or shift to other activity. 
Microenterprise has been found in literature related to non-farm sector, employment, Self Employment, 
Microfinance, Self Help Groups etc. It is a strategy for creation of jobs, self employment promotion in non-farm 
sector, rural industrialization and economic development with special reference to the poor, marginalized and 
excluded population of the society. 

REVIEW OF LITERATURE 
Alaoui and Tkiouat (2019) opined that microfinance provide traditional banking services with the aim of 
reducing their poverty. Various strategies have been utilized to demonstrate consumer loyalty in micro-finance. 
Bhatia and Singh (2019) revealed that females residing in urban slums area didn’t need access to budgetary 
foundations yet encountered (a) fiscal perils, for instance, variable income, non-legitimately binding casual 
occupations, (b) cash-related threats, for instance, reliance on the money economy, casual credit, and (c) social 
risks, for instance, social cracks. Joseph and Kibera (2019) in their study highlighted the determining factors 
that influence organizational culture on the performance of micro-finance institutions. Ghosh  et.al. (2018) 
highlighted the issue of interest rate sensitivity in micro finance sector. Jose (2017) finds out that the basic 
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objective for a  microfinance institution to sustain the borrower, but that is not satisfactory achievable 
due to diversification of funds. Gullifer and Tirado (2017) in their paper highlighted that micro finance has 
significant impact on economy. Mishra and Haque (2016) are of the view that economic evolution had a 
major impact on economic development in all major areas. Sa-Dhan (2016) analyzes that the existence of 
MFIs has spread in areas across the countries, although they are still limited in some states. Seenivasan 
(2015) points out why the MFIs fail and the poverty alleviation targets are forgotten. Brown  et.al. (2012) 
have examined the geographical proximity of micro finance institutions towards financial inclusion. 
Firdausi (2013) measures the relative efficiency of microfinance institutions in India, Bangladesh, and 
China. Goel & Rishi (2012) highlighted that measures and norms that can develop entrepreneurship skills 
among the poorest people. The review of pertinent literature simply demonstrates that there is paucity of 
literature, research findings and empirical data pertaining to impact of micro finance extended by micro finance 
institutions to the rural borrowers for enterprises development. 

OBJECTIFIES AND METHODS 
Present paper is based on a major research study. The main objectives of the paper are as follows: 

 To examine the socio- economic profile of borrowers  and  examine the  issues of  micro financing ; 

 To assess the impact of micro-finance and enterprises  development; 

 To suggest the policy measures for empowerment of rural entrepreneurs, development of SHGs based micro 
financing and micro enterprise development. 

The present study is analytical in nature with major focus on primary data gathered through the survey. The 
study is confined to Central region of the state of Uttar Pradesh. We have selected Lucknow , Raibareli, 
Lakhimpur Kheri, Sitapur  and Unnao  in  Lucknow  region of  the state. Overall,  300 rural entrepreneurs/ 
borrowers supported by micro finance institutions were randomly selected for  interview with the help of 
structured  interview schedule . 

DISCUSSION OF RESULTS 
Majority of borrowers were from the middle age group while most of the  borrowers were females. About 18 
per cent respondents were Muslims. However, majority of respondents were from reserved category such as 
OBCs, Scheduled Caste and Minority communities. Most of the respondents were found married. However, 
educational backgrounds of the respondents were found to be poor. Their main occupation was reported to be 
self employment in agriculture and non-agriculture sector. However, about 22 per cent respondents were casual 
labour. 

Most of the respondents have their bank account and are saving money. However, average monthly saving of 
family was reported to be low. Majority of respondents revealed that they have never use ATM card. Less than 
half of the respondents reported that they have life insurance policy in their name. About 67 per cent 
respondents reported that they are from joint families and their main family occupation is petty business and 
labour. Their annual family income was reported above Rs. 90,000 for majority of the cases. Most of the 
respondents were found living in pucca houses with availability of drinking water, electricity, cooking gas and 
toilet facility. 

Most of the borrowers were members of JLGs. Majority of the respondents revealed that they joint JLGs/SHGs 
before 5 years. About 73 percent  borrowers reported that they get information of micro finance through JLGs.  
They further reported that they were motivated to join micro finance institutions mainly by JLGs, family 
members, media and friends and relatives. The main factors for joining micro finance institutions were reported 
to be motivation by JLGs, hassle free process to sanction loan, collateral free loan, low rate of interest on loan, 
advice of bank and financial incentives. Most of respondents reported that they received loan as member of 
JLGs. About 51 per cent respondents received one time loan while about 37 percent respondents reported that 
they have received loan twice. 

The main purpose of using micro finance was reported to be income generating and business development. The 
average amount of loan was reported to be low as more than 2/3rd borrowers received loan in between Rs. 
20,000 to 30,000. More than 1/4th respondents revealed that they also approached to take loan from other 
agencies as the loan amount was not adequate. More than half of the respondents reported that they are making 
their regular payment of installments of loan during group meetings while about 47 per cent respondents said 
that MFIs representatives are collecting installments of loan. Most of the respondents reported that they have 
paid their loan amount. Majority of respondents were found satisfied with the services of micro financial 
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institutions. These services include service charges, rate of interest. Interest based loan system, loan repayment 
installment, loan repayment cycle, financial service advice and micro finance products. They were found in 
favour of that MFIs are engaged in poverty reduction, community development, social development and 
enterprise development. 

There has been positive impact of MFIs on savings, income, poverty reduction, participation in decision 
making, development programmes, empowerment and self-esteem.  There has been significant social impact of 
JLGs /SHGs while access and utilization of micro finance has significant social and economic impact on 
borrowers. The standardized structural model estimates coefficients of the latent and observed exogenous 
variables to the latent endogenous variable indicated that religion of respondents, marital status, types of family, 
and family occupations positive and significantly shown impact on microfinance, while, the gender of 
respondents found negative and significantly shown impact on microfinance. The result revealed that the impact 
on microfinance is negatively affected by the gender of respondents, while positively by the religion of 
respondents, material status, types of family, and family occupation. The chi-square test has been applied to find 
out the relation between the gender, age, education, social class, religion, type of family, occupation, family 
occupation, income of family etc, of the respondents and the impact of microfinance. The value of chi-square 
has been found significant at 1 percent  level of significance.. This is showing that these  variables are  highly 
related to the impact on microfinance 

Most of the respondents reported that micro enterprises are situated in rural areas. The enterprises were mainly 
in varied nature of business such as handicraft, handloom, garment making, chikan zardouzi, manufacturing of 
bag and office file folders, trade, services and animal husbandry. Majority of the respondents reported that 
established their business enterprises before 3 years. About half of the respondents revealed that more than 8 
members joined their business. The persons employed in business enterprises were reported to be mainly group 
members and family members. About 3/4th respondents revealed that their members had experience in similar 
entrepreneurial activity prior to setting up business. 

Decision of JLG/SHG, easily availability of raw materials, previous experience, market potential and home 
based work were some of the main factors which influence in selection of enterprise activities. However, about 
2/3rd respondents reported that they were motivated by JLG members. About 7 per cent respondents were self 
motivated to start their enterprises. Most of the respondents reported that they are getting raw materials from 
local areas. They availed loan for business development. However, average amount of loan for business 
development was reported to be low (less than Rs. 55,000) for most of the cases. The main purpose of loan was 
reported to be business development. Most of the respondents further reported that they have availed CCL 
facility. Most of the respondents said that they availed adequate amount of loan. 

The entrepreneurs reported that they are using multiple marketing channels for marketing of their finished 
products and services. These include both direct and indirect channels of marketing. A significant proportion of 
respondents reported that they are exploiting the market potential in local haats, weekly haats and fairs. About 
half of the respondents revealed that the quality of their products and services is below average while about 20 
percent respondents said that quality of products and services are average. About 61 per cent respondents 
further revealed that they are facing difficulty in marketing of goods and products. 

Most of the respondents revealed that they have institutional linkages for capacity building, availability of raw 
materials, market and financial support. Most of respondents revealed that JLGs are also monitoring their 
enterprises.  About 60 per cent entrepreneurs were in favour of diversifying their business in near future while 
most of entrepreneurs are in favour of enlarging their business in near future. However, they require finance, 
assured market, technology, raw materials and technical know-how. 

There has been positive impact of business enterprises on social and economic status of entrepreneurs. The 
impact has been mainly measured in terms of social mobility, recognition in family and community, access to 
health services, credit facility, income generation, asset building, participation in decision making, etc.  The 
main problems in management of enterprises were reported to be availability of credit, adequacy of loan, timely 
availability of finance, collateral free loan, training, entrepreneurship development, availability of raw materials, 
and maintenance of quality, branding and marketing. The value of chi-square has been found significant at 1 
percent level of significance with relation to gender, age, education, religion, social class, marital status, family 
type, family income and occupation to the nature of enterprises has been found significant. 
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SUGGESTIONS 
 Entrepreneurial and management skills such as risk bearing, enterprise planning, product innovation, need 

perseverance, financial resource mobilization, production, marketing demand forecasting, cost control, 
human resources related aspects may be undertaken in the course curriculum of  training programmes for 
entrepreneurs . 

 It is the need of hour that government programmes should be streamlined in such a way so that convergence 
of schemes may be ensured for skill training, extension support, credit and other enterprise related services. 

 Strengthening the infrastructure to facilitate the all round development of the small and micro business is the 
need of hour. This requires development of adequate infrastructure such as roads, connectivity power, 
transportation etc. Giving piloting role in establishing infrastructure in the state may encourage private 
sector. 

 The enterprises based on local requirements should strive to offer innovative products or services. Efforts 
should be made for tie-ups with big firms for marketing networks. 

 Government should set up common facility centre, micro business centre, advisory and consultancy services, 
etc. in the industrial and business clusters so that the interested women may be provided skill training, 
entrepreneurship development and proper guidance for starting up business enterprises. 

 Value chain for raw material, packaging and marketing would help in micro-enterprise development and 
should be established through the assistance from microfinance innovation fund. Common service centre for 
packaging and use of latest technology for packaging will help in marketing of the produce. 
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ABSTRACT 
The kinetics of oxidation of secondary cyclic alcohol like menthol by Benzimidazolium Dichromate (BIDC) as 
an oxidant in acidic nonaqueous medium leads to the formation of cyclic ketone like menthone. Cr (VI) 
compound acts as two electron oxidizing agent in this oxidation reaction. The reaction is found to be first order 
with respect to each [oxidant], [Alcohol] and [TsOH]. The reaction mixture failed to induce the polymerization 
of added acrylonitrile. The reaction is catalysed by hydrogen ions. The oxidation reaction of menthol was 
studied in ten different organic solvents. The solvent effect was studied by using Kamlet’s and   Swain’s   
multiparametric   equations. Solvent   effect   shows the importance of the cation-solvating power of the solvent. 
The reaction has been carried out at four different temperature and the activation parameters were calculated. 
Negative ΔS# values indicate a structured transition state. A suitable reaction mechanism has been suggested. 

Keywords: Kinetics, Mechanism, Oxidation, Menthol, Dichromate. 

INTRODUCTION 
Selective oxidation of various alcohols to their corresponding aldehydes and ketones is an important reaction in 
organic chemistry which has received the most attention over many years. Chromium (VI) oxidants are the most 
efficient and versatile for performing these reactions. So numbers of different chromium (VI) derivatives have 
been used as an oxidant1-5. One of such compounds is Bezimidazolium Dichromate (BIDC) reported by Q. H. 
Meng et al6, The literature survey on the kinetics of oxidation of cyclic alcohols with different oxidant reveals 
that the reactivity of alcohols varies with the type of oxidant used7-9. 

As there is no report available on the oxidation of menthol by BIDC. We report here the kinetics of oxidation of 
menthol by BIDC in dimethyl sulphoxide (DMSO) as solvent. A suitable mechanism has also been proposed. 

EXPERIMENTAL 

Materials 
BIDC was prepared by the reported method6 and its purity checked by an iodometric method. Menthol (Loba 
Chemie) was used as supplied. Due to non-aqueous nature of the solvent, p-toluene sulphonic acid (TsOH) was 
used as a source of hydrogen ions. Purification of other solvents was carried out by the usual methods of 
purification10. 

Product Analysis 
Product analysis was carried out under kinetic conditions. In a typical experiment, Menthol (0.05 mol) and 
BIDC (0.005 mol) were made up to 50 cm3 in DMSO and kept for 24 h to ensure completion of the reaction. 
The oxidation state of chromium in completely reduced reaction mixtures was determined iodometrically and it 
was found to be +4. 

At the end of the reaction, ether solvent was added to the reaction mixture; the organic layer was washed with 
water, dried over anhydrous Na2SO4, and then concentrated. The product was obtained as oily liquid (yield: 
~85%), having a boiling point of 207°C characteristic of menthone. The 2,4-dinitrophenylhydrazone (DNP) 
derivative of menthone was prepared, and recrystallized from ethanol to give orange crystals (M.P. = 145°C ). 
The melting point is found to be identical with literature value. 

Kinetic Measurements 
The pseudo-first order conditions were attained by maintaining a large excess (×10 or more) of the menthol over 
BIDC. The solvent used was DMSO. The reactions were followed, at constant temperatures (± 0.1 K), by 
monitoring the decrease in [BIDC] spectrophotometrically at 365 nm.  No other reactant or product has any 
significant absorption at this wavelength.  The pseudo-first order rate constant, kobs, was evaluated from the 
linear (r2 = 0.990 - 0.999) plots of log [BIDC] against time for up to 80% reaction.  Duplicate kinetic runs 
showed that, the rate constants were reproducible to within   ± 3%. 
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The second order rate constant, k2, was evaluated from the relation shown by given formula like k2 = 
kobs/[Menthol]. Simple and multivariate linear regression analyses were carried out by the least-squares method 
on a personal computer by using software RegressIt. 

RESULTS AND DISCUSSION 
The kinetics of oxidation of menthol by BIDC was studied at different initial concentrations of menthol in non-
aqueous medium and the observed results are discussed below. 

Stoichiometry 
The oxidation of menthol by BIDC resulted in the formation of the menthone. The overall reaction may 
therefore, be represented as equation (1). The stoichiometry of the reaction was determined by carrying out 
several sets of experiments with varying amount of [BIDC] over excess [Menthol]. The estimation of unreacted 
BIDC showed that three moles of alcohol reacts with one mole of BIDC. 

3C9H18CHOH + (C7H7 N2)2 Cr2O7                       3C9H18CO + 2Cr (III) + 2H2O + 2H+ -----   (1) 

Menthol                BIDC                                  Menthone 

Test for Free Radicals 
The oxidation of menthol by BIDC, in an inert atmosphere of nitrogen, failed to induce polymerization of 
acrylonitrile. In blank experiments, in absence of substrate, there was no noticeable consumption of BIDC. It 
shows that, the addition of acrylonitrile has no effect on the reaction mixture indicating the absence of free 
radical mechanism. This indicates a one electron oxidation giving rise to free radicals is unlikely in the present 
reaction. 

Further confirmation for the absence of free radicals during the course of the reaction was checked by adding 
0.05 mol dm-3 of 2, 6-di-t-butyl-4-methylphenol (butylated hydroxyl toluene or BHT) in reaction mixture. It 
was found that, BHT was recovered unchanged, almost quantitatively. 

Effect of Oxidant Concentration 
At constant [Substrate] and [TsOH], the increase in [BIDC] did not affect the rate of reaction. 

The reactions were found to be first order with respect to BIDC. The Figure-1 and Table-1 shows a typical 
kinetic run. In individual kinetic runs, plots of log [BIDC] versus time were linear (r2> 0.995). Further, it was 
found that the observed rate constant, kobs, does not depend on the initial concentration of BIDC. 

Effect of Substrate Concentration 
At constant [BIDC] and [TsOH], the reaction rate increases linearly with increase in the [Menthol], indicating 
first order dependence with substrate. Figure-2 shows the plot of log kobs versus log [Menthol] gave a straight 
line with unit slope indicating the first order dependence on substrate. The second order rate constant k2 is 
constant suggesting the first order dependence on [Menthol]. A double reciprocal plot of 1/kobs against 
1/[Menthol] is linear and passing through the origin (r2> 0.995) as shown in Figure-3. It shows first order 
behavior of this oxidation process and further suggested that no stable complex between BIDC (oxidant) and 
substrate is formed. 

 
Figure 1: Oxidation of Menthol by BIDC: A typical Kinetic Run. 
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Figure 2: The plot of log kobs versus log [Menthol] 

Table-1: Rate constants for the oxidation of menthol by BIDC at 300K. 
103[BIDC] 

--------------------- (mol dm-3) 
[Menthol] 

---------------------(mol dm-3) 
[TsOH] 

---------------------(mol dm-3) 
104

kobs 

----------------------  s-1 

1.0 0.10 0.10 1.98 
1.0 0.20 0.10 4.11 
1.0 0.40 0.10 8.06 
1.0 0.60 0.10 12.3 
1.0 0.80 0.10 15.9 
1.0 1.00 0.10 20.2 
1.0 2.00 0.10 40.3 
2.0 0.10 0.10 1.97 
4.0 0.10 0.10 1.95 
6.0 0.10 0.10 1.98 
8.0 0.10 0.10 1.97 
1.0 0.10 0.10 1.99* 

* Contained 0.001M Acrylonitrile 

 
Figure 3: A double reciprocal plot of 1/kobs against 1/[Menthol] 

Effect of TsOH Concentration 
The reaction is catalyzed by hydrogen ion; the acid catalysis may well be attributed to the protonated ion of 
BIDC to give a stronger oxidant and electrophile. The rate of reaction increases with increase in TsOH 
concentration as shown in Table 2. The plot of log kobs versus log [H+] are also straight line with nearly unit 
slope, indicating a first order dependence on [H+] is shown in Figure 4. 
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Figure 4: The plot of logkobs versus log [H+] 

Rate Laws 
Rate = k’ [Oxidant] [Substrate] [H+] 

Rate = kobs [Oxidant] 

kobs = k’ / [Substrate] [H+] 

Effect of Temperature 
The rate of oxidation of menthol by BIDC was obtained at different temperatures between 300K and 315K. The 
values of rate constant (k2) are recorded in Table 3. The activation parameters for the oxidation of menthol by 
BIDC were calculated from the values of k2 at different temperatures (Table 3). 

The log k2values at different temperatures is linearly related to the inverse of the absolute temperatures (Figure 
5). It proves that, the Arrhenius equation is valid for this reaction. 

 
Figure 5: Effect of temperature on rate (Arrhenius plot) 

Table-2: Dependence of the reaction rate on hydrogen-ion concentration. 
[BIDC] = 0.001 mol dm−3 ;             [Menthol] = 0.1 mol dm−3 ;              Temp. = 300K 
[TsOH] /mol dm−3 0.10 0.20 0.40 0.60 0.80 1.00 

104kobs/s
-1 1.98 3.05 5.93 8.64 11.2 12.8 

Table-3: Rate constants and activation parameters for the oxidation of Menthol by BIDC. 
104 

k2 / (dm3 mol-1 s-1) ∆H
# 

(KJmol-1) 
∆S

# 
(Jmol-1K-1) 

∆G
# 

(KJmol-1) 
Ea 

(KJmol-1) 300 K 305 K 310 K 315 K 
1.98 3.12 4.08 5.56 50.40  147 95.77 52.96 
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Effect of Solvent 
Solvent plays important role during chemical reactions. The effect of solvent on the rate of any reaction can be 
described in terms of solvation which is a process of stabilization. The rates of oxidation of menthol were 
obtained in ten different organic solvents. The selection of solvent was limited due to solubility of BIDC and its 
reaction with the solvent like alcohols. There was no reaction with the solvents selected for study. Similar type 
of kinetics is observed in all selected solvents. The values of second order rate constants, k2 are presented in 
Table 4. 

Table-4: Effect of solvents on the oxidation of Menthol by BIDC at 300K. 
Solvents 105 

k2 / (dm3 mol-1 s-1) Solvents 105 
k2 / (dm3 mol-1 s-1) 

Cyclohexane 0.23 Acetic Acid 1.92 
Benzene 2.11 Dichloromethane 6.05 
Toluene 1.86 Acetophenone 7.21 

Chloroform 6.53 Acetone 6.55 
Ethyl Acetate 2.43 DMSO 19.8 

The rate constants, k2, in ten different solvents were correlated in terms of the linear solvation energy 
relationship (Equation 2) presented by Kamlet et al

11. 

log k2  =  A0   +  p*  +  b  +  a          …………………..      (2) 

The solvatochromic parameters in above equation (2) like *,  and  are characteristic of different solvents. 

* indicates the solvent polarity which is a measure of the ability of solvent to stabilize a dipole or charge due to 
its dielectric effect.  Indicates the hydrogen bond acceptor basicity which is the ability of solvent to donate an 
electron pair or to accept a proton in a hydrogen bond between solute to solvent.  shows the hydrogen bond 
donor acidity which is the ability of a solvent to donate a proton, or accept an electron pair in a hydrogen bond 
between solute to solvent. 

A0 is the intercept term. It may be state here that, out of the ten solvents shown in table-4, six solvents has a 
value of zero for  . In our correlation analyses, we have used the coefficient of determination (R2 or r2), 
Standard deviation (SD) and Exner’s statistical parameter12,  as the measures of the goodness of fit. We 
analyses the results of correlation in terms of equation (2), a biparametric equation involving a solvatochromic 
parameters *and , and separately with * and  are given below by  Equations (3) - (6) 

logk2  =   5.60 + 1.74 ( 0.36) * + 0.118 ( 0.40)  0.054 ( 0.25)       ……….    (3) 

R
2  = 0.885;    SD = 0.21;    n = 10;       =  0.34 

logk2  =   5.60 + 1.70 ( 0.30) *  +  0.17 ( 0.29)                       …………     (4) 

R
2  = 0.884;   SD = 0.20;    n = 10;       =  0.34 

logk2 =   5.62 + 1.80 ( 0.23) *                                                      ……………    (5) 

r
2  = 0.879;   SD = 0.19;    n = 10;      =  0.35 

logk2 =   4.75  +  1.13 ( 0.53)                                                   .......................    (6) 

r
2 = 0.361;    SD = 0.445;    n = 10;      = 0.89 

Here, n represents the number of data points considered in analysis. When kinetic data is correlated with 
solvatochromic parameters *,  and   by using Kamlet's11 triparametric equation suggests ca. 89 % of the 
effect of solvent on the oxidation. However, according to Exner's criterion12 the correlation is not even 
satisfactory (cf. equation 3). Only the solvent polarity parameter gives major contribution. It alone contributed for 
ca. 88 % of the data. The solvatochromic parameters like  and  play relatively minor roles and contributed 
less. 

We also used Swain’s method for the examination of solvent effect. The data on the solvent effect were 
analysed by using Swain's equation13 of cation and anion-solvating concept of the solvents (Equation 7). 

logk2  =  aA +  bB + C                                                          ………….      (7) 
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Here in above equation, A indicates the anion-solvating power of the solvent and B indicates the cation-
solvating power. C is the intercept term and (A+B) is used to indicate the solvent polarity. The rates in different 
solvents were analysed by using equation (7), separately with A and B and with (A+B). 

logk2  =  0.87 ( 0.06) A  +  1.63 ( 0.05) B    5.74       ……………      (8) 

R2 = 0.994;  SD  =  0.04;  n  =  10;     =  0.07 

logk2  =  0.52 ( 0.72) A   4.64                                      …………….     (9) 

r
2 = 0.063;  SD  =  0.53;  n  =  10;     =  1.22 

logk2  =  1.52 ( 0.24) B  5.41                                  ………………     (10) 

r
2  = 0.828;  SD  =  0.23;  n  =  10;     =  0.42 

logk2  =  1.35  0.15 (A + B)    5.73                            …………….     (11) 

r
2 = 0.910;  SD  =  0.16;  n  =  10;     =  0.30 

Swain's equation (Equation-8) shows an excellent correlation fo r  t he rates of oxidation of menthol in different 
solvents.  On ly  the parameter like cation-solvating power g i ves  ma j o r  con t r i bu t ion . Cation-
solvation alone contributed for ca. 83 % of the data (Equation-10).The parameter like anion-solvating power 
contributed less. 

The solvent polarity parameter is represented by (A+B), also contributed for ca. 91 % of the data (Equation-
11). The rate of reaction was also correlated with the relative permittivity of the solvent. But it was found that, a 
plot of log k2against the inverse of the relative permittivity is not linear (r2 = 0.679; SD = 0.31;  = 0.59). 
Indicating that the reaction rate depended on more than one solvent property. 

MECHANISM 
As the reaction is showing first order dependence with respect to oxidant, H+ ion and substrate. These two 
species should be involved in the slow step. The large increase in reaction rate with increase in acidity 
suggests the presence of protonated Cr+6 species in the rate determining step. 

Since the protonation of alcohol is less probable, there is possibility that the proton is used by the BIDC. 
TsOH acts as a proton donnar. Solvent dimethyl sulphoxide acts as a weak nucleophile which helps in the 
dissociation of H+ ion from TsOH because DMSO is a powerful hydrogen bond acceptor, earlier 
suggested by Kingsbury14. 

The formation of chromate ester as an intermediate in a pre-equilibrium step has been reported earlier in 
chromic acid oxidation15, also in the oxidation of alcohols by MCC5, QDC16, PFC17, BTEACC18 etc. 

Bordwell19 has suggested convincing proof against the occurrence of concerted one-step biomolecular 
processes by hydrogen transfer. It is well introduced that intrinsically concerted sigmatropic reactions, 
depicted by transfer of hydrogen in a cyclic transition state, are the only truly symmetrical processes 
involving a linear hydrogen transfer20. Littler21 has also presented that a cyclic hydride transfer takes 
place in the oxidation of alcohols by Cr (VI) oxidant which involves six electrons and becomes a Huckel -
type of system, is an allowed process. Thus, a transition state having a planar, cyclic and symmetrical 
structure can be predicted for the decomposition of the ester intermediate.  

The protonated BIDC and alcohol combine to give intermediate. The rate determining step  is the 
decomposition of the chromate ester via cyclic transition state and it involves the ruptures of α C -H bond 
and forming the product22, 23. 

The overall mechanism suggests the formation of a chromate ester in a fast pre -equilibrium step and then 
decomposition of the ester intermediate in a subsequent slow step via formation of cyclic concerted 
symmetrical transition state giving the product. The observed negative value of entropy of activation also 
supports a polar transition state. The mechanism proposed is shown as below. 
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CONCLUSION 
The reaction was first order with respect to substrate, oxidizing agent and TsOH concentration. The 
oxidation of menthol by BIDC failed to induce the polymerization of acrylonitrile, confirms a two-electron 
transfer reaction. Protonated form of BIDC is the reactive oxidizing species. The oxidation of menthol 
involves the formation of Dichromate ester which on decomposition giving the product. A α C -H bond is 
cleaved in rate-determining step. 
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ABSTRACT 
Dal Lake, also known as “Srinagar’s jewel” is situated in the Union territory of Jammu and Kashmir (J&K), the 
northern-most territory of India. The preeminent freshwater body, known worldwide for harboring rich, ethnic 
biodiversity also embraces itself as an excellent recreational site. However, over the last few decades, the fresh-
water aquatic ecosystem has been reported to have experienced accelerated eutrophication, frequent harmful 
bloom formation, and a decrease in the biological diversity of the habitat. The present study aimed to 
characterize cyanotoxins responsible for toxin biosynthesis from the field samples. Characterization of 
cyanotoxins responsible for bloom formation was carried out by Orbitrap Fusion Tribrid mass spectrometer 
coupled to an Easy-nLC-1200 nanoflow liquid chromatography system. The structural information on 
cyanotoxins was then determined based on the fragmentation patterns (m/z) obtained by LC-MS/MS. Further, 
in-silico analyses were performed to identify their most probable targets and docking interactions studies with 
these targets using the SwissTargetPrediction tool and Autodock program, respectively. LC-MS/MS analysis 
confirmed a total of three microcystin variants and one cylindrospermopsin variant in the bloom sample from 
the lake. The analyses predicted cyanotoxins show affinity towards all the selected targets, however, 
cylindrospermopsin represents the best affinity towards ITGAV/B3, MC-WR has the highest affinity towards 
BACE 1, CDK2/Cyclin A and PRM1, [Gly1,Asp3,ADMAdda5,Dhb7]MC‐LR has the weakest affinity towards 
ITGAV/B3 and PRM1. Binding energies also emphasize that the order of affinity of cyanotoxins towards these 
targets is similar to that reported in target prediction analyses. This is the first detailed study for identifying 
cyanotoxin variants in Dal Lake by using wet-lab and in-silico analyses. 

Keywords: Dal Lake, Microcystin, Cylindrospermopsin, LC-MS/MS, Docking interactions 

1. INTRODUCTION 
Cyanobacterial harmful algal blooms (cHABs) and their associated secondary metabolites (cyanotoxins) are an 
increasingly frequent phenomenon in aquatic systems. As a result of anthropogenic pressures, global warming, 
and eutrophication these blooms have become a worldwide issue [1-3]. Under suitable environmental 
conditions, these blooms have the potential to produce a wide variety of bioactive specialized metabolites which 
include hepatotoxins: microcystins and nodularins, neurotoxins: anatoxin-a, and saxitoxin, cytotoxins: 
cylindrospermopsin [4]. Around 2010 cyanobacterial specialized metabolites (CSMs) have been structurally 
identified from diverse sources to date [5]. 

Many toxin-producing cyanobacteria such as Microcystis, Dolichospermum, Nodularia, Raphidiopsis, Lyngbya, 
Microcoleus, Oscillatoria, Aetokthonos hydrillicola, etc are well known to cause mortality in pets, humans, 
livestock, wildlife, and potential cancer development through drinking and recreational waters [6-11]. The 
potential chronic toxicity of cyanotoxins led the WHO to establish the provisional guideline values (GVs) in 
drinking water, and recreational water. The GVs for cylindrospermopsin (CYN) in short-term, long-term 
drinking water and recreational water are 3 µg/L, 6 µg/L, and 0.7 µg/L, respectively [12]. For MC-LR 
(Microcystin-leucine-arginine), the GVs for short-term, lifetime drinking water, and recreational water are 12 
µg/L, 1 µg/L, and 24 µg/L, respectively [13]. 

Despite the recognition of their biotoxicity, the bioactivities of metabolites have long been recognized, making 
them lead compounds for the development of drugs [14-16]. Pharmaceutical research actively explores their 
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use, e.g., to fight cancers, cardiac and autoimmune disorders, or infectious diseases such as Covid-19 [17, 18]. 
Besides, several CSMs show antimicrobial or antifungal activity [4, 19]. 

Dal Lake serves as an essential source of palatable water for grazing animals and birds besides, the aquatic 
ecosystem that it beholds. Since the past three decades, many cyanobacterial blooms have been observed in Dal 
Lake. Due to the increased frequency, duration, and intensity of cHABs in the lake, it becomes immensely 
important to identify the distribution of cyanotoxins in the lake. Thus, in the present study, bloom samples were 
collected using plankton nets. The blooms were then examined and identified through microscopic examination. 

2. MATERIALS AND METHODS 

2.1. Sampling Sites and Samples Collection 
Dal Lake (34.0625° N, 74.5010° E) is a world-famous Himalayan urban lake in the union territory of J&K, 
India's northernmost union territory. At 1,583 m above sea level, Dal Lake is Kashmir's second-largest 
freshwater lake, with a volume of over 983 × 106 m3, a maximum depth of 20 ft., and a surface area of 368 km2. 
However, the water quality of Dal Lake has deteriorated considerably over the last two decades due to 
anthropogenic activities. In this study, a one-year (2017) survey was conducted in this lake. A total of three 
sampling sites from the lake were chosen for the present study namely, Grand Palace Gath (34.1000 °N, 
74.8766 °E), Nigeen basin (34.1182 °N, 74.8317 °E), and Gagribal basin (34.0824 °N, 74.8493 °E) (Figure 1). 
The bloom samples (approx. 0.5 L of water) collected were stored immediately in a portable refrigerator (4 °C) 
and brought back to the laboratory for further identification and analysis of cyanotoxins. 

 
Figure 1: Map showing locations of study sites in Dal Lake 

2.2. MORPHOLOGICAL IDENTIFICATION 

2.2.1. Microscopy 
Field samples were observed using an inverted microscope, attached with a charged coupled device camera, and 
examined under 400X magnification. The preliminary microscopic examination of the crude samples employed 
several taxonomic keys for identification of the isolates, utilizing different morphological attributes such as 
colony/filament type, cell shape, and size, whether having specialized cells or not [20-23] and other web 
databases and sites available which are relevant for the taxonomic classification and nomenclature of toxigenic 
cyanobacteria like CyanoDB [24], AlgaeBase [25], Cyanosite (https://www-cyanosite.bio.purdue.edu). 

https://www-cyanosite.bio.purdue.edu/
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2.3. Toxin Isolation and Analysis 
For extracting cyanotoxins, 250 mL of bloom sample were harvested by centrifugation at 4000 g for 20 min and 
lyophilized. Approximately 10 mg of the lyophilized biomass was then mixed with 8.0 mL of 70 % (v/v) 
methanol (MeOH), and 0.1 % formic acid [26, 27]. For toxin recovery, cells were then subjected to disruption 
using ultra-sonic waves generated during the sonication process (Phoenix PHUC-40 2 L 50 W) in an ice bath 
for 5 min [28-30]. The extracted material was then centrifuged at 10,000 rpm for 10 min and the supernatant 
was retained for further analysis [31, 32]. 

2.3.1. Stagetip Based Cleanup of Extracted Samples Using C18 Material 
C-18 StageTip method was used for initial cleanup. The C-18 material (3M Empore) was also packed into 200 
µL tips and activated with 100 % acetonitrile (ACN), followed by equilibration using 0.1 % formic acid. The 
sample was resuspended in 0.1 % formic acid and loaded onto the C-18 StageTip column which is ready after 
equilibration. The sample loading is repeated thrice to reduce the loss of the sample. It was further washed with 
0.1 % formic acid thrice, and elution was carried out with 40 % ACN in 0.1 % formic acid and dried. The 
desalted and dried samples were stored at ‒20 °C until mass spectrometry analysis. 

2.3.2. LC-MS/MS analysis 
Toxin determination in all samples was performed by liquid chromatography-tandem mass spectrometry (LC-
MS/MS) using Orbitrap Fusion Tribrid mass spectrometer (Thermo Fischer Scientific, Bremen, Germany) 
connected to Easy-nLC-1200 nanoflow liquid chromatography system (Thermo Scientific) was used for data 
acquisition. Cleaned and dried samples were reconstituted in 0.1% formic acid before mass spectrometry 
analysis. The sample was loaded onto a 2 cm trap column (nanoViper, 3 µm C18 Aq) (Thermo Fisher 
Scientific,). The sample was loaded onto a 2 cm trap column (nanoViper, 3 µm C18 Aq) (Thermo Fisher 
Scientific). Separation was done using a 15 cm analytical column (EASY-Spray column PepMap RSLC, C18, 2 
µm, 100 A, 75 µm x 50 cm) at a flow rate of 300 nL/min. The solvent gradients were set as a linear gradient of 
5‒35 % solvent B (80 % ACN in 0.1 % formic acid) for 90 min the total run time for each fraction was 120 min. 
Global MS survey scan was carried out at a scan range at m/z 80‒1200 (120,000 mass resolutions at m/z 200) in 
a data-dependent mode using an Orbitrap mass analyzer. The maximum injection time was 50 msec. Only 
precursor ions with charge states 2‒6 were considered for analysis, and the dynamic exclusion rate was set to 30 
sec. For MS/MS analysis, data was acquired at top speed mode with 3-sec cycles and subjected to higher 
collision energy dissociation with 34 % normalized collision energy. MS/MS scans were carried out at the m/z 
range of 100‒2000 using an Orbitrap mass analyzer at a resolution of 30,000 at 200 m/z. The maximum 
injection time was 200 msec. 

2.4. In Silico Bioactivity Analysis of Cyanotoxins 
The identified three MC variants and CYN were screened for their bioactivity, initially by predicting the most 
probable targets/receptors inside the cell by using the SwissTargetPrediction online tool [33] and then 
performing docking studies against selected targets to analyze ligand-target interaction by using the Autodock 
4.0 program [34]. For docking studies, crystal structures integrin alpha-V/beta-3 (PDB ID: 1JV2), human β-
secretase 1 (BACE 1, PDB ID: 3DV1), cyclin-dependent kinase CDK2/Cyclin A (PDB ID: 4BCQ), and 
ribonucleoside-diphosphate reductase 1–alpha subunit (A-H chains) (PDB ID: 5CNS), were retrieved from 
Protein Data Bank [35]. All the structures were prepared by removal of waters, inhibitors, protonating 3D, 
repairing missing residues, and energy minimized. Partial or whole protein was used for docking depending on 
the type of protein. Total 100 poses were retained and the final pose was selected depending on binding energy 
and type of interactions. For each cyanotoxin, 3D poses were generated by using Discovery Studio Visualizer, 
and cartoon and sphere models were generated by using UCSF Chimera software [36, 37]. 

3. RESULTS 

3.1. Identification of Cyanobacteria from Bloom Samples 
Preliminary microscopic examinations of the three bloom samples collected in October 2017, showed the 
prevalence of different cyanobacterial species from different parts of Dal Lake, each depicting unique and 
distinct morphological attributes (Figure 2). 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

434 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

 
Figure 2:  Micrographs of Cyanobacteria in Dal Lake, Kashmir (A-I) Dolichospermum sp. (J) Anabaena sp. 

(K, L) Microcystis sp. 

The morphospecies present in the bloom samples collected from Grand Palace Gath and Gagribal basin were 
found to be filamentous and showed the presence of specialized heterocyst cells thus representing typical 
characteristics exhibited by members of the family Nostocaceae. However, both the filamentous morphospecies 
differed markedly in the overall similitude of the filaments owing to its multicellular nature that arises as a 
result of the linking pattern of individual cells imparting the filament its inimitable structure. Filaments of the 
morphospecies observed in the Grand Palace Gath tend to be coiled into a spiral architecture; individual 
vegetative cells appear globose in shape with prominently differentiated heterocyst cells (Figure 2, A-I) while 
the individual cells in the morphospecies observed in the Gagribal basin were cylindrically shaped vegetative 
cells with ovoid heterocyst linked in a way that manifests into a more ordered, straight and unbranched 
filaments thereby, facilitating discrimination between the two morphospecies as two different cyanobacterial 
species (Figure 2, J). The dominant morphospecies collected from the Nigeen basin showed spherical cells 
grouped in colony-forming behavior which are remarkable characters of the genus Microcystis (Figure 2 K, L). 

3.2. Identification and Characterization of Cyanotoxins 
A total of four cyanotoxins belonging to two different classes were determined by LC-MS/MS analysis and 
confirmed the presence of three MC variants (MC-WL, MC-WR, MC-LR), and one CYN variant had been 
detected from the field sample at S2 as shown in Table 1. 

Table 1: Cyanotoxins in the bloom sample from Dal Lake, Kashmir by LC-MS/MS analysis 
S.No

. 
m/z Cyanotoxins 

detected 
Fragment/s Query sequence 

(Reference Organism) 
Blastp (Similarity) 

1. 1025.0
7 

MC-WL Mdha-Ala-X-
Masp-Leu+NH4 

GRPQDMFSDTGIQLQPI
F 

(M.aeruginosa PCC7806) 

McyE (100.00%) 
 

2. 1066.6
4 

MC-WR Glu-Mdha+H LTDPDEAVDFVERTQV
DAL 

(M.aeruginosa PCC7806) 

McyD (71.43%) 
McyA (100.00%) 
McyE (83.33%) 

3. 995.51 [Gly1,Asp3,ADMAdd
a5,Dhb7]MC‐LR 

Leu-(Me)Asp+H; 
Glu-Mdha/Dhb-
Gly/Ala Leu+H 

FQSYKEGQDNVVIVGP
LP 

(M.aeruginosa PCC7806) 

McyG (57.14%) 

4. 416.24 Cylindrospermopsin [M−C5H6N2O3+H
]+ 

SFRNTTPDPESGAKR 
(C.raciborskii AWT205) 

Mixed NRPS/PKS 
(100.00%) 

Aoac (80.00%) 

3.2.1. Cyanotoxin 1: MC-WL, [M+H]+ = 1025.07 
The results obtained from LC-MS/MS scans detected the presence of three MC variants. A total of about 300 
MC variants had been reported to date. The variant with molecular ion (C54H73N8O12) at m/z 1025.07 showed a 
single base peak as evident from the MS spectrum and a diagnostic ion of MC variant, MC-WL (Microcystin-
tryptophan-leucine) (Figure 3A). Its MS2 spectrum showed several products, of which, the fragmentation 
product, Mdha-Ala-X-Masp-Leu+NH4 at m/z 599.26 further aids in the identification of MC-WL. 
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3.2.2. Cyanotoxin 2: MC-WR, [M+H]+ = 1066.64 
Another MC variant detected through the analytical procedure, showed a single, prominent base peak in its MS 
spectrum with m/z at 1066.64, a diagnostic ion of MC-WR (Microcystin-tryptophan-arginine). The molecular 
ion, C54H74N11O12 in its MS2 spectrum also depicted several fragmented products at different m/z values. The 
product, Glu‐Mdha+H at m/z 213.08 further confirms the identity of the MC variant as MC-WR (Figure 3B). 

 
Figure 3. LC-MS/MS scans of (A) MC-WL (B) MC-WR 

3.2.3. Cyanotoxin 3: [Gly1, Asp3, ADMAdda5, Dhb7] MC-LR, [M+H]+ = 995.51 
The third MC variant had been identified as [Gly1,Asp3,ADMAdda5,Dhb7]MC-LR (Microcystin-leucine-
arginine) (Figure 3C). In the MS spectrum, the base peak occurring with m/z at 995.5 is the diagnostic ion for 
the MC variant. Further, the fragmentation products: Leu-(Me)Asp+H (m/z 229.15), and Glu-Mdha/Dhb-
Gly/Ala-Leu+H (m/z 383.22) in the MS2 spectrum further decipher the identity of the toxin variant. 

3.2.4. Cyanotoxin 4: CYN, [M+H]+ = 416.24 
Besides, the above-mentioned MCs, the environmental bloom sample contained the cyanotoxin, CYN. Only one 
of the CYN analog viz., CYN from the five known CYN analogs was detected in the LC-MS spectrum that has 
been shown to form [M+H]+ ion of m/z 416.24, which is characterized by the presence of dominant MS2 ion at 
m/z 175.15 due to the subsequent loss of H2O and SO3 molecules from [6‐(2‐hydroxy‐4‐oxo‐3‐hydropyrimidyl)] 
hydroxymethinyl part of CYN [M−C5H6N2O3+H]+ ion (Figure 3D). 

 
Figure 3: LC-MS/MS scans of (C) [Gly1,Asp3,ADMAdda5,Dhb7]MC‐LR (D) Cylindrospermopsin. 

Fragmentation induced by Orbitrap Fusion Tribrid mass analyzer. 

Mdha: N-methyldehydroalanine; Ala: Alanine; Masp: Erythro-beta-methylaspartic acid; Leu: Leucine; Trp: 
Tryptophan; X: Trp; Glu: Glutamic acid; Arg: Arginine; Gly: Glycine; Dhb: Dehydrobutyrine; Glu: Glutamic 
acid;  Mdha: N-methyldehydroalanine; Ala: Alanine; MeAsp: Methylaspartic acid 
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3.3. In-Silico Bioactivity Analysis of Cyanotoxins 

3.3.1. Target Prediction 
Several targets were predicted against the MC-WL, MC-WR, [Gly1, Asp3, ADMAdda5, Dhb7]MC-LR and CYN 
with varying probabilities and known active compounds based on 3D and 2D similarity searches from a large 
library of compounds and proteins from different species. Among these, high-profile target classes were 
membrane receptors, proteases, kinases, and oxidoreductases. 

From membrane receptors, different types of integrins were found most probable and common targets for all 
types of cyanotoxins under investigation. Out of which integrin alpha-IIb/beta-3 (ITGA2B/B3) and integrin 
alpha-V/beta-3 (ITGAV/B3) were found most suitable with high probability and known number of similar 
active compounds, as given in Table 2. Integrins are heterodimers with different combinations of α and β 
subunits generating different isoforms with varying activity. They are involved in several biological functions 
such as attachment of cells to the extracellular matrix, cell-cell adhesion, cell migration, signal transduction, and 
receptors for certain viruses including coronaviruses [38-40]. Integrin ITGA2/B3 is responsible for blood 
clotting in thrombocytes, whereas ITGAV/B3 plays a major role in tumor invasion, angiogenesis, and 
phagocytosis [38, 40, 41]. From Proteases, the most probable and common target was beta-secretase 1 (BACE1) 
which represented the highest number of known active similar compounds than other targets, as provided in 
Table 2. Beta-secretase is involved in the deposition of toxic amyloid β plaque which plays a crucial role in 
Alzheimer’s diseases [42]. Thus, it acts as a therapeutic target for Alzheimer’s disease. 

The third most probable target was cyclin-dependent kinase 2 (CDK2) which belongs to kinases. CDK2 
complex with cyclin A involved in the phosphorylation process and regulates the progression of the S phase of 
the eukaryotic cell cycle. Therefore, it acts as a promising anticancer drug target, especially in breast cancer [43, 
44]. Another most suitable and common target for investigational cyanotoxins was ribonucleoside-diphosphate 
reductase (PRM1), which belongs to oxidoreductases as given in Table 2. It converts ribonucleotides to 
deoxyribonucleotides which is a vital reaction for DNA biosynthesis and repair. PRM1 is a target for 
gemcitabine which is an effective drug for non-small cell lung cancer and pancreatic cancer [45-47]. Overall 
target prediction analysis for these cyanotoxins indicates their promising role in cancer treatment, prevention of 
viral infections, and treatment of neural disorder which also coincides with previously reported studies [48-50]. 

Table 2: Binding energies of cyanotoxins (1‒4) with selected targets, obtained through molecular docking 
studies 

S.No. Targets PDB ID Binding Energies of cyanotoxins in kcal.mol-1 

1 2 3 4  
1. ITGAV/B3 1JV2 ‒6.11 ‒6.26 ‒4.22 ‒8.84  
2. BACE 1 3DV1 ‒6.02 ‒9.10 ‒6.68 ‒8.65  
3. CDK2/ Cyclin A 4BCQ ‒8.45 ‒9.65 ‒8.00 ‒5.96  
4. PRM1 5CNS ‒8.06 ‒8.49 ‒5.80 ‒7.22  

3.4. Docking Interactions 
The molecular docking study of cyanotoxins with selected targets as mentioned in Table 2, was processed 
through docking interaction by using the Autodock 4.0 program [34]. For each target, the most suitable binding 
pose was selected depending on binding energies and the type of ligand-target interactions. 

3.4.1. Docking with Integrin Α-V/Β-3 
Crystal structure of the extracellular domain of integrin alpha-V/beta-3 (PDB ID: 1JV2), the whole protein was 
considered for binding of cyanotoxins as blind docking. Each cyanotoxin represented different binding sites, 
energy values, and types of interactions. The highest binding energy value for each cyanotoxin is provided in 
Table 2 and various binding sites and poses are depicted in Figure 4A. Docking study indicates that CYN has 
the highest affinity as compared to others, with the binding energy of ‒8.84 kcal.mol-1, and the binding site is 
located in between the β-propeller and Calf-2 domain of α subunit. MC-WL and [Gly1, Asp3, ADMAdda5, 
Dhb7]MC-LR lie in between the similar binding site of the α subunit with binding energies of ‒6.11 and ‒4.22 
kcal.mol-1, respectively. It is noted that MC-WR binds to a different site located in between β-propeller and 
Thigh domain of α subunit with the binding energy of ‒6.26 kcal.mol-1. 

3.4.2. Docking with β-secretase 1 
Crystal structure of human β-secretase 1 (BACE 1, PDB ID: 3DV1) chain A was used to analyze the binding of 
cyanotoxins in the active site of an enzyme. The molecular docking study indicated that cyanotoxin 4 lie inside 
the cavity of the enzyme, which is similar to that of the co-crystallized inhibitor AR9. Nevertheless,  MC-WL, 
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MC-WR, and [Gly1, Asp3, ADMAdda5, Dhb7]MC-LR) bind at the entrance of the active site cavity rather than 
inside the cavity, the reason might be the larger size of these cyanotoxins as compared to CYN, as shown in 
Figure  4B. MC-WR represented the best affinity as compared to other peptides, representing binding energy of 
‒9.10 kcal.mol-1, followed by CYN, [Gly1, Asp3, ADMAdda5, Dhb7]MC-LR) and MC-WL, with binding 
energies of ‒8.65, ‒6.68, ‒6.02, kcal.mol-1, respectively as given in Table 2. 

 
Figure 4. 3D cartoon model of the (A) Extracellular domain of integrin alpha-V/beta-3 (PDB ID: 1JV2) with 
alpha (green) and beta (light grey) subunits. Different regions of integrin are labeled in black. Cyanotoxins (1‒
4) are also labeled and shown in the sphere model having different colors (blue, yellow, magentas, and cyan 
respectively) with different binding sites (B) Crystal structure of human β-secretase 1 (PDB ID: 3DV1) chain A 
(PDB ID: AR9). Binding poses of cyanotoxins 1, 2, 3, and 4 are shown in blue, yellow, magentas, and cyan 
sphere models, respectively 

3.4.3. Docking with CDK2 
The active site of CDK2/Cyclin A (PDB ID: 4BCQ) was used to analyze the interaction of cyanotoxins. 
Molecular docking studies indicated that MC-WL, MC-WR, and [Gly1, Asp3, ADMAdda5, Dhb7]MC-LR) 
represented better interaction having binding energies of ‒8.45, ‒9.65, and ‒8.00 kcal.mol-1 respectively as 
compared to CYN, as given in Table 2. Due to the larger size, the positions of MC-WL, MC-WR, and [Gly1, 
Asp3, ADMAdda5, Dhb7]MC-LR)are located at the border of CDK2 and Cyclin A, which was far away from the 
small binding site of the co-crystallized inhibitor TJF (light blue) around the N-terminal Cyclin A as shown in 
Figure 4C. Surprisingly, CYN, located at the interface of CDK2 and Cyclin A, has a similar size with the co-
crystallized inhibitor TJF, but with notably different binding sites, which might be due to steric hindrance and 
the polycyclic structure. 

3.4.4 Docking with Ribonucleoside-Diphosphate Reductase 1 
Ribonucleoside-diphosphate reductase 1–alpha subunit (A‒H chains) (PDB ID: 5CNS), inhibited with dATP 
which is co-crystallized (ID: DTP), was retrieved from PDB, and chains A and F were analyzed for docking 
studies of cyanotoxins as blind docking. The positions of all cyanotoxins were shifted outward to the surface of 
α subunit (chain A) than that of the co-crystallized substrate CDP (red sphere model) as shown in Figure 4D. 
Binding energies for all cyanotoxins are provided in Table 2. The highest affinity poses from MC-WL and MC-
WR (blue and yellow sphere model) with similar binding energies of ‒8.06 and ‒8.49 kcal.mol-1 is shown in 
Figure 4D. CYN and [Gly1, Asp3, ADMAdda5, Dhb7]MC-LR) (cyan and orange sphere model) with a moderate 
binding affinity (‒7.22 and ‒5.80 kcal.mol-1) are also shown in Figure 4D. These poses represented different 
binding sites as compared to the co-crystallized substrate CDP and inhibitor DTP (light blue sphere model); 
however, this binding may affect conformational modifications in the active site which may halt the further 
reaction. A similar type of interaction may also be observed with other chains of the same enzyme. 
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Figure 4: 3D cartoon model of the (C) CDK2/Cyclin A (PDB ID: 4BCQ) with CDK2 chain A (green) and 
Cyclin (light grey). The binding pose of cyanotoxins 1, 2, 3, and 4 are shown in blue, yellow, magentas, and 
cyan sphere models, respectively. The co-crystallized inhibitor TJF is represented by the light blue sphere 
model (D) Ribonucleoside-diphosphate reductase 1–alpha subunit (PDB ID: 5CNS). The chains A and F are 
colored green and light grey, respectively. The binding pose of cyanotoxins 1, 2, 3, and 4 are shown in blue, 
yellow, magentas, and cyan sphere models, respectively. The co-crystallized inhibitor DTP and substrate CDP 
are represented by the light blue and red sphere model. 

4. DISCUSSION 
The proliferation of cyanobacteria, including its toxic species, has been dominating water bodies across the 
world. In particular, cHABs have contaminated lakes, lagoons, and beaches around the globe. These cHABs are 
likely to expand further in the coming decades due to changing environmental factors, including a rise in 
temperature, global CO2 warming, and eutrophication. Moreover, these cHABs are poisonous, and their 
exposure causes severe complications to both humans and animals. Both harmful and nuisance cyanobacterial 
blooms affect seafood production and the tourism sector, leading to health issues and heavy economic losses. 
This is the first detailed study on the co-occurrence of more than one cyanotoxin variant in the sampling site of 
the lake. 

Analysis of cyanobacterial extracts through LC-MS/MS confirmed the presence of three MC variants and one 
CYN in the crude, water sample collected from the S2 through LC-MS/MS. MS/MS analyses are confirmed 
based on product ions formed in mass spectrometry. In the MS2 fragmentation spectrum of MCs, the following 
dominant ions are observed in the MS/MS spectrum: Glu‐Mdha+H (m/z 213), Mdha-Ala-X-Masp-Leu+NH4 
(m/z 600), Leu-(Me)Asp+H (m/z 229), and Glu-Mdha/Dhb-Gly/Ala-Leu+H (m/z 383) [51, 52]. The MC-WL, 
MC-WR, and [Gly1,Asp3,ADMAdda5,Dhb7]MC‐LR (m/z 1025.07, 1066.64, 995.51) has been shown to form 
MS2 product ions of m/z 599.26 for MC-WL, m/z 213.08 for MC-WR and m/z 229.15, 383.22 for 
[Asp3,ADMAdda5,Dhb7]MC‐LR. For CYN, the spectrum has been shown to form a product ion of m/z 416.45, 
which is characterized by the presence of a dominant MS2 ion at m/z 175.11 [27, 53]. 

Several, pharmaceutical activities of the toxic metabolites produced by cyanobacteria had been reported based 
on their specific interactions with their natural targets. For instance, ATX is used as larvicides [54-56]; MCs 
possess algicidal, herbicidal, larvicidal, anticancerous activities [49, 56]; CYN has antiviral drug-like properties 
(potential inhibitor of SARS-CoV-2 proteases), used for the development of biocides such as larvicides [18, 56, 
57] and NOD is also known for its antiviral drug-like properties (potential inhibitor of SARS-CoV-2 protease) 
and anticancerous activities [49]. Thus, to determine the pharmacological potential of the studied cyanotoxins 
i.e., MCs, and CYN, in-silico bioactivity analyses were also performed in the present study using compounds 
obtained in LC-MS/MS analysis. The performed in-silico analyses showed that among predicted targets, 
cylindrospermopsin represents the best affinity towards ITGAV/B3, MC-WR has the highest affinity towards 
BACE 1, CDK2/Cyclin A and PRM1, and [Gly1,Asp3,ADMAdda5,Dhb7]MC‐LR has the weakest affinity 
towards ITGAV/B3 and PRM1, which are associated with viral infections (including Corona Virus), various 
type of tumors/cancers, and neural diseases (Alzheimer’s disease). Thus, the present study, apart from being the 
first of its kind to be reported from Dal Lake, shows the utmost need to frequently monitor water bodies for 
water quality and to carry out checks for the detection of cyanotoxins that would otherwise lead to deterioration 
of health of the overall ecosystem. There also appears a crucial need to emphasize studies on genetic diversity 
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of the cyanobacterial strains, factors influencing bloom dynamics, and development of therapeutic drugs using 
cyanotoxins that hold immense “pharmacological” potential against a wide array of diseases. 
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ABSTRACT 
Test Anxiety is a vital issue for secondary students as their academic career begins from this level. So the 
students are terrified to take the exam. The present study was an attempt by the researcher to assess the relation 
of test anxiety with academic achievement among the secondary school students. The sample consisted of 100 
students of secondary level from various secondary schools of North 24 Parganas in West Bengal. The stratified 
random sampling technique was used for the selection of sample in the present study. The researcher has 
developed a self made questionnaire followed by Likert’s five point scale i.e. Always, Often, Sometimes, Rare 
and Not at all. For the analysis of data correlation was used by the researcher in the present study. The results of 
the study revealed that test anxiety of the students has a negative impact on students’ life when one’s test 
anxiety increased, the academic achievement of that student decreased. 

Keywords: Test Anxiety, Academic achievement, Secondary School Students. 

INTRODUCTION 
Anxiety refers to feelings of worry, nervousness, apprehension, or fear commonly experienced by people when 
faced with something they view as challenging in various forms that may be a test, speaking and performing in 
public, a job interview, or any other stress-inducing events. Anxiety is a much more complicated phenomenon 
than general activation-arousal physiological state of the body. 

The term “Test Anxiety” denotes a psychological condition that leads learner to feel uneasiness or apprehending 
unreasonable fears before, during and after examination. Most of the students feel such an anxiety before the 
test. A few students is so much anxious that it affects their grades badly. It is this anxiety which prevents them 
to be successful in their academic life, that they cannot put their best effort in the exams, though they have 
much knowledge and skills. It is a temporary psychological state which can be prevented if they are taken 
proper care to get relieved from such an anxiety and uplift their confidence to a higher level which will enable 
them to perform much better. It is proved that in examination the students, having test anxiety do not achieve 
success than the students having no anxiety. Test anxiety centres on the fear of performance in social situations 
due to the threat of embarrassment. When students become victim of test anxiety, then various types of 
psychological changes are noticed in them. The cognitive changes that can be noticed in him/her are anger, fear, 
frustration, cherishing negative thoughts and to compare himself/herself with others. Test anxiety occurs among 
the students for various reasons such as, pressure of the parents, lack of preparation, fear of failure, weak history 
of exams, irrelevant thoughts etc. Text anxiety leaves negative impact on the students. Test Anxiety causes an 
impediment on his way to progress. 

There are so many types of anxieties; test-anxiety is one of them. In academic institution, test is mandatory for 
students to assess their academic achievement. Sometimes this type of evaluation process creates anxiety in the 
students. This is called Test-anxiety, excessive level of test anxiety lowers down the self-confidence levels 
among the students. Test-anxiety of the students at any stages of education is a common problem. It is not only 
hampers students’ self-confidence, but also creates hindrances to reach the level of self-actualization and 
learning outcome. Therefore the concept and regard to self cannot be developed. 

Academic achievement is an important criterion to the students since it determines higher education, 
professional life and other important aspects of their life. Qualification and skill of students are determined only 
on the basis of their Academic achievement. Therefore, Academic achievement plays a vital role in the post 
academic life of the students. Intelligence reading, interest, test anxiety etc. leave tremendous impact on 
Academic achievement. 

REVIEW OF RELATED LITERATURE 
Ndirangu et al. (2008) conducted a study on “An investigation of the relationship between Test Anxiety and 

Academic Performance in Secondary Schools in Nyeri district, Kenya””. This research suggested that the 
Students experience high test anxiety before they sit their examinations which can be detrimental to their 
academic performance and the Test anxiety may not be one of the factors that contribute significantly to poor 
academic performance. 
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Rana & Mahmood (2010) conducted a study on “The Relationship between Test Anxiety and Academic 

Achievement” This study was found that a significant negative relationship exists between test anxiety scores 
and students’ achievement scores. Results showed that a cognitive factor (worry) contributes more in test 
anxiety than affective factors (emotional). Therefore, it is concluded that test anxiety is one of the factors which 
are responsible for students’ underachievement and low performance but it can be managed by appropriate 
training of students in dealing with factors causing test anxiety. 

Kashfi et al. (2011) have conducted a study on “The relationship between test anxiety and educational 
performance among the students at School of Health and Nutrition, Shiraz University of Medical Sciences in 
2011”. This study found that no statistically significant relationship between test anxiety and educational 
performance and a significant relationship was observed between GPA and gender and marital status. 

Roy & Ghosh (2013) have conducted a study on “Test Anxiety and Academic Performance of School 
Students”. This research suggested that test anxiety adversely affects the performance of the school students and 
female students have higher percentage in high level of test anxiety than male students. 

Sehnaz (2015) has conducted a study on “A study on the Level of Test Anxiety of B.A. 2nd Semester Students 
of Provincialised Colleges of Nalbari Town in Relation to their Academic Achievement”. This study was found 
that there is a significant positive correlation between test anxiety and academic achievement of B.A. 2nd 
semester students of provincialised colleges of Nalbari Town. 

Duraku (2016) has conducted a study on “Factors Influencing Test Anxiety among University Students”. This 
study revealed that undergraduate students reported significantly higher levels of test anxiety compared to 
graduate students. Regarding anxiety reduction factors, Masters students reported higher levels of confidence, 
study skills, receiving good grades, and prior information gained compared to undergraduate students. 

Msayar et al. (2016) have conducted a study on “The Relationship Between Test Anxiety and Academic Self-

Regulated Learning Among Foundation Students”. This study was found that there was no statistically 
significant difference between male and female in their test anxiety and also the result showed that there was a 
statistically significant difference between male and female in their academic self-regulated. 

Needs and Significance of the Study 
The present study is about test anxiety of secondary school students in the district of North 24 Parganas. Test 
Anxiety plays an importance role for good Academic achievement of students. The present study will help 
teachers, parents, guide scholar & counselor to understand the test anxiety of secondary students. 

DELIMITATIONS OF THE STUDY 
1. The study was delimited to the North 24 Parganas district of West Bengal. 

2. The study covered only the students of academic achievement of class X.. 

3. The study covered only WBBSE students of West Bengal. But other boards students like ICSE, ISC, and 
CBSE etc. were not covered in this research. 

OBJECTIVES OF THE STUDY 
To study the relation between Test Anxiety and Academic Achievement of Secondary School Students 

HYPOTHESIS OF THE STUDY 
H01 : There is a significant relationship between the level of Test Anxiety and Academic Achievement of the 

students of Secondary School students. 

POPULATION OF THE STUDY: 
All the students of secondary schools under the West Bengal Board of Secondary Education (WBBSE) of North 
24 Parganas district were the population for the present study. 

SAMPLE OF THE STUDY: 
The researcher selected 100 secondary school students of class X in West Bengal for the sample under study. 
The students in the sample were from four schools of North 24 Parganas district of West Bengal, two from rural 
and two from urban areas. Twenty-five students each from one boy school, one girl school and two co-ed 
schools were taken for his present study. 

Sampling Technique: 
The Stratified Random sampling technique has been used in the selection of the sample. The researcher selected 
four secondary level schools under WBBSE of the North 24 Parganas district randomly to collect reliable, valid 
and unbiased data. 
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Data Collection Procedure and Scoring 
The tool was administered upon the Xth grade students of four selected secondary schools under WBBSE in 
North 24 Parganas district. The authority and the concerned class of each school were informed well in advance 
by the researcher for the purpose of collection of data. On the day of data collection, the researcher clearly and 
categorically explained the instruction to the students in the class regarding what to do and how to answer the 
30 items of the questionnaire within the time frame. After completion of the answering by all the students, the 
filled in questionnaire were collected from all the students. The researcher calculated the total score on a 
questionnaire by computing the score against each and every item. In computing the score of each items of the 
questionnaire, the researcher used direct scoring method of 5-4-3-2-1 in case of positive item, and in case of 
negative items, reverse scoring method of 1-2-3-4-5 was used. 

Statistical Tools used for Data Analysis 
Pearson correlation was used as a statistical tool to find out the relationship between test anxiety and academic 
achievement and conclusion was reached accordingly. 

RESULT AND DISCUSSION 
H01 : There is a significant relationship between the level of Test Anxiety and Academic Achievement of 

Secondary School students. 

 N df Pearson Correlation (r) p Significance 
Test Anxiety 

100 98 – 0.328 0.001 Significant 
at 0.01 level Academic Achievement 

DISCUSSION 
There is significant negative relationship (p < 0.000) between Test Anxiety and Academic Achievement as we 
see from the correlation value of –0.328 at 0.01 level of significance. Therefore it can be said that as the test 
anxiety increases, the academic achievement of the secondary school students decreases. 

CONCLUSION 
From the result and discussion we can say that majority of the students experience a notable level of test anxiety 
before the examination which has drastic effect on his / her academic achievement. In this study, we notice that 
test anxiety has a negative correlation with academic achievement, meaning increase of test anxiety decreases 
academic achievement and vice-versa. It may be concluded that we stay in a performance based society. When 
students go through stress before any test, test anxiety impacts significantly on their performance. The students 
can be helped by teachers and parents by going through psychological treatment. 
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ABSTRACT 
This work aims to develop and validate a new, simple, rapid, precise UV and RP-HPLC method to estimate 
Cilnidipine (CLD) in Bulk and Tablet dosage forms. The solvent selected for the UV analysis was methanol. A 
solution of 10µg/ml was scanned in the UV region from 200-400 nm and the λmax value determined was 
242nm. Precision and accuracy were found to be of acceptable value. The LOD and LOQ were 0.1536 μg/ml 
and 0.4655 μg /ml for CLD. The RP-HPLC method was developed on stainless steel C18 column; 250 mm x 
4.6mm x 5μ column using acetonitrile and 0.1M Sodium acetate buffer (pH 5 adjusted with 0.1% 
Orthophosphoric acid) in a ratio of 70:30 (V/V) as a mobile phase at flow rate maintained at 1.0 ml/min and 
CLD was estimation at 242 nm with PDA detector. The sample volume is 20 µL. Isocratic elution opted. The 
retention time of CLD was found to be 5.507 min. The responses were linear for a concentration range of 5 to 
25µg/mL, and the regression coefficient value was 0.996. Both methods were validated by ICH Q2 (R1) 
guideline. Both are suitable for the analysis of CLD raw material and its pharmaceutical dosage form, and they 
can be quickly and conveniently adopted for routine quality control analysis in official and non-official testing. 

Keywords: Cilnidipine, RP-HPLC, UV Spectrophotometry, drug analysis, method development, method 
validation, ICH Q2 (R1) guideline 

1. INTRODUCTION 
Quantitative estimation of drugs is an essential part of every stage of pharmaceutical products’ lifespan. 
Instrumental methods have overcome the tedious and time-consuming classical methods of quantitative 
analysis. Instrumental methods that are fast and cost-effective are the first choice of analysts. Therefore, several 
methods are tried and validated for quantitative analysis of drugs. Out of these, UV spectrophotometric and 
high-performance chromatographic methods (HPLC) are highly used. Cilnidipine (CLD) is a new generation 
calcium channel blocker with vasodilating effect and is used as an antihypertensive drug. It is designed as 1,4–
Dihydro-2, 6-dimethyl-4-(3-nitrophenyl)-3, 5-pyridine dicarboxylic acid 2-methoxyethyl (2E)-3-phenyl-2-
propenyl ester. [1-2] The structure of CLD is shown in Figure 1. CLD is used for the treatment of hypertension. 
Calcium channel blockers preferably find their utility in certain cardiovascular diseases like hypertension, 
angina pectoris, and myocardial infarction. The present study envisages the development of UV 
spectrophotometric and RP-HPLC methods to estimate CLD in bulk and their marketed pharmaceutical 
formulation. Over the last decade, many models have been developed and implemented for the 
spectrophotometric and HPLC quantitative analysis of pharmaceutical preparations. Literature reveals that the 
determination of CLD alone or in combination with other cardiovascular drugs is reported by 
Spectrophotometry [3-6], HPLC [7-12], and HPTLC [13-17] are also reported. This work was designed to 
develop and validate fast and cost-effective UV spectrophotometric and RP-HPLC methods for the quantitative 
determination of CLD from its powdered active ingredient sample and marketed drug product. Moreover, to 
calculate its validation parameters. 

 
Figure 1: Chemical structure of cilnidipine 
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2. EXPERIMENTAL 

Instrument and software 
UV-Spectrophotometer: Shimadzu PharmaSpec UV-1700 spectrophotometer (Tokyo, Japan), with preset slit 
width, quartz cuvette of 1 cm was used for measurements of the UV absorption. RP-HPLC: Chromatographic 
separation was performed on an HPLC (Shimadzu® - model –ISO47 Kyoto, Japan) equipped with a binary 
peristaltic pump and injector with a 20 µl loop volume. The system also included a PDA detector (set at 242 
nm). Data were acquired and processed by using LC solutions 5.57 system control Software. Regression and 
statistical analysis were performed with Microsoft Excel 2010. A nylon filter of 0.45 μm was used for filtration. 

Sonicator: A digital ultrasonic cleaner (Equitron) was used for mixing. 

3. MATERIALS AND METHODS: 
Chemicals and Reagents: Pure powder of CLD was supplied as a gift sample from Glenmark Pharmaceuticals 
Pvt. Ltd, Mumbai, India. The certified purity of CLD was 98.97%. 

Acetonitrile (ACN) HPLC grade was purchased from Thermo fisher scientific India Pvt. Ltd., Mumbai. 
Methanol HPLC grade and HPLC grade water were purchased from Merck Specialties Pvt. Ltd., Mumbai, 
India. The solutions used to prepare standard and test solutions were prepared with methanol. 

The solvents were selected based on the solubility of pure drugs and formulation in various solvents such as 
methanol, isopropyl alcohol, acetone, and chloroform. The drugs were freely soluble in methanol. Therefore, 
methanol was chosen as the solvent for UV Spectrophotometry. 

CilaHeart 10 Tablets manufactured by Mankind Pharma Ltd were procured from the chemist shop. 

RECOMMENDED PROCEDURE 

Method for UV Spectroscopy: After setting the instrument for its spectral properties, the solutions of the 
concentration range of 5–25 μg/mL of CLD were scanned in the wavelength ranging from 200-400 nm. [18] 
The wavelength of maximum absorption for CLD was found at 242 nm. [Figure 2] A Calibration curve was 
plotted by taking the absorption curve on the Y-axis and the concentration of CLD standard on the X-axis. 
[Figure3]. 

 
Figure 2: UV overlay spectra of the chromatograms of all five concentrations levels of cilnidipine 
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Figure 3: Calibration curve for cilnidipine for UV method 

For the assay, ten tablets containing CLD were weighed and crushed. A powder equivalent to 10 mg of CLD 
was accurately weighed and transferred into a 10 mL clean, dry volumetric flask. The flask contents were 
dissolved in methanol, sonicated for 15 min, and made up to the final 10 mL volume with the same diluent. It 
was further diluted with the same diluents to get a concentration of 10 μg/mL finally. Further, the absorbance 
value of the sample was measured at 242 nm, and the % assay was calculated utilizing the average linear 
regression equation obtained by UV spectrophotometric method. [19] 

Selection of Detection Wavelength: Determination of the spectral characteristics of CLD was performed by 
scanning UV absorbance spectra over a range between 200-400 nm using a double beam UV–Vis 
spectrophotometer (Shimadzu PharmaSpec UV-1700 spectrophotometer, Tokyo, Japan) against methanol as a 
blank, to detect absorption maxima (λmax), a primary stock solution of (1 mg/ml) of CLD was prepared in 
methanol and further diluted to obtain a working standard of (10 μg/ml). The selection of wavelength was made 
to extract the most informative data. [20] 

Method-II (For RP-HPLC): 
The HPLC system was stabilized for forty minutes by following the optimized chromatographic conditions to 
obtain a stable baseline. To check the system suitability of the method, the column was injected with one blank 
followed by three replicates of a single standard solution of CLD. The chromatographic run time of ten minutes 
was maintained for the elution of the drug from the column. The column effluents were monitored with a PDA 
detector at 242 nm. The chromatogram of CLD and 3D and counterplots of estimation are presented in Figures 
4 and 5.[21] A Calibration curve was plotted by taking the peak area of CLD on the Y-axis, and the 
concentration range of 5–30 μg/mL for CLD on the X-axis is graphically presented in Figure 6. 

 
Figure 4: Chromatogram of cilnidipine 
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Figure 5: 3D graph and counter graph of cilnidipine analysis 

 
FIG. 6: Calibration plot of cilnidipine for HPLC 

For the assay, ten tablets containing CLD were weighed and crushed. A powder equivalent to 10 mg of CLD 
was accurately weighed and transferred into a 10 mL clean, dry volumetric flask. The flask contents were 
dissolved in HPLC grade methanol, sonicated for 15 min, filtered through Whatman filter paper number 41, and 
made up to the final 10 mL volume with the same diluent. It was further diluted with the same diluents to get 
the concentration of 10μg/mL finally and measured the absorbance at 242 nm. The standard graph was used to 
find the tablet drug content against the label claim. 
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Method Development and Optimization of Chromatographic Conditions: 

Column Selection: Chromatographic separation was performed using Pharmaspec stainless steel C18 column 
(5μ, 250X4.6mm). All investigated runs were performed in isocratic elution mode. 
Flow Rate: The flow rate was adjusted to 1 mL/min. 

Preparation of Mobile Phase: 

Preparation of Sodium Acetate Buffer 0.1M 
1.36 g of sodium acetate was accurately transferred to a 1000 mL volumetric flask, and about 900 mL of HPLC 
grade water was added. The solution was degassed by sonication and then brought up to the volume (1000 mL) 
with water. The pH =3 was adjusted with 0.1% OPA. 

0.1% OPA - 0.1 mL of orthophosphoric acid was accurately transferred into a 100 mL volumetric flask and 
added to about 90 mL of water. The solution was degassed by sonication and then brought up to the volume 
(1000 mL) with water. 

Preparation of Stock and Working Standard Solution: Standard stock solution of CLD was prepared by 
accurately weighing 10 mg of pure CLD and dissolving in 50 mL of methanol into a 100 mL volumetric flask. 
Solutions were further sonicated for about 15 min after that, diluted with the same solvent to obtain a 100 
μg/mL concentration of drugs for UV spectroscopy and HPLC method. To construct the calibration curves, the 
solutions were carefully diluted to obtain a 5–25 μg/mL concentration range for CLD. [22] 

Method Development Optimization: 
For selecting the Mobile Phase during method development, different mobile phases were tried to achieve the 
best analytical method for the determination of CLD. It was based on the polarity of the sample, availability of 
the solvents, proper retention time (Rt), the sensitivity of the assay, and a short run time of the sample.[23] The 
mobile phase used for this study was ACN (organic phase) and 0.01 M Sodium acetate (PH=5) adjusted with 
1% of OPA (aqueous phase) by isocratic mode. The flow rate of 1 mL/min was found to be satisfactory. The 
detection was carried out at 242 nm with a PDA detector. The Rt of CLD was 5.507 min. The optimized 
chromatogram and optimized conditions for estimation of CLD by the proposed RP-HPLC method are 
mentioned in Fig. 4 and Table 4. 

Analytical Method Validation 
In accordance with ICH Q2 (R1) guidelines, the developed RP-HPLC method was validated for the parameters 
like system suitability, linearity, accuracy, precision, robustness, ruggedness, and the limit of detection (LOD) 
and limit of quantitation (LOQ).[24] 

System Suitability 
To evaluate the system suitability of a chromatographic procedure, the acceptable system suitability limits are 
RSD < 1%, Theoretical plates > 2000, tailing factor < 1.5and Asymmetry factor < 2.  The chromatographic 
system utilized for analysis must pass with these typical values before commencing sample analysis. Initially, 
the HPLC system was stabilized for forty minutes by following the optimized chromatographic conditions. To 
check the system suitability of the method, a column was injected with one blank followed by three replicates of 
a single standard solution of CLD, and chromatograms were recorded to evaluate the system suitability 
parameters. [25] 

Calibration Curve (Linearity). 
Accurately measured working sub stock solution of CLD (0.5, 1.0, 1.5, 2.0, 2.5, and 3.0mL) were transferred to 
a series of 10 mL volumetric flask and diluted up to the mark with methanol. The absorbance of solutions at the 𝜆max was collected. Method linearity was assessed by linear regression analysis using the least square method 
for the average point of three authentic calibration curves at 5-25µg/mL concentrations. The linear regression 
analysis was performed on the selected wavelength. [26] 

Method Precision (Intraday and Interday) 
The method precision was assessed on two levels ‘repeatability and intermediate precision. The method was 
tested for these two precision levels based on six determinations of 10 µg/mL of CLD at diverse time intervals 
on the same day (intra-day precision) and three dissimilar days (inter-day precision). The standard deviation and 
%RSD for the intra-day and inter-day precision were determined. Intermediate precision was performed 
Intraday and Interday at 100% of test concentration. [27] 

Accuracy (% Recovery) 
Accuracy was performed using the standard addition method at three levels of 80%, 100%, and 120% of test 
concentration, and the percentage recovery from the spiked solution was determined. [28] 
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2.7.4. Limit of detection (LOD) and limit of quantification (LOQ) 
The standard deviation approach has been used to determine the LOD and LOQ as per ICH guidelines. Limit of 
determination and quantification shows the sensitivity of the analytical methods, which were performed 
according to the following Equation: 𝐿𝑂𝐷 = 3.3 σm 𝐿𝑂𝐷 = 10 σm 

Where σ symbolizes the standard deviation of the y-intercepts of the regression line, and m is the mean slope of 
the calibration curves. [29] 

Robustness 
The proposed method can be subjected to robustness studies by introducing small, deliberate changes in 
experimental parameters such as a change in flow rate ± 0.2 mL/min, change of mobile phase composition ± 
2%, and change of buffer solution PH ±0.2. [30] 

RESULTS AND DISCUSSION 

Uv - Spectrophotometric Method 
The ultraviolet overlay spectra of all five concentrations levels of CLD depicted λmax 242 nm (Figure 2). As per 
the Beer’s Law, good linearity was achieved in 5- 25 µg/mL. (Figure 3) Further, the intercepts of the calibration 
curves were not significant. Results of the intra-day and inter-day accuracy and precision were determined by 
analyzing in triplicate 10 µg/mL of CLD. Repeated and intermediate precision were evaluated, and percent 
relative standard deviation (%RSD) values were calculated. The % RSD of the intraday and interday precision 
for the UV method was 0.426 and 0.581, respectively, indicating good precision (Table 2). Accuracy 
represented as percent recovery was good for the proposed method in 99.19-99.55 (Table 3). The LOD and 
LOQ were 0.1536 μg/ml and 0.4655 μg /ml for CLD at 242 nm. The computed LOD and LOQ were also 
represented in Table 1. Lastly, the validated method finds application for quantitative analysis of CLD 
(Cilaheart 10) marketed pharmaceutical dosage form. Ten tablets were weighed and crushed. A powder 
equivalent to 10 mg of Cilnidipine was accurately weighed and transferred into a 10 mL clean, dry volumetric 
flask. The flask contents were dissolved in methanol as solvent, sonicated for 15 min, and made up to the final 
10 mL volume with methanol. The stock solution was appropriately diluted to get a solution of concentration 
10µg/mL. The absorbance value of the sample was measured at 242 nm. The % assay was calculated using the 
UV spectrophotometric method’s average linear regression equation. 

Table 1: Optical characteristics, regression data analysis of the proposed method for cilnidipine 
Parameter Method-I (UV) Method-II (RP-HPLC) 

max (nm) 242 nm 242 nm 
Beer’s law limits (μg/mL) 5-25 5-25 

Regression equation (y = mx + C) y = 0.028x + 0.0238 y = 377767x + 8640.1 
Slope (m) 0.028 377767 

Intercept (c) 0.0238 8640.1 
Standard deviation oFf intercept (Sa) 0.0018 17.4737 

Standard deviation of slope 0.000115 1998.535 
Correlation coefficient (r) 0.9982 0.996 

Limit of detection (LOD µg/L) 0.153635 0.07616 
Limit of quantification (LOQ µg/L) 0.465559 2.3079 

Table 2: Intraday and interday precision study 
 UV Spectrophotometry HPLC 

Precision % Estimation 
of CLD± SD 

(𝑛 = 6) 

%RSD % Estimation of 
CLD± SD 

(𝑛 = 6) 

%RSD 

Intraday precision 99.69± 0.463 0.426 99.46±0.645 0.754 
Interday precision 99.79± 0.277 0.581 99.55±0.238 0.687 
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Table 3: Results of recovery studies of cilnidipine by UV Spectrophotometry 
Drug 

 
Levels % Conc. 

taken 
(𝜇g/mL) 

Amount 
added 

(𝜇g/mL) 
 

Amount 
found 

(𝜇g/mL) 
 

Amount of 
std drug 

recovered 
(𝜇g/mL) 

% Recovery ± 
SD (𝑛 = 3) 

CLD 80  8 18.98 18.85 99.31±0.075 
100 10 10 20 19.91 99.55±0.036 
120  1.2 11.2 11.11 99.19±0.051 

For Hplc Method: Initial optimization consisted of selecting wavelengths, the mobile phase composition, 
stationary phase, and flow rate. Table 4 also identified reproducibility results, good peak shape, minimal tailing, 
and short runtime. After evaluating these parameters, the drug’s retention behavior was studied concerning the 
pH of buffer solution in the range of 3.0–7.0 and the composition of the mobile phase. The buffer solution of pH 
5.0 and mobile phase composition of acetonitrile: buffer (70:30) was found most appropriate for pharmaceutical 
analysis on Pharma spec stainless steel C18- column. The flow rate was optimized based on capacity factors and 
column efficiency. CLD was well resolved in a reasonable time of about 15 minutes. The Rt was 5.507min. 
Figure 4 shows the standard chromatograms of CLD at optimized HPLC conditions. The wavelength of 242 nm 
was selected for the UV detection because, at this wavelength, there was maximum absorbance of CLD. Other 
analysts in various literature show similar results.[24-30] 

Table 4: Optimized chromatographic conditions 

Parameter HPLC method 

Column 
Shimadzu® C18 column model–ISO47 Kyoto, 
Japan, (4.6 mm i.d. × 250 mm,5µ particle size) 

Mobile phase Acetonitrile: Buffer (70: 30 v/v) 
Flow rate (mL/min) 1 

Diluent Methanol 
Run time (min) 15 min 

Column temperature (°C) Ambient 
The volume of injection loop (µL) 20 

Detection Wavelength (nm) By PDA at 242 nm 
Retention time (min.) ± SD* 5.067 ± 0.0012 

To ascertain the effectiveness of the system suitability test, three replicate injections of freshly prepared 
working standard solution were injected, peak area and RSD were calculated, and data were presented in table - 
5. The calibration curve was constructed by plotting concentrations on the x-axis and peak area on the y-axis 
(Figure 6). The method of linear regression was used for data evaluation. It was linear in the 5-25µg/mL 
concentration range with a good correlation coefficient of r2 = 0.996. The number of theoretical plates of the 
CLD peak was 9452.294. For intra-day, solutions were analyzed in one day, and for inter-day, similar solutions 
were evaluated for three consecutive days. Results of the intra-day and inter-day accuracy and precision were 
determined by analyzing in triplicate 10 µg/mL of CLD. The results are presented in Table 2. The % RSD of the 
intraday and interday precision for the HPLC method was 0.754 and 0.687, respectively. To confirm the 
accuracy of the proposed method, recovery experiments were carried out by standard addition technique. Three 
different levels of standards were added to the targeted concentration in triplicate. The mean percentage 
recovery of CLD was found to be 99.36%. The results are shown in Table 6, which indicates that the method is 
accurate and precise. Accuracy represented as percent recovery was found to be suitable for the proposed 
method in the range of 98.88-99.15% with % RSD < 2, the result shows that the developed method was 
accurate. Results are comparable with the same presented in various literature. [24-30] 

Table 5: System Suitability Parameter of developed HPLC method 
SST Observed Value RSD 

Retention Time 5.067±0.015 0.147 
Theoretical plates (n) 9452.294±19.99 1.56 

Peak area ± SD 3515794±2711.2 0.79 
Tailing Factor 1.07±0.02 0.42 

RSD = relative standard deviation, n = Average of 3 determinations, SST = System suitability test 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2792552/table/T0001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2792552/table/T0001/
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Table 6: Accuracy of cilnidipine by HPLC 
Level (%) 

(n=3) 
Target 
Conc. 

(µg/mL) 

Spiked 
Conc. 

(µg/mL) 

Total 
Conc. 

(µg/mL) 

Area Found 
conc. 

(µg/mL) 

% 
Recovery 

Mean of % 
recovery ± 

RSD 
50 10 15 25 9222677 24.68 98.72 98.88± 

0.1833 
 

10 15 25 9222966 24.71 98.84 
10 15 25 9211548 24.77 99.08 

100 10 20 30 10897941 29.44 98.13 98.75± 
0.546168 

 
10 20 30 10896852 29.75 99.16 
10 20 30 10854587 29.69 98.96 

150 10 25 35 12395512 34.92 99.77 99.15± 
0.858604 

 
10 25 35 12401769 34.36 98.17 
10 25 35 123073690 34.83 99.51 

RSD is relative standard deviation, ‘n’ is the number of determinations 
The proposed method was subjected to robustness studies concerning parameters such as, change in flow rate to 
1.0 ± 0.2 mL, mobile phase composition changes to 70:30 v/v ± 2%, and PH change of buffer solution 5±0.2 
(Table 7). The obtained value of RSD<2 indicates that the method was found robust concerning variability in 
the above conditions. The LOD and LOQ were 0.07616µg/mL and 2.3079µg/mL. Thus, this method was 
susceptible as they were within the permitted limits. Ultimately the method was examined for quantification of 
marketed formulations. The content of actives found in the commercial brand of tablets (Cilaheart 10, Mankind 
Pharma Ltd) is shown in Table 8. The low values of RSD indicate that method is precise. The % assay value for 
Cilaheart 10 was 99.80 ± 0.067, and the obtained results are shown in Table 8. The sample solution injected 
after 24 h of preparation did not show any appreciable change in the assay. It shows that this method can be 
successfully applied to estimate CLD. 

Table 7: Result of change in Flow rate; pH of the buffer, and % mobile phase 
  Mean area ± SD RSD 

Flow Rate ± 0.1mL/min 0.9 10877941±7543 0.069 
1 10896852±6985 0.452 

1.1 10904587±7590 0.041 
PH of Buffer ± 0.2 4.8 1075894±6994 0.104 

5 10896852±6985 0.051 
5.2 1083235±7043 0.254 

Mobile phase composition ± 2% 68 :32 1025469±5968 0.039 
70:30 10896852±6985 0.348 
72:28 1120101±5487 0.053 

Table 8: Assay results for cilnidipine in tablet dosage form 
Pharmaceutical dosage 

form 
Labeled claim (mg) % Content of drug ± SD* 

HPLC method UV method 

Cilaheart 10 tablet 10 mg 99.80 ± 0.067 99.93 ± 0.030 

* Each value is mean ± deviation of six determinations 

CONCLUSION 
The proposed UV spectrophotometric method and the HPLC method for estimating CLD in pharmaceutical 
formulations were found to be simple, fast, precise, accurate, and robust. Both the methods were validated and 
showed satisfactory results. The developed UV method has advantages like economic due to the cost of working 
and instrumentation; it also has the advantage of less time to prepare standard and sample solutions. Developed 
HPLC methods have the advantage of chromatographic separation of interfering excipients. Hence, both 
methods have advantages and are suitable for analyzing CLD raw material and its pharmaceutical dosage form. 
Hence it can be quickly and conveniently adopted for the routine quality control analysis for assay and 
dissolution and content uniformity, and other official and non-official testing. 
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ABSTRACT 
In this study, measured the distribution of heavy metals (Cd, Cr, Cu, Fe, Ni, Pb, Zn) in the surface water of 
Vellar estuary,Southeast Coast of India.Theconcentration of heavy metals was measured by atomic absorption 
spectroscopy(AAS) instrument. Heavy metals concentrations were found to decrease in sequence of Fe 
>Cu>Pb>Zn> Cd >Cr> Ni. Results showed that heavy metal concentrations in the marine surface water 
generally exceed the criteria of international marine water quality.Moreover, both the contamination factor (CF) 
and pollution load index (PLI) values suggested the elevation of heavy metals concentration in the region.The 
results revealed that the heavy metal concentration was higher during Post -monsoon season in waterof the year 
2020 and the order of concentration Fe>Zn>Cu>Cd>Pb>Cr>Ni. As a result, the purpose of this research was to 
find out what other heavy metals (Pb, Cd, Cr, and Zn) were in the water. 

Keywords: Heavy metals, AAS, CF, HPI, PLI, Marine Surface Water. 

1. INTRODUCTION 
Heavy metal concentrations in estuaries, rivers, and lakes, as well as the methods through which they are 
transported into the systems, have peaked researchers’ attention in recent years. Heavy metals may enter aquatic 
systems from different naturaland anthropogenic sources including industrial or domesticwastewater, 
application of pesticides and inorganic fertilizers,storm runoff, leaching from landfills, shipping and harbour 
activities,geological weathering of the earth crust and atmosphericdeposition(Yılmaz F., et al .,2007).Metals 
have been utilised since the origin of civilisation, but with the remarkable rise of industries, their use has 
increased significantly. The rising use of metals has resulted in extensive environmental 
pollution.Industrialization, population growth and technological developments in recentyears have led to a huge 
increase and accretion of heavy metals in the environment(Liu et al., 2009).Heavy metals enter the environment 
through various means, including the weathering of rocks and soil, the discharge of urban and industrial waste 
into water bodies and anthropogenic activities (Alkarkhi et al., 2008).Measurement of heavy metals in water 
samples can show the condition of the ecosystem regard to heavy metal pollution(Saghali,M. et al., 2014). 

Furthermore, nutrients commonly found in aquatic ecosystems, including phosphorus, nitrogen, and organic 
matter, have been reported to affect the geochemical behaviour of heavy metals (Liu et al., 2019a; Miranda et 

al., 2021).Recently, contamination of water with heavy metals is a major environmental concern; various 
anthropogenic activities continuously increase the amount of heavy metals in the water bodies especially in the 
estuary and river.Heavy metals including both essential and non-essential elements have ecotoxicological effect 
to the living organism (Storelli et al., 2015). 

2. MATERIALS AND METHODS 

2.1. Description of the Study Area 
In this regard, the present study area (Fig.1.) has gained significance as the Vellar estuary is intensively studied 
for the first time with regard to it and is also the first study of its kind in India to conduct a long-term (two-year) 
seasonal investigation on this area. The Vellar river commences from the Shervarayan hills of Salem district in 
Tamil Nadu, India, navigating approximately 480 km before forming an estuary at Parangipettai (lat. 11◦ 30′ N, 
long. 79◦ 46′ E) where it culminates into the Bay of Bengal. The estuarine banks are composed of clay, black 
clay, alluvium and silt, and the estuary is also influenced by these sediments. These soils make the Vellar 
estuary one of the most fertile estuaries of Tamil Nadu. The annual rainfall in these areas is about 373.3 mm, 
which has been found to be good for healthy agriculture. Besides agriculture, there are several aquaculture 
farms in and around Parangipettai on the banks of the Vellar estuary.The Vellar estuary is a true estuary as it 
remains open throughout the year. At Parangipettai, the estuary is about 600 m wide and 2.5 m deep, while the 
tidal influence stretches up to 15 km upstream. Various anthropogenic activities such as inhabitation, 
agriculture, aquaculture, boating and fishing activities may yield pollutants that are deposited in the estuary. The 
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northeast monsoon compounds the problem of pollutants since it brings more terrestrial wastes along with 
freshwater. 

 
Fig.1.Map showing sampling location of the study area 

2.2. Sample Analysis 
Surface water and sediment samples were collected during the various seasons for the period 2019–2021. The 
various seasons include winter, summer, southwest monsoon and northeast monsoon for the periods 2019-2021. 
The collection spots are exhibited in Fig. 1.Heavy metal concentrations were determined using atomic 
absorption spectrometry (Perkin-Elmer, 3300/96, MHS-10) with a specific lamp for each particular metal. The 
heavy metal concentrations Pb, Cd, Fe, Zn, Mn and Cu were analysed by flame atomic absorption spectrometry. 
Arsenic and mercury were determined by atomic absorption spectrometry with hydride / cold vapor generation. 
Lead was determined by atomic absorption spectrometry in a graphite furnace. The following wavelengths were 
used: Pb (283.3 nm), Cd (228.8 nm), Fe (248.3 nm), Zn (213.9 nm), Mn (279.5 nm), Cu (324.8 nm), As (193.7 
nm) and Hg (253.7 nm). The detection limits for trace elements and metalloids Mn, Fe, Cu, Zn, As, Cd, Pb and 
Hg are respectively 0.0002, 0.001, 0.0006, 0.002, 0.005, 0.0003 and 0.0001 mg kg-1. The quality of the 
analytical data has been ensured through the implementation of quality assurance and laboratory quality control 
methods, including the use of standard operating procedures, calibration with standards, blank analysis reagents, 
recovery of known additions and replica analysis. All analyses were performed in triplicate and the results were 
expressed as an average. In order to minimize the variability among the sample results, we used the same 
analytical laboratory and this laboratory applied the same method of analysis for each chemical element 
searched during the study period. 

3. RESULTS AND DISCUSSION 

3.1. Distribution of Heavy Metals 
Heavy Metals are released to the water column through sediment resuspension, adsorption-desorption, 
reduction-oxidation reactions, and the action of degrading organisms(Barakat et al., 2012).The content of Fe in 
the surface water ranged from 0.85 to 1.38 ppm and while Cd, Cr, Cu, Ni, Pb and Zn and ranged from 0.090 to 
0.180(Cd), 0.03 to 0.125 (Cr), 0.147 to 0.317(Cu), 0.06 to 0.075(Ni), 0.08 to 0.109(Pb) and 0.547 to 0.873( 
Zn).(Table.1)Whereas maximum limits of these metalspermissible in drinking water recommended by 
WHO/FEPA are 0.03 μg/L, 0.050 μg/L, 0.16 μg/L,1.0 μg/L, and 0.003 μg/L, respectively (World Health 
Organization, 2003). So it can be suggested thatwater of the study area is not drinkable even after removal of 
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salts due to its contamination.Cadmium naturally exists in Soil and rocks of some extend. Besides, 
anthropogenic activities likeunsafe use and handling of Ni–Cd batteries, industrial activities, waste treatment 
plant, as well asagricultural fertilizer are the source of cadmium load to the sea (HELCOM, 2007).Average 
concentration of Cd in the study area was found to be 0.077 ppm. Although it is in low level, yet it is 
contaminated.The highest concentrationof Fe was observed at station 1on the session of monsoon 2020, which 
was different fromthe values for other stations.Copper(Cu) concentrationwas found in the range of 0.167–0.317 
ppm and average value is about 0.235 ppm. Lowestconcentration was found at station 2 in pre-monsoon 2020 
on the other hand highest values was found at station 1 on the session of Monsoon 2020(Fig.1 and Fig.2).An 
average concentration of Fe was observed in highest value of 1.37 ppm on Monsoon year of 2020.Iron is the 
fourth most abundant element in the earth’s crust and also present in natural waters.In the aquatic environment, 
the chemical behaviour of iron is determined by oxidation–reduction reactions,pH, and the presence of co-
existing inorganic and organic complexing agents.Lowestconcentration of Fe was found at station 3 in value 
0.62 on premonsoon year of 2019. On the other hand a highest value 1.91 was found at station 1 on monsoon 
2020. ( Fig.1. and Fig.2)Nickel is omnipresent in nature and is nutrient for the function of many organisms; both 
anthropogenic release and naturally release responsible for higher concentrations in some areas may betoxic to 
living organisms (Diagomanolin et al, .2004; Haber et al.,2000; Scott-Fordsmand, 1997).In mostof the samples 
in this research, Nickel was below detection limit. Analysis found nickel in Station 1,2 and 3 whose values are 
0.12, 0.06 ppm respectively in the year of 2019 on the session Monsoon. (Table.1)Lead is a heavy metal found 
as metallic lead, inorganic, and organ metallic compounds.Tetravalent and divalent, in both forms lead is found 
in nature where Pb2+ is predominant over Pb4+.Pb2+ salt with common anion are slightly soluble in water and its 
high content in aquatic environmentis toxic for most forms of life, especially aquatic organisms (Branica& 
Konrad, 1977).The Lower concentration of Pb observed in the value of 0.09 at station on the premonsoon 
2019.The average value of Zn was observed in the value of 0.75 ppm. The heavy metal concentration of the 
study area given Table.1 

Season/Year Stations Cd Cr Cu Fe Ni Pb Zn 

Monson 2019 
 
 

Station 1 0.17 0.16 0.37 1.89 0.12 0.13 1.12 

Station 2 0.13 0.11 0.31 1.24 0.06 0.11 0.84 

Station 3 0.1 0.06 0.21 0.94 0.00 0.00 0.58 
Premonsoon 

2019 
 
 

Station 1 0.11 0.09 0.22 1.04 BDL 0.1 0.7 

Station 2 0.09 0.00 0.16 0.89 BDL 0.09 0.53 

Station 3 0.07 0.00 0.12 0.62 0.00 BDL 0.41 

Post monsoon 
2019 

 
 

Station 1 0.14 0.15 0.3 1.37 0.09 0.12 0.84 

Station 2 0.12 0.1 0.26 1.04 0.06 0.1 0.7 

Station 3 0.09 BDL 0.17 0.76 BDL BDL 0.46 

Monsoon 2020 
 
 

Station 1 0.21 0.18 0.39 1.91 0.08 0.15 1.14 

Station 2 0.18 0.13 0.33 1.26 BDL 0.13 0.86 
Station 3 0.15 0.08 0.23 0.96 BDL BDL 0.62 

Premonsoon 
2020 

 
 

Station 1 0.11 0.06 0.22 0.94 BDL 0.11 1.14 
Station 2 0.08 BDL 0.11 0.88 BDL 0.1 0.67 

Station 3 0.04 BDL 0.11 0.71 0 BDL 0.56 

Post monsoon 
2020 

 
 

Station 1 0.12 0.1 0.24 1.06 BDL 0.12 0.94 

Station 2 0.1 BDL 0.18 0.91 BDL 0.1 0.67 

Station 3 0.08 BDL 0.14 0.78 0 BDL 0.49 

Winter 2021 
 
 
 

Station 1 0.16 0.16 0.37 1.08 0.06 0.13 1.12 
Station 2 0.15 0.11 0.31 0.93 BDL 0.11 0.85 
Station 3 0.13 0.06 0.21 0.86 BDL BDL 0.64 
Average 0.120476 0.096875 0.23619 1.050952 0.047 0.106667 0.75619 
Table.1. Represents Heavy metal concentration of the study area. 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

459 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

 

 

3.2. Heavy Metal Pollution Index (Hpi) 
The interpretation of water quality datasets for pollution assessment is quite difficult because of the simple 
elemental concentrations 22. On the other hand, quality indices have a great deal of flexibility in analysing data 
sets for better interpretation of pollution. In order to evaluate the quality of water by its heavy metal content in 
Study area, two indices were used. The heavy metals pollution index (HPI) and heavy metals evaluation index 
(HEI) proposed byare the ones used. The HPI and HEI methods are introduced to evaluate the overall quality of 
water by adding to heavy metals. The HPI index takes into account the relative toxicity of each metal by 
assigning a weighting factor or a rating (Wi) to each chosen parameter. The scoring system is an arbitrary value 
between 0 and 1 and its choice depends on the importance of individual quality considerations. It can be defined 
as inversely proportional to the allowed standard value25. In the calculation of HPI in this study, the 
concentration limits, that is, the allowed standard value (Si) and the highest desirable value (Ii) for each 
parameter, were extracted from the WHO standards. The Heavy Metals Evaluation Index (HEI) is used to 
synchronize the criteria for different pollution indices. The HEI criteria for surface water samples are thus 
classified as low (HEI<40), medium (HEI = 40–80), and high (HEI>80). Different authors define for HPI a 
critical limit value 100 for water intended for consumption beyond whichwater is considered to be of poor 
quality. 
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3.3. Impacts of Heavy Metals Contamination 
Heavy metals enter into human body through drinking water obtained from a various source like wells, rivers, 
lakes, reservoirs, ponds etc. The occurrence of metals in the drinking water beyond the recommended limit 
prescribed by various national and international organization (Table.2) can cause health hazard.Ni and Hg are 
carcinogenic and cause damage to DNA (Deoxy ribonuclicacid).Ni also causes systemic toxicity, allergy, hair 
loss and anaemia(Salem,H.M et al,).Pb is one of the common heavy metal in general beyond desirable limit is 
metabolic poison and enzyme inhibitor .It can also damage nervous connections and cause blood and brain 
disorders. Other than this the biochemical effects of lead is its interference with haemo synthesis, which leads to 
haematological damage (Mohod,C.V. et al,).Fe and Mn at low concentration is needed for enzyme 
activity(Salem,H.M et al,.) but at high concentration, it accumulates in muscle, liver and affects brain and 
central nervous system (Luqueno, F.F., et al,).Cr known as carcinogenic and toxicological agent can cause 
dermatitis and ulceration of the skin. Long-term exposure can cause kidney, liver damage, circulatory and nerve 
tissue damage (Salem,H.M et al,). As at higher concentration can cause lesions on skin, hyperpigmentation, 
respiratory complications, hormonal change, chronal renal failure (Luqueno, F.F., et al,). Zn as needed in lower 
concentration for acting as catalyst in enzyme activity of living system but it accumulates in muscle and liver 
(Luqueno, F.F.,et al,).The chronic health effects of Zn include cancer, birth defects, organ damage, disorders of 
the nervous system and damage to the immune system .Cd, classified as toxic trace element appears to 
accumulate with age, especially in the kidney and it is considered as an agent to cause cancer and cardiovascular 
diseases.Industrial contaminated drinking water causes bone and renal disease. With long-term exposure it can 
replace calcium in bones and damage kidney. Cd may interfere with the metallothionein's (a protein that binds 
to excess essential metals to render them unavailable) ability to regulate Zn and Cu concentrations in the body 
which causes elevation in zinc in urine .Cu exposed for long term or high concentration can cause chronic 
diseases like nervous system disorder, liver and kidney failure. Elevated level of Cu in drinking water can also 
cause vomiting, abdominal pain, nausea, diarrhoea and anaemia(Mohod,C.V. et al, Salem,H.M et al, 
Madsen,H., et al,Bent, S et al,). 

HeavyMetals USEPA,2008 
(μg/l) 

WHO,2008 
(μg/l) 

EU,1998 
(μg/l) 

BIS (ISO:10500,2012) 
(μg/l) 

Fe 300 NGL* 200 300 
Pb 15 10 10 10 
Zn 5000 NGL** NM 5000 
Cd 5 3 5 3 
Cu 1300 2000 2000 50 
Hg 2 6 1 1 
Cr 100 50 50 50 
As 10 10 10 10 
Ni 100 70 20 20 
Mn 50 400 50 100 

Table.2. DrinkingWaterStandards 

(NM- Not Mentioned; NGL* No Guideline, because it is not of health concern at concentrations normally 
observed in drinking water, but may affect the acceptability of water at concentration above 300 μg/L ; NGL** 
No Guideline, because it occurs in drinking-water at concentrations well below those at which toxic effects may 
occur; USEPA- United States Environment Protection Agency; WHO- World Health Organisation; EU- 
Europen Standards; BIS- Bureau of Indian Standards) 

3.4. Heavy Metal Pollution Index 
Heavy Metal Pollution Index (HPI) represents the overall quality of water. The following equation model 
(equation 1 and II) calculates the index as: 

 

Qi: Sub index calculated for the ith parameter, Wi: Weight assigned to the ith parameter.Mi: Measured value for 
the ith parameter. 
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Ii: Ideal value or highest desirable value for ith parameter. Si: Standard or permissible value allowed for ith 
parameter.The (-) sign denotes numerical difference of the two values ignoring the algebraic 

Weight of the samples are based according to the importance of the parameters that is assigned between zero to 
one. It can also be considered as inversely proportional to the standard value for each element [41 – 48]. Water 
quality based on heavy metal pollution index is categorized as: low heavy metal pollution (HPI <100), heavy 
metal pollution on the threshold risk (HPI = 100) and high heavy metal pollution (HPI > 100). 

Heavy 
Metals 

Pollution 
Index 

Cadmium(Cd) Chromium Copper Iron Nickel Lead Zinc 

Station 1 0.907 0.003 0.0169 1.223 4.218 0.782 0.0246 
Station 2 0.544 0.001 0.0101 7.345 2.532 0.469 3.2511 
Station 3 0.401 0.001 0.007 5.418 1.868 0.346 1.7612 

Table. 3. Heavy metals Pollutionindex of the study area. 

Based on the results (Table.3), the present study found that all Pb concentrations in the surface water of the 
Station 1 were below the maximum allowable value (0.782 mg/l) of the WHO, 2008. Cadmiumwhich in the 
present study, all samples from the Sea basin wells had values lower than the admissible WHO. No significant 
difference in Cd concentrations between seasons was observed in the study area. The maximum value found in 
all the samples of the study area was about 0.907 ppm.High concentrations of Fe were observed in Station 2 
only throughout the study period with a slight seasonal fluctuation.Concentrations of Zn ranged from 0.02 to 
3.25 ppm with an average of 4.66 ppm. No significant difference in Zn concentrations was observed in the study 
area across seasons .The average Cu concentrations observed in the study area showed lower levels compared to 
the maximum allowable value (0.01 ppm) for most of the wells studied.35 High concentrations of Cu were 
observed in Station 2 throughout the study period with a slight seasonal fluctuation .The average total Cr 
concentrations observed in the study area were lower than to the admissible Moroccan standards (0.05 mg/l) for 
most of the wells studied. Low concentrations of total Cr were observed in Station 1 (0.001ppm). 

CONCLUSION 
In vellar estuary in results of heavy metal concentration allows for the identification of significant parameters 
and thus obtains better information on contamination sources. The results of the present study suggest that 
presently, the concentration of metal ions is acceptable and does not reach levels that could be harmful to 
human health. However, the study clearly identifies concentrations of toxic metals such as Fe, Cr, etc., present 
in slight excess in one or two stations in a given season. Even though the current conditions meet existing 
standards, problems can occur in the future if conditions are not improved to prevent groundwater from 
becoming severely contaminated and unsafe for consumption. Appropriate preventative measures should be 
implemented to protect this important resource.The HPI calculated for the surface water of Vellar estuary was 
found to be below the critical value of 100. This shows that groundwater in the study area is not polluted with 
respect to heavy metals. However, precautionary measures should be taken such as implementation of a 
groundwater quality monitoring program, preventing the use of wastewater in agriculture, controlling the 
overuse of organic fertilizers, monitoring the pre-treatment of wastewater (from factories) before discharge into 
the receiving environment and limiting the establishment of polluting industries. 
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ABSTRACT 
Mutual funds as an investment option in India did not had a enormous leap growth from its inception way from 
1963 as unit trust of India initiated by government of India and reserve bank. Even the government steps to 
popularise the concept as it’s a tool which can deliver returns as well as a economic tool for mobilising savings 
in economy towards a focused objective. Compared to developed economies the mutual fund assets and its 
share in India gross domestic product in 2019 is still at 12%.where the AUM of USA is greater than its GDP 
standing at 103%.Further the penetration of mutual funds is not even compared to top 15 cities the other parts of 
India contribution is very narrow. To understand the reality of investor’s mindset a study is needed in this 
direction. So a research is designed and carried out in Tumkur city nearest place to Bangalore is carried out to 
understand people perception and awareness level. 

Keyword-Mutual funds, awareness, perception, investment option, India. 

INTRODUCTION 
The birth of mutual as concept was first formed by king William of nether land in year 1822 as Socioete 
Generale de Belique. This concept was also given birth in India by the government and reserve bank through 
formation of unit trust of India in 1964 to start and operate mutual fund business in India. The objective of 
brining this concept was to give direction to small investors through giving them an opportunity to invest into 
capital market and realise capital apperception in long term. As the economy was on a growth path supported by 
various five years plans retail investors were finding it difficult to invest into stocks directly and speculate 
returns. Later the stock exchanges witnessed a array of scams which manipulate by few informed cartels wiped 
out lakhs of hard earned middle class investors investment. so with all this many regulators entered to regulate 
the investment market and balance the capital markets in India. 

What is Mutual Fund- in simple its a pool of money collected by a professional asset management company 
from various size of investors and invest into various securities like shares, scripts, bonds, debentures and even 
commodities also. But the investment decision and managing the investment is vested to fund manager who has 
an expertise and vision towards capital apperception and returns delivery to the investors who have parted with 
their money towards a common fund objective. 

In India this concept is growly at a slow phase as its acceptability among Indian population is not at the level 
what’s there in other developed countries or even developing economies. Various studies have revealed that 
Indian consumers are more conserve in nature while choosing investment option, even though few have also 
highlighted that demographic factor also creating a bias. The education lack and large population is also 
contributing to underdevelopment of concept in India. If we compare to the economies like usa the mutual fund 
market in 2018 was USD 17.71 trillion the market is predicted to increase to 23.73 trillion by 2024.In the world 
the usa mutual fund is the largest in the world, while as india mutual fund market stood at ₹ 28,33,890 crore. 
But it also has witnessed a growth from 2015  that is the assest under management which stood at ₹ 13.24 
trillion as on October 31, 2015 has grown to the size of ₹28.23 trillion as on October 31, 2020.This clearly 
predicts that mutual fund as a concept is going to stay for long and penetrate in India. 

LITERATURE REVIEW 
Umaya Salma Shajaha (2014) In the research has pointed out that factors like saving for milestones, for 
emergency needs liquidity and source of income influence the investors while investing and also study 
concluded that investors seeks information to decide on investment 

Paul (2014) This research has found that there is a communication gap between mutual fund companies and the 
investors at large, which in turn has resulted in failure of investors beliefs. 

Subramanyapr(2015) In his study have highlighted that many social and economic factor like age, level of 
education, personal income and savings of house hold are not directly effecting perception on mutual fund but 
the savings habit is largely effected by age of investor 
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Ranganathan (2016) In his research attempt tried to find what is objective which has influence the most while 
investor choose to invest, the research randomly investigated on 100 samples which revealed the most important 
factor to save was keeping their retirement in objective. 

Dr. B. Ravi Kumar & R. Padma Malini(2017) The investigation revealed that many investors are investing 
still in bank deposits, lack of information makes investors to hesitate to investment into a knowledge concept 
like mutual fund. 

Amsaveni and Ranjini (2018) The research have found that people are having an positive attitude towards 
mutual funds and but they also have preference towards high yield mutual fund. 

SIGNIFICANCE OF THE STUDY 
In the present era where technologies, smart phones and internet access is a excellent arena to spread the benefit 
of concept of mutual funds to vast population mass in India. The developed nation’s population have reaped the 
benefits of this concept from a longer time in history, so to popularise this even in our nation efforts were put 
nearly 5 decades back and still it’s on. If this concept is really achieved its sense it can create a finer balance to 
investors as well can become economic tool for economy building. But data has revealed that mutual fund as an 
investment option is in average phase of growth, still it has a long way to go to become well received. 

OBJECTIVE OF STUDY 

 To understand the level of awareness among people about mutual funds 

 To investigate the perceptions and attitude towards mutual fund 

 To promote Mutual Fund as the emerging productive investment  avenue for investing 

PLACE OF STUDY 
Tumkur- This city is chosen as it falls near to Bangalore city distancing around 70 kms As Bangalore  is a 
significant contributor to mutual fund business in India being  one among metros in India and also featuring in 
top 15 city contributing largely towards mutual fund investment. 

DATA COLLECTION- 
Primary data – a structured questionnaire is designed keeping the objectives in mind to be administrated 
among the population of study. 

Secondary data- data were assimilated from sources like news paper article, Amfi bulletins, and research 
articles. 

RESEARCH DESIGN 
Method of sampling: Random sampling 

Sample:      100 size population. 

Statistical techniques:    simple statistical diagraphs and multivariate table’s analysis. 

RESEARCH QUESTIONS 
1. What is age of the respondents-? 

Question was asked to assess the age of the respondents to find out the demography of investor population 

Age band Number of respondents percentage 
25-35 20 20 
35-45 31 31 
45-55 27 27 
55-65 22 22 

   

Total 100 100 
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INTERPRETATION 
When study was conducted below 25 years there were no investment activity found as majorly it comprises of 
student community and early career beginners. But the major investment is found under the age band of 35-45 
which is peak earning life and there comes the element of savings and investment. 

2. What is the occupation of respondents to assess the source of income? 

Source of income of investors Number of respondents percentage 
Salaried employees 38 38 

Business 37 37 
Retired 5 5 

Other sources 20 20 

Total 100 100 

 

INTERPRETATION 
When the profiles of investors were asked to know the sources of income it has revealed that majorly the 
investment population falls in salaried community as people are engaged in occupation of various sectors which 
yields them regular source of income, followed by the business community who are doing some self occupation 
to generate income. Where as the smallest population was retired community and also the study revealed a 
segment which is categorised as others where people are having sources of income from rent, and odd projects 
which generates some income to them to save and also to invest. 
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3. What is the income level of respondents? 

Income band Number of respondents Percentage 
0-250000 19 19 

250000-500000 33 33 
500000-750000 38 38 

750000 and above 10 10 
Total 100 100 

 

INTERPRETATION 
The study reveals that nearly 19% of population fall in low income band, where as nearly 33% of population 
falls in the middle income group which consist of income level of 2.5 laks to 5 laks. The major of all among the 
population under study is band of 5 laks to 7.5 laks where nearly 38% of population is falling which is higher 
middle income group. Lastly the high income group of 7.5 laks and above is 10% which are the high net worth 
individuals who have higher income and disposable income bracket. 

4. Do you feel saving regularly is an important element in human life? 

Opinion-yes/no Number of respondents Percentage 
Yes 84 84 
No 16 16 

Total 100 100 

 

INTERPRETATION 
When the basic question was asked whether savings is important as when human life has economic value and 
also prone towards uncertainties, when questioned about savings people said and acknowledged that savings is 
essential and has to be cultivated among all. But nearly 16% of respondents felt savings is not important they 
felt they will manage uncertainties or milestone with a contingency approach. 
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5. What is the percentage of amount which u can afford to save regularly? 

Level  of savings-% Number of respondents percentage 
10%-20% 51 51 
20%-30% 23 23 
30%-40% 18 18 
40%-50% 8 8 

Total 100 100 

 

INTERPRETATION 
In order to find out what’s the capacity of the respondents and what actually they are savings the research 
question revealed that nearly half of population under study are actually savings around 10 to 20% of their 
income as savings, the population also revealed that its very comfortable to save 20% this range does not affect 
their normal living expenses. Then around 23% of population said they can and are savings up to 30% of their 
income. Surprisingly the study revealed that nearly 8% of population can afford nearly 50% of their earning as 
savings which shows that seriousness towards the habit of savings in India. 

6. What are the financial avenues do you prefer to invest your savings? 

Investment avenue Number of respondents percentage 
Bank fixed or term  deposit 26 26 

Postal department instruments 14 14 
Insurance policy 21 21 

Shares and equity related instruments 07 07 
Mutual funds 16 16 

Metals 09 09 
others 07 07 
Total 100 100 
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INTERPRETATION 
When question was asked what’s the preference and their choice of investment instrument majority of 
population showed inclination towards bank products and insurance products followed by postal department 
products, the study also revealed that people are even opting for non structured products like chit funds and 
products of small local finance company .interesting 16% of people out of 100 sample have shown preference 
towards mutual fund. 

7. What the factors do you consider while investing into any investment product? 

Considered factors Number of respondents percentage 
Safety of amount invested with very less returns 20 20 

Easy liquidity 19 19 
Risk free with average return 

 
23 23 

High returns with high risk 21 21 
Easily accessible product 17 17 

Total 100 100 

 

INTERPRETATION 
When the respondents where posed with question of what factors do they consider while investing into any 
financial product many people showed preference towards factor  like average returns with less risk is preferred 
the most and also study revealed that when the financial instrument is easy to accessed is also given due 
importance while investing. Secondly people also prefer safety as priority with very less returns also proves 
many investors in India are risk averse category. 

8.  Are u aware of the concept mutual funds where savings can be invested for short term and long term 
goals? 

Knowledge of concept Number of respondents percentage 
Aware 68 68 

unaware 32 32 
Total 100 100 
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INTERPRETATION 
When a basic question was asked to the respondents about whether they have heard or know about an concept 
called mutual fund which is also a instrument to invest and saving tool, nearly 68% of population said yes they 
had heard about mutual funds and there are aware about it. But 32% said they are completely unaware and have 
not heard about the concept anywhere. 

9. How have u become aware about mutual fund concept? 

Source of information Number of respondents percentage 
Independent financial advisors 23 23 

Advertisement-news paper, tv ad, flyers etc 21 21 
Family 09 09 

Personal Friends 11 11 
Work place sources and professional  workgroup 16 16 

Social media 14 14 
Others 06 06 
Total 100 100 

 

INTERPRETATION 
During the study an attempt was made to know what are sources from which the respondents are knowing about 
mutual fund concept, it was found that many sources are spreading knowledge about the concept mainly 
financial advisors are active, followed by various advertisement initiates by fund houses and knowledge sharing 
partners are active in wide spreading the concept and increase the penetration. 

10. How do you understand the mutual fund as an investment concept? 

Level of understanding Number of respondents percentage 
Partially know about concept 26 26 

Aware but not fully understood completely 21 21 
Understood still doubtful as its complex concept 34 34 

Completely understood 19 19 
   

Total 100 100 
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INTERPRETATION 
In order to explore the level of knowledge quotient towards mutual fund concept a question was asked in what 
extent they have understood it, the study revealed that nearly 26% know partial about it, where as many fall in 
category of have understood still many doubts pertaing the mechanism and philosophy about the concept  is 
therein the  mind of respondents. Only a small population of 19% have understood it and completely aware of 
the working of the investment concept. 

11. What are the features that motivated you to invest into mutual’s funds? 

Features Number of respondents percentage 
Investment strategy-diversification 19 19 

Better returns compared to traditional products 24 24 
Opportunity to contribute less and invest regularly 32 32 

Tax savings through Elss 08 08 
Easy access to operate  investment –to invest and redeem 17 17 

   
Total 100 100 

 

INTERPRETATION 
When the question was raised about what attracted the respondents to become investors of mutual fund it was 
discovered that traditional investors also open up to diversified risk products which gives safety of principal and 
reduces investment risk, secondly the feature is that people wants to save regularly and save in smaller 
magnitude without effecting there life balance nearly 32% likes this option. Even mutual fund as a tax savings 
also contributes to its popularity in small scale ,lastly easy access to investment option is also given priority 
such as easy to invest, to understand and redeem it for liquidity also holds importance. 

12. Which mutual fund company do feel secure to invest? 

Company profile Number of respondents percentage 
AMC by government firms 43 43 

AMC by Indian private firms 31 31 
AMC by foreign firms 26 26 

   
Total 100 100 
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INTERPRETATION 
In order to understand the investors liking towards the ownership of mutual fund companies people showed a 
strong preference towards government fund houses as they feel secure as its backed up by government. Also 
people didn’t hesitate to invest into private and foreign fund houses operating in India looking at their history. 

13. Which is the most convenient method to invest into mutual funds? 

Method of investment Number of respondents percentage 
Regular equal  contribution method 68 68 

Lump sum investment method 32 32 
Total 100 100 

 

INTERPRETATION 
In order to find out which is the ease method to invest into mutual funds majority of population showed strong 
liking towards investing regularly small  amounts which can be saved regularly in small proportion and 
contributed  nearly 68% of population invested into this method where monthly they can invest on prefixed date 
with a predetermined amount. Rest of population wanted to invest lump sum amount as they want to invest 
when they have amount to invest rather than getting committed for regular contribution. 

14. Which are types of funds which you prefer to invest? 

Types of fund Number of respondents percentage 
Equity based funds 25 25 

Debt funds 21 21 
Balance funds 28 28 

Sector based funds 12 12 
Tax savings equity  funds 14 14 

   
Total 100 100 
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INTERPRETATION 
To investigate which is the fund choice where people prefer to invest into order to achieve life mile stones short 
or long runs, the survey revealed that people prefer a balance fund which mixes equity and gilt markets. People  
also like  to invest into equity finds like diversified, mid- caps funds or small- cap to reap the benefit of capital 
market returns .where as investors fascinated by particular sector like banking, pharma or technology or even 
capex funds are preferring sector  based funds. Some investor who just look at tax savings prefer equity linked 
savings schemes for tax purpose with long term lock in advantage. 

15. From which channel do you want to buy or invest into mutual funds? 

Sources to buy/invest Number of respondents Percentage 
Banks 28 28 

Independent financial advisors 21 21 
online direct investment 11 11 

Direct purchase from mutual fund company 25 25 
Others 15 15 

   
Total 100 100 

 

INTERPRETATION 
A question was designed to know from where people want to buy or invest into mutual, majority of population 
liked to transact into mutual funds through their bank as it builds their confidence and also convenient to 
transact. Secondly they also like to buy from direct fund houses and get serviced by fund houses as it brings 
trust into concept and the fund houses. Even people like to buy from their personal financial advisor who advise 
them and help in investment selections. last preference was towards direct investment into mutual fund through 
online which many didn’t feel comfortable to transact with. 

RESEARCH FINDINGS FROM THE STUDY 

 The research revealed that in a developing economy like India financial literacy is not scaled compared to 
the developed economy like us, uk. 

 Large Population are oriented towards traditional products 

 The income level has effect on savings capacity but it’s not constrains from non investment low  income 
group also showed keen into savings and investing into option to realise life goals 

 Media and communication is contributing in educating people well with personal financial advisors 
contribution in making population understand new products 

 The investor population tries to strike a finer balance between risk and return on a thin slicing edge as 
people with low and mid range income band tries to arbitrage between traditional and non traditional 
investment options 

 Access to option also contributes at large in savings mobilization 
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RESEARCH SUGGESTIONS 
 The research suggests that in order to make population orient towards various financial options to venture 

the attempt should be education financial literacy to be imbibed from a young age could create 
knowledgeable population. 

 The study revealed that the low income band showed more keen towards savings than the high income 
group which shows that if  mutual funds are well marketed by fund house in order to make them realise the 
benefit of long term investment it can penetrate to masses. 

 People over a period in a mixed economy of India have developed a psychological trust towards 
government owned corporations which shows that a ample space for government institutions  to operate and 
launch mutual funds which can tailor the needs of small investors 

 The savings habit also indicate the population finds it ease to invest in small amounts at regular intervals as 
it won’t imbalance the economic life of the family which shows a grave need of penetrating systematic 
investment method among the rural and masses with low income capacity to build up the savings habit. 

CONCLUSION 
As seen in the recent articles the data shows the mutual fund market in India in its size is 11%in terms  of 
penetration when to compared to world which stands at average of  55%,while the us market  Aum is almost 
103% more than its Gdp. It’s evident that the developed economy with its robust banking and technology 
sectors could educate the population and make the concept to be accepted at large. But India has witnessed a 
slow growth in making this concept as a viable option to large economic population of India. On the positive the 
last decade has seen a growth from ₹ 6.46 trillion as on October 31, 2010 to ₹28.23 trillion as on October 31, 
2020 which is four fold growth. India with its huge earning population if the habit of savings in small 
magnitude is made acceptable then mutual fund can emerge as a major investment tool. 
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ABSTRACT 
Based on existing reports various new isatin derivatives have been synthesized by the method of N- alkylation 
using different entity in the presence of a base give’s series of compounds (3a-3e) with great  ields. 

Spectroscopic methods (FT-IR, 1H NMR) and mass spectrometry used to confirm the chemical structures of 
these compounds. Furthermore, N-acetylation of isatin followed by chlorination furnished a new series of 
compounds (3f– 3g) which allowed the analysis of the effect of isatin N-substitution on the biological activity 
of the resulting compounds. The results revels that the compound with amide as substituent exhibited good 
antibacterial and anti-fungal activities against almost all the micro-organisms. The majority of the compounds 
have good antibacterial action against diverse species, according to the final results 

Keywords: Isatin. N-alkylation, aromatic/alkyl/aryl halides, antibacterial and antifungal. 

I. INTRODUCTION 
The Isatin or 1H-indole-2,3-dione, is an indole derivative containing keto group and consists of pyrrole ring 
fused with benzene ring. The literature found that, at the earliest method for the synthesis of isatin was on 
oxidation of indigo with nitric acid and chromic acids [1]-[3]Isatin and their derivatives are also found in 
humans as it is a metabolic derivative of adrenaline [4]. The major goals of organic and medicinal chemistry are 
to design, synthesize, and produce molecules, all of which have a high therapeutic value. Isatin is a versatile 
chemical building block which is having a wide range of pharmacological actions since the discovery of hetero 
cyclic nucleus, including antibacterial, anticancer, antiviral, anticonvulsant, anti- inflammatory, and analgesic. 
A number of research groups have attempted to investigate the synthetic aspect of isatin [5], [6]. 

Furthermore, literature found that isatin, indirubin, substituted isatin and indirubin derivatives were reacted with 
amines and sulfonamide to form a series of Schiff’s bases. The antimicrobial and antifungal activity of the 
synthesized compounds perform better antibacterial activity as compare with the reference drugs [7]. 

On the other hand, N-substituted derivatives of isatin have been among the most interesting class of compounds 
especially in anti-fungal and antimicrobial drug research. In a series of focused studies on N- substituted and N-
acetylation of isatin with aromatic ring, with different functional groups. we have found some potent 
antimicrobial and anti-fungal compounds among indole-based hydrazones derived from substituted indole-3-
carboxaldehydes and benzaldehydes [8]–[10] 

The disc diffusion test method is used to determine antibacterial activity of novel heterocyclic compounds. It is 
generally utilized as a preliminary stage for additional studies because it provides access to primarily 
qualitative results, due to the fact that it is accepted as reliable and reproducible. The method adopted is a 
modification of Hayes and Markovic's method [11]. 

Based on the above considerations and using the molecular hybridization strategy, in the present study a series 
of compounds containing isatin with N-alkylation and N-acylation fragments were designed. Scheme1 and 
Scheme2 As a result, structural alteration of the isatin derivates moiety is still important. The application of 
synthetic N-alkylation methods in the presence of a base (K2CO3) and a catalyst between 1H-indole-2,3-
dione and alkylating agents with good to exceptional yields was the focus of this study. Spectroscopic 
techniques such as IR, 1H NMR and Mass spectrometry were used to characterize the produced isatin 
derivatives. In addition, they were tested in vitro for antibacterial activity against two Gram positive bacteria, 
Staphylococcus aureus and Bacillus cereus, as well as two Gram negative bacteria, Escherichia coli and 
pseudomonas aeruginosa. 
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2. Experimental 

The Kofler bench instruments method was used to determine all melting points. The 1H and 13C NMR spectra 
were obtained in DMSO using a Bruker 400 NMR spectrometer with tetra methyl silane (TMS) as a reference. 
Parts per million are used to describe chemical changes. Thin layer chromatography (TLC) on silica gel was 
used to monitor reactions, and plates were seen with ultraviolet light or iodine. Merck silica gel 60 (0.043-0.06 
mm) was used for column chromatography. The alkylation approach was used to make isatin derivatives. 
Scheme 1 show the synthetic procedures used to acquire the target molecules. The salts and DMF are removed 
by filtration when the reaction is complies. 

2.1.1 General Procedure for the Synthesis of N-Substituted Isatin (3a-3e) 

Equimolar quantities of Ar-X and isatins (1 mmol of each) were added in a 100 mL two necked flask containing 
DMF (10 ml). Stir the reaction mass for 5-10 min and K2CO3 (2.0 mol) were introduced under a nitrogen 
atmosphere. Then, heat the reaction mass to 65-70 oC for 6–8 hours. The progress of the reaction was monitored 
using TLC. Thereafter, cool the reaction mass to 25-30°C and add ice-cold water (40 ml). Stir the reaction mass 
for 1 hour. Filter the solid observed and wash with water (10 ml) to obtain N- substituted Isatin (3a-3e) (a 
light-yellow to off white powder) is obtained. 

The derivatives N-substituted isatin (3a-3e) thus prepared had sufficient analytical purity. The solid was 
recrystallized in ethanol: water to afford the titled compounds. 

Scheme 1 

 
1.2 General procedure for the synthesis of N-acylated Isatin (3f-3g) 

Equimolar quantities of Ar-X and isatins (1 mmol of each) were added in a 100 mL two necked flask 
containing ethanol (20 ml). Stir the reaction mass for 5-10 min and acetic acid (0.5 mol) were introduced 

under a nitrogen atmosphere. Then, heat the reaction mass to 65-70 oC for 10-12 hours. The progress of the 
reaction was monitored using TLC. Thereafter, cool the reaction mass to 25-30°C and add ice-cold water (20 
ml). Stir the reaction mass for 2 hour. Filter the solid observed and wash with water (10 ml) to obtain N-
acylated Isatin (3f-3g) (a light-brown to off white powder) is obtained. The derivatives N-substituted Isatin 
(3f-3g) thus prepared had sufficient analytical purity. The solid was recrystallized in ethanol: water to afford 
the titled compounds. 

Scheme 2: 
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3.0 RESULT AND DISCUSSION 

3.1.0 Synthesis of 1-(1H-indazol-6-yl)-1H-indole-2,3-dione (3a) 

Yield: 85.26 %; M.P.: 133-138°C; IR: 3450, 3030-3121, 2750-2880, 1760-1780, 1430-1620 cm-1; 
1H-NMR (DMSO, 400 MHz) (δ ppm): 1H NMR: δ 7.37 (1H, dd, J = 8.8, 1.4, 0.6 Hz), 7.39 (1H, dd, J = 

7.8, 7.6, 1.4 Hz), 7.48-7.73 (3H, 7.54 (dd, J = 7.8, 1.4, 0.5 Hz), 7.73-7.93 (2H, dd, J = 8.2, 1.4, 0.5 Hz), 

7.88 (dt, J = 1.4, 0.5 Hz)), 8.27 (1H, dt, J = 1.6, 0.5 Hz).. MS: Observed (m/z) 264.85 (M+) 

3.2.0 Synthesis of 1-{3-[2-(5-hydroxypyridin-2-yl)ethyl]-1H-indazol-6-yl}-1H-indole-2,3-dione (3b) Yield: 
76.98% ; M.P: 156-158°C; IR: 3500, 3420, 3020-3121, 2900-2980, 1750-1780, 1330-1690 cm-1; 1H NMR 
(DMSO, 400 MHz): δ 3.05-3.23 (4H, t, J = 4.3 Hz), 6.99 (1H, dd, J = 8.0, 0.5 Hz), 7.17-7.47 (3H, dd, J = 7.8, 
7.5, 1.4 Hz), 7.79-7.96 (5H, dd, J = 1.6, 0.4 Hz), 8.21 (1H, dd, J = 1.7, 0.5 Hz). MS: Observed (m/z) 385.15 
(M+) 

3.3.0 Synthesis of 2-{[3-(2,3-dioxo-2,3-dihydro-1H-indol-1-yl)-3H-indazol-6-yl]sulfanyl}-N- 
ethylbenzamide (3c) 
Yield: 68.56% ; M.P. 178-181°C; IR: 3600, 3008-3140, 2770-2960, 2260-2400, 1660-1850, 1430-1620 cm-1; 
1H NMR (DMSO, 400 MHz): δ 2.75 (3H, t, J = 7.1 Hz), 3.33 (2H, (q, J = 7.1 Hz), 3.34 (2H, 3.63 

(d, J = 11.3 Hz), 7.0 (1H, s), 7.02-7.16 (2H, 7.01 (dd, J = 1.2, 0.5 Hz), 7.26-7.46 (3H,dd, J = 7.8, 7.3, 1.3 

Hz), 7.47-8.38 (6H, dd, J = 7.9, 7.5, 1.4 Hz), MS: Observed (m/z) 455.6 (M+) 

3.4.0 Synthesis of 1-(2-(4(aminomethyl)-1-((3-clhoro-4-fluorophenyl)amino)isoquinolin-7- 
yl)acetyl)indoline-2,3dione (3d) 

Yield: 75.96% ; M.P. 145-147°C; IR: 3550, 2820-3110, 1750-1780, 1580-1680, 1350-1410, cm-1; 1H 

NMR (DMSO, 400 MHz): δ 1.15 (3H, s),1.18 (3H, s), 1.33-1.97 (14H, dd, J = 13.0, 10.2, 6.0 Hz), 2.50- 

2.72 (3H, dd, J = 15.1, 7.2 Hz), 5.27 (2H, dd, J = 7.3, 7.0 Hz), 6.17 (1H, dd, J = 3.7, 1.8 Hz), 7.30 (1H, 

dd, J = 7.8, 7.5, 1.4 Hz), 7.70-7.86 (3H, 7.78 dd, J = 8.7, 7.5, 1.3 Hz),MS: Observed (m/z) 417 (M+) 

3.5.0 Synthesis of 2-(2,3-dioxo-2,3-dihydro-1H-indol-1-yl) benzene sulfonamide (3e) 
Yield: 81.2% ; M.P. 205-207°C; IR: 3460-3520, 3080-3120, 1770-1790, 1450-1600, 1310-1430, cm-1; 

1H NMR (DMSO, 400 MHz): δ 7.29-7.39 (2H, dd, J = 8.0, 7.5, 1.4 Hz), 7.48-7.87 (4H, dd, J = 8.7, 1.4, 

0.5 Hz), 7.96 (1H, dd, J = 8.0, 1.5, 0.5 Hz), 8.32 (1H, dd, J = 8.3, 1.4, 0.5 Hz).MS: Observed (m/z) 302 
(M+) 

3.6.0 Synthesis of 1-(2-(4-(aminomethyl)-1-((3-chloro-4fluorophenyl)amino)isoquinolin-6- 
yl)acetyl)indolin-2,3-dione (3f) 
Yield 77.8 % ; m.p: 189-192°C; IR: 3380-3430, 2980-3150, 1760-1790, 1510-1602, 1340-1410, cm-1; 1H 

NMR (DMSO, 400 MHz): δ 3.79 (2H, s), 3.93 (2H, s), 7.27-7.44 (4H, dd, J = 8.5, 1.7 Hz), 7.47-7.75 (4H, 

dd, J = 1.7, 0.5 Hz), 7.79 (1H, dd, J = 7.8, 1.3, 0.5 Hz), 8.10 (1H, dd, J = 8.3, 0.4 Hz), 8.58 (1H, d, J = 0.5 

Hz). MS: Observed (m/z) 486 (M+) 

3.7.0 Synthesis of 4-(2,3-dioxo-2,3-dihydro-1H-indol-1-yl)-4-oxobutanoic acid (3g) 

Yield 74.7 %; m.p: 154°C; IR: 3500, 3090-3130, 2960-3020, 1750-1810, 1580-1590, 1420-1470 cm-1; 
1H NMR (DMSO, 400 MHz): δ 2.83 (2H, t, J = 7.5 Hz), 2.96 (2H, t, J = 7.5 Hz), 7.36 (1H, dd, J = 7.8, 7.5, 

1.3 Hz), 7.58-7.74 (2H, dd, J = 8.7, 1.3, 0.5 Hz), 7.87 (1H, dd, J = 7.8, 1.3, 0.5 Hz) MS: Observed (m/z) 

261 (M+) 

3.2 Antibacterial Activity Evaluation 
The antibacterial activity is performed by placing a sterile disc ingested by the control sample on a bacterial mat 
at the start of its growth cycle and measuring the zone where the bacteria are unable to develop. As a result, the 
inhibition diameter, which measures the antibacterial activity of the tested substance, is calculated. The disc 
diffusion method was used to test the antibacterial activity of N-alkylated and N-acylated derivatives and results 
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are demonstrated in Table 1. The synthesised compounds perform minimal inhibitory concentration (MIC) was 
measured using microdilution method with slight modifications. When compared to the positive control, the 
lowest concentration with no microbial growth was reported as the minimum inhibitory concentration (MIC). 
As a negative control, DMSO (2%) was used. In a Mueller Hinton broth mixed with bacteriological agar, the 
isatin derivatives were diluted to a final concentration between 5 mg / ml and 0.004 mg / ml, and 50 L of 
bacterial culture was added to each well at a final concentration of 106 CFU / ml. Our product's ultimate 
concentration ranged from 5 mg ml-1 (3rd well) to 0.019 mg ml-1 (well 11). The plates were incubated for 24 
hours at 37°C. The conversion of the blue dye resazurin to pink resorufin after 2 hours of incubation 
demonstrated bacterial growth. 

A bactericidal control is performed 24 hours prior to the CMB by streaking on platelet agar, followed by 
microdilution to the broth by spreading 5 l of the negative wells on Luria Bertani agar plates (Luria Bertani 
medium: Yeast extract 5.0 g, peptone 10.0 g, sodium chloride 5.0 g, distilled water 1000 ml). The MBC will be 
the lowest concentration with a germ development rate of less than or equal to 0.01 percent of survivors after 
transplantation. 

Table 1. Antimicrobial screening results of the time-tested compounds. 

 

Diameter in ‘mm’ calculated by Vernier Caliper ‘-’ means no zone of inhibition, NA Not applicable 

3.2.1 Antibacterial Study 
The literature found that, methicillin-resistant Staphylococcus aureus (MRSA) causes serious public and human 
health problems. MRSA is defined as difficult-to-treat strain of Staphylococcus aureus which resists to almost 
all antibiotics [11]. However, infections caused by MTSA have been a major threat to public health in hospitals 
and the community during the past decade. The Fig. 1 shows that , N-Acylated derivatives of isatin behaves 
and act to inhibit the growth of methicillin resistant Staphylococcus aureus and Bacillus subtilis gram positive 
bacteria[12]. Further results demonstrate that among the all except (3b,3c) shows highest anti-fungal activity. 

 
Fig.1 Antimicrobial zone of inhibition 

Where, (1 = 3a, 2 = 3b, 3 = 3c, 4 = 3d, 5 = 3e, 6 = 3g, 7 = 3f, 8 = 3g, 9 = Amphotericin-B standard, 10 = 
chloramphenicol Standard) 
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The isatine N-alkylated and N-Acylated derivatives showed moderate anti-bacterial activities against Gram-
positive B. subtilis and Gram-negative E. coli and P. vulgaris pathogens. The results indicated that the 
hybrids with halides, thiophene ring and amide functionality of isatin moiety were more potent than the 
corresponding unsubstituted analogs generally, and replacement of alkyl groups with phenyl or (substituted) 
benzyl groups couldn’t improve the anti-bacterial activity apparently[13]–[16]. 

3.2.2 Anti-Fungal Activity 
All synthesized isatin derivatives were evaluated for their antifungal behaviour among the most all N- alkylated 
and N-acylated performs better results Malassezia furfur as shown in table 1. In a series of focused studies on 
all N-alkylated and N-acylated, we have found some potent activity Aspergillus niger, Candida albicans, and 
Aspergillus flavus. Our results on N-alkylated and N-acylated derivatives encouraged us to extend our studies 
to isatin derivatives, which could be considered as a close analog of their isatin counterparts [17]–[19].For the 
isatin N-alkylated and N-acylated hybrids (3b, 3c) conjugates with pyrazole-aromatic rings showed no potent 
anti-fungal activity against the tested pathogenic bacteria and fungi. 

CONCLUSION 
The present study highlights the importance of novel N-alkylated and N-acylated derivatives of isatin due to 
structural features against the antibacterial and antifungal activity. The compounds having sulphur, nitrogen, 
halogens and five member diazoles exhibited promising antimicrobial activity. Since, on considering the 
structural activity relationships for this class of compounds and analysing the contribution of different groups 
at N- position of isatin to the antimicrobial efficiency. The recent trends in antibiotics have contributed 
enormously to treat bacterial and fungal infections, but bacterial resistance appeared gradually due to the long-
term, wide-ranging, inappropriate use and even abuse of antibiotics. Therefore, novel anti-bacterial agents and 
heterocyclic compounds with isatin functionality are desired urgently. Isatin derivatives possess a variety of 
pharmacological properties including anti-bacterial activity, and some of isatin-based compounds have already 
used for clinical deployment in the control and eradication of various diseases. Thus, isatin derivatives are 
reasonable choice for the development of new anti-bacterial agents. 

ACKNOWLEDGEMENT 
The authors would like to express their appreciation to the R.C. Patel College of Pharmacy, Shirpur for 
providing necessary facilities during the work and Department of Chemistry, S.S.V.P. S, L.K.Dr.P.R. Ghogrey, 
Science College, Dhule for Advanced Studies in Basic Sciences for granting access to the laboratory facility. 

REFERENCES 
1. J. F. M. Silva, S. J. Garden, and A. Pinto, “The Chemistry of Isatins: A Review from 1975 to 1999,” J. Braz. 

Chem. Soc., vol. 12, pp. 273–324, May 2001. 

2. M. Pal, N. K. Sharma, P. Priyanka, and K. K. Jha, “Synthetic and biological multiplicity of isatin,” 
ChemInform, vol. 42, no. 44, p. no-no, 2011. 

3. B. Bhrigu, D. Pathak, N. Siddiqui, M. S. Alam, and W. Ahsan, “Search for biological active isatins: a short 
review,” Int J Pharm Sci Drug Res, vol. 2, no. 4, pp. 229–235, 2010. 

4. R. P. Sonawane and R. R. Tripathi, “The chemistry and synthesis of 1H-indole-2, 3-dione (Isatin) and its 
derivatives,” Int. Lett. Chem. Phys. Astron., vol. 7, 2013. 

5. A. S. Grewal, “Isatin derivatives with several biological activities,” Int. J. Pharm. Res., vol. 6, no. 1, pp. 1–7, 
2014. 

6. V. Mashayekhi, K. H. M. E. Tehrani, S. Amidi, and F. Kobarfard, “Synthesis of novel indole hydrazone 
derivatives and evaluation of their antiplatelet aggregation activity,” Chem. Pharm. Bull., pp. c12-00597, 
2012. 

7. U. K. Singh, S. N. Pandeya, J. Sunil, P. Manoj, B. K. Srivastava, and S. Anamika, “Synthesis and 
antimicrobial activity of Schiff’s and Mannich bases of 1H-indole-2, 3-dione derivatives.,” Der Pharma 
Chem., vol. 2, no. 2, pp. 392–399, 2010. 

8. K. Kieć-Kononowicz and E. Szymańska, “Antimycobacterial activity of 5-arylidene derivatives of 
hydantoin,” Farm., vol. 57, no. 11, pp. 909–916, 2002. 

9. R. P. Bhole and K. P. Bhusari, “Synthesis and 3D-QSAR of p-hydroxybenzohydrazide derivatives with 
antimicrobial activity against multidrug-resistant Staphylococcus aureus,” J. Korean Chem. Soc., vol. 54, 
no. 1, pp. 77–87, 2010. 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

479 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

10. K. N. Myangar and J. P. Raval, “Design, synthesis, and in vitro antimicrobial activities of novel azetidinyl-
3-quinazolin-4-one hybrids,” Med. Chem. Res., vol. 21, no. 10, pp. 2762–2771, 2012. 

11. D. S. S. M. Uppu, S. Samaddar, C. Ghosh, K. Paramanandham, B. R. Shome, and J. Haldar, “Amide side 
chain amphiphilic polymers disrupt surface established bacterial bio-films and protect mice from chronic 
Acinetobacteannii infection.,” Biomaterials, vol. 74, pp. 131–143, Jan. 2016, doi: 10.1016/ 
j.biomaterials.2015.09.042. 

12. N. D. Thanh, N. T. K. Giang, T. H. Quyen, D. T. Huong, and V. N. Toan, “Synthesis and evaluation of in 
vivo antioxidant, in vitro antibacterial, MRSA and antifungal activity of novel substituted isatin N-(2, 3, 4, 
6-tetra-O-acetyl-β-d-glucopyranosyl) thiosemicarbazones,” Eur. J. Med. Chem., vol. 123, pp. 532–543, 
2016. 

13. Z. Xu, C. Gao, Q.-C. Ren, X.-F. Song, L.-S. Feng, and Z.-S. Lv, “Recent advances of pyrazole- containing 
derivatives as anti-tubercular agents,” Eur. J. Med. Chem., vol. 139, pp. 429–440, 2017. 

14. M. Özil, E. Menteşe, F. Yilmaz, F. İslamoğlu, and B. Kahveci, “Synthesis of novel triazol compounds 
containing isatin as potential antibacterial and antifungal agents by microwave and conventional methods,” 
J. Chem. Res., vol. 35, no. 5, pp. 268–271, 2011. 

15. A. A. Farag, “Synthesis and antimicrobial activity of 5-(morpholinosulfonyl) isatin derivatives incorporating 
a thiazole moiety,” Drug Res. (Stuttg)., vol. 65, no. 07, pp. 373–379, 2015. 

16. S. Tiwari, P. Pathak, and R. Sagar, “Efficient synthesis of new 2, 3-dihydrooxazole-spirooxindoles hybrids 
as antimicrobial agents,” Bioorg. Med. Chem. Lett., vol. 26, no. 10, pp. 2513–2516, 2016. 

17. M. C. Rodríguez-Argüelles, R. Cao, A. M. García-Deibe, C. Pelizzi, J. Sanmartín-Matalobos, and F. Zani, 
“Antibacterial and antifungal activity of metal (II) complexes of acylhydrazones of 3-isatin and 3-(N-
methyl) isatin,” Polyhedron, vol. 28, no. 11, pp. 2187–2195, 2009. 

18. K. H. M. E. Tehrani et al., “Synthesis and antimycobacterial activity of symmetric thiocarbohydrazone 
derivatives against mycobacterium bovis BCG,” Iran. J. Pharm. Res. IJPR, vol. 12, no. 2, p. 331, 2013. 

19. K. H. M. E. Tehrani, S. Sardari, V. Mashayekhi, M. E. Zadeh, P. Azerang, and F. Kobarfard, “One pot 
synthesis and biological activity evaluation of novel Schiff bases derived from 2-hydrazinyl-1, 3, 4-
thiadiazole,” Chem. Pharm. Bull., vol. 61, no. 2, pp. 160–166, 2013. 

  



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

480 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

Bio-Polymer: Carboxy-Methyl Tamarind Kernel Gum 
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1. INTRODUCTION 
The Greener approach to the utilization of Renewable Feedstocks is a step toward a sustainable future. 
Scientists and researchers are eyeing, the usage of natural polymers as raw materials as they possess distinctive 
characteristics viz. being environment-friendly, bio-degradable, bio-compatible, cost-effective, less toxic, easily 
accessible, and many more. The implication of the term “bio” in biopolymers is slated for the polymers that are 
engendered genetically from living components. Usually, made of monomers of nucleic acids or amino acids, or 
saccharides, these biopolymers have the capability of polymerization with various monomers (both synthetic 
and natural), to form tri-dimensional heteropolymers. Tamarind kernel Gum (TKG) is one of such bio-
polymers. To introduce desired properties into it for its efficient application in various fields, it is chemically 
modified into carboxy-methyl Tamarind Kernel Gum (CMTKG), through a simple derivatization method. 
CMTKG, owing to its multifunctionality and various other attributes, is being progressively exploited for 
different applications in different fields.  

The plant-derived Biopolymer TKG is a polysaccharide consisting of D-glucose, D-galactose, and D-xylose in 
the molar ratio of 3:2:1[1]. Derivatization of carboxymethylated form renders anionic nature to CMTKG and aids 
in the development of a network of hydration. The numerous enhanced attributes of CMTKG as compared to 
TKG include enhanced stability, boosted swelling power, high drug loading capacity, broad pH tolerance, 
mucoadhesion, hydrophilicity, and slow-release kinetics as depicted in Fig.1.  It also reveals enhanced life-shell, 
low degradation, and anti-bacterial properties. Due to these beneficial aspects, it is being applied in the field of 
oral drug delivery[2], medicine[3], tissue engineering[4], waste-water treatment[5], and agronomy[6].  

 
Fig.1. Various Aspects of CMTKG 

2. SYNTHESIS OF CMTKG 
Tamarind Kernel Gum, extracted from the seeds of Tamarindus Indica L, composed of Xyloglucans is the green 
feedstock applied in the synthesis of CMTKG.  

 
Fig.2. Mechanism of synthesis of CMTKG 
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Derivatization is accomplished by dissolution of TKG in aqueous alkaline methanol solution (0.15 mol of 
NaOH), followed by a reaction with monochloroacetic acid (MCA) (0.15 mol). The reaction is completed by 
keeping it in a hot water bath with a temperature maintained at 70℃ for about an hour. The solution obtained is 
filtered on a G-3 sintered glass crucible. The residue obtained is dissolved in water and neutralized with dilute 
HCl (1:1 v/v). CMTKG in the solution is precipitated out with ethanol and cleaned up of the impurities by 
washing it first with aqueous methanol (Methanol: water:: 80:20), and then with pure methanol. The product is 
dried, initially at room temperature followed by vacuum dehydration in an oven at 40℃ for about 4 hours[7]. 
Titrimetric method is usually employed to find the degree of carboxymethylation of TKG. The derivatization is 
a two-step process, in which sodium hydroxide converts the hydroxyl groups of TKG into alkoxide groups first, 
followed by Williamson’s etherification (SN2 reaction) to introduce carboxymethyl groups between TKG-
alkoxide and MCA.  

TKG-OH  +  NaOH  →  TKG-ONa  + H2O 

TKG-ONa  +  ClCH2COONa  →  TKG-OCH2COONa  + NaCl 

The optimization of derivatization is done by varying various parameters viz. duration of reaction, temperature, 
the concentration of MCA, methanol-water ratio. 

3. APPLICATIONS OF CMTKG 
Different Bio-matrices of CMTKG have been fabricated viz. hydrogels, nano-particles, pellets, films, 
composites etc. and have been applied in several fields: tissue engineering (medicine, drug-delivery), 
wastewater treatment[5] agronomy and thickener. 

3.1) Tissue Engineering 
The novel bio-matrices of CMTKG has been applied in Tissue Engineering.  
Sanyasi et al.[8] synthesized a hydrogel from CMTKG and hydroxyethyl methacrylate and applied in the field of 
bone tissue engineering. The films of CMTKG loaded with drug (ciprofloxacin) revealed high microbial 
properties against E.coli.  

Choudhary et al.[9] fabricated bio-compatible CMTKG scaffolds and applied them for skin tissue engineering. 

Shaw et al.[10] synthesized drug (ciprofloxacin) loaded CMTKG based films and applied them in skin tissue 
engineering. 

3.2) Waste-Water Treatment 
Sen et al.[11] synthesized novel flocculant for recycling of waste water by grafting polyacrylamide on CMTKG 
skeleton. 

S. Pal et al.[12] synthesized CMTKG based nanocomposite which revealed high dye-absorption as well as 
flocculation. 

C. Niu et al.[13] showed that CMTKG based bio-matrix can be effectively applied for the removal of Cu+2 ions 
from the water. 

3.3) Agronomy 
CMTKG has rarely been applied in agronomy. Khushbu et al. fabricated CMTKG hydrogel with sodium 
acrylate and applied it as a soil conditioner in the fields. Further, the same hydrogel was applied for the slow 
micronutrient (Boron) release.   

3.4) Thickener 
The property as a thickener in CMTKG is exhibited due to TKG skeleton[14]. 

N.R. Gupta et al.[15] grafted amino terminated poly(ethylene oxide-co-propylene oxide) onto CMTKG skeleton 
and applied them as thickeners in pharmaceuticals and cosmetics. 

Wang et al. synthesized mixtures of CMTKG and carboxymethyl Starch (CMS) of varied concentrations and 
observed the mixture having higher concentrations of CMTKG, exhibited better double-sided printing effects on 
georgette with higher penetration and better colors. 

4. CONCLUSION 
From this article, it can be inferred that the bio-polymer CMTKG has been explored a little and due to its 
positive characteristics of bio-degradability, non-toxicity, abundant availability, bio-compatibility, and being 
green; scientists should target it’s research for its efficient usage in different areas.  
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ABSTRACT 
Objective: The objective of this study was to develop hard candy lozenge formulation of guaifenesin, a 
mucolytic expectorant, with sugar substitutes for effective management of productive cough to overcome 
disadvantages of guaifenesin such as poor flow properties, gastric irritation and bitter taste. These sugar free 
lozenges do not stimulate insulin that helps in reducing the risk factor for diabetics and also do not promote 
tooth cavities for young children which is a problem associated with normal sugar lozenges. 

Method: Hard candy lozenges were formulated using heating and congealing technique by using a low-calorie 
sugar substitute, isomalt (Galen IQ 800) as base and hand rolled lozenges were formulated using a hand rolling 
technique with sucrose as sugar base. 

Results: The optimized hard candy formulation OF1 with low plasticizer (Glycerol) concentration of 0.01% 
and high hydrocolloid concentration (Methyl cellulose) of 2.5% was formulated and the optimized formulation 
was evaluated for weight variation, % friability, hardness, thickness, moisture content, drug content, oral 
retention time and % in vitro drug release. Stability studies were conducted as per the ICH guidelines and 
finally the optimized formulations were compared to a marketed tablet and conclusion was drawn for the better 
dissolution rate between the lozenge and commercial tablet, hard candies were found to have more hardness 
stability and oral retention time. 

Conclusion: Hard candy lozenges were better formulations that normal conventional tablet as they showed a 
release of 98% within 30 min. 

Keywords: Isomalt, Oral retention time, Heating and Congealing, Factorial design. 

1. INTRODUCTION 
Buccal drug delivery system is a most promising route of drug delivery due to its rich vasculature and several 
advantages when compared to oral administration such as surpassing first pass metabolism, avoidance of pre-
systemic elimination, effective drug localization in affected areas etc. [1] Lozenges are flavored medicated 
dosage forms intended to be sucked and held in the mouth or pharynx. They may contain vitamins, antibiotics, 
antiseptics, local anaesthetics, antihistamines, decongestants, corticosteroids, astringents, analgesics, aromatics, 
demulcents or combination of these ingredients [2]. Hard candy is a mixture of sugar and other carbohydrates 
that are kept in an amorphous or glassy condition. This form can be considered as solid syrup of sugars 
generally having from 0.5 to 1.5% moisture content. Out of all the types of lozenges hard candies are better 
known for their stability and oral retention time. Guaifenesin is a mucolytic expectorant that is commonly used 
in treatment of productive cough (cough associated with phlegm). It acts by increasing the output of phlegm 
(sputum) and by reducing the viscosity and adhesiveness of secretions, Guaifenesin increases the efficacy of the 
muco-ciliary mechanism in removing accumulated secretions from the upper and lower airway [3]. Guaifenesin 
suffers with various disadvantages such as bitter taste with poor flow properties causing lot of tableting 
problems and also results in poor flow properties causing lot of tableting problems and also results in poor 
patient compliance. Guaifenesin has some unwanted effects on gastric vagal receptors that cause many gastric 
disturbances. Commercially Guaifenesin is available as conventional tablets and sustained release formulations. 
it would be better to formulate guaifenesin into a hard candy lozenge to overcome all the disadvantages of the 
drug and have better patient compliance as the taste masking of the drug can be achieved. 

2. MATERIALS AND METHODS 

2.1. Materials Used 
Guaifenesin gift sample from Granules India Pvt. Ltd, Hyderabad, Methyl cellulose (OHO chemicals Pvt. Ltd), 
Isomalt (Galen IQ 800) (Triveni chemicals Pvt. Ltd) Glycerol (Qualigens fine chemicals Pvt. Ltd), Peppermint 
oil (Central Drug House Pvt. Ltd), Citric acid (Thermo Electron Pvt. Ltd), Amaranth (Thermo Electron Pvt. 
Ltd). These are the materials used for the  preparation of Guaifenesin hard candy lozenges. 

2.2. Method of Preparation of Hard Candy Lozenges 

The Heating and Congealing technique [4] : The syrupy sugar base was prepared in a beaker by dissolving 
isomalt in a little amount of water and was kept for heating on the hot plate till the temperature reached 150°C, 
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temperatures was checked throughout the process with the help of a candy thermometer. When the syrup 
became thick, beaker was removed from the hot plate and was let to cool till it reaches 80°C. After cooling 
slowly, the medicament, citric acid, polymer, color plasticizer and hydrocolloid were added with continuous 
stirring. Finally, peppermint oil was added at the congealing phase and the mixture was poured into pre-
lubricated moulds. Moulds were kept aside for 10 min after cooling lozenges were removed from the mould and 
wrapped in an aluminium foil and stored in the desiccator. 

Table 1: Formulae for preparation of Guaifenesin lozenges: (Quantity for 10 lozenges) 
Ingredients (mg) F1 F2 F3 F4 F5 F6 F7 F8 F9 

Drug (mg) 2000 2000 2000 2000 2000 2000 2000 2000 2000 
Isomalt (mg) 17083 17079 16983 17091 17179 17183 16987 17191 16991 

Methyl cellulose (mg) 400 400 500 400 300 300 500 300 500 

Glycerol (ml) 2 6 2 10 6 2 6 10 10 

Citric acid (mg) 500 500 500 500 500 500 500 500 500 

Amaranth (ml) 10 10 10 10 10 10 10 10 10 

Peppermint oil (ml) 5 5 5 5 5 5 5 5 5 

Total (gm) 20 20 20 20 20 20 20 20 20 

2.4 Evaluation tests for Hard Candy lozenges [5] 

2.4.1. Average weight and weight variation test: 20 lozenges were selected and weighed collectively and 
individually on an electronic balance. From the collective weight, average weight was calculated. Each 
lozenge weight was then compared with average weight to assure   whether it was within permissible 
limits or not. Not more th 

2.4.2. An two of the individual weights deviated from the average weight by more than 5% for 2 g lozenge and 
none by more than double that percentage. 

Average weight = weight of 20 lozenges / 20 

% Weight variation=     Average weight of lozenges-weight of each lozenge x 100 

     Average weight of lozenges 

2.4.3. Friability Test 
The friability of the 20 lozenges from each batch was tested by a friabiliator. At a speed of 25 rpm for 4 min. 
The lozenges were then de-dusted, re-weighed and percentage weight loss was calculated by the equation. 

% Friability= (initial Wt.-Wt. after friability) x 100/initial. Wt. 

2.4.4. Hardness Test 
To evaluate the diametrical crushing strength, 3 lozenges from each formulation were tested using monsanto 
hardness tester. The mean ± SD values were calculated. 

2.4.5. Lozenge Thickness 
The thickness of lozenges was measured by vernier calipers and it is a significant feature in reproducing 
appearance. The average thickness for lozenges was measured in mm and presented with standard deviation. 

2.4.6. Oral Retention Time [6] 

Oral retention time was determined for each batch of formulation using USP disintegration apparatus, where 
lozenges were placed in each tube of the apparatus and time taken for the lozenges to retain or time taken to 
dissolve completely was noted by using 100 ml of simulated salivary fluid at 37 °C. 

Preparation of Simulated Salivary Fluid 
Sodium chloride (0.9 g) was dissolved in 95 ml distilled water and the volume was made up to 100 ml with 
human saliva. This preparation makes provision for isotonicity of actual human saliva, as well as necessary 
presence of resident salivary enzymes which may impact on lozenge activity in normal clinical use condition. 
The mixture was sterilized by autoclaving at 121 °C at 15 lb. pressure for 30 min. 

2.4.7. Drug Content 
Lozenges were powdered and equivalent powder was dissolved in 100 ml of pH 6.8 Phosphate buffer. From this 
solution 1 ml taken filtered using filter paper. The absorbance was measured at 273 nm. The drug content of 
Guaifenesin lozenges was calculated using calibration curve. 
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2.4.8. Moisture Content Analysis 

Loss on Drying Method 
The sample was weighed and crushed in a mortar. From this, one gram of the sample was weighed and placed 
in desiccators for 24 h. After 24 h the sample is weighed. The moisture content is determined by the subtracting 
the final weight from initial weight of lozenges. 

2.4.9. In Vitro Dissolution Studies 
The rate of the drug absorption was determined by the rate of drug dissolution from the lozenges. Thus, the rate 
of dissolution and bioavailability may be directly related to the efficacy of the lozenge. The USP type II 
dissolution apparatus was used and the dissolution medium was pH 6.8  phosphate buffer, 900 ml was placed in 
the beaker containing the lozenges and stirred at 50 rpm. 5 ml aliquot samples were withdrawn at 5 min. interval 
and replaced immediately with an equal volume of fresh buffer. Each aliquot was diluted and they were 
analyzed at 273 nm, by UV Visible spectrophotometer. 

2.4.10. Stability Study [7]: 
Accelerated stability study was carried out as per ICH guidelines Q1A (R2). The optimized formulation was 
wrapped in aluminium paper and was sealed. It was stored at accelerated (40°C±2°C/ 75% RH±5% RH) 
condition for a period three months. After every month lozenges were evaluated for drug content, weight 
variation, colour, hardness and moisture content. 

2.4.11. Comparison of Lozenges With Marketed Conventional Tablets 
Optimized formulation was compared with normal marketed tablets of Guaifenesin (Cervclear tablets 
manufactured by Forts India Laboratory). 

Specifications of Commercial Guaifenesin 

Tablet Name: Guaifenesin tablet I.P 

Strength: 200 mg 

Brand name: Cervclear 

Company: Forts India laboratory 

Weight: 200 mg 

 
Figure 1: Comparative dissolution graph of hard candy lozenges vs Cervclear tablets 
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Time (Sec) 

3.0. Evaluation Test Results 

3.1. FT-IR Results For Impurities 

 
Figure 2: Guaifenesin FT-IR Result 

 
Figure 3: Isomalt FT-IR Result 

 
Figure 4: Physical mixture of hard candy lozenges 

3.2. Physical Evaluation Tests for Hard Candy Lozenges 

Table 2.0: Evaluation tests for hard candy lozenges formulations 

Formulation 
code 

Hardness 
Kg/cm2 

Thickness 
(mm) 

Weight 
variation% 

% 
Friability 

Oral 
retention 

(min) 

% Drug 
content 

Moisture 
content 

analysis % 

F1 11.84±0.05 3±0.01 2.21±0.002 0.69±0.01 15±0.05 96.7±0.05 0.053±0.01 
F2 8.93±0.05 3.1±0.05 2.03±0.005 0.23±0.028 20±0.002 99.3±0.05 0.27±0.06 
F3 12.05±0.02 2.9±0.05 2.18±0.1 0.5±0.05 27±0.02 98.3±0.02 0.05±0.08 
F4 7.35±0.08 3.1±0.02 2.09±0.03 0.73±0.01 21±0.1 97±0.4 0.86±0.05 
F5 9.53±0.05 3±0.002 2.06±0.02 0.4±0.02 12±0.05 97.8±0.02 0.28±0.01 
F6 11.98±0.02 3.07±0.03 2.15±0.05 0.1±0.08 10±0.05 98.5±0.25 0.055±0.02 
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F7 9.37±0.05 3.12±0.02 2.23±0.08 0.48±0.01 26±0.05 97.2±0.17 0.23±0.05 
F8 7.48±0.02 3.05±0.002 2.08±0.002 0.28±0.01 11±0.02 98.5±0.02 0.88±0.06 
F9 7.46±0.005 3.13±0.05 2±0.02 0.29±0.01 25±0.02 98.3±0.02 0.84±0.02 

All values are expressed as mean±SD, n=3 

Table 3.0: In vitro dissolution studies of Hard candy formulations F1 to F9. 
Time (min) % Drug released 

F1 F2 F3 F4 F5 F6 F7 F8 F9 
5 43.70 49.10 45.11 46.91 54.78 75.375 43.08 91.68 50.06 
10 51.75 53.71 52.53 54.9 84.37 82.125 48.20 94.5 54.90 
15 65.25 81.56 64.68 71.43 93.93 98.4375 53.43 98.66 75.37 
20 93.9 92.81 86.62 93.93 97.8 - 69.18 - 84.37 
25 96.7 99.33 91.68 98.78 - - 76.5 - 91.12 
30 - - 95.62 - - - 92.25 - 93.93 
35 - - 98.43 - - - 97.31 - 99.33 

 
Time (Sec) 

Figure 5: % Combined dissolution profiles of hard candy lozenge formulations from F1 to F9 

Table 4.0: Evaluation tests of optimized formulation OF1. 
Formula 

code 
Hardness 
Kg/cm2 

Thickness 
(mm) 

Weight 
variation 

% 

% 
Friability 

Oral 
retention 

(min) 

Drug 
Content 

% 

Moisture 
content 

analysis % 

OF1 
12±0.02 

kg/cm2 

3.07±0.005 
mm 

0.95±0.002 
% 

0.35±0.055 
% 

25±0.008 
min 

98±0.05 
% 

0.045±0.138 
% 

All values are expressed as mean ±SD, n=3. 

Table 5.0: Stability test for optimized formulation of hard candy lozenges. 
Evaluation 
parameters 

Time period 

0 day 1st month 2nd month 3rd month 

Organoleptic 
examination 

No Change No Change No Change No Change 

Hardness 12±0.002 Kg/cm
2
 

12±0.005 

Kg/cm
2
 

11.98±0.0028 

Kg /cm
2
 11.95±0.001 Kg/cm

2
 

Weight variation 0.95±0.002% 0.95±0.002% 0.94±0.0028% 0.94±0.005% 
% Friability 0.35±0.055% 0.35±0.05% 0.34±0.002% 0.33±0.106% 

Oral retention 
time 

25±0.008 m 25±0.005 m 24±0.0028 m 24±0.005 m 

Drug content 98±0.006% 98±0.0028% 97.5±0.008% 97±0.007% 
Moisture content 0.045±0.138% 0.045±0.002% 0.046±0.001% 0.05±0.213% 

(mean±SD, n=3) 
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3.3. Kinetic Plots 

  
Figure 6: Zero order Plot                          Figure 7:  First Order Plot 

        
Figure 8: Higuchi Curve                       Figure 9: Hixon Crowell Plot 

Kinetic Model Transport for Hard Candy and Hand Rolled Lozenges 
Different release characterization models were applied to data obtained from in vitro studies. The kinetic 
plots for optimized formulation OF1 were represented in Figure 6 to Figure 9. The hard candy lozenges 
followed zero order kinetics because the correlation coefficient for                plot was higher when compared to first 
order and it followed diffusion model kinetics because Higuchi plot got higher correlation coefficient and 
linearity when compared to other plots it was 0.955. 

4.  DISCUSSION 

4.1 FT-IR Studies: Infrared spectra for pure drug, Isomalt, and physical mixture were determined to find the 
compatibility of the drug in the mixture using FTIR-Spectrophotometer by KBr pellet method. The FTIR 
were performed and the spectra obtained are represented from Fig 2 to Fig 4, and no incompatibilities were 
found. 

4.2  Evaluation Tests for Hard Candy Lozenges[8]: 
The prepared hard candy formulations were tested with various evaluation procedures such as organoleptic 
examination, hardness, weight variation, friability, thickness, moisture content, oral retention time, drug 
content, % in vitro drug release the results obtained were summarized in Table 3 to Table 4. All the 
formulations were meeting the requirements as per official standards. It was observed that all the lozenges 
with lower glycerol content had more hardness values which was a suitable result and the lozenges with 
higher methyl cellulose concentration showed more oral retention time that helps the lozenge to improve 
localized effect of drug and its bioavailability. The evaluation tests for optimized formulation OF1 were 

summarized in Table 4 it showed a maximum hardness of 12 kg/cm
2 a better oral retention time of 25 min and a 

very minimum moisture content of 0.04% that was fulfilling stability criteria. 

Stability Studies of lozenges: For a period of three months the formulations were tested for all the 
evaluation parameters. The results for stability studies on hard candy lozenges were given in Table 6. There was 
not much significant difference in the lozenges parameters that were evaluated. 
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Comparison with Marketed Formulation 
The optimized formulations OF1 was compared with the normal conventional commercial Guaifenesin tablets 
for in vitro dissolution the dissolution profile was represented in the Figure 1. The maximum drug release of 
marketed tablet was about 91.6% in 2 h this may be due to the higher amount of lubricants used during tableting 
process to overcome poor flow properties of Guaifenesin. Whereas lozenges showed a better release of 98% in a 
maximum of 30 min this is beneficial because we can localize the drug before its elimination. 

5.  CONCLUSION 
Taste masking, stability enhancement and oral retention of drug are the current area of research. Increased drug 
retention increases the oral bioavailability and effective localization of drug was achieved in affected throat 
tissues. Gastro intestinal side effects of the drug can also be reduced. It was observed that the hard candies 
showed a better oral retention time, hardness and stability and drug release than and marketed tablet. Thus, by 
this work, we could conclude that lozenges can be used as efficient means of formulation to enhance 
palatability, oral retention and localization and avoiding tableting problems with drugs. 
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ABSTRACT 
Different people have used management and leadership in different ways. While some people use them 
interchangeably, others see them as two distinct words. The majority, on the other hand, recognizes certain 
similarities and distinctions them. The goal of this investigation is to see if management and leadership are 
effective.are distinct? The conclusions of this investigation revealed that management and leadership are 
important.are two completely different functions. Although management and leadership have certain 
similarities,many similar responsibilities that include interacting with people and persuading others to do 
something.achieve objectives Organizational management abilities are used to plan, construct, and direct the 
organization.mechanisms to achieve missions and goals, and leadership abilities to keep people focused 
Establishing direction, aligning individuals, and persuading and inspiring people on a prospective shift 
inspirational. 

Keywords: Manaement, Leadership, Skills, Differences   

AN OVERVIEW 
Some managers do not exert leadership, and some people lead without holding any management 
responsibilities, hence it is a common misconception that all managers are leaders. As a result, there is ongoing 
debate concerning the distinction between leaders and managers. Although management and leadership overlap, 
some scholars contend that they are not the same thing (Bass, 2010). In addition, the degree of overlap is a topic 
of contention (Yukl, 1989). In fact, some people regard them as polar opposites, believing that a strong leader 
cannot be a successful manager and vice versa (Ricketts, 2009). 

Leadership and management include a distinct set of tasks or responsibilities. 

While leaders and managers have certain parallels in that they both use specialised powers to influence others in 
order to achieve specific goals, they also have some significant variances (Northouse, 2007). While managers 
keep the workplace running smoothly, leaders put the current position to the test and stimulate new functions, 
therefore they are looking for long-term objectives (Yukl, 1989). For optimal performance in today's fast-paced 
workplace, organisations require both efficient management and effective leadership (Kotterman, 2006).The 
fundamental definitions of leadership and management, as well as the specific sorts of skills required of 
managers and leaders, will be discussed in this review article, as well as the parallels and contrasts between 
management and leadership 

Paper Issues 
What is the difference between management and leadership? 

The Purpose of the Paper 
To investigate if leadership and management are the same or different 

ANALYSIS METHODOLOGY 
The following electronic databases were used to conduct a thorough literature search: EBSCO, EMBASE, and 
Google Scholar. The goal of the search was to find all previous papers that highlighted the distinctions between 
management and leadership. There was no time constraint, but the study was limited to English-language papers 
exclusively. The title should include the terms "management" and "leadership." The research used the keywords 
and phrases (leadership) and (management), or (differences), or (similarities). This review looked at original 
and peer-reviewed literature. 

The search turned about 231,000 articles about management and leadership. After removing the duplicates, 
there were 25,700 items left. replicated throughout the three databases and on Google Scholar 
The eligibility and relevancy of the identified articles' titles and abstracts are examined. Only 200 articles were 
chosen from the 25,700 that met the search criterion by including both "management" and "leadership" phrases. 
Inside the title finally, 37 articles were considered for our review due to their high quality. Original, peer-
reviewed content 
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Embase, Google Scholars, Ebsco 2,31,000 Articles 
 Excluded the Duplicated Articles- 25,700 Articles 

 Excluded Articles which do not meet the Inclusion criteria – 200 Articles 

 Non- Original / Peer reviewed Articles were excluded – 37 Articles 

FINDINGS/RESULTS 
The bulk of authors in a review of literature attempted to uncover distinctions by comparing management and 
leadership in terms of definition.and abilities The terms management and leadership shall be defined in this 
paper. First, the manager and leader's skills were discussed, followed by the manager's and leader's needs, and 
finally the manager's 

MANAGEMENT 
Leadership is a multifaceted, complex phenomenon (DePree, 1989). It's been a while.a process; a responsibility; 
an experience; a behaviour; a style; a skill; a procedure; a responsibility; an experience; a management role; a 
position of authority; a connection of influence;a quality; and an aptitude (Northouse, 2007). Leadership was 
characterised by John Maxwell aspersuasion (Maxwell, 1998). "Leadership is the ability for change," according 
to Kotter (1990).to revitalise collective activity" Effective leadership, according to Robert Greenleaf, is 
characterised by people.who follow others while serving them (Bennis and Nanus, 1997). Furthermore, PeterA 
leader, according to Drucker, is someone who has followers (Drucker, 1999). However,Some theorists consider 
leadership to be a type of social influence mechanism.(1997, House and Aditya). Although there are many 
different definitions of leadership,majority. 

The focus of leaders is on motivation and inspiration (Kotter, 1990). Leaders want to inspire others to follow 
their vision, set long-term goals, and take risks in order to achieve them.similar objectives, and challenge the 
status quo (Bennis and Nanus, 1997). ThePeople follow the leader because he keeps an eye on his followers' 
benefits.voluntarily, and the leader uses a transformative method to direct the follower (Bass,1990). Integrity, 
vision, and tenacity are essential attributes for leaders.selflessness, creativity, risk-taking, toughnessability to 
communicate and visibility (Capowski, 1994). Furthermore, leaders must havecharisma; a sense of purpose; the 
ability to influence others in a favourable way; and problem-solving abilities (House, 1977). 

Furthermore, research shows that common behaviours and characteristics such as confidence, service mentality, 
good coaching skills, reliability, expertise, responsibility, good listening skills, and being a good leader are all 
important.visionary; realistic; clear sense of priorities; honesty; readiness to contribute; high self-esteem; 
technical or contextual expertise; and recognition (Bennis and Nanus, 1997). 

LEADERSHIP 
Katz (1955) defined management as "executive, administrative, and supervisory positions that exercise direction 
over a group or organization." Management tasks, according to Katz, are usually task-oriented and include 
training personnel, mentoring high-potential individuals, and resolving disagreements while maintaining ethics 
and discipline (Katz, 1955). According to Kappa, the goal of effective management is to provide community 
services in an efficient and long-term manner (Kappa, 1991). Furthermore, Kotter described management as a 
position that is responsible for the planning, organising, budgeting, coordinating, and monitoring of operations 
for a group or organisation (Kotter, 2001). Northouse described management as a process through which certain 
goals are met by making efficient use of resources (Northouse, 2007). As a result, management in 
general.distinctions between management and leadership 

Management Vs Leadership 
Leadership and management are similar but not identical (Kotterman, 2006). Influence, collaboration, and 
achieving common goals are all aspects of leadership and management (The Guardian, 2013). Leadership and 
management, on the other hand, are thought to be completely separate fields (Kotterman, 2006). According to 
Katz, leadership is a two-way influence connection, whereas management is a one-way authority relationship 
(Katz, 1955). 

Abraham Zaleznik published the first scholarly and seminal study on the distinction between leaders and 
managers in 1977. (Zaleznik, 1977). Zaleznik stated that the organisation requires both competent managers and 
effective leaders to achieve its objectives, but that managers and leaders contribute differently (Zaleznik, 1977). 
Managers encourage stability, wield authority, and seek to get things done, whereas leaders promote change, 
innovative ways, and work to understand people's beliefs in order to acquire their commitment. As a result, 
different types of people are required for management and leadership (Zaleznik, 1977). 
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Watson noted in 1983 that managers are concerned with structure and procedure, but leaders are concerned with 
communication, inspiration, and shared goals. In addition, Watson stated that leaders are more effective than 
managers when using the 7S strategy, which includes strategy, structure, systems, shared values, skills, and 
style. Bryman went on to say in 1985 that leadership is about strategic motivation. In one line, Bennis and 
Nannus (1985) summarise the distinctions between leaders and managers: "Leaders do the right things; 
managers do the right things." (p. 33). Furthermore, Bennis declared in 1989 that "we will need a new 
generation of leaders to survive in the twenty-first century." 

- Not managers, but leaders The distinction is significant. Managers yield to the context, which is the dynamic, 
chaotic, unclear environment that often seems to conspire against us and will surely smother us if we let it." 

Comparison between Manger and Leader 

 

 

AUTHORS PERSPECTIVE 
From my perspective, I believe that some people are capable of performing both leadership and management 
functions. Leaders, in my experience, Managers were in charge of implementing the new modifications. New, 
though, Because implementing changes is difficult, managers may be hesitant to do so. changes. Furthermore, I 
completely agree with those who call for a balance between the two. Managerial and leadership responsibilities 
are critical to achieving the greatest results. Furthermore, I feel that leadership is becoming increasingly 
important in every company, particularly in the public sector. To cope with the rapid changes and diverse needs 
in the corporate world, this is required century. 
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CONCLUSIONS 
Managers and leaders are required in every organisation, and their jobs should be considered as complementary. 
An organization's maximum efficacy can only be achieved if it has strong leadership and management. Leaders 
are needed in today's changing workplace to deal with new issues and alter firms in order to gain a competitive 
advantage in the marketplace. Organizations also require managers to keep the workplace running smoothly and 
to make optimal use of resources. Finally, in order to flourish, a well-balanced organisation should contain a 
mix of leaders and managers (Kotterman, 2006). 
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Heavy Metals Accumulations (Mn, Zn and Cd) of Lantana camara for the 
Phytoremediation of Contaminated Soils 
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Department of Chemistry, Aaarupadai Veedu Institute of Technology, VMRF, Paiyanoor, Chennai-603104 

ABSTRACT 
Contamination with heavy metals is an acute threat to both the environment and health of human beings. 
Phytoremediation, or the use of plants to restore a polluted environment, is a new and promising green 
alternative to traditional physical and chemical approaches. Native plant species, such as weeds, grow rapidly 
on metal-contaminated soils and have the ability to captivate high metal concentrations with a unique tolerance, 
making them suitable candidates for phytoremediation of contaminated soils. 

The purpose of this study was to see if the weed species Lantana camara, which grows naturally in the field near 
Visakhapatnam, A.P., India, might accumulate heavy metals. Metal build up was shown to be heterogeneous, 
varying amongst plant tissues such as root and shoot. At diverse sites, such as control, commercial, and 
industrial, metal concentrations of Zn, Mn, and Cd changed with seasons. Zn concentrations ranged from 6.1 to 
133.2 µg/g in roots and 23 to 643.5 µg/g in shoots, Mn concentrations ranged from 10.2 to 61.27 µg/g in roots 
and 31 to 120 µg/g in shoots, while Cd concentrations ranged from non-detectable to 11.95 µg/g in roots and 
16.44 µg/g in shoots. The Bioconcentration factor (BCF) of root and shoot for the metals Zinc(Zn), 
Manganese(Mn), and Cadmium(Cd), as well as the Translocation factor (TF) of the test species for these metals 
being >1, indicate that hyperaccumulation is a possibility. The findings imply that the weed species' ability to 
store and transport metals, as well as its tolerance to metal-polluted conditions, indicating that it has potential 
for soil phytoremediation. 

Keywords: L.camara, phytoremediation, BCF, TF and heavy metals. 

1. INTRODUCTION 
Among the pollutants in the environment, heavy metals are a major source of worry. Almost every human 
activity has the possibility to accord to the production of the heavy metals as a by-product. These toxins spread 
through the soil as dust or leachates, contaminating ecosystems (Gaur and Adholeya, 2004). The sewage sludge 
containing heavy metals also migrate into areas which are not contaminated as leachates or dust. 

There are different procedures for the elimination of harmful metals from the degraded environment, be that as 
it may, the green technology phytoremediation has developed as an eco-accommodating, proficient, and 
exquisitely satisfactory method (Wei et al., 2002). However ongoing examinations have shown recognizable 
proof of eatable and verdant vegetables for phytoremediation uses isn't reasonable as they apply direct harmful 
impacts to people and other living organisms on entering into the food chain (Kumar Narendra, et al., 2013).  
Weed species are a fair choice for metal uptakes as these intense receptive species can fill in most vicious 
circumstances over vast areas and give a huge quantity of biomass. It is essential to use nearby or local plants as 
they are consistently better in perseverance, development and reproduction. The current study targets to 
recognize metal accumulator weeds and a hyperaccumulator developing normally on polluted soils to evaluate 
its prospective in phytoremediation. 

2. MATERIALS AND METHODS 
2.1 Description of the Site 
The sampling locations were chosen based on the influential areas, core areas and activities, i.e. an industrial 
site (Hindustan Zinc Ltd), a commercial site (in the city centre with a lot of commercial activity), and a control 
site (University) during all four seasons, i.e. winter, summer, northeast monsoon, and southwest monsoon. 
Lantana camara, a weed species, was randomly gathered in replicates of five from the various sites of sampling 
in the city of destination Visakhapatnam. 

The plants were harvested by uprooting in reproduces of five after which they were taken to the laboratory and 
washed thoroughly with fresh water followed by deionised water to wipe out the unnecessary matter. The plant 
material was detached into two portions the shoot and root, then dried at 65ºC for 72 hours in an oven (Xian and 
Shokohifard, 1989). The dried materials were ground and kept in a dessicator for chemical analysis. 
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2.2 Analysis of Physiochemical parameters in soils and determination of heavy metals in soils and the plants 

species 

Standard methodologies were used to examine the physical parameters of soils, as well as the chemical 
parameters of soil and plant material (APHA, 1989, Sims and Heckendorn, 1991, Stewart, 1974, ICAR, 1997, 
Ovington, 1963). The biomass and studies on growth of the species have been conducted. All of the chemical 
reagents used were of high quality, and the double deionised water was used throughout the experiment. Atomic 
Absorption Spectrophotometer (AAS ZEEnit 700 # 150Z 70222) was used to measure heavy metals in soils and 
the weed species. 

For metal analysis, 0.5 g of the air and oven dried soil and plant samples were obtained, mixed in a long necked 
flask (Kjeldahl flask) with a mixture of 5 ml of 60 percent HClO4, 10 ml of Con.HNO3, and 0.5 ml of H2SO4 
progressively over moderate heat increasing subsequently using the Mixed Acid Digestion method (Stewart, 
1974). After the white fumes appeared, the process was continued for 10-15 minutes, cooled and double 
deionised water was added, and separated using the filter paper (Whatman No.44) and diluted to 50 ml with 
DDW. Also a blank was prepared in the same manner. The metals were measured using the AAS instrument. 

2.3BCF and TF 
The bioconcentration factor (BCF) shows the viability of the plant to gather the toxin in its tissues. It is 
determined as the proportion of the toxin in the reaped plant to that of the soil (Wu, et al., 2018; Zhuang, 2007). 

EC =     Metal concentration in roots/shoots 

Metal concentration in the soil 

The translocation factor (TF) addresses the plant's capacity to move the contamination from the roots to the 
aboveground parts and is determined as shoot to root ratio (Zhuang, 2007; Zacchini, 2009; Gupta, 2008). 

TF =     Metal concentration in plant shoots 

Metal concentration in plant root 

3. RESULTS AND DISCUSSIONS 
3.1. Characteristics of Physiochemical parameters and metal accumulations in the soils 
The pH values were in the range of 5.778 to 6.976 at the industrial site. The lower pH values during winter at 
this site were because of the industry activities and the highest were shown during north east rainy season 
(Table 1). The results of the industrial site for conductivity fluctuated from 0.193 to 0.336 ms/cm shows enough 
dissolved solids and ionic matter, the least seen during the north east rains and the most elevated during winter 
(Table1). The range of organic matter varied from 2.76 to 11.06, the most minimal revealed during summer and 
most noteworthy during the southwest rains. The high quantities during southwest rainy season are because of 
high litter, defoliation, its quicker decomposition, animal faeces, other biological debris from the foliage 
(Table.1). The values of nitrate-nitrogen fluctuated from 0.032 to 0.194 mg/100g at the industrial site, the most 
reduced recorded was during summer and the most noteworthy during the north east rainy season (Table 1). The 
values of nitrates are low because of the transformation of nitrates into nitrites by the soil microbes. The values 
of phosphorus at the commercial site were maximum and fluctuated in the range of 0.056 and 0.202 mg/100g. 
The nitrates and phosphorus are deficient in soil samples since the plant species utilize enormous quantities for 
the development and sustenance and particularly the nitrate deficiency is because of the transformation of 
nitrate nitrogen to nitrites by microbes of the soil. The potassium levels were viewed as the least at the control 
site and the maximum and same as the commercial and industrial sites (Table1). The levels of potassium at the 
industrial site were in the range of 16.96 and 50.21 mg/100g, The significant levels during north east rains at the 
commercial site is because of the infiltration from the groundwater close to septic tanks during downpour and 
high excreta from various other points. 

The statistical investigation has shown that the soils pH related to the weed species has not shown any huge 
distinction with the seasons (p=0.249) yet a huge contrast with locations (p=0.000) by two-way ANOVA. The 
contrast within the sampling locations is because of the pH in acidic range at the contaminated or industrial site 
contrasted with different sampling locations. The soil conductivity in comparison to the test species has shown 
no huge seasonal distinction (p>0.05) yet noticeable contrast with destinations (p=0.007). The distinction with 
locations is due to the huge quantities at the contaminated (industrial) site when contrasted with different 
locales. The nitrate-nitrogen content of the soils related to the weeds have  shown a noteworthy contrast with 
seasonal variation (p=0.026) yet a huge distinction with locales is not observed (p=0.935). The potassium and 
phosphorus contents of the soils haven’t show any noteworthy difference with the seasonal variation and 
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locations (p>0.05). This is on the grounds that the quantities didn't show a significant change and in some cases 
the same (Table1). 

The values of the total Mn content at the industrial point were the most noteworthy and fluctuated from 364.2 to 
541.9µg/g, the least recorded during the north east season and the most elevated during winter (Table1). The 
maximum levels during winter are because of the low dilution and negligible uptakes of the metal by the plant. 
The values of the available Mn content differed from 74 and 89µg/g again the most noteworthy at the industrial 
point. The industrial point has shown the maximum content of the total Cd and fluctuated from 14.42 to 
30.66µg/g and the available Cd was maximum at the industrial point and fluctuated in the range of 4.5 and 
15.66µg/g. 

The results of the Zn total content in the soils at the industrial location differed in the range of 653 and 4011 
µg/g, winter season showing the least and the most noteworthy during the north east rains (Table 1). The low 
levels during winter are because of the significant accumulations by the plants. A similar pattern of higher 
quantities of the available Zn were observed at the industrial point and differed from 7 to 74.03µg/g. 

Table -1.  Physiochemical characteristics in soils at various sampling sites with seasonal variations 

Sampling 
Sites& 

Seasons 
pH 

Conductivit
y (mS/cm) 

Organic 
matter 

(%) 

Nitrate 
nitrogen 

( mg/l00gm) 

Phosphorus 
( mg/l00gm) 

Potassium 
( mg/l00gm) 

Site –I 8.402 ±  
0.030 

0.167 ± 
0.006 

1.7 ± 
0.13 0.102 ± 0.065 0.083 ± 

0.005 24.8 ± 0.556 
Season 1 

Season 2 
8.374 ± 
0.098 

0.185 ± 
0.005 

0.65 ± 
0.1 0.074 ± 0.005 

0.064 ± 
0.004 

 
4.0 ± 1.702 

Season 3 
8.628 ± 
0.039 

0.213 ± 
0.009 

1.46 ± 
0.09 0.022 ± 0.002 0.134 ± 

0.005 
16.96 ± 
0.722 

Season 4 
8.53 ± 
0.057 

0.174 ± 
0.004 

1.58 ± 
0.11 0.123 ± 0.002 0.042 ± 

0.002 
12.72 ± 
0.612 

Site II 8.31 ± 
0.04 

0.184 ± 
0.004 

1.46 ± 
0.13 0.054 ± 0.004 0.202 ± 

0.271 38.2 ± 0.556 
Season 1 

Season 2 
7.826 ± 

0.05 
0.232 ± 
0.036 

1.8 ± 
0.14 0.104 ± 0.005 0.14 ± 0.052 16.96 ± 

0.722 

Season 3 
8.518 ± 
0.093 

0.239 ± 
0.032 

1.18 ± 
0.11 0.035 ± 0.005 0.154 ± 

0.005 
25.22 ± 
0.545 

Season 4 
8.634 ± 
0.075 

0.165 ± 
0.005 

1.85 ± 
0.10 0.138 ± 0.068 0.056 ± 

0.005 
50.21 ± 
0.551 

Site III 5.778 ± 
0.196 0.336 ± 0.4 10.67 ± 

0.12 0.084 ± 0.002 0.044 ± 
0.005 

50.21 ± 
0.551 Season 1 

Season 2 
6.612 ± 
4.679 

0.234 ± 
0.036 

2.76 ± 
0.14 0.032 ± 0.002 0.035 ± 

0.006 
16.96 ± 
0.722 

Season 3 
6.432 ± 
0.302 

0.248 ± 
0.044 

11.06 ± 
0.25 0.045 ± 0.002 0.094 ± 

0.002 
16.96 ± 
0.702 

Season 4 
6.976 ± 
0.397 

0.193 ± 
0.004 

7.94 ± 
0.15 0.194 ± 0.002 0.094 ± 

0.004 
16.96 ± 
0.722 

 

Results are means ± SE ( n=5) 

Andhra University         Site 1   
(Control Site),  Old Jail Road 
(Commercial Site      Site 2) ,  
Hindustan Zinc Ltd (Industrial Site) 
 Site 3 

 

 Winter  Season-I 

Summer   Season-II 

Southwest Monsoon  Season-III 

Northeast Monsoon Season-IV 
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Table 2. Heavy metal accumulations (µg/g) in soils 
Sampling 

Sites& 
Seasons 

Total metal content in soils Available metal content in soils 

Site –I Zn Mn Cd Zn Mn Cd 

Season 1 
136.4 

±0.002 
377.8 

±0.022 
25.10 

±0.001 
38.1 

±0.005 
42.79 

±0.011 
11.2 

±0.002 

Season 2 
114.9 

±0.001 
171.9 

±0.002 
5.085 

±0.004 
25 

±0.011 
66.0 

±0.02 
0.5 

±0.001 

Season 3 
62.33 

±0.031 
305.8 

±0.013 
5.036 

±0.003 
1 

±0.012 
53.0 

±0.011 
0.4 

±0.000 

Season 4 
396.9 

±0.002 
216.8 

±0.015 
5 .70 
±0.02 

55 
±0.004 

52.0 
±0.018 

0.6 
±0.003 

Sites II 50.97 
±0.019 

187 
±0.05 

4.852 
±0.005 

16.20 
±0.043 

44.68 
±0.04 

11.2 
±0.003 Season 1 

Season 2 
66.52 
±0.02 

167.6 
±0.005 

5.068 
±0.019 

7.0 
±0.016 

67 
±0.082 

0.3 
±0.000 

Season 3 
65.99 

±0.005 
224 

±0.026 
4.959 

±0.022 
1.5 

±0.044 
72 

±0.033 
0.05 

±0.003 

Season 4 
52.87 
±0.01 

217.5 
±0.001 

5.809 
±0.06 

1 
±0.001 

46 
±0.022 

0.7 
±0.004 

Site III 653.7 
±0.003 

541.9 
±0.01 

23.5 
±0.032 

74.03 
±0.013 

81.41 
±0.36 

15.66 
±0.001 Season 1 

Season 2 
1966 

±0.011 
394.2 

±0.058 
30.66 

±0.055 
7 

±0.003 
89 

±0.048 
4.5 

±0.01 

Season 3 
3400 
±0.02 

444.3 
±0.09 

23.67 
±0.001 

8 
±0.011 

77 
±0.019 

7 
±0.023 

Season 4 
4011 

±0.049 
364.2 

±0.001 
14.42 

±0.035 
73.0 

±0.016 
74 

±0.12 
5 

±0.000 
Results are means ± SE (n=5) 

The total content of Zn in the soils related to the test species showed no huge distinction between the seasons 
(p=0.400) however a noteworthy difference with locations was noticed by two-way ANOVA due to the 
enormously high quantities at the industrial point. The available content of Zn in the soils related with the test 
species showed no noticeable difference with the seasons and locales (p>0.05) as a significant change was not 
observed in the values and sometime the same. The total content of Mn in the soils showed no huge contrast 
between the seasons (p=0.095) yet a noteworthy distinction with locations was noticed (p=0.002). This is due to 
a better accumulation at the industrial point and lower accumulations at the commercial point. The available Mn 
content in the soils showed no huge contrast between the seasons (p=0.084) yet a noticeable difference with 
locations was noticed (p=0.005). The total content of Cd in the soils related with the weeds haven’t shown any 
huge seasonal variation (p=0.479) yet a huge distinction with locations was noticed (p=0.027). This is because 
of the tremendously high accumulations at the industrial point when contrasted with different locales. The 
available Cd in the soils related to the weed species has shown a profoundly huge seasonal variation and 
variation at the locales as well (p=0.000, 0.000). This is because of elevated levels during winter when 
contrasted with different seasons and at the industrial site when contrasted with different locales. This is a direct 
result of the high accumulations at the industrial site. 

3.2. Accumulation of Zinc, Manganese and Cadmium in the weed species Lantana camara at different sites 

and seasons 
The shoot accumulations of Zn changed from 23 to 643.5 µg/g and that of the root at the control site shifted 
from 17 to 133.2 µg/g at various locations fluctuating with seasons [Fig.1.a-l]. The most elevated values were 
seen at the industrial point independent of the seasons. The uptakes shoot of the 643.5 µg/g without showing 
any injury which is in concurrence with prior studies (Brown, 1995). The accumulations in the plants are found 
to be much higher than that of the soils which are in great concurrence with prior studies (Joonki Yoon, 2006). 
The shoot concentrations of the Mn metal at the control point changed from 31 to 120µg/g and that of root 
fluctuated from 13 to 61.27µg/g [Fig.1.a-l]. The species has shown a lower Mn accumulation and better uptake 
potential for Zn and is tolerant to the metal. The shoot accumulations of Cd fluctuated from non-detectable to 
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16.44µg/g and the root accumulations differed from non-detectable to 11.95µg/g [Fig.1.a-l]. The values of both 
Mn and Cd have shown maximum amounts at the industrial site regardless of the seasons. Cd doesn’t play any 
vital role in plant metabolism but is recognized to be a cumulative poison. The roots and shoots accumulations 
of Cd were negligible which could be due to its occurrence in the non-absorbable form.  A Cd uptake of 0.1-91 
g g−1 was accounted for in the various plants (Kabata-Pendias, 2011). The root uptakes of the metal is mainly 
represented by the absorbable form of the metals in the soil (Baker, 1981; Burman et al., 2000). 

 
Fig.1.a Fig.1.b 

 
Fig.1.c                                 Fig.1.d 

 
Fig.1.e                           Fig.1.f 
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Fig.1.g                                                                                          Fig.1.h 

 
Fig.1.i                          Fig.1.j 

 
Fig.1.k           Fig.1.l 

Fig.1.a-l. Zn, Mn, and Cd metal accumulations in the weed Lantana camara at three sites in three seasons 

3.3. Bioconcentration Factor (BCF) and Translocation Factor (TF) 

The BCF is a significant measure to evaluate the level of metal accumulation in the underground and above 
ground parts of the weed in relation to their accumulations in the growing substrate. In the current study, the 
BCF of the weed for all the test metals was found  to be >1 (Table 3). 

Table 3. The Bioconcentration factors (BCF) of shoots and roots of the heavy metals and the 
Translocation factors (TF) of the plant. 

Sampling 
Sites& 
Seasons 

BCF of shoots BCF of roots 
 

TF 

Site –I Zn Mn Cd Zn Mn Cd Zn Mn Cd 

Season 1 0.604 0.724 - 0.446 0.304 - 1.352 2.38 - 
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Season 2 1.762 0.960 5.552 1.183 0.67 4.74 1.489 1.43 1.171 
Season 3 34.16 1.276 8.16 22.2 0.886 7.83 1.587 1.44 1.042 
Season 4 0.749 1.035 6.182 0.495 0.774 5.282 1.511 1.33 1.17 
Sites II 2.037 0.716 - 1.296 0.448 - 1.57 1.6 - 
Season 1 

Season 2 7.467 1.165 24.867 4.358 0.729 31.377 1.713 1.598 0.79 
Season 3 39.067 0.542 4 1.067 0.142 0.8 9.606 3.823 5 
Season 4 51.9 1.514 5.701 30.23 1.059 4.589 1.71 1.42 1.242 
Site III 4.794 0.549 0.064 1.644 0.287 0.102 2.916 1.91 0.625 
Season 1 

Season 2 36.914 1.005 3.267 14.857 0.688 2.562 2.48 1.46 1.274 
Season 3 80.438 0.953 1.559 16.65 0.674 1.707 4.83 1.412 0.913 
Season 4 1.316 1.644 3.288 0.813 0.655 2.382 1.61 2.477 1.382 
Results are means ± SE (n=5) 

The BCF of shoots shifted from 0.604 to 80.438 and of roots fluctuated from 0.446 to 22.2 for Zn for various 
seasons at various locales (Table 3). The TF of the plant for the metal Zn fluctuated from 1.352 to 9.606 most 
elevated seen during rainy seasons (Table 3). The high BCF and TF values specify that the species is a Zn 
hyperaccumulator which is in concurrence with the earlier studies (Dixit et al., 2015). The BCF of shoot for Mn 
fluctuated from 0.542 and 1.644, varied from 0.142 to 1.059 and the TF shifted somewhere in the range of 1.33 
and 3.823 (Table 3). The species can be considered a hyperaccumulator of Mn from the values because the BCF 
and TF ratios were mostly >1 (Dixit et al., 2015). The BCF of shoots for the metal Cd fluctuated from 0.064 to 
24.867 and from 0.80 to 31.377 for roots. Whereas, the TF differed from 0.625 to 5 which demonstrates that L. 
camara has the hyperaccumulation potential for Cd and is in concurrence with the earlier studies (Dixit et al., 
2015). 

4. CONCLUSIONS 
The various activities taking place at the HZL have added to the maximum accumulations of Zn, Mn and Cd as 
well to a certain degree. The high cadmium levels in soils are because of the steel production, incineration 
processes and zinc manufacture are the cause of very high Cd emissions into the atmosphere. The Mn levels are 
high because of its utilization in the processes of hardening and strengthening of the steel. This manganese 
transported by particles of ash which dissolves in water and enters the ground by rain and snow. Due to the 
corrosion of the rocks Mn also enters into water and soils (http://www.hoosierenergy.com/tri/manganese.htm). 
The Zn and Mn accumulations of the soil and plant are in in concurrence with the earlier studies. The high metal 
concentrations in the plants when compared to the total metal concentrations in soils might be because of the 
plant’s bioconcentration as is observed in the majority of the hyperaccumulators revealed in the earlier studies. 

Metal accumulations in the test species' of the roots and shoots was consistently higher than the corresponding 
soil (Table 3). The BCF ratio the for root and shoots of the metals Zn, Mn & Cd was >1. The bioconcentration 
factor (BCF) indicates the plant's ability to efficiently to accumulate and store the metals in tissues. 
Hyperaccumulators (Brooks et al., 1977) are plants that are extremely tolerant and may accumulate large groups 
of heavy metals in their above ground tissues at amounts significantly beyond those seen in the soil. They have 
stronger resistance and accumulation capabilities which improve the phytoremediation viability (Dixit et al., 
2015) and they should have a BCF and TF ratios of greater than unity. The translocation factor represent the 
ability of the plant to translocate the metal contaminant from the roots to the above ground parts of the plant and 
is taken as the ratio of the metal contaminant accumulated in the above ground parts to the root (Zhuang, 2007; 
Zacchini, 2009). These characteristics aid in the identification of new hyperaccumulator species. A variety of 
plant species have exhibited different degrees of metal translocation from roots to shoots. Findings suggest that 
the weed species Lantana camara growing wild in the contaminated environment has adapted to the enormous 
amounts of the metals and can accumulate the metals Zn, Mn and Cd to a higher level in its body parts. Hence, 
the plant can be promising in the recovery of the soils contaminated by metals. 

The TF ratio of metals in various weeds varied from 0.119 to 3.86 (Cd in T. procumbens and Cd in T. 
procumbens) (Pb in S. oleracea). Both the accumulator and excluder plant species have a TF>1.0 and <1.0, 
according to the authors (Singh, 2010; Wei, 2002). The degree of transfer of the metal from roots to the above 
ground parts has been observed to vary with the plant species. The findings suggest that the weed species 
Lantana Camara, which thrives well in the contaminated/ polluted environment, has adapted to the very high 
metal accumulation which can take up and store the metals Zn, Mn, and Cd at a higher level in its body parts. 
This weed could be used to phytoremediate metal-contaminated soils. 

http://www.hoosierenergy.com/tri/manganese.htm


Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

501 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

REFERENCES 
1. American Public Health Association (APHA), 1989. Standard Methods for the examination of water and 

waste waters. 17th edn. Washington DC. Part 1000-4500. 

2. Gaur, A. and Adholeya, A., 2004.  Prospects of arbuscular mycorrhizal fungi in phytoremediation of heavy 
metal contaminated soils. Current Science, 86(4), pp. 528–534. 

3. Baker, A.J.M., 1981. Accumulators and excluders strategies in the response of plant to heavy metal, J. 

Plant Nutr., 3, pp. 643–654. doi: 10.1080/01904168109362867. 

4. Barman, S.C., Sahu, R.K., Bhargava, S.K., Chaterjee, C., 2000.  Distribution of heavy metals in Wheat, 
Mustard and weed grown in field irrigated with industrial effluents, Bull. Environ. Contam. Toxicol., 64, 
pp. 489–496. doi.org/10.1007/s001280000030. 

5. Brooks, R.R., Lee, J., Reeves, R.D., Jaffrre, T., 1977. Detection of nickeliferous rocks by analysis of 
herbarium specimens of indicator plants, J. Geochem. Explor., 7, pp. 49–57. doi.org/10.1016/0375-
6742(77)90074-7. 

6. Brown, S. L., Chaney, R. L., Angle, J. S. and Baker, A. J. M., 1995.  Zinc and cadmium uptake by 
hyperaccumulator Thlaspi caerulescens grown in nutrient solution,  American Journal of Soil Science, 59, 
pp. 125-133. doi.org/10.2136/sssaj1995.03615995005900010020x. 

7. Dixit, R., Wasiullah, Malaviya, D., Pandiyan, K., Singh, U.B., Sahu, A., Shukla, R., Singh, B.P., Rai, J.P., 
Sharma, P.K., et al. 2015. Bioremediation of heavy metals from soil and aquatic environment: An overview 
of principles and criteria of fundamental processes. Sustainability, 7, pp. 2189–2212. 
doi.org/10.3390/su7022189. 

8. Gupta, N., Khan, D.K., Santra, S.C. 2008. An assessment of heavy metal contamination in vegetable grown 
in waste water irrigated areas of Titagarh, West Bengal, India, Bull. Environ. Contamin. Toxicol., 80, pp. 
115–118. doi: 10.1007/s00128-007-9327-z. 

9. Indian Council of Agriculture Research (ICAR), 1997. In Hand Book of Agriculture, Directorate of 
Publications and Information on Agriculture, Krishi Anusandhan Bhavan, Pusa, New. 

10. Joonki Yoon, Xinde Cao, QIXING ZHOU, Lena Q. Ma., 2006. Accumulation of Pb, Cu, and Zn in native 
plants growing on a contaminated Florida site. Science of Total Environment, 166, pp. 456-464. doi: 
10.1016/j.scitotenv.2006.01.016. 

11. Kabata-Pendias, A., 2011. Trace Elements in Soils and Plants, 4th edn. Boca Raton, London, New York: 
CRC Press. 

12. Kumar Narendra, Kuldeep Bauddh, Sanjeev Kumar, Neetu Dwivedi, Singh, D.P., Barman Sujib., 
2013. Accumulation of metals in weed species grown on the soil contaminated with industrial waste and 
their phytoremediation potential. Ecological Engineering, 61, pp. 491–495. doi: 
10.1016/J.ecoleng.2013.10.004. 

13. Ovington, J.D., Dale Haitkamp, Donald B. Lawrence, 1963. Plant biomass and productivity of prairie 
savanna, oakwood and maize field ecosystem in Central Minnesota. Ecology, 44, pp. 52-63. 
doi.org/10.2307/1933180. 

14. Sims, J. T. and Heckendorn, S. E., 1991. Methods of Soil Analysis, University of Delaware, College of 
agricultural Sciences, New York. pp: 1-117. 

15. Singh, R., Singh, D.P., Kumar, N., Bhargava, S.K., Barman, S.C., 2010. Accumulation and translocation of 
heavy metals in soil and plants from fly ash contaminated area, J. Environ. Biol. 31, pp. 421–430. 

16. Stewart, E.A., Grimshaw, M., Parkinson, J.A. and Quarmby, C., 1974. Chemical analysis of ecological 
materials, Blackwell Scientific Publications, Osney Mead, Oxford, pp. 1-234. 

17. Susarla, S., Medina, V.F., Mc Cutcheon, S.C., (2002), Phytoremediation: an ecological solution to organic 
chemical contamination, Ecol. Eng., 18, pp. 647–658. doi: 10.1016/S0925-8574(02)00026-5. 

18. Wei, C.Y., Chen, T.B., Huang, Z.C., 2002. Cretan Bake (Pteris cretica L.): An arsenic accumulating plant, 
Acta Ecologica Sinica, 22, pp. 777–782. 

http://dx.doi.org/10.1080/01904168109362867
https://doi.org/10.1016/0375-6742(77)90074-7
https://doi.org/10.1016/0375-6742(77)90074-7
https://doi.org/10.2136/sssaj1995.03615995005900010020x
https://doi.org/10.3390/su7022189
https://doi.org/10.1007/s00128-007-9327-z
https://doi.org/10.1016/j.scitotenv.2006.01.016
http://dx.doi.org/10.1016/J.ecoleng.2013.10.004
https://doi.org/10.2307/1933180
https://doi.org/10.2307/1933180
http://dx.doi.org/10.1016/S0925-8574(02)00026-5


Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

502 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

19. Wu, M., Luo, Q., Liu, S., Zhao, Y., Long, Y., Pan, Y., 2018. Screening ornamental plants to identify 
potential Cd hyperaccumulators for bioremediation, Ecotoxicol. Environ. Saf., 162, pp. 35–41. doi: 
10.1016/j.ecoenv.2018.06.049. 

20. Xian, X., and Shokohifard, G., 1989. Effect of pH on chemical forms and plant availability of cadmium, 
zinc and lead in polluted soils. Water, Air and Soil Pollution, 45, pp. 265-273. doi:10.1007/BF00283457. 

21. Zacchini, M., Pietrini, F., Mugnozza, G.S., Iori, V., Pietrosanti, L., Massacci, A., 2009.  Metal tolerance, 
accumulation and translocation in poplar and willow clones treated with cadmium in hydroponics, Water 

Air Soil Pollut., 197, pp. 23–24. 

22. Zhuang, P., Yang, Q.W., Wang, H.B., Shu, W.S., 2007.  Phytoextraction of heavy metals by eight plant 
species in the field, Water Air Soil Pollut., 184, pp. 235–242. doi:10.1007/s11270-007-9412-2. 

23. http://www.hoosierenergy.com/tri/manganese.htm. 

 

 

  

http://www.hoosierenergy.com/tri/manganese.htm


Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

503 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

A Study on Recent Trends in Life Insurance Business 

Bhupesh V. Rane, Raj M. Mhatre and Khoj Agarwal 
Rohidas Patil Institute of Management Studies 

ABSTRACT 
Life insurance sector in India is growing at a fast pace. This Sun-Rise industry has given a solid platform for 
economic growth as well as employment. Post liberalisation many companies are in insurance business, thus the 
IRDA came with innovative and constructive guidelines for all the products and services. 

Customer preference, stiff competition and regulatory control are being a catalyst for innovative products and 
services. When the policy is procured from advisors, internal marketing and motivation is must to them. Claim 
management also requires a viable and vigorous system. 

Internet and online policy purchase have created a new trend and has become a new focus for all the insurance 
companies. Low Margins but high volume is the way towards policy sourcing. Rural, social and Micro 
insurance is a new avenue to be looked at. 

This paper discusses the present trends and future prospects of Life insurance business. The study is limited to 
life insurance sector. The conclusions of this paper will enable both academician and industry personnel to re-
examine their way of thoughts & execution in life insurance business. 

Keywords: Life Insurance, Life Insurance Business, Recent Trends. 

INTRODUCTION 
Aspects of Life Insurance Industry have been consistent and grown over the years with premiums. In today’s 
low interest rate environment, however customer finds traditional savings for the future policies unattractive. It 
is very difficult to convince the importance of life insurance to the young individuals & specifically allow time 
to the insurance agents. 

The proportionate size of the young adulthood population is growing. Life expectancy is up. The gig economy 
is expanding. All these factors are influencing the insurance needs of todays customer. In addition to insurers 
traditional “Payer role”, they are evolving to take on “partner & risk preventer role” by integrating wealth, 
health & lifestyle products with life insurance policy. 

New agile entrants in life insurance business are leaving their mark with innovative and unique solutions. 
Policyholders expect more convenient, digital, personalized and engaging experience. They want 24/7 services 
via the channel of choice. So today there is a paradigm shift to newer business & engagement models. They are 
managing the emerging industry landscape by looking at the latest technology advancements-AI, data science & 
blockchain to improve their business efficiency. 

The total insurance penetration in India in 2019 was 3.76% (life insurance 2.82% & non-life 0.94%) which is 
now 4.2% (life insurance is 3.15% & non-life insurance is 1.05%) in FY 2021. In terms of the size of insurance 
industry in India, the share of life insurance in total premium in India is 74.94% (2019-2020). In life insurance 
business, India is ranked 11th among the 88 countries, for which data is published by Swiss Re. India’s share in 
global life insurance market was 2.73% during 2019-2020. 

Recent Trends in Life Insurance Business 
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STATEMENT OF THE PROBLEM 
The study is done briefly to analyze the recent trends of the life insurance business. 

REVIEW OF LITERATURE 

Sinha and Tapen (2005), in their research article “The Indian Insurance Industry: Challenges and Prospects” 
have stated that India is among the most promising emerging insurance markets in the world. 

Subir Sen (2008), in his article “An Analysis of Life Insurance Demand Determinants for Selected Asian 
Economies and India”, has highlighted that in India the economic variables such as income, savings, prices of 
insurance product, inflation and interest rates & demographic variables like dependency ratio, life expectancy at 
birth, crude death rate and urbanization are few significant determinants which effect the insurance 
consumption. 

Nagaraja Rao, K. (2010), in his article “Challenges in Designing Need Based Products in Life Insurance for 
Inclusive Growth in India”, analyses the challenges faced by the insurers in designing need-based products in 
insurance for inclusive growth, and concludes that the policies of life insurance companies are still not rural-
centric, catering to the specific needs of the people. With a view to popularizing life insurance, he recommends 
that the consumers need to study the rural market, analyse the specific needs of each segment and design 
innovative products, to suit the requests of the people to the objective of inclusive growth. 

Sonika Chaudhary, Priti Kiran (2011), in their paper “Life Insurance Industry in India - Current Scenario” 
discussed that life insurance in India’s trend from the year 2005-06 to 2010- 2011. 

Upadhyaya and Badlani (2011), in their research, attempt to identify the key success factors in the life 
insurance industry, in terms of customer satisfaction so as to survive intense competition and to increase the 
market share. 

Vijay Kumar (2012), in his PhD thesis, “A Contemporary Study of Factors Influencing Urban and Rural 
Consumers for Buying Different Life Insurance Policies in Haryana”, The study outlines that the insurance 
agent was the most influential factor for selecting the life insurance policy among rural and urban policyholders. 
The other crucial determinants of buying behaviour were also identified such as income, economic status, 
product attributes, agent attributes, and price. The result indicates that there was a significant difference in the 
buying behaviours of rural and urban policyholders. 

Yogesh Jain (2013), in his article, “ Economic Reforms and World Economic Crisis: Changing Indian Life 
Insurance market place” reviews on life insurance scenario in India, the challenges of the sector and the issues . 

Dr Sunayna Khurana (2013), in her article, “Analysis of Service Quality Gap in Indian Life Insurance 
Industry” analysed the gap between customer expectation & customer perception in the life insurance industry. 

Mouna Zerriaa and Hedi Noubbigh (2015), in their research paper, “Determinants of Life Insurance Demand 
in the Middle East and North Africa (MENA) region using a sample of 17 countries over the period 2000- 2012. 
This research states that consumption increases with income, interest rates and inflation and also it highlights 
that country’s level of financial development, life expectancy and educational attainment stimulates life 
insurance demand in a nation. 

Sachin Surana & Amar(2013), in the research article lapsation of policy; a threat or curse for life insurance 
industry. This research has attempted to find out the cause and effects relationship of the Lapsation of policy. 

OBJECTIVES OF THE STUDY 
1. To study the present trends in life insurance business. 

2. To understand future prospects of life insurance business. 

RESEARCH METHODOLOGY 
Exploratory research methodology is used here to analyse the data. Data was collected from multiple sources 
such as books, journals to understand the Life insurance industry, visited different websites and professional 
magazines.  So, it is purely based on available secondary data. 

DATA ANALYSIS & FINDINGS 
Overview & Implications of the top trends that are shaping the insurance industry and how digital technologies 
are driving irreversible change. 
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Trend-1: New Models, Personalized Products 
Overview: Life Insurers are becoming a partner to policy holders by accessing their data to provide 
personalised value-added services. They are also playing role of a preventer by coaching their customers to 
make better health and lifestyle choices. 

ICICI Pro Raksha, HDFC life, Max life, India first life, Kotak life, excide life, TATA AIA life insurers are 
collaborating with third parties so that they can bundle wellness programme policies as value added services to 
provide customers a holistic health management experience. 

By including health & wellness initiatives into a bundled insurance product, insurers create a market 
opportunity. As wellness initiatives encourage a healthier population, insurers loss ratio should improve due to 
lower claim pay-outs-it’s a win-win situation for both insurers and policyholder. 

TREND-2: AI & Automation for Faster Claims 
Overview: Increasingly, life insurers are turning to analytics & AI to generate insights from vast amount of data 
to improve underwriting accuracy & speed. 

Bermuda based re-insurer Partner-Re & data analytics company VERISK collaborated to develop a life 
insurance underwriting solution that uses advanced voice analytics & AI technologies to identify applicants 
requiring further testing. 

Canadian insurer MANULIFE beefed up its internal data & analytics with an AI algorithm that speeds up the 
underwriting process. 

MUNICH RE automation solution predictive modelling technique & Machine learning algorithm is used to 
automate underwriting. 

TREND-3: Advanced Analytics & Proactiveness 
Overview: Life-insurers are leveraging facial analytics to offer customers a fast, efficient & more engaging on-
boarding experience. In 2019, US based Re-insurer Gen Re introduced “NOW” a mobile App that uses facial 
analytics to estimate the age, gender & BMI of a prospect. Because of these policies can be issued quickly & 
without medical examination or 

paperwork. 

With the connected devices market poised to a strong growth over the next 5 years, Property and Casualty 
(P&C) insurers will be able to inform the exact value of loss real time of individual consumers. This will help 
them proactively respond with timely and highly personalized interventions. 

There was a partnership between a Europe-based insurance company and Panasonic. A mobile alert was 
provided to the insurer and its customers for quick and informed mitigation of issues by Panasonic's sensors 

Upcoming technology will increasingly enable insurers to obtain high-definition images via drones for remote 
and accurate estimation & analysis of property. A few leading U.S. auto insurers deployed drones to assess 
Hurricane Harvey's damages.With the help of the drone technology, 90% of the claims were settled by an 
Australian company in 90 days. U.K.-based insurance company leverages predictive analytics to model 
complex customer behaviour, achieve enhanced pricing accuracy and significantly reduce decision time. A U.S. 
insurer deploys a telematics device to provide drivers real-time feedback to encourage safe-driving. This has 
helped customers save up to 40 percent on insurance premiums. 

Advanced analytics will be deployed to dynamically segment users and needs, model behaviours and identify 
exceptions, adjust policy prices, optimize business strategies, and identify new growth opportunities. Scale can 
be further incorporated through automation, AI and machine learning to transform insurers into active risk 
managers. 

TREND-4: Insurtech Partnerships 
Supported by Robo advisors, insurers are creating intuitive procedures that offer consumers interactive, 
personalised advice along the buying journey & decision-making process. 

Clark- a German insurer Tech offers robo advisory services via mobile App that can analyse gaps & help 
insurers improve coverage. 
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North America company for life & health insurance simplifies the application process by leveraging publicly 
available data and short telephone interview to eliminate the lengthy application procedure and medical exam 
requirement. 

Insurers are becoming more customer centric by utilising advanced and widely accepted digital channels to beef 
up engagement. Future Generali under life insurance delivers policy documents instantly & directly via watsapp 
to enhance convenience & accessibility. 

Overall, it will be a win-win situation — the traditional insurance company will be at advantage take teck 
support for faster result also the same will lead to larger customer base, funding and domain expertise. It will 
enable fresh model of revenue streams for higher profitability and reduced operational costs. Lastly consumer 
benefit would be the ultimate goal looking into consumer experience. A digital enhanced life-insurance 
premium will allow policyholder wrt greater convenience and an improved experience which leads to customer 
satisfactory. 

Trend-5: Mainstreaming Blockchain 
The application of block chain in life insurance may range from selling, distribution, underwriting & fraud 
detection, to claim initiation & settlement. Some life insurance companies are leveraging blockchain to 
streamline the death claims process & make it more customer centric to mitigate instances of unclaimed 
benefits. 

METLIFE incubator lumer lab in collaboration with Singapore press holdings in building a smart contracts 
platform “LIFE CHAIN” to help families quickly determine whether the deceased had a policy & to file a claim 
automatically. 

The Institutes risk stream collaborative, & LIMRA have developed a block chain App-“Mortality Monitor” to 
leverage social security data, Policy holder records, and other data sources to help insurers quickly notify 
eligible beneficiaries about pending  life insurance death benefits. 

The above information clearly indicates that insurance business is a multibillion business. There is no rocket 
science attached to it but to understand how and when to asses potential leveraging existing and new 
technologies. 

Indian Industry Scenario 
- India’s premium share in global life insurance and non-life insurance market was at 2.73% and 0.79% 

respectively, during 2019. 

- The total insurance penetration in India was at 3.76% in 2019 (life insurance 2.82% and non-life 0.94%) 
and the total insurance density in India was at $78 in 2019-20 (life insurance density: $58, non-life 
insurance: $19). 

- In terms of the size of insurance industry in India, the share of life insurance in total premium in India is 
74.94% and the share of non-life premium is 25.06% (2019-20) 

- Life insurers recorded new business premium of INR 2.78 tn ($38 bn) in FY21 growing at 7.49% over the 
last year with private life insurers growing at 16.29%. Private Life Insurers account for 33.8% of the 
industry’s new business premium (FY21) with the rest being accounted for by the Life Insurance 
Corporation of India (LIC). 

- The Life Insurance Industry in India recorded a total premium of INR 5.73 tn ($81.3 bn) in FY20 
witnessing a growth of 12.75% over the previous year and the private insurers accounted for 33.7% of total 
premium underwritten by the industry. New business premium contributed 45.25% of the total premium and 
witnessed a strong growth of 20.59% over FY19. 60% of the new business premium was derived from 
single premium with remaining 40% accounted for by first year premiums 

- During the last year (FY20), life insurers issued 288.47 lakh new individual policies, out of which LIC 
issued 75.9% of policies and the private life insurers issued 24.1% of policies. 

- Health insurance witnessed 13.3% growth in GDPI in FY21, while fire insurance and liability insurance 
observed 28.1% and 16.4% growth respectively in the same period 

- AB PM-JAY is an entitlement-based scheme under Ayushman Bharat and is fully funded by the 
Government. It is the largest health assurance scheme in the world and aims at providing a health cover 
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of INR 500,000 ($6,900) per family per year for secondary and tertiary care hospitalization to over 107 
million vulnerable families (approximately 500 million beneficiaries). 

- The insurance regulator IRDAI has played a pivotal role in amplifying the Insurance sector, such as 
permitting insurers to have KYC on video calls, in order to discriminate other motives, have standardised 
plans and allowing insurers to offer rewards for low-risk behaviour. 

- Strong growth in the automotive industry over the next decade is expected to boost the motor insurance 
market. Meanwhile, the steep yield curve will give advantage to the life insurance sector, with low short-
term rates and higher long-term rates. 

- Continuous growth can be expected from digital insurance & online sectors, the share of web aggregators 
within digital insurance has been consistently increasing and web-aggregators currently originate 30-40% of 
digital insurance. 

- The total mortality protection gap in India stands at $16.5 tn (as of 2019) with an estimated protection gap 
of 83% of total protection need. This offers a huge opportunity to life insurers with an estimated additional 
life premium opportunity of average $78.2 bn annually over 2020-30 

- India is the 2nd largest InsurTech market in the APAC region, accounting for 35% of the $3.66 bn capital 
invested in this region. The online individual insurance market opportunity is estimated to be $1.25 bn by 
FY25 more than tripling from $365 mn in FY20. 

- The increase in the FDI in Insurance from 49% to 74% announced in the Union Budget (Feb’21) shall 
further help in driving increased penetration and coverage by enabling additional avenues for capital 
support required for the expansion of the insurance industry in India. 

- The recent pandemic has emphasized the importance of healthcare on the economy, and health insurance 
would play a critical role in the effort to strengthen the healthcare ecosystem. 

- 

 

SUGGESTION 
Life insurance in India is in a growing stage and to maintain it, the following points should be considered: 

• To develop flexible product solutions suitable for a challenging regulatory and interest-rate environment. 

• To personalise every aspect of the customer experience. 

• To initiate more of InsurTech start-ups operating in India to reinvent skills & capabilities. 

• To boost growing awareness of the need for protection and retirement planning wrt demographic factors 
such as growing middle class, young insurable population 

CONCLUSION 
• The life insurance industry is one of the most profitable industries in the world. 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

508 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

• This industry has to be ready for more challenges due to ongoing changes in the economy and modes of 
employment. 

• More number of players around the world have planned to enter into India looking to the potential available 
here. 

• They must be prepared to build a customer centric approach, support product agility, adopt intelligent 
processes & foster an open  ecosystem. 
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ABSTRACT 
Below we are discussing the Contribution of the Greatest Indian Ever Vishwa Ratna Dr Babasaheb Ambedkar in 
the emergence of the reserve bank of India. His Initial Economic Thesis the problem of rupee, its origin & 
Solution, in which elaborating the SoE Statement of Evidence on the basis of which he argued with The Royal 
Commission on Indian Currency and Finance (Hilton Young Commission). 

Dr. Ambedkar – An Economist Extraordinaire 
Dr Ambedkar’s basic training was in Economics. He got his MA-PhD from Columbia University, the USA in 
1915 & 1917 respectively. The Doctor of Science (DSC) which the 

London School of Economics conferred on him in 1923 was also for his research in Economics. 

His 3 Books on Economics: 
1. Administration & Finance of the East India Company 

2. The Evolution of Provincial Finance in British India & 

3. The Problem of the Rupee: Its Origin and Its Solution. 

The first two represent his contributions to the field of public finance, the third book represents his major 
contribution to the field of Monetary Economics in which he crossed swords with influential economist John 
Maynard Keynes!!! 

How Reserve Bank of India Was Established? 
The Royal Commission on Indian Currency and Finance (Hilton Young Commission) came to India and 
submitted its report in 1926. Dr Ambedkar submitted a Statement of Evidence (SOE)to the Commission in 
response to their Questionnaire. Dr Ambedkar’s unchallenged authority in Monetary Economics is reflected in 
this SOE. 

Finally, RBI was established nine years later in 1935 based on the SoE submitted by Dr Ambedkar 

What Did Dr Ambedkar Argue In His Soe? 
"The Gold Exchange Standard cannot be continued with any advantage to India and for the following reasons: It 
has not the native stability of the Gold Standard. It is economical. But for that very reason, it is insecure. You 
cannot therefore both economize gold and also use it as a standard. If you want to economize gold, then you 
must abandon gold as a standard of value, in other words, the economy of the Exchange Standard is 
incompatible with its security The choice therefore can never be between a Gold Standard and an Exchange 
Standard. I think the Gold Standard must be accepted as the only system of currency that is "knave proof" and 
"foolproof." 

Turning to the most important question of "the ratio between gold and rupee", Babasaheb observed: 

"There is but this difference between India and the other countries. The other countries have yet to reach pre-
war parity. India, on the other hand, has overreached the pre-war parity. As a result of the difference, the 
problems before India and the other countries are different In European countries the problem is one of deflating 
the currency, i.e., appreciating it; in other words of bringing about a fall in prices. In India, the problem 
becomes one of inflating the currency, i.e., depreciating it; in other words, bringing about a rise in prices. For a 
change from 15 6d. gold to 1s. 4d. gold means this and nothing else... Some people are under the impression 
that the restoration of pre-war parity would give justice and would also give us the old price level to which we 
were so long accustomed... 

Both these views are fallacious. First: the restoration of pre-war parity is not a restoration of the pre-war price 
level. For it is to be remembered that is. 4d. gold in 1925 is not the same thing as 15. 4d. gold in 1914 if 
measured in terms of purchasing power The same ratio of exchange does not necessarily mean the same level of 
purchasing power. The ratio between the two currencies may remain the same through their respective volumes 
have undergone enormous changes. provided the variations in volumes are equal and in the same sense. This is 
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exactly the result of a mere nominal restoration of the pre-war parity. If restoring pre-war parity is meant the 
restoration of the pre-war level of prices then the ratio instead of being lowered from 15. 6d. in the direction of 
1s. 4d. must be raised in the direction of zs. gold. 

In other words, instead of inflation, there must be a further deflation of the currency. Second: the restoration of 
pre-war parity even nominally would be unjust. As a standard of deferred payment, a currency should not 
disturb monetary contracts Given these two facts the best solution would be to strike an average between 1s. 4d. 
and 15. 6d., and to see that it is nearer 15.6d. and away from 1s. 4d... if it is realized that low exchange means 
high internal prices, it will at once become clear that this gain is not again to the nation coming from outside, 
but is again from one class at the cost of another class in the country. 

Now the class that suffers is the poor labouring class, which pays the bounty to the richer or the business class. 
Such a transference of wealth from the poor to the rich can never be in the general interest of the country. I am 
therefore strongly opposed to high prices and low exchange, and no righteous Government should be a party to 
such clandestine picking of the pockets of the poorer classes in the country" 

His Contributions as an Economic Philosopher: 
Though Dr Ambedkar didn't write any book on economics after 1923, he was active in implementing his 
economic philosophy into action. As a nominated member of the Bombay Provincial Legislative Council (1926) 
and later as an elected member of the Bombay Legislative Assembly (1937-1939), he offered a critical appraisal 
of the provincial budgets presented then. 

He dealt with the problems of Indian Agriculture, Poverty and fought against oppressive institutions like Kothi 
System and Mahar Vatan. He founded Independent Labour Party (ILP) with a significant economic philosophy. 

As a Labour Minister at Viceroy's Executive Council, he emerged as an Economic Administrator par excellence 
with contributions to labour, employment, skill development and welfare of labour. He worked remarkably in 
the field of power, water management, mineral resource management and public works 

Even the fact that the Constitution of India is said to have embodied more economic and financial provisions 
than any other constitution in the world can be attributed to the influence of Dr Ambedkar as an economist in 
the Constituent Assembly. 

As a Democrat, he spelt out his views on the ideal strategy for India's economic development in his 
Memorandum States and Minorities (1947). 

Sources: 
1) Dr Ambedkar, An Economist Extraordinaire by Dr Narendra Jadhav. 

2) SoE to Hilton’s Commission, Volume 6 of BAWS. 
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Concealed Compensations: A Missing Facet of HR in the Indian Banking Sector 

Bhupesh V Rane, Abhinandan Kumar and Abhishek Budhkar 
Rohidas Patil Institute of Management Studies 

ABSTRACT 
In today fast paced world with growing technological & Intellectual growth education, Agriculture, FMGC, 
Automobiles, NBFC, Hospitality & many more. Private banking sector is not far from attracting lucrative 
compensation & benefits in India. Salary, monetary & Non-Monetary benefits places crucial role on employee 
performance while working in private banking sector. The study aims to private banking factor that impact the 
employees in selecting private banking jobs keeping in mind salary, CTC, compensation & perquisites. The 
Data is collected using structure questionnaire & using basic statical tools & data analysis tools for conclusion. 
The study is an attempt to find our various compensation packages offered and problems related to same in 
Indian private banking sector. 

Keywords – Salary, CTC, Payroll & Problems. 

INTRODUCTION 
Indian Banking Industry had experienced tremendous growth in last 2 decades with technological & conveying 
improvement with system & customers. Banking Industry are in very stiff competition among the other banks. 
Banks had introduced Automatic teller machine (ATM), Internet Banking which had helped many Unorganized 
& Organized Employer as well as employees to transfer their salaries directly to their following bank accounts. 
Banks also came up with plastic money (Debit cards & Credit cards) these helped workers & employees to get 
their salary in cash for handling their personal finance, managing finance is also done with Mobile banking for 
personal use so that they do not need to visit banks on regular basis 

According to employee’s performance, Compensation and benefits or pay represents exchange between the 
organization & employee. The study on compensation management gives the brief information about the 
employee compensation in the organization as it explains employee rewards system and it determine the 
performance of employee on their work. 

The present definition of compensation, shows both intrinsic & extrinsic components of CTC, Basic, DA, other 
allowance, hike, bonus, award & public recognition. While intrinsic & extrinsic compensation covers both 
monetary & non-monetary rewards, reflects the employee’s mental satisfaction with their job accomplishments. 

LITERATURE REVIEW 

Ms. Nidhi (2015), The Author studied research paper on “A Comparative study of compensation & Benefits 
packages satisfaction of Indian public versus private banks employees”. Whenever a candidate joins a company 
or an organization for job, there has been employment contract between employer & employee. This contract 
act as a relationship among both of them, in this contract the employer pays a remuneration to employee for 
rendering services to employer. Hiring the right talent for right position as understanding the requirement for 
employment work & providing attractive package for new talent. On the basis of study both private bank 
employees have different reasons for work structure & culture, for offering their employment service to bank. 

Mr. Vamshidhar Reddy (2017), The Author studied research paper on “A Study on Compensation Management 
with Reference to Bank employees working in Hyderabad”. The Study helps to aim & find out the impact of 
compensation on employee proficiency & job satisfaction towards compensation. The study was done at 
Hyderabad and the sources was primary & secondary source, the response was asked to fill the questionnaire 
and the data was collected from various other sources like books, survey reports & websites etc. In this study 
some employees only notice Rewards & Increment of salary, but some employees get motivate and enthusiastic 
towards their work and job. So that they can maintain their work ethics towards the organization. 

Dr. Vijaya Lakshmi Pothuraju (2016), The Author studied research paper on “Compensation & Benefits for 
Employees in Banking Sector” (With reference to SBI & Axis Bank at Guntur, A.P.). In this study the aim was 
to examine the outcome of compensation & benefit on employee performance in Banking Industry, 
Compensation plays a crucial part for employees. The point of study is to investigate the standardization of 
compensation & benefits among employees of banking sector. Compensation & benefits has become leading 
feature of modern life. 
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Prof. Nawab Khan & Ms. Suhalia Parveen (2012), The Author studied research paper on “Salary and 
Promotion– Predictors of Job Satisfaction A Comparative Study of Public and Private Sector Banks in India”. 
Beyond the research studies, job satisfaction is really considered a need. There is some issue addressed on the 
bases of multifarious aspect of job satisfaction, which all includes salary, develop organization and techniques, 
turnover etc. This study is explanatory and the data has collected from self-questionnaires. As known a self-
satisfied employee is strength of an organization, 

OBJECTIVE 

 To study the factors that affects the performance of employee related to salary & benefits 

 To identify the compensation structure of 2 private banks in Mumbai region 

 To analysis problems related to compensation & benefits provided by private banks in India. 

RESEARCH METHODOLOGY 
The Study was based on survey method. The data for the study has been collected through two sources – the 
Primary Data & Secondary Data. 

Primary Data – We have asked many people from our class as well as from our working friends regarding 
salary breakout & compensation, maximum was not aware of basic components of salary structure. We had 
circulated some questionnaire of google form related to the topic, hence to collect data from their perspective 
we had found around 87% wasn’t aware of the salary break up & minimum percentage of components. 

Secondary Data – As we had referred several research papers and websites articles, we had analyzed that in 
every research maximum numbers were not aware of the process. 

FINDINGS 
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DATA ANALYSIS 
In this survey we can understand most of them aren’t aware of CTC, Salary break up & there are few responses 
which states they have some basic knowledge of salary structure. We can also refer the charts some aren’t 
handling invoices, vouchers & receipts for future reference, as working in corporate every invoice, bills, 
vouchers & receipts should be maintained and kept for reference whether soft copy or hard copy. We can see 
most of the responses have no idea on CTC break up, the HR should be responsible to make a candidate 
understand his CTC break, statutory bonus, compensation benefits along with the percentage, as this are the 
basic rights of the candidate or employee. 

CONCLUSION 
Under this research we study about the Indian private banking standardization of compensation & benefits 
among employees of banking sector. The working factors which determines the job satisfaction & performance 
effects their work culture & work schedule. Work overload, benefits, pressure & confliction are the factors 
responsible for job Performance. Some employees only notice rewards from their salary, when the HR or 
employer communicate with them regarding their increment & the day received their paycheck including their 
increase salary, but there are still some people’s organization that have strong work ethics & continue to stay 
motivated regardless of their compensation package provided. 
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In our detailed analysis, we had done to understand and results showed up the less accuracy in Human Resource 
Laws, Compensations & salary breakouts. The high compensation level of private sector banks has different 
criteria to judge the performance level as compared to public sector banks. 
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A Review of Supply Chain Challenges in Indian Steel Industry 

Suneet Mathur and Prasanta Kumar Mohanty 

Centurion University of Technology and Management, Odisha 

ABSTRACT 
Steel Industry of India contributes nearly 2% to India’s GDP of USD 10 trillion during the year 2015-16, and 
stands to be very important for the development of the country. However, with opening up of economy, 
international competitive sales threats and technological challenges are being faced constantly by this industry. 
This comes at a time when Indian Steel producers happens to be the lowest in terms of cost, in the world. New 
ways of absorbing cost over-runs while keeping cost of production under control remains a constant challenge 
for Indian Steel Manufacturer’s. Research is about exploring the possibility of cost reduction through adopting 
supply chain techniques like inventory management and vendor optimization. 

Keywords:  Supply Chain Management, Steel Industry, Inventory Management, Cost Reduction, Vendor 
Optimization. 

1. INTRODUCTION 
Indian Iron and Steel industry has had its presence for a long time and has graduated to a status of being the 
second largest steel producer in the world (111.2 million metric ton). China being the world’s largest steel 
producer (996.3 MT). India has made significant strides in updating its steel technology through global 
partnerships, merger and alliances. India is blessed with a significant reserves of Iron ore and other minerals, 
which could provide enough of raw material in years ahead. With the onset of globalization, the industry is 
facing a unique challenge of mitigating low-priced, high-quality steel from imported steel manufacturers. New 
avenues of cost cutting are being looked at by steel manufacturers and Steel Ministry to nullify the effects of 
imported steel availability to Indian markets. As with every other competition, survival of the industry will 
solely depend on how the operations team would innovate to bring in new methodologies to mitigate cost 
overruns. 

1.1 History of Indian Iron and Steel 
The history of India’s Iron and Steel industry dates back to 3rd and 4rth century BC when Sushruta a great 
authority on medical science in ancient India described in his book a 100 surgical instruments made out of caste 
iron. Ancient wars weapons were made of corrosion resistant iron using a patented knowhow which the Hindus 
knew praised then by Arab Edrisi. The rise and fall is a part of any civilization and India was no different to it. 
Its iron and steel upsurge really began when “against tremendous odds and with great tenacity of purpose, 
Jamshedji Tata realised his grandiose dream of erecting India’s First Steel Plant at Jamshedpur in 1911” The era 
between 1911 and 1947 witnessed World Wars and the great economic depression globally, while the ruling 
East India Company left India as an independent nation in 1947. The successful establishment of this concern 
was “a happy historical accident” because the odds were formidable. At the time of Independence (1947) Indian 
steelmaking capacity was standing at a mere 1 million ton. Though now it challenges to be the world’s second 
largest steel producing nation in the world. The country had a controlled policy regime then, and therefore 
restricted itself to a very slow rate of progress as the years advanced. Some the policy restrictions inflicted to 
the industry then were: 

 Import restrictions on capital items, finances and exports 

 Rail freight equalization policy for equalized overall growth parity 

 Quantitative restrictions and high tariff barrier 

 Production capacity control and licensing procedures Dual pricing procedures for large and small steel 
producing sectors 

However, these Governmental restrictions were reversed, during the market glut of the 80’s and 90’s. Most of 
the restriction were now aimed at spurring the steel sector growth. Post 1992 saw a new era of Indian steel 
industry growth, where private steel manufacturers like m/s ESSAR, JINDALS, ISPAT and TATA group went 
up to plant their flagship of steel manufacturer’s presence. Even public sectors like SAIL(Steel Authority of 
India Limited) and RISNL(Rashtriya Ispat Nigam Limited) went ahead in importing technology to create more 
value added products for the market demands, with increase in their exports. However, 1996-1997 started 
revealing a decline in the domestic economy with glut in the sales both in internal and external markets. 
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Post 2002, the steel market did a turnaround, where in huge demands for steel was happening with overall 
change in the market scenario. This again took a turn around 2010 where the market went into a slump leaving 
behind a more matured manufacturers who used their ingenuity to create base for themselves in terms of setting 
up their own markets, products and R &D to cater to their customers. 

1.2 OBJECTIVES OF RESEARCH: 
The objective of the study includes: 

1. To study the inventory strategies of VMI of three top steel manufacturers’ 

2. To examine the Vendor Managed Inventory as right fit for steel industry in cost savings. 

Figure-1: Global Steel Manufacturing Distribution 

 
Source: World steel Association 1967-2017 

The Indian Steel producers have been struggling to remain profitable and growth oriented. The market could 
open up the increased sales and profitability provided major constraints are put in order including new 
Government and private investment in infrastructure. The steel anti-dumping laws coupled with MIP (Minimum 
Import pricing) would have to be reviewed from time to time by the ministry of steel, while new tariff barriers 
may have to be incorporated in order to prevent international steel producers to sell their products below the 
local market rate. 

While all of these controls are known and adopted, steel companies have also been looking internally into their 
operations to curtail the undesired cost. The supply chain function of an organization provides a fair ground in 
terms of optimization of the value chains across the line of production with respect to planning, internal and 
external sourcing, asset utilization, marketing, customer deliveries and services, logistics, quality control, 
research and development, process re-engineering, cost recoveries through salvaging and recycling. 

 
Fig. 2: Supply Chain Basic Model 
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1.3. Supply Chain Applications in Indian Steel Industry A Review: 

The Indian Steel Industry supply chains are as complex as any steel industry in the world. It is laden with high 
demands of raw material, power, and water, which have to be continuously replenished, while the customer 
demand pattern fluctuates coupled with input material prices fluctuating based on the demand and supply 
scenarios. The raw material, oil and energy cost, logistics plays on a huge impact while the steel producers have 
a tough time balancing their production and cost. For thought clarity supply chain deals with procurement, 
vendor development, manufacturing, quality and marketing. Logistics on the other hand focuses on in-bound 
and out-bound material movement, material storage and their management. 

Shapiro (2004) defined SCM(Supply Chain Management) as a new business paradigm was motivated by 
interest in integrating procurement, manufacturing, and distribution activities-Integration made possible by 
advances in IT(Information Technology) 

Mohanty and Deshmukh (2005) defined SCM as a loop which starts with customer and ends with customer. 
Through the loop flows all the materials, finished goods, information and transactions. It requires looking at 
business as one continuous seamless process. This process absorbs distinct functions such forecasting, 
purchasing, manufacturing, distribution, sales and marketing into a continuous business transaction. 

1.4 Supply Chain Challenges 
The supply chain challenges are very critical in nature. While Governmental support is crucial in a developing 
economy, there is a limitation to that support, while internal operational changes would be paramount in 
retaining both growth and profitability. 

Some of the identified remedial to shape the future of steel industries have been listed below 

 Reshaping governmental regulatory frame work 

 Raw material security 

 Infrastructure and logistic 

 Sustainability and environmental reforms 

 Asset management and reliability 

 Trade agreements 

 Research and development for innovation in new technologies 

 Supply chain optimization 

 Hydrology /Utility sector 

 Energy sector 

 Talent retention 

 Hedging 

All of these remedials could be contributing towards Steel industry growth and GNP/GDP. Quality Control 
Order(s) is a step by the ministry of steel towards control of seconds and defects in India. This is vital to the fact 
that Indian steel industry has been through a lot of glut and margin dilution owning to heavy dumping of cheap 
steel in the country (2014-2015). Both China and the Russian Steel started to dump steel at the price which gave 
the Indian Steel manufacturer’s a hard time. Even though the Indian Government imposed anti-dumping duties 
and minimum import prices, the same came a big respite to the ailing steel industry. 

A similar situation is also being faced by the US where in, it imposed tariff barriers on China and Canada. 
Owning to such dumping policies, almost all Indian Steel companies invested heavily in updating their 
technologies and ventured into brown and green field expansion to be cost competitive and quality steel 
manufacturers striving for the status of a world class manufacturer. 

1.5 State of Market in Indian Economy for Iron and Steel in India: 
The current state of World economy has begun to show signs of recovery while the Indian economy has a 
challenging target of 7.4 % in 2018 against a previous year figures of 6.8 %. The domestic demand for steel 
would continue to rise, while it would be a flatter projectile for China and countries of Russian belts.   The 
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global economy is poised at a growth of 3.8%. (Source: International Monetary Fund) The major internal 
consumers of steel for India would be: 

 Road and housing construction 

 Capital machineries and tools 

 Consumer goods 

 Automobile manufacturing 

Earlier, Michael E Porter(1985) had developed a value chain model for the manufacturing sector identifying 
five activities and four support functions. A “Value Chain” as defined as a chain of value-added activities: 
products pass through the activities and in a chain, gaining value at each stage. The value chain in real terms 
affect the cost of an activity along with existing support functions. A steel industry fits the concept, with 
additional special activities as have been identified by Acharyalu et al (2015) in their paper: Value Chain Model 
for Steel Manufacturing Sector: A Case Study. 

As per Acharyalu et al the value chain devised by Porter has five primary activities and four supporting 
activities, while this model cannot be used in steel industry directly owning to the dynamic nature of a steel 
industry.  Acharyulu et al modified the model by inducting five primary activities and six supporting activities, 
while naming it Value Chain for Steel Manufacturing Sector(VACSMS) 

Fig 3: Porter’s Value Chain Model 

 

1.6 Vendor Management: 
The profitability of a steel company is based on both primary and supporting activities, as can be seen in the 
Porter model, as a way to drive margins in a Steel organization. While study of the Porter’s entire model 
activities is beyond the scope of this study, we will be targeting the supporting vendors, a part of material 
management as model to show areas of cost improvement. One of the components of supply chain is the 
supplier or the vendors offering their merchandise, which acts as a basic raw material to the manufacturing of 
product or services. 

Vendor’s supplies to both manufacturing and services in keeping the cost of operations in check is a paramount 
thing of operations control, and gross margin improvement 

In order to get clarity on vendors, it is important to understand three basic concept of sourcing, procurement and 
purchasing. 

Vendor selection begins by first sourcing the availability of the material itself. Sourcing basically implies the 
utilization of means to access resource requirements. According to Lew G: Sourcing = Procurement + 
Purchasing, while according to Solomon K, Procurement=Sourcing + Purchasing (LinkedIn 2014) 

Procurement refers to the management of business partnerships between vendors and sourcing. While 
purchasing is the acquisition of an approved good, and is part of material management. As per Van Weele 
(2009) in his book Purchasing and Supply Chain Management agreed that: 

“In practice, as well as in literature, many terms and concept nowadays are used in the area of purchasing. 
However, no agreement exists about the definition of these terms. Terms like procurement, purchasing, sourcing 
and supply management are used interchangeably” 
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Fig 4: Purchasing Model 

 

1.7 Vendor Selection Criteria's: 
As the economy progressed most researchers seriously went after researching the requirements for vendor 
selection and their performance analysis. This was crucial and vital for the demanding industry which was 
seeking higher quality and workmanship with a greater emphasis on its cost of production. 

Various authors have suggested ways of vendor selection within the complexity of procurement. Various 
Purchasing authors have expressed views on purchasing strategies. While, the list goes on, some of the well 
known authors like Webster and Wind(1972), Dobler et al (1996), De Boer(1998), Cousins(2008), Van 
Weele(2009) and Monczka et al (2011), have had different sets of ideologies in terms of freezing a common 
agenda of vendor selection. 

The major criteria extended by these authors have been quite diverse, while in current state of affairs called for 
risk elimination, continuous improvement, cost reduction, quality, timely deliveries.  Dickinson (1966) 
proposed 23 criteria’s regarding vendor selection. However, as the technologies progressed and business 
environment changed. As a contradiction to the findings of Dickinson and Weber, their work was proven 
irrelevant in newer context by Cheragi et al(2004). 

A cost based and policy-based approach method was proposed by Ford et al (1993) which included reliability in 
delivery, technical capability, cost effective, and financial stability of a supplier. Banker and Khosla extended a 
strategic standard element. Similarly, Talluri and Narsimhan (2004) identified some further elements like cost 
reduction performance (CRP) 

Researchers like Vasina (2004) identified eight main categories and sub-categories beginning from discounting, 
Quality, Service levels, global presence, flexibility and commitment, Terms of delivery and payments, modes of 
delivery and transportation including adoption of INCOTERMS, vendors financial strengths, in house Research 
& Development, Information Technology deployment, Information sharing, Environmental commitment, 
Corporate Social Responsibility (CSR), Sustainability. 

In this mammoth and complicated jargon of selection criteria’s, the selection methodology gets complicated, 
thus requiring and mix of both quantitative and qualitative evaluation. The selection criteria could be analysed 
by quantitative techniques as per Vasina (2004) 

Table -1: Different Techniques Used 
Type and Use Pre-Qualification Final Selection 

Statistical/Probabilistic Cluster Analysis Fuzzy Set Theories and other models 
 

MADM 
 

Categorical Model 
AHP 
ANP 

TOPSIS 
Outranking (ELECTRE & 

PROMETHE) 
Mathematical programming DEA  

Methods based on cost  ABC 
TCO 
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In final selection of vendors, AHP (Analytical Hierarchical Process) an algorithm developed by Thomas 
L.Saaty in 70’s has been a popular one since time in accessing vendor attribute ranking. A typical ranking is 
shown in figure below. 

Table -2: Supplier Selection Criteria 
CRITERIA DESCRIPTION 

 
PRICE 

 Unit Price 
 Pricing terms 
 Exchange rates 
 Taxes 
 Discounts 

 
QUALITY 

 Quality features: material, design, dimension, durability 
 Variety: range of product selection 
 Production Quality: production line, manufacturing techniques, machinery 
 Quality Systems 
 Continuous improvement 

 
SERVICE 

 Customization: size, shape, colour, design, packaging 
 Minimum Order Quantity 
 Communication: Respond time, information, respond time 
 Industry knowledge 
 Agility, Warranties 

 
DELIVERY 

 Lead-time 
 On time performance 
 Fill Rate 
 Reverse processing 
 INCOTERM compliance 

 
RELIABILITY 

 Reference: Buyers feedback 
 Financial stability 
 Reputation 
 Strategic partners 
 Organizational personnel 
 Diversity of ownership 
 Cultural awareness 

 
TECHNOLOGY 

 R & D facility 
 IT software 
 e-commerce 
 Security 

BUSINESS 
ETHICS, 

ENVIRONMENT 
& 

SUSTAINABILITY 

 Green Supply Chain 
 Environmental Quality Standards 
 Safety compliance 
 CSR 

In meeting the supply chain challenges, vendor selection offers a better way to manage resource and mitigate 
risk of sourcing.  However, one of the issues of cost control remains a challenge to most of steel mill operations 
which could be also looked out by way of looking at inventory control, most steel mills operate in today. To 
take the research further, I look at the roles of vendor taking up the role of managing inventory at customer end 
via Vendor Managed Inventory (VMI) 

1.8 Global Competitiveness: 
As per WORLD STEEL DYNAMIC report (2018) the cost or production for Indian Hot Rolled coils was $349 
per ton, being the lowest in the world compared to $428 in China, $429 in South Korea with a global average of 
$418 per ton. Ironically, the Chinese made steel, out sold Indian Steel in Indian market by selling at $80 below 
their margins leading to the worries of Indian Steel manufacturer who have been struggling to keep up with 
additional cost of logistics, which is three times higher than China (as per Director General – Institute for Steel 
Development and Growth) with additional Capital cost of 10-12 % against 1-2% in China. This has led to an 
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import jump of 58% for imported Steel in spite of Indian Government imposing an import safe guard duty of 20 
% on imported Steel. 

Considering the above cost issues and the real time deployment of capacity utilization, Indian steel industry 
could work on lean inventory management as way of reducing total cost of operations (TCO reduction) A 
vendor managed inventory (VMI) involves a seller taking over the part of supplying and managing the 
inventory of its manufactured product at customer site. It’s a high-profile topic in a supply chain, while this 
model works around improving service levels and optimizing inventory. 

VMI model relationship began in the 90’s stimulated by highly visible arrangements between Wal-Mart and 
some of its suppliers like Proctor and Gamble (P&G) and Rubbermaid. Later the success of Wall Mart /P& G 
led to other success stories worldwide :Fasson MPD , a division of Avery-Dennison and Worselys, Baxter 
International and large number of hospital customer in North America and YCH Singapore. With availability of 
technologies like EDI (Electronic Data Interchange), Bar Coding, and economical computational power, it was 
easier to launch on VMI. This concept of VMI though was more prevalent with retail sector, it also drew 
attention of industrial marketing. 

1.9 VMI Challenges and Benefits to a Steel Industry 
Simple as it may seem, VMI needs a relook into both strategic and operational side of any business function. 
Getting the right vendors and opening up the internal company information to vendors within a dynamic 
business environment becomes a strategic challenge, while targeting performance metrics, human resource 
deployment, and process designing became the operational challenge to incorporating a VMI in industry. 

While the goal of any business is to expand business with increased sales, internally they would be enthused to 
make supply chain their competitive tool for expense control in order to “pick the spot, and do it right” A VMI 
can be useful in meeting these goals by using customers for information, while inducing suppliers to make a 
choice of production and effective delivery. 

Reading some of the case studies of Vendor Managed Inventories, I am encouraged to take my research forward 
to major Indian Steel Companies like Tata Steel, JSW Bellary and SAIL collective to find the strategies for 
VMI adoption and the future procurement modifications to such strategies. The current undergoing study would 
include reasons for approaching VMI, the feasible areas and the improvement in TCO (total cost of operations) 
for customer and profit/revenue improvement for the vendor. Areas of improvement as far as supplier or user 
(customer) is concerned would include the following: 

 Improved inventory management as the role of inventory management is taken over by the supplier with 
reduced lead times. 

 Fewer stock outs which tend to increase production/sales 

 Controlled replenishments which tend to induce faster inventory turns 

 Reduced administrative and transactional cost. 

 Cash flow reductions. 

 Savings on Acquisition cost 

 Stronger Supplier relationship leading to improved collaboration and reliable supplies. 

Areas of improvement as far as the supplier (Vendor) is concerned may include parameters like: 

 Demand Sensing being more accurate and therefore easier to set production budget targets 

 Day Sales outstanding (DSO) reduction 

 Cost control 

 Business consolidation 

 Assured revenue with chances of billing more delivering efficiencies. 

 Improved relationship with customer and chances of future growth 
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Fig 5: Vendor Managed Inventory Process Flow 

 

1.10 Vmi Modelling Framework: 
The conceptual frame work would include emphatical studies including TOPSIS to model an algorithm to 
determine the best fit for steel industry to incorporate VMI in items and their inventories based on the a wide 
variety of low and high volumes, perish ability and durability, criticality and non-criticality, and varied demand 
patterns. This in turn would add up the TCO (total cost of operations) 

CONCLUSION 
While VMI or the SOI (Supplier Owned Inventory) system is getting popular in the industries both service and 
retail/industrialist has been adopted in a very measured way. Undoubtedly, the customer tends to gain financial 
benefits off by removing the entire inventory of holding cost or carrying cost, the burden of the inventory shifts 
to the supplier. Given an environment of competition, strategic customer relationships, bulk long-term business 
relationships would the vendor take a decision to offer its terms towards extending a VMI program to its 
customer. The next step of research would be to examine what strategies have the steel companies taken to 
adopt a concrete VMI program for themselves. How could that in turn relate to a change in operational savings 
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To Identify Emerging Trends and Competitive Strategies Adopted by the 
Hospitality and Tourism Industry during Covid-19 Pandemic 

Dhanraj Kalgi, Pralhad Botre and Arvind Sonkamble 
Dr. D. Y. Patil Institute of Hotel Management & Catering Technology, Pune 

ABSTRACT 
The Industry of Hospitality and Tourism, unquestionably has been a powerful pillar as a trustworthy and 
consistent source of income and resources for many countries. Majority of the nations have been raised from 
poor to considerable financial standings as a consequence of the irreplaceable influences their sectors of tourism 
have flourished in addition to their complete growth of economy. Tourism is a chief contributor to the economy 
of India. The industry of tourism in India has a stake of 0.52% of global tourism as well as the earnings as 
0.89% of the global earnings. There have been substantial developments in the sector of Indian tourism of 
aggregating capacity of air seats, trains as well as connectivity of railway to imperative destinations of tourism, 
with linking roads. Facilities of accommodation have been improved for the accessibility of the travelers. By 
means of the industry in viewpoint, there is relatively an immense array of key players such as businesses, 
modern technology as well as trends of hotel marketing etc., which are set to take source as well as impact the 
industry as a whole in 2022 as well as the years to arrive. This research primarily, aims as well as look for to 
recognize as well as inspect the paradigm shifts in the industry of tourism over the apparent years as well as 
how the trends have performed in India. It pursues to scrutinize the present trends in the sector of hospitality 
and tourism, carry to light the obstacles encountered by the sector of hospitality and tourism as well as finally 
analytically understand the forthcoming predictions of the Indian sectors of hospitality and tourism. The study 
carried out from the secondary data to discover the conclusions and discoveries. It was nevertheless discovered 
that worldwide of activities hospitality and tourism are aggregating by leaps as well as bounds therefore a 
comparable rise in spending equally not only for tourists but also service. The hospitality and tourism industry 

is very competitive, as well as businesses required to possess up with the most recent trends of hospitality and 

tourism to escape being missing behind. Furthermore, keeping leap with the industry of hospitality and tourism 

as a complete is a good approach to confirm your business supplies the kind of quality experience traveler want 

as well as expect. Nevertheless, the requirements as well as main concern of traveler have likewise transformed 

because of Covid-19 pandemic. In this research, done the exploration about emerging trends and competitive 
strategies adopted by hospitality and tourism industry in Covid-19 pandemic. 

Keywords: Hospitality, Tourism, Covid-19 pandemic, trends, strategies 

INTRODUCTION 
The global economy was impacted badly because of COVID -19 pandemic. In the year of 2020, it has been 
foreseen that the worldwide GDP will be constricted by 5.2 %. One of the economic areas like the hospitality 
and tourism sector of developing countries like India was the affected the most. Due to policies to reduce the 
rate of infection, majority businesses of hospitality have been for the time being closed. Social distances, home 
orders, travel bans as well as travel restrictions have been enforced as a preventive measures during lockdowns. 
Furthermore, demand for hospitality and tourism businesses that are permitted to carry on has dropped 
substantially. In a nutshell, the hospitality and tourism sector has come into conditions of uncertainty and 
chaotic in the fear of COVID19. Like in other developing countries, the sector of hospitality and tourism is a 
crucial instrument for sustainable financial development in India. In 2019, it delivered 6.8 % of entire GDP as 
well as 8 % of the entire employment.  The most profitable sum of capital is earned from the revenue from 
domestic trips in India.  Nevertheless, with the expansion of COVID-19 at the commencement of 2020, there is 
a substantial collapse in the hospitality and tourism sector. On March 25, 2020, the lockdown started which 
carried out till May 31, 2020, because of postponement of the lockdown. The lockdown was lifted on June 8, 
2020 and hotels, restaurants as well as tourist destinations were permitted to reinstate. Despite the fact, it is not 
imaginable to assess the range of the commercial influence of the COVID-19 eruption in the hospitality and 
tourism sector due to the course as well as period of the eruption are still ambivalent. As the health and lives of 
the individuals are quiet at stake, it is implausible that the optimistic indications in this hospitality and tourism 
sector will be reestablished instantly. With regard to, there is a requisite for comprehensive study as well as 
exploration of the consequence of COVID-19 in the Indian hospitality and tourism sector. So in this research we 
have tried to find out, emerging trends and competitive strategies adopted by the hospitality and tourism 
industry in Covid-19 pandemic. It goes with undoubtedly that the pandemic as well as resulting trade and 
industry downturn larger than the  recession occurred in the year of 2008 as well as anarchy triggered by 
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changeability in requirement have had a substantial influence on hospitality  and tourism sector during the years 
of 2020 and 2021 certainly with persistent consequences. So, some inventive responses to this unexpected 
circumstances like make an effort to attract clienteles back into outlets of food and beverage as well as reassure 
vacationers that it is certainly harmless to relish a stay in the hotels, have augmented prevailing industry  of 
hospitality  and tourism inclinations as well as initiated enduring transformation. For the moment, there has 
been a transference in the general public, comparatively because of changes in the needs afterward the severe 
period of the pandemic. Even though in the year of 2020 and 2021, the reputation of staycations, hygiene 
procedures as well as contactless automations, all nowadays resolutely entrenched in the regular activities of 
hospitality and tourism industries has increased suddenly, so because this some innovative trends and 
competitive strategies are emerging. An augmented awareness of hotel guests of all effects purposeful, 
sustainable as well as health with happiness has fixed innovative yardsticks for enterprises of hospitality and 
tourism. This research offers the emerging trends and competitive strategies adopted by the hospitality and 
tourism industry in Covid-19 pandemic in the year of 2022. 

REVIEW OF LITERATURE: 

Baum et al., (2020) 96% of the travel destination around the world enforced partial as well as full lockdown 
limiting travel to avoid and hold the spread of the virus, by governments of because of the beginning of 
COVID-19 initial in the year of 2020. These limitations such as social distancing, lockdowns as well as 
quarantine measures endure to severely damage the sector of hospitality and tourism. 

Goodwin, (2020) Service suppliers such as hotels, Airlines as well as event’s organizers have grieved massive 
damages because of the decline in response of the business as majority vacationers withdraw their bookings as 
well as events get revoked.  Pandemic of COVID-19 has significantly obstructed the DNA of the industry of 
hospitality and tourism at its central. 

Haywood, (2020) The ambiguity in arrears to the pandemic has enforced the industry of hospitality and tourism 
to revive as well as gear up to endure sustainably in the forthcoming era. The business previously the pandemic 
was more unwilling to accept latest technology as well as partner with inventive startups, post pandemic 
nevertheless the inclinations propose a more cooperative methodology to stand in the upcoming era 

Baum and Hai, (2020) The industry of hospitality and tourism is the first to be suffer as well as the last to 
recuperate when damaged by disasters or crises. Even though seriously damaged by COVID-19, the sector of 
tourism and hospitality will progressively overcome itself, nonetheless, the rapidity of retrieval as well as to 
what range it will continue its previous magnificence is unidentified. 

Dehler, (2020) The Pandemic of COVID-19 has individuals be anxious for fortification and security of not only 
their external physical healthiness but also for the internal safeguard of their immunity; accordingly, the 
industry of hospitality and tourism observance this characteristic in cognizance are gearing up for the 
forthcoming since even though the pandemic will diminish the clienteles of the industry of hospitality and 
tourism will imagine advanced criterions of hygiene as well as wellbeing. 

PricewaterhouseCoopers, (2021) Customer perceptions, customers have progressed for the enhanced 
throughout the pandemic; they are nowadays additional than forever into digitalization, technology as well as 
enhancing more globally responsive. The report likewise piercing out that customers are fetching more sensible 
about expenses, healthiness and statistics. 

OBJECTIVES 
 To identify the impact on hospitality and tourism industry during Covid-19 pandemic 

 To recognize Emerging trends and competitive strategies adopted by the hospitality and tourism industry 
during Covid-19 pandemic 

RESEARCH METHODOLOGY 
Secondary data was gathered through several sources such as references materials, newspapers, magazines, 
internet, books etc. 

RESULTS AND DISCUSSIONS 

Emerging trends and competitive strategies adopted by the hospitality and tourism industry in Covid-19 
pandemic 

 Bleisure Travelers and Hotel Work Spaces 
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Bleisure travel is a term used to define travel that blends features of both business as well as leisure. It 
characteristically takes the form of business travelers lengthening the period of their journey, so in order to 
relish activities of leisure, which may range from relaxation and sightseeing, through to visiting venues of 
entertainment, hiking, or attending events. For many employees, working remotely has today turn into very 
normal as well as is predicted to become more than just a transitory trend. A shift speeded by the international 
crisis of public health, an unparalleled number of prominent establishments with gigantic tech enterprises like 
Twitter, Facebook, as well as Amazon leading the way proclaimed that they will accept a not only hybrid 
approach or but also flexible approach to working remotely. In the year 2021 itself, the ratio of workforces all 
over the globe that are perpetually working remotely was estimated to increase a lot. This means that for 
bleisure travelers the sectors of hospitality are being used as make-shift offices as well as natives looking for a 
modification in environment of work. This is an immense opportunity for not only for the hotels but also for the 
venues of food and beverage to capitalize on the inclination and acclimate their contribution to encounter the 
needs and wants of this evolving segment; such as free high-speed WIFI, ample plug sockets and great tea or 
coffee are worthy beginning services. 

 Holistic Hospitality, Health and Well-Being 
Wellness tourism can be described as ‘all travel linked with the quest of retaining or improving one’s individual 
wellbeing’. Due to the COVID pandemic, precautionary medicine as well as self-care are all together 
influencing right now. The industry of wellness is transmuting into a flourishing market of trillion dollar as well 
as sectors of hospitality are well capable to take a huge piece of the pie, particularly those with current facilities 
of spa. In addition to the common spa offering relaxation, there is speedily increasing request for health 
diagnostic expertise as well as personalized plans of treatment provided by specialists who organize personal or 
group assemblies to develop healing, vitality, emotional balance, stress management, mindfulness as well as 
improved sleep. 

 Digitalized Experiences of Guest 
Apps are progressively significant in the way hoteliers succeed to provide services to their guests as well as can 
now regulate many features of the guest cycle as well as experience. Inessential to say, the inclination headed 
for digital as well as contactless services has expanded new motion from the year of 2020. By tradition, hotel 
guest fronting services are being offered an overhaul acknowledgements to the further extensive use of 
technology driven benefits, such as mobile check-in, voice control with biometrics as well as contactless 
payments. Hotel guests who have become used to to unlocking their laptops as well as smartphones using 
recognition of facial and fingerprint will almost immediately come to anticipate the same expediency in gaining 
access to their rooms in the hotel. Inopportunely for the hotel companies eyeing to comfortable them, these 
advancements may be expensive to connect as well as uphold. If you wish to stay ahead of the moment of time, 
we recommend you make the investment in digitalization. 

 Personalization 
In present era, guests have matured enough to anticipate to be acknowledged as individuals. Hotel companies 
are going the long way to individually welcome their guests, while devices such as Mailchimp as well as Zoho 
have created personalized e-mail marketing easily reached to the masses, confirming greatly communications 
for target viewers. Far beyond simply adding the customer’s name to email greetings, data provides insight into 
past buying habits, enabling hotels to tailor their offers and promotions, and automatically provide similar 
services to previous stays. Platforms of technology such as CRM as well as CEM use big data to build one-to-
one connections amongst the guest as well as the host at very good scale. AI-powered chatbots have confirmed 
to be a hotel guest service asset both throughout the process of booking as well as in replying to recurrent 
questions. Operations of hotel more commonly are progressively designed by the usage of management systems 
to monitor as well as maximize revenues, relationships with customer, channels, property as well as 
prominence. In addition to, the increasing significance of predictive analytics, integrated messaging, customer 
profiling as well as middleware, which strive for to associate any dissimilar systems. 

 Experience Economy and Essentialism 
Good quality personalization as well as distinctive experiences is a need of today’s hotel guest. The growth of 
the independent traveler, impact to the less involvement of the travel agency as well as. Travel guiltiness is 
absolute. “Less is more”, is somewhat dusty saying, because Minimalism has modernized. The hotel guests are 
now days very less looking for extravagant shows of wealth, desiring instead to expend wisely, decisively as 
well as make a constructive influence on the globe. Exceptional experiences that give back to native societies in 
significant conducts are in request, as are adventurous holidays, relaxation retreats as well as niche hotel 
properties. 
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 Strategy of Asset Management 
The approach of asset-light has become predominant in the hospitality sector. The segregation among the 
operations management as well as assets of real-estate now agrees companies of hospitality to emphasis on their 
principal business, therefore cultivating competence. It nevertheless encourages surplus difficulty as well as 
prospective agency obstacles, enlightening the appearance of new varieties of work profiles, such as asset 
managers. Additionally, new work profiles have appeared succeeding the growing difficulty of the hospitality 
industry. Similarly, the requirement for competencies of quantitative analysis such as forecasting, budgeting, 
etc. has also heightened. 

 Reality of Virtual and Augmented 
Successively on from the positioning concerning content of visually appeal, it appears only expected that 
hospitality industry businesses should search for to take advantage of on technologies such as virtual tours, 
which will artifice up a digital atmosphere for hotel guests to portrait themselves in. Videos which offers 360-
degree views of café terraces, ambiance of restaurant, enclosed in locations of hotel beachfront or greenery or, 
for occasion, are fair the mode to create a hotel company stand out in the competition. As consistently, creating 
the admittance threshold low is crucial factor to success as broad a viewers as conceivable with material of 
virtual reality, creating content reachable on a range of appliances, beyond the prerequisite for a VR headset. 
The hotel guests should be able to use their smartphone with merely point it at true-world artefacts to conjure up 
further information. Graphical or informational overlays are used by augmented reality usages to enrich in-situ 
atmospheres. Once the hotel guests have downloaded the relevant app, they can usage this device to entree on 
opening times of restaurants, analyses or even construct user-generated content or collaborating tourist 
information maps. 

 Take-Away and Ghost Kitchens 
Because of the pandemic here to remain, so majority of the hotels and restaurants are revolving to take away as 
well as home delivery as an alternative to withstand amongst the lockdown restrictions as well as social 
distancing. The restaurants of the five-star hotels have all engaged up this alternative to withstand in the 
Business. Establishments such as Wal-Mart and Amazon and are investigating drone delivery also understood 
that it was a much economical as well as environmentally responsive alternate to delivery vans. The Industry of 
hospitality is even not far late with numerous food distributions being execute through drones. Majority startups 
that were associated to food distribution as well as virtual restaurants succeeded with the beginning of the 
pandemic. One of such invention for restaurants which is the conception of Ghost Kitchens, in this conception 
each restaurant compensations a assured fee as rent payment for the kitchen space as well as furthermore 
compensations commission for each food delivery. Startups such as Karma Kitchen and Doordash are 
exceptional examples of this conception. Therefore, Ghost Kitchens have a great chance to develop even later 
the pandemic as online distribution is a customer behavior which will stick from place to place much extended. 

 Traveling Less and Staycations 
In 2020 and 2021, travel restrictions have enabled the growth of the staycation. As it may be with global travel 
is starting back up, among price hikes airlines, requirements of Covid testings as well as the very convoluted 
bureaucracy which is engaged in going abroad nowadays, various presumed foreign travel either too costly for a 
huge family holiday or not value the disturbance for the breaks of the weekend of the preceding. Therefore, 
deciding in preference of the trend of staycation rather, or merely travelling much fewer than levels in pre-
pandemic. Actually, there is a numerus of motives vacationists may also be selecting to stay nearby to home, 
such as for reasons of budget or environment, because of this the current time having seen an increase in outings 
spent more in local places. It is very fortunate for the people who live in at present picturesque and tourism-rich 
nation with a pleasing conditions. New experiences are desires of the modern day travelers, because of the 
speedy advancements of global technology, change in climate as well as remaining dynamics, the industry of 
hospitality tourism is continuously revolutionize. According to the World Tourism Organization (UNWTO), in 
the year of 2018, recording the utmost arrival of international tourists, having experienced an extraordinary past 
in a decade, the hospitality and tourism sector is nowadays definitely faced with immense challenges as well as 
uncomfortable fluctuations in the aspect of the COVID-19 pandemic. Nevertheless, there are quiet expanding 
hospitality and tourism trends that can benefit Destination Marketing Organizations (DMOs), tour operators as 
well as other suppliers of industry to overhaul their businesses as well as witnessing attainment as industry 
develop into the new normal. 

 Sustainable Tourism 
Majority of the tourists consider that individuals make choice of sustainable travel in order to protect the planet 
as well as preserve it for forthcoming generations. New holidaymakers are accepting this attitude hereafter 

https://www.theguardian.com/news/2019/jul/01/global-tourism-hits-record-highs-but-who-goes-where-on-holiday
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making their travel resolutions with the environment in consciousness.  For instance, Carbon offsetting, is 
flattering more prevalent by the day particularly meanwhile holidaymakers want to benefit lessen the influence 
of the crises of environment. Tourism establishments be able to too back this mission by creating minor but 
noteworthy modifications. Holidaymakers can leave the use of single-use plastics or else choose to simply use 
solar for all there requirements of energy. Nevertheless, it’s imperative to understand that sustainability is not 
only related to the environment, it’s similarly about constructing a progressive influence on cultures and 
economies as well as the individuals at the destinations that clienteles like to visit. Sustainable tourism is 
furthermost expected going to develop, in the period of Covid-19 pandemic. If hospitality and tourism industry 
play major share in safeguarding sustainability, industry can build the trust as well as loyalty of the group of 
holidaymakers who are spearheading this movement. 

 Transformative Travel 
This is a new trend of tourism that’s rapidly achieving a huge popularity. The concept of transformative travel is 
not just about traveling for leisure but also directing to create a modification in the lives of both others as well 
as individual.  Volunteering expedition are an instance of the involvements which have expanded popularity 
from this movement. Holidaymakers vacation as well as furthermore fixed separately period to volunteer at 
their tourism destinations.  While it originates to creating a transformation in their individual lives, customers 
can determine to drive for wellness long weekends where they relish as well as either relax at a nature-filled 
destination, join a yoga class otherwise join some classes of apprenticeship to acquire a different 
expertise.  There is similarly a remarkable alteration in the holidaymakers’ diet, because of this trend. As an 
alternative of satiate in unhealthy eatables, those who’ve merged the movement of organic food desire spaces 
that provides extremely nutritious as well as organic food products. One of the foremost purposes for 
transformative travel is to be elaborate in something which is noteworthy as well as enhances determination to 
the journey.  Majority of worldwide holidaymakers would consider contributing in cultural interactions to 
acquire a new   expertise,   followed by a volunteering trip as well as worldwide job placements. Centered on 
this inclination, travel companies can emphasis on proposing purposeful and unique activities laterally with 
their usual or typical products and services. 

 Experience Tourism 
The trend of experience tourism is on the  upswing now days. This trend is around having an experience of 
once-in-a-lifetime or acquisition of association of sensation with not only cultures but also nature. As 
holidaymakers get bored or tired of regular holidays in travel destination, they commence eyeing for an 
authentic services in their destination of travel. Holidaymakers can without difficulty go for a trademark that 
will permit them to  intermingle with the natives as well as involvement the culture of the individuals. 
Holidaymakers favor spending extra currency on exceptional services relatively than on material things, thus, if 
hospitality and tourism sector provides these services, then you’re well on your means to attaining this 
cumulative breed of clienteles. Food sampling is considered as one of the best popular experiences. Culinary or 
food tourism permits holidaymakers to delight in diverse local cuisines, maybe even acquire by what method to 
prepare some of the recipes as well as intermingle with the individual’s customs and traditions in the manner. 
Rather than staying in hotels, holidaymakers need to experience their travel destinations is by residing with 
native people. This holidaymakers them an opportunity to intermingle even closer with the native people as well 
as perceive their approach of life. 

 Solo Travel 
Solo traveling is a is considered as delightful as well as self-rewarding that powers you to not only grow but 
also leaves you pleasure of fully recovered as well as more optimistic.  But more individuals are going to travel 
solo for diverse priorities. Many holidaymakers may need the independence to do whatsoever they need, each 
time they need, comparatively than be ‘’tied down’’ to a group of family or friends, or a companion. And 
holidaymakers may like to traveling alone for their specific individual progress, as well as exploring to some 
degree profounder from their solo exploration. Majority of solo travelers are moreover choosing for tours which 
professionally conducted, which is virtuous news for operators of tour and activities. Majority of travelers are 
dreaming to take full advantage of their ‘’me-time.’’ The hospitality and tourism industry can gain benefit of 
this by having distinctive proposals to provide to these solo explorers.  Maybe hospitality and tourism industry 
can deliver them a further individual service with one-on-one cooking classes or one-on-one tours. Solo 
Traveling every so often lonely, but can be eye-opening, uplifting, as well as entertaining. Industry can even 
think of provides for two individuals where you have the occasion to pair them with an unfamiliar person that 
may converted their new finest associate. These so travelers even delight in get-together with new folk as well 
as frequently make long-lasting bonds throughout their travels since impending someone who is alone is much 

https://www.theguardian.com/travel/2019/oct/14/travel-companies-offsetting-carbon-emissions-every-holiday-tree-planting
https://globalnews.booking.com/bookingcom-reveals-8-travel-predictions-for-2019/
https://pro.regiondo.com/experience-tourism/
https://pro.regiondo.com/travel-like-a-local/
https://pro.regiondo.com/solo-travel-trend/
https://pro.regiondo.com/booking-system/cooking-classes/
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at ease than impending a group of people. For solo travelers, safety is also a great worry for.  The solo traveler 
should be sure to worry that offers provided by an industry are reliable as well as trustworthy. The notion of 
being Solo Travel even worse during the journey is not ever amusing for any kind of vacationer. 

CONCLUSION AND RECOMMENDATIONS 
The essentials of sector of hospitality such as courtesy to detail, personalization as well as offering a distinctive 
guest services have not transformed and remain to be the potentials accentuated in the business. The retrieval 
outline displays that individuals are quiet choosing to travel in spite of the constraints not only in domestic 
travel but also international travel. Travelers are eagerly waiting to spend their reserves on tourism as well as 
distinctive services at the similar period they have progressed as well as their worries are intensified with 
respects to healthiness, safety and security as well as environment-friendly choices. As a result, it is very 
essential to keep contemporary with the business trends, even if you are a traveler coming up to expend your 
gathered revenue on involvements or a business owner tiresome to remain on best of the cut throat competition. 
This research investigating over the modern scholarly articles as well as articles on applicable websites 
collected appreciated understanding as well as data concerning current expansions in the industry of hospitality 
and tourism during COVID-19 Pandemic, offering 360-degree view of the modern expansions to the readers. 
Even though research in this arena is comparatively different, upon investigative the progressing tendencies 
digitalization as well as technology was establish to be a controlling tendency to regulate the provisions of the 
worldwide industry of hospitality and tourism in the forthcoming. Numerous technologically ambitious startups 
are associating with organizations of hospitality and tourism as well as serving them prepare for the 
forthcoming post the pandemic. Every single segment of the business has seen progresses in relations of 
technology, such as contactless check-in or checkout and payment, contactless distribution of food and beverage 
to the customer's doorstep, housekeeping service with atomized sanitation, modified service blueprint, cleaning 
procedures as well as 5 Star Kitchens and Restaurants revolving to progressive techniques of rent out out ghosts 
kitchens to associating with third-party vendors.       Establishments are captivating a more all-inclusive 
methodology as well as not only regarding into the safety plus hygiene requirements of the vacationers but are 
also considering into improving the confidence as well as healthiness of their workforces not only physical but 
also mental through different training assemblies, this would have been undeveloped in some circumstances if 
not for the forewarning from the pandemic. As the industry move advancing to the beginning of 2022, the 
accessibility of vaccines specifies an upgrading concerning towns lifting lockdowns as well as most of the 
establishments reopening, prohibition on travel being raised as well as social assembly once yet again 
recommence. Reevaluating the forthcoming of sectors of hospitality and tourism is not comprehensive beyond 
addressing the advancements of technology in all sectors of the hospitality and tourism industry as well as brand 
innovative concepts retain developing each single day around the world, this in amalgamation through 
previously prevailing technology creates to an innovative techniques of impending the disaster of COVID-19. 
Through quickening these concepts as well as relating them to transform the traditional methods of attending 
the worldwide nations, the hospitality and tourism industry is assertive itself further into the forthcoming period. 
Hospitality and tourism companies around the world are being enforced to familiarize otherwise they will have 
to witness elimination. The authors anticipates that the readers are prepared with the most recent inclinations 
around the world that are restructuring as well as altering the appearance of hospitality and tourism industry 
with this research work. In the COVID-19 period, the authors discovered that, traditional styles of welcome as 
well as standard operating procedure have been switched with precautionary procedures of scanning, sanitizing 
as well as social distancing. Even though the personal touch is repeatedly misplaced in these measures it is what 
is anticipated as new normal as well as suitable to not only forefront workforces but also customers. 

Nevertheless, personalization continues one of the influential aspects for the sustenance of any service industry, 
the business has set up techniques to monitor the safety procedures as well as nonetheless quiet provide a 
distinctive personal service for the customers, industries point out in this research have used numerous 
procedures of familiarizing to the altering appearance of hospitality and tourism as well as are not only 
perpetuation but acquisition of modest improvement performance so. The authors even deliver a vision into the 
behavior of innovative customers this will assist in the estimate of forthcoming inclinations that will modify the 
appearance of the industry of hospitality and tourism in the coming forthcoming era. 
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ABSTRACT 
The advent of 21st century witnessed the surge in entrepreneurial activities amongst the female sex of India. 
Where on one side the patriarchy, gender prejudices, low family assistance and cultural biases were still 
prevailing, women on the other side were taking their entrepreneurial intensities to next level and lifting the 
veils of entrepreneurship forever, what come may. This paper reviews the changes seen in the perspectives of 
society in reference to women and their entrepreneurship in past twelve years and the reasons still prevailing in 
societal mindsets which chain the successful setups of women. It also discusses about number of schemes and 
governmental supports being taken up to promote and help women entrepreneurs at a large scale. 

Keywords: Women entrepreneurship, Indian society/culture, current challenges, governmental support 

INTRODUCTION 
Entrepreneurship can be stated as a process of building value through recognition of business opportunities, 
management of risk taking appropriate to the opportunity and using communication along with management to 
utilize human resources, financial resources to build a fruitful project. Any individual who owns and hones the 
skills of bearing greater risk and uncertainties to set up and run a venture can be termed as an entrepreneur. 
Robert D. Hisrich and Michael P. Peters (1998) defines, “Entrepreneurship is the process of creating 
something new with value by devoting the necessary time and effort, assuming the accompanying financial, 
psychic and social risks and receiving the resulting rewards of monetary and personal satisfaction and 
independence.” 

Entrepreneurship traces back to centuries when the obsidian trading took place amongst various hunter-tribes. 
This continued for other millennia when the first Neolithic(agricultural) revolution happened and a gigantic 
shift in the entrepreneurship scale was witnessed. By 3000 BC, when cities started rising and entrepreneurs 
were specialising in areas like pottery, masonry, carpentry etc, only then people realized how exchanges and 
trading culture can be formulated in between cities and cultures. Since then, trading of salt, gunpowder, coffee, 
lemons etc came into existence and resumed for good. 

Much before the money invention, barter system was the key but afterwards currency took it by storm. After a 
long gap of discoveries and transformations, initiation of industrial revolution caused a surge in entrepreneurial 
activities from small-scale in towns to large-scale in cities. Availability of labor and energy production 
promoted the activities to large extent and trade became global. Finally, the hit of modern times changed the 
meaning of entrepreneurship drastically but keeping the core values similar. 

Entrepreneurship has been proved to be the catalyst of change specially for the economic reforms and 
supportive growth. The commencement of the 20th century saw the rise in feminism which finally began to 
make real changes in the female working environment. Female entrepreneurs like Coco Chanel, Olive Ann 
Beech, and Ma Perkins got a breakthrough. These powerful women built their own brands while fighting for 
success against discrimination, taboos, unfair remunerations and stigmas plaguing female business owners. 
Today these brands survive to tell the legacy of some of America’s earliest female-preneurs.In India, 
womanhood has always been supressed by the male dominated patriarchal society. However, 1960s laid down 
the foundation of realisation for women to see themselves as bread makers from bread earners. Pottery, home-
made eatables’ business (papad, spices and pickles etc) and bangle manufacturing etc developed as small-scale 
business in the homes of thousands of females and artistic skills became a blessing. 1970s also brought in a 
wave of feminist activism and raising voices against issues like gender inequality, rape, domestic violence faced 
by women, sati, divorce laws, political representation and land rights could be heard. The wave of women 
asking for their rights began and the term ‘women entrepreneurship’ came into existence. 

In 1980s, men made it harder for women to survive in the market but still the fames like Vandana Luthra, CEO 
of VLCC and Kiran Majumdar Shaw, CEO of Biocon were blooming. 1990s came out to be the golden period 
of independence and around 2 lac women entrepreneurs paved way for themselves, concealing men 
entrepreneurs in the small box. Due to the shadow of liberalization, globalization and privatization, women 
were able to build their fortunes in every sector of service and trading in the economy. Eight five-year plans, 
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EDP (Entrepreneurship development programmes) and KVIC (Khadi and Village Industries 
Commission) were the major governmental supports to empower women in this era. 

21st century has seen a colossal surge in the numbers of women entrepreneurs, no matter the competition has 
rose to much higher levels amidst the workplace discriminations, gender inequalities and wage struggles in 
comparison to the male counterparts. Women are creating benchmarks in the fields of business, media, politics, 
administration, fashion, social work, research, law and many others. Payment ecosystem, e-commerce, travel, 
beauty, clothing are some main sectors where women have created verticals for themselves. 

The Government of India has defined a women entrepreneur enterprise as, “An enterprise owned and controlled 
by women having a minimum financial interest of 51% of the capital and giving at least 51% of the employment 
generated in the enterprise to women” 

Women empowerment can be said as a change in the women’s life, which enhances her capacity of leading a 
fulfilling human life. It gets reflected in external qualities (viz. health, mobility, educationand awareness, status 
in the family, participation in decision making, and also at thelevel of material security) and internal qualities 
(viz. self-awareness and self-confidence) [Human Development in South Asia (2000)] as quoted by Mathew 
(2003). 

"Empowering women is a prerequisite for creating a good nation, when women are empowered, society with 
stability is assured. Empowerment of women is essential as their thoughts and their value systems lead to the 
development of a good family, good society and ultimately a good nation." - APJ Abdul Kalam, Former 
President of India. 

REVIEW OF LITERATURE 
Nayak and Mahanta (2009) revealed the disempowered and inferior status of women as compared to men 
despite of the consistent governmental interventions and empowerment attempts. The study brought out the 
reasons like huge gender gap in education and employment, zero or low household decision making power and 
low mobility of women as the major factors contributing to low social status of women. Two indices, namely, 
Gender related Development Index (GDI) and Gender Empowerment Measure (GEM) were introduced to 
calculate the overall improvement and gender disparity. It was found out that the unchangeable attitude of 
women pertaining to injustice and unfair treatment as a right concept is the stem to their degradation. 
Consequently, acceptance of unequal gender norms by women are still prevailing in the society where domestic 
violence, low participation in everything and zero decision making power is terribly affecting women’s living 
standards. A large gender gap exists in political participation also. The study, thus, infers an observation that 
access to education and employment are the only powerful causes to empowerment and achievement towards 
the aims. Although, it largely relies on the attitude of the people towards gender equality. 

Arora (2012) discusses the relation of globalization and state level openness with per capita income and gender 
inequality. It studies whether gender inequality is ‘lower’ in various more open and globalized states in India 
and showcases potential effects of great liberalization on women like employment issuance, public services, 
wage gap reduction and price effects. She found that though there might be increased employment in terms of 
numbers, yet the education access and health still remain inferior to them. Even if the latter are provided, only 
the equal rights to participate in labour and overall mending of social perspectives will help bring a change. 

Khatter and Sapra, (2013), laid emphasis on the correlation of demographic variables and their impact on 
financial performance of Indian women entrepreneurs. The conducted research assumed a hypothesis that 
financial performance of women entrepreneurs is independent of the demographic variables and studied a 
population of 100 women entrepreneurs, while considering the variables like age, education, marital status and 
family income. The findings obtained using Pearson’s chi-square test clarified the extent of dependence, making 
it visible that financial performance is highly dependent on marital and family status, normally dependent on the 
age and has zero dependence on educational levels. 

Kumbhar (2013) studied the critical aspects of women entrepreneurship in the remote parts of India. The author 
concluded some major causes responsible for the setback of the women in rural areas like unrealized definite 
life agenda, imbalance in family and career obligations, zero financial freedom for women, no direct property 
ownership or collateral; absence of risk bearing capabilities, entrepreneurial skills, awareness, confidence, 
professional education, mobility; negligence by financial institutions, no contact with successful entrepreneurs 
and a huge gender inequality issue. He further suggested that making women as mediators of economic growth, 
consistent hammering of their inspirational minds and conducting awareness programs on a gigantic scale can 
help curb the situation. 
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An exploratory study conducted by Reddy and Bade, (2015), presents a detailed description on how SMEs 
(small medium enterprises) become the backbone of an economy and how Indian women entrepreneurs 
multiply it by promoting SMEs. This paper is built on assumptions that if motivational factors have any 
significant influence on women entrepreneurship development and statistics proved the significant impact of 
motivational factors on development of women entrepreneurs along with suggestions on fostering wealth 
creation by women entrepreneurs for high economic growth. 

Kakkar et al., (2019) conducted a comparative analysis of Indian entrepreneurs with entrepreneurs of top three 
countries viz. New Zealand, Sweden and Canada as per Master card Index of Women Entrepreneurs (MIWE). 
The statistics shown low gender discrimination with more supportive financial and emotional structure in the 
three countries where as India being a developing country still struggles to maintain the decorum because of 
lack in finance, leadership, inequalities, resource scarcity and low infrastructural developments. New Zealand is 
found to be the top-ranking nation whose women entrepreneurs are overshadowing men globally. 

In the next paper, Korreck (2019) explores the situation and low success rate of female entrepreneurs mainly 
because of minimal safety, a huge gender gap, biased treatment of women as entrepreneurs, low confidence, 
very less or no family and financial support and lack of child-care options. This paper studies the factors 
affecting the performance and interests of women to enter startups and entrepreneurship and lays emphasis on 
what holds them even after certain technological advancements which is basically 

Falguni (2019) mentions the potential recognition or demotivation factors that work in women entrepreneurs’ 
lives. Increase in awareness of personal and social needs amongst women stemming the need of self-
dependence in them and thus ultimately boosting economic growth is being talked upon in the paper. Struggles 
of initial stage like funding, low freedom in movement, dual responsibilities or work and family contribute to 
the hardships whereas technological and societal revolutions truly are helping in the upliftment of women by 
building a platform. 

As per World Bank (2021) the entrepreneurship indicator built by the expert researches upon several reasons 
devoting to the stoppage of setting and running of a venture by a woman. In spite of the high score, basic causes 
like collateral constraints and social norms shape up the choices of women. However, they suggest the 
enhancement of women’s control over finances, bank accounts alongside training them in skills will definitely 
help in a colossal surge of women entrepreneurs setting their foot in business and shifting the conservative 
perspectives to modern approaches. 

CHALLENGES IN CURRENT SCENARIO 
India has the third largest ecosystem for startups and expecting around 150 unicorns by 2025, as per TOI (Times 
of India). Women entrepreneurs have seen no growth. Only about 14 percent of Indian women own or run 
businesses, according to the ‘Highlights of sixth economic consensus’, conducted in 2014. More than 90 percent 
of companies run by women are microenterprises, and about 79 percent are self-financed. The question that 
arises here is what is still chaining the growth of women in a century of full female activism and feminist 
thoughts prevailing everywhere. As per the findings from a mix of past twenty-year studies and around 30 
research papers, some of the current issues that are still a wall in between potential women entrepreneurs and 
their success and still are found to exist could be; 

 Slow processing of governmental assistance 

 Women’s lack of awareness on legal and provisional constitutions and rights in existence 

 Low to zero decision making power in hands of women 

 Stigmas like gender discrimination and inferior treatments at every place 

 High crime rate and low mobility leading to safety issues at work/public places 

 Collateral unavailability, funding problems and no capital 

 Absence or low rate of educational provisions in remote areas till date 

 Low Managerial capacities or zero skills in effective business management 

 Societal stereotyping of good and bad woman and cultural pressures creating negative self-perception. 

 Socio-personal problems like economic backwardness, societal attitude, low risk bearing. 
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 Family support absent in totality, child care issues like juggling between home and family where only 
women is expected to handle the household chores alone, without family help. If not emotional, then 
financial issues like low income of parents, basic occupation and basic salary ergo low chances of opting 
business occur. 

 Production and marketing issues for small scale business holders as in low market knowledge, cut throat 
competition, exploitation by middlemen, corruption in material, labour, trading; lack of export market 
support, due collection issues etc. 

World bank built eight indicators as per the ‘Women, business and laws,2022’ report to measure gender 
equality globally and different countries were labelled with different indicators in the field of improvement and 
reforms. Women still suffer because of absence of these indicators worldwide and India lacks in establishment 
of fair marital grounds, where patriarchy dominates the justice in the institution of marriage. 

“We are still highly patriarchal, and disobeying the husband is not possible in most households. Domestic 
violence is very high, and most matters go unreported” is the verdict of a legal expert who is explaining the gaps 
in implementation of legislation in India, as stated by the World bank (2021). 

Governmental Support- Current Scenario 
The main issue responsible for low success rate of women is found to be absence of financial support and most 
of the startups do not begin or flourish for the reason that funding is a major drawback. Ramesh.B, (2018) 
explains how women entrepreneurship is being promoted by GOI in current era and the role played by various 
autonomous, charitable and financial institutions is helping the inspired women seek help and accomplish 
impossible targets. As per his study, some of the organizations contributing in this direction are, 

 National Resource Centre for Women (NRCW) 

 Women’s India Trust(WIT) 

 Development of Women and Children in Urban Area (DWCUA) 

 Women Development Cells (WDC) 

 FINANCIAL INSTITUTIONS 

(i) National Small Industries Corporation (NSIC), 

(ii) All-India Development Banks (AIDBs), viz. IDBI, IFCI scheme of     interest subsidy of women 
entrepreneurs, ICICI, IIBI, IDFC and SIDBI, 

iii) Specialised Financial Institutions (SFIs), viz. Exim Bank and NABARD, 

iv) Investment Institutions, viz. LIC, GIC, NIC, NIA, OIC, UII and UTI, 

v) Regional/ State-Level Institutions, viz. NEDFI, SIDCs and SFCs, 

vi) Commercial Banks, 

vii) Co-operative Banks, etc. 

Some other programs and governmental loan schemes have also been initiated for the similar purpose as 
Saraswat and Lathabahvn, (2020) also mention these under the schemes for upliftment; 

 Annapurna Scheme 

 Assistance to Rural Women in Non-Farm Development (ARWIND) schemes 

 Bhartiya Mahila Bank Business Loan 

 Cent Kalyani Scheme 

 Dena Shakti Scheme 

 Entrepreneurial Development programme (EDPs) 

 Indira Mahila Kendra 

 Indira Mahila Yojana 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

536 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

 Integrated Rural Development Programme (IRDP) 

 Khadi and Village Industries Commission (KVIC) 

 Mahila Vikas Nidhi and Mahila Samiti Yojana 

 Management Development progammes 

 Marketing of Non-Farm Products of Rural Women (MAHIMA) 

 Micro & Small Enterprises Cluster Development Programmes (MSE-CDP). 

 Micro Credit Scheme 

 Mudra Loan for Women 

 National Banks for Agriculture and Rural Development Schemes 

 NGO’s Credit Schemes 

 Orient Mahila Vikas Yojana Scheme 

 Prime Minister’s Rojgar Yojana (PMRY) 

 Priyadarshini Project by Bank of India 

 Rajiv Gandhi Mahila Vikas Pariyojana (RGMVP) 

 Rashtriya Mahila Kosh 

 SBI’s Stree Shakti Yojana 

 SIDBI’s Mahila Udyam Nidhi Yojana 

 The Women Entrepreneurship Platform (WEP) [Niti Aayog, an ecosystem provider for budding and 
existing entrepreneurs, partner with SIDBI] 

 Trade Related Entrepreneurship Assistance and Development (TREAD) 

 Training of Rural Youth for Self-Employment (TRYSEM) 

 Udyogini Scheme 

 Working Women’s Forum 

 National Level Standing Committee on Women Entrepreneurs 

 National Association of Women Entrepreneur and Executives 

 Kerala State Electronics Development Corporation Limited 

 Kerala Financial Corporation (KFC) 

 Women Industries Programme 

 District Industries Centres 

CONCLUSION 
Women are the very base of the family as well as nation and can surely contribute to the economic growth in a 
humongous way. Women entrepreneurs tend to have a highly realistic approach towards the establishment and 
running of the venture as well as the national institutions. Every human mind, state and country needs to 
understand the pure concept of how women entrepreneurship can drift the national and global growth to a new 
space while building various assets for any economy. The leech of traditional mindset still lurking in the 
conservative human minds needs to be vanished for a better future of women as well as the whole nation. The 
certain obstacles found out in the paper, mostly involved issues from the patriarchal and financial worlds which 
consequently effect the personality and business minds of women. Consistent and innovative attempts on the 
part of family at first, then educational institutions, government and society are mandatorily required for better 
inspiration, efficient skills, freedom of choice and successful outcomes of the women entrepreneurs yearning to 
build a fortune. 
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Contribution of Women from North-East India in the Field of Science and 
Technology 

Biplab Banik 
Department of Chemistry, Tinsukia College, Tinsukia-786125, Assam, India 

For decades in India, the field of Science and Technology was primarily in control of males, however, since past 
few years, several women have contributed significantly in science and have also stimulated others to act in 
accordance with them. follow. In Indian Agricultural Research Institute (IARI), 50% of the departments-
including biochemistry, plant pathology, entomology, nematology, microbiology, agricultural physics, 
agricultural chemicals and agricultural economics are led by women.  As per United Nations particulars, the 
research & development institutions in India are comprised of only 14% of the total 280,000 scientists, 
engineers and technologists. Nevertheless, in the research programmes, a third of the PhD awardees is women. 
Women Scientists are contributing significantly for the rapid progression of the country in all disciplines. For 
celebrating International Women’s Day on March 8, 2020, the Indian government has acknowledged its women 
scientists to encourage more women participation in the field of science. It’s a magnificant course of action to 
commemorate the great women scientists of India.1 From cytogenetics to organic chemistry and social sciences, 
the ministry of women and child development, Govt. of India will establish 11 chairs across various universities 
in India in the honour of 20th century women scientists, including eminent anthropologist Irawati Karve and 
mathematician Raman Parimala.1 

 
Women’s Science Congress is a significant step towards nation building and remarkable endeavor to motivate 
and encourage women to have a powerful existence in the field of science and technology. Women’s Science 
Congress is the most important part as it reflects a range of areas where the intellectual attributes, innovations, 
ideas and many other things of and for women are given a vibrant platform in promoting science and 
technology. Let us not forget that behind the simple, docile and humble identity of every woman there is a 
razor-sharp brain and an uncanny ability to execute and converts thoughts into actions without much effort. If 
women are given the opportunity and support, they would excel in any field. Through the Women’s Science 
Congress more young female minds can be inspired to be a part of scientific community and to engage 
themselves in active scientific research. North-east Indian women have significant contributions in the field of 
science and technology. North-east Indian women are brave, courageous and enterprising and they contribute in 
maintaining peace and harmony in the region. They take major role in economic activities with local and 
traditional markets being run by women only. Stating that history has always proven the bravery and 
courageous nature of North-east Indian women right from the British rule in India. Even in times of turmoil or 
unrest in the region, the women have always come to the forefront to resolve and bring peace. If such brave 
women are provided with scientific and technological awareness, then they can contribute immensely in the 
outstanding development of the nation aa a whole. Women’s Science Congress is being held to salute the 
enthusiasm of Indian women and commemorate their contribution in the society. Women empowerment is 
immensely important for the development of the country. However, in-spite of women performing exceedingly 
well in schools and colleges, very few women make science and technology, very few women make science and 
technology as their chosen career and due to certain limitations raised by our society, they opt out of their 
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professional career. The most important step to empower women is remove the gender disparity. Indian women 
can contribute magnificently both in personal life by nurturing and taking care of their children, sharing 
experience and knowledge with their children and also in professional life by augmenting scientific skills and 
temperament and hence developing our society. Now a days, women are getting more conscious of their rights, 
hence making their best efforts to enhance and upgrade their intellectual capability, positive ethics affirmation 
to fabricate her own definition resolution of herself and consider herself as a perfect human being without any 
gender prejudice. Women empowerment through science and technology, has the ability to accredit them to 
realize comprehend their talents, and power and structure their life in agreement with their innovations and 
creativity. In this modern era, particularly in the 21st century, Scientists, Engineers and Medical professionals 
play a pivotal role. These professionals in these fields, in turn, will explore ways and means in solving the 
problems faced by people such as problems in energy, sustainability, the environment, water, food, disease and 
most importantly in the healthcare sector. Since the percentage of the scientific and technological workforce has 
been increasing day by day, women at this juncture, need to participate and explore solutions to technical 
problems as well as for generating employment in Scientific and Entrepreneurship. Women in India face several 
challenges in moving up the academic and administrative ladder due to systemic barriers and structural factors. 
Gender equality in scientific laboratories and institutions of higher education is not only about numbers but also 
about various micro and macro level factors operating at institutional level. There exist various policies and 
enabling environment in different institutions in India but a common approach or guiding principles to bridge 
the gender gap is still lacking. In science and technology sector it is difficult to assess and evaluate the merit of 
existing process/procedures from gender lens. This clearly demonstrates a need for multi stakeholder 
interventions. While gender equality in science is an important consideration, it is also in the larger interest of 
scientific progress and society. 

Women faced great challenges to get education in science subjects, as there was no college or university in 
those days to provide science education to female students. They had to request from college to college and 
university to university to get admission to BSc, MSc, and PhD courses. Table I provides the list of lady 
crusaders, who could achieve their endeavour despite several hurdles.2 

Table-I: Chronology of Indian Women Achievers in Science and Technology2 
Sl.No. Year Name Degree/Achievement Name 

Institute/Organization 
1.  

1921 
 

 
E K Janaki Ammal 

 

 
BSc (Honours) 

(Botany) 
 

 
Presidency College, 

Madras 
 

2.  
1931 

 

 
E K Janaki Ammal 

 

 
DSc 

 

 
University of 

Michigan, Ann Arbor, 
USA 

 

3.  
1933 

 

 
Kamala Sohonie 

 

 
BSc 

 

 
Bombay University, 

Bombay 
 

4.  
1934 

 

 
Radha Pant 

 

 
BSc 

 

 
University of Delhi, 

Delhi 
 

5.  
1935 

 

E K Janaki Ammal  
First Woman Fellow 

 

 
Indian Academy of 

Sciences 
 

6  
1936 

 

 
Asima Chatterjee 

 

 
BSc (Chemistry) 

 

 
Scottish Church 

College, Calcutta 
 

7.  
1939  

 

Anna Mondiyal BSc(Honours) 
 

Presidency College, 
Madras 

8.  
1939  

 

Kamala Sohonie PhD 
 

Cambridge University, 
Cambridge 

9.  
1944  

 

Asima Chatterjee DSc Calcutta University, 
Calcutta 

10.  Radha Pant First Woman Faculty Science Department, 
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1945    
 

Member Allahabad University, 
Allahabad 

11.  
1947  

 

Urmil Eulie Chowdhury B Arch University of Sydney, 
Australia 

12.  
1948  

 

Rajeshwari Chatterjee MS (Electrical 
Engineering) 

University of Michigan, 
Ann Arbor, USA 

 
13.  

1953  
 

-do- First Woman Faculty 
Member 

Engineering Department, 
Indian Institute of 

Science, Bangalore 
 

14.  
1953  

 

Shakuntala Bhagat BTech (Civil) 
 

Veermata Jeejabai 
Technical Institute, 

Bombay 
15.  

1957  
 

E K Janaki Ammal First Woman Elected 
Fellow 

Indian National Science 
Academy (INSA 

16.  
1961  

 

Asima Chatterjee First Woman to get Shanti 
Swarup Bhatnagar Award 

(Chemical Sciences) 

CSIR, India 

17.  
1968  

 

Hiriyakkamavar Ilah PhD Indian Institute of 
Technology, Kanpur 

18.  
1968  

 

Priti Shankar 
 

First Woman Graduate Indian Institute of 
Technology, New Delhi 

19.  
1975  

 

Asima Chatterjee First Woman General 
President 

Indian Science Congress 
Association. 

20.  
1983  

 

Sudipta Sengupta First Woman Member 
 

The Indian Antarctic 
Expedition 

21.  
1984  

 

Sneh Bhargava First Woman Director All India Institute of 
Medical Sciences, New 

Delhi 
22.  

1985  

 

Urmil Eulie Chowdhury 
 

First Asian woman to get 
her name registered to 

IAWA, USA 

Academy to International 
Archive of Women 

Architecture (IAWA), 
Virginia Tech., USA. 

23.  
1990  

 

Bimla Buti First Indian Woman 
Fellow 

Third World Academy of 
Sciences (TWAS), 

Trieste, Italy 
24.  

1994  
 

Satyavati, Gawdagere 
Vedanti 

First Woman Director 
General 

Indian Council of 
Medical Research 

(ICMR), New Delhi. 
25.  

2005  
 

Raman Parimala First woman to be awarded 
in Mathematics and 

Physics 

Third World Academy of 
Sciences (TWAS), 

Trieste, Italy 

There has been visible gender discrimination across the globe to accept the active involvement of women in the 
discipline of science and technology. It took a long time to get admission of women in the scientific community. 
Initially, women were denied membership and fellowship in the scientific academies. However, the situation 
improved when women gained admission to higher education. More than 50% of the world’s population is 
constituted of women, yet in most developed countries the achievements of women in science are invisible. 

Some of the significant contributions made by women of North-East India in the field of science and technology 
are briefly highlighted in this paper. 
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1. Joyanti Chutia: 

 
This Indian physicist did her specialization in the field of solid-state physics and plasma physics. Among all 
Indian women, she was the first women to lead scientific institutions in India. In 2005, she became the Director 
of the  Institute of Advanced Study in Science and Technology (IASST) in Guwahati, Assam, which is the first 
premier research institution established in North East India.  She is an Emeritus Scientist at the Department of 
Science & Technology in the Government of India as well as the fellow of  National Academy of Sciences. She 
was born in 1948 at Sivasagar, Assam, India. 

Dr. Chutia was one of the first girls in her school to opt for mathematics as a main subject. Later on, she 
completed her B.Sc in physics from Cotton University, Assam in 1967 and completed her MSc in 1969 and 
Ph.D on a fellowship in 1981 from Dibrugarh University, Dibrugarh. Dr. Chutia taught for some time as a 
lecturer at Cotton College, eventually deciding to continue with research. Her research focused on 
the conduction mechanism of thin polymer films After the completion of her Ph.D, Chutia continued her 
research at Dibrugarh University for another year as a CSIR-postdoctoral fellow. She plunged into the area 
of plasma physics at the Physical Research Laboratory in  Ahmedabad  and thereafter connected with 
the  Institute for Plasma Research   in  Gandhinagar. After few years, she returned back to the Institute of 
Advanced Study in Science and Technology as a faculty member and established the Plasma Physics 
Laboratory. She was awarded the Japanese government fellowship in 1988 to work at the Plasma Laboratory of 
the Institute of Space and Astronautical Science, Tokyo. Chutia's research interests mainly includes 
biomedicine, material science and biotechnology. Her research has lead the way for the growth and evolution of 
a long-lasting and compostable cut stitching material from Muga Silk. She is a recipient of various awards such 
as Durlav Deka Memorial Award, Basanti Bordoloi Award, Sadhani Saurya Award, Ghanashyam Goswami 
Award, and K K Barua National Award. 

2.     Priyanka Das Rajkakati: 

 

Priyanka Das from Assam has been appointed as the ambassador of “For Girls and Science”, an initiative 
launched in 2014 that will now see her encouraging girls to take up scientific careers and pursue it to higher 
education levels. Priyanka Das is breaking the conventional thinking of the society that science is always been 
dominated by males and science and women are often considered as an unfamiliar coalescence. From all over 
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the world, 75 high-quality women are selected for the prestigious Homeward Bound Antarctica Mission’s fifth 
edition and Ms. Das has also been choosen along with them. The aim of the mission is to provide support to 
women from STEMM (science, technology, engineering, mathematics and medicine) background for enhancing 
their skill in policy-making capacity and leadership ability. Das was brought up in New Delhi and currently 
settled in France. She is the daughter of Manoj Kumar Das and Dr Ajanta Baruah Das, who hails from Assam. 
Her both parents have a science background, and due to their efforts, she got exposure into the field at an early 
age. Das was having interest in various co-curricular activities like dancing, playing violin, sports etc. She also 
received the best all-rounder award just prior to leaving school. Das remains to be an all-rounder till date and 
the labels which describe her are, “Aerospace engineer, data scientist, artist, language enthusiast and 
ambassador for the L’Oréal-UNESCO girls in Science Initiative.” Currently, Das is pursuing her Ph.D studies in 
satellite navigation, in an aerospace company called Safran in France. The topic for her Ph.D is “how to make 
positioning by GNSS (an example that we all know of is GPS) more precise, in the order of a few centimetre (it 
is in reality a few metre)”. This technology can be highly useful from security point of view level in 
autonomous cars which are present at one meter distance from each other. Meanwhile, she is also continuing her 
studies on the feasibility of using Earth-based satellite systems for navigating on the Moon. Apart from this, her 
role as the ambassador for L’Oréal-UNESCO for Girls in Science Initiative in France is breaking all 
stereotypical rigid thinking about women working in scientific fields. For example, she said, “I do not spend 
entire time in a laboratory with a lab-coat-I actually get to be an artist on the side and travel to my heart’s 
content.” The scientist is very dynamic and energetic even in her late 20s and is certainly setting an example, for 
all the girls who are reluctant of selecting the stream, she said, “If you are curious about life, science should 
naturally come to you.”  She was also promoted by Gorgeous You India campaign, which kicked off under the 
initiative of the Shirin Latif, to reach out and to public light the stories of 100 successful Indian women, who 
could serve as role model for the young generation. Das completed her graduation in physics from St Stephen’s 
College, New Delhi, where she ascertained that her aerospace dream could literally become a reality. After then, 
she completed her postgraduation from École Polytechnique in Paris and obtained a double diploma exchange 
from ISAE- Supaéro. With the advancement of her career in the field of science, Das did not surrender her 
affection for art. She said she always desired to become a professional artist, but due to confusion at the early 
stage of her career, she couldn’t make a balance between both the fields. Another significant milestone in her 
life was the Caltech Space Challenge 2015, which was a five-day long international student space mission 
design competition bringing 32 talented and highly-motivated students to the Caltech campus, Pasadena, USA, 
to take part in a week-long space mission design competition. The participants worked very hard under the 
guidance of experts from the industry, NASA and academia to design their mission concept from scratch to 
final proposal. Furthermore, Das also got the opportunity to visit the NASA Jet Propulsion Laboratory (JPL). 

3. Rural Women From Assam Prepare Products Like Hand Sanitizer, Homemade Mask To 
Combatcovid-19: 
Rural women of Jorhat, Assam have played a significant part in the preparation of various products such as 
hand sanitizer, homemade mask, and liquid disinfectant with the help of Rural Women Technology Park 
(RWTP) under CSIR-North East Institute of Science and Technology, Jorhat, supported by SEED Division, 
Department of Science and Technology (DST), the products distributed freely among family members and poor 
people in the neighbouring villages to help combat COVID-19 in the area. Professor Ashutosh Sharma, 
Secretary, DST said, "Meeting a challenge such as COVID-19 needs strong community participation and 
support. Self-help groups and dedicated NGOs are perfect vehicles in the current scenario for awareness 
creation, introducing relevant solutions, making and distributing the low-tech items such as masks and 
disinfectants". Rural women from the region were imparted training in the production of homemade mask from 
traditional ‘Gamocha’ (a traditional Assamese cotton towel) by RWTP, Jorhat. For this purpose, around 150 
Gamochas were procured and two sewing machines were organized (6 homemade masks can be prepared from 
one Gamocha). It has been put forwarded that the homemade mask should be distributed to at the rate of Rs.15/- 
per mask. Beside this, 200 liters of liquid disinfectant (prepared from the raw materials like dettol, ethanol, 
glycerine, essential oil) is also being produced.  The disinfectant will also be distributed freely among the family 
members and poor people in the nearby village. The women of RWTP were fully trained and later on they 
prepared about 50 litres of hand sanitizer, 160 litres of liquid disinfectant, which have been distributed among 
the 60 women participants and their family members. The RWTP also prepared posters and leaflets on 
‘COVID-19: Do’s and Don’ts’ in Assamese language for making people conscious about the Corona Virus and 
precautionary measures to be taken during the pandemic situation. 
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4.  Jubilee Purakayastha: 

 
When the Defence Research and Development Organization (DRDO) evolved the anti-COVID drug, there was 
extra reason for Assam residents to feel joyous and cheerful. A scientist from the Karimganj District of Assam, 
Jubilee Purakayastha, was among the scientists who pioneered the anti-COVID drug in the DRDO lab. The 
breakthrough research of the Institute of  Nuclear Medicine and Allied Sciences (INMAS)- a lab of Defence 
Research and Development Organization (DRDO)- in collaboration with Dr Reddy’s Laboratories (DRL), 
Hyderabad has led to the discovery of an oral drug 2-deoxy-D-glucose (2-DG) for the treatment of moderate to 
severe coronavirus patients. Clinical trials have proved that this molecule assists in the faster recovery of 
hospitalized patients and reduces supplemental oxygen dependence. 

Jubilee did her schooling at Mahisasan School, followed by Karimganj College. She did her PhD from the 
North East Institute of Science and Technology (NEIST) in Jorhat, Assam and joined the Defense Research 
Laboratory of DRDO in Tezpur as a scientist in 2008. The daughter of Lt Sudarshan Purakayastha and Mrs 
Binoy Kumari Purakayastha, Jubilee said she was inspired by her mother’s smile and she would continue to 
serve the nation. Pursuing the Prime Minister’s address to the nation for the discovery of drug made in India, 
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which can fight against the pandemic, DRDO started the great initiative of evolving of an anti-COVID drug and 
later on they could successfully implement the therapeutic application of 2-DG drug. In April 2020, during the 
first wave of the pandemic, INMAS-DRDO scientists conducted laboratory experiments and observed that 2-
DG drug performs at high rate against the SARS-CoV-2 virus and inhibits viral growth of disease. Based on 
these results, the Drugs Controller General of India’s (DCGI) Central Drugs Standard Control Organization 
(CDSCO) permitted a Phase-II clinical trial of 2-DG in COVID-19 patients in May 2020. As per the efficacy 
trends, the patients treated with 2-DG showed faster symptomatic cure and recovery than Standard of Care 
(SoC) on various endpoints. Compared to SoC, a remarkably commending drift (2.5 days difference) was 
observed with reference to the median time for attaining regulating of specific particular necessary symptoms 
parameters. 

5. Amiya Rajbongshi: 

 

 

On International Day of Women and Girls in Science, Dr Deepa Agashe, Assistant Professor, National Centre 
for Biological Sciences, Tata Institute of Fundamental Research, Bengaluru, tweeted a touching message, 
saying, “Science is for everyone and needs everyone. I love being a scientist and waking up every day with the 
opportunity to ask questions to understand the world. Join us in appreciating, inspiring and supporting female 
scientists.” In her small speech, Agashe, summarised her pride, passion and also subtlely hinted at how our 
world needs science, and science needs women and girls. The pride and passion pointed out by Agashe is the 
connecting bridge among all the other nine acclaimed women performers in the field of science and technology 
whose achievements were acknowledged and were felicitated by the President last year. The awardees included 
Dr Amiya Rajbongshi, retired vice-principal, North Lakhimpur College, Lakhimpur, Assam, who won the 
National Award for magnificent efforts in Science and Technology Communication through print media in 
2020, and Dr Uma Kumar, Professor and Head, Department of Rheumatology, AIIMS, New Delhi, who was 
honoured with the National Award for Outstanding Efforts in Science and Technology Communication in the 
electronic media. Apart from Agashe, Dr Niti Kumar, Scientist, Central Drug Research Institute, Lucknow, and 
Dr K Geetharani, Assistant Professor, Department of Inorganic and Physical Chemistry, Indian Institute of 
Science, Bengaluru, were honoured with the SERB Women Excellence Award last year. Dr Shalini Gupta, 
Associate Professor, Department of Chemical Engineering, IIT, Delhi, and Dr Shweta Rawat, Scientist, Defence 
Institute of Physiology and Allied Sciences, DRDO, Delhi, were conferred the national award for young woman 
showing excellence through application of technology for societal benefits. The three women researchers who 
were honoured with the Augmenting Writing Skills for Articulating Research (AWSAR) Award included Dr 
Joyita Sarkar (in the Post Doctoral category), S. Chris Felshia and ML Bhavya (both in the Ph.D Scholar 
category). Many other women from all over India were AWSAR awardees in the PDF category. 

Rajbongshi owes it all to her parents - father Biren Phukan and mother Lakhima Phukan. After matriculation, 
she joined cotton college in guwahati, graduated in 1968 and obtained first class and also secured first position 
in Assam. She did her master’s degree from Gauhati University in 1970 in first class, again obtaining the first 
position in the state and Ph.D from Osmania University, hyderabad.” She was inclined towards teaching and so 
joined the North Lakhimpur college as a teacher. She enjoyed teaching profession by visiting different villages 
and bringing science to the common people by being associated with science societies. She was trying to 
inculcate scientific temperament in young minds of students. Rajbongshi mentions her husband, Dr. Mukunda 
Rajbongshi, as her main support system. “His active involvement in the pursuit of knowledge and his 
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commitment towards serving the society has always been an inspiration for me,” she says, beaming with pride. 
Rajbongshi has a vital point to add to the role that women have played in science. “From Marie Curie, Rosalind 
Franklin to Kalpana Chawla, history speaks of the success stories and the unfailing attitude of women and their 
commitment towards science. If observed at the grassroots level, women's role in science has challenged 
society's narrow shackles. Women uphold the responsibility of moulding the family, the society and then the 
nation at large. Therefore, we must try and imbibe a scientific temper in them early on so that they can mould 
the younger ones. Women can also use science to challenge superstitious and help make the society move 
forward. "Further, when women are actively involved in scientific endeavours, they act both as pioneers and 
role models for thousands of other women," says Rajbongshi. accordingly.” Humbled at receiving the national 
award, Rajbongshi says, “It is indeed a great honour for me. It recognises my consistent efforts in building a 
scientific temper among the masses. This recognition is also an inspiration that instils the courage to commit to 
the goal.” The pandemic was a challenging one, both mentally and physically, for all of us. But Rajbongshi got 
ample time to complete the remaining part of the translation of “Origin of Species" by Charles Darwin and is 
currently working on the publication process. She plans to work more on spreading scientific awareness among 
the masses and reaching out to more people through her efforts. 

6.  Nidhi Sharma: 

 

 
Nidhi Sharma, a woman scientist from Assam has brought laurels to the state as she is associated with India’s 
ambitious lunar mission Chandrayaan-2. The young scientist hails from Tinsukia’s Na-Pukhuri area in Assam. 
She is a space scientist in the Indian Space Research Organization (ISRO) and she played a pivotal role in the 
successful launch of Chandrayaan-2. She is holding a very important position in ISRO. Nidhi married Dipakar 
Deb who is an engineer by profession in the month of January 2019 and since then they have been staying in 
Bengaluru. It may be mentioned, ISRO’s lunar mission started on July 22nd, 2019 and as per schedule, the 
Vikram lander was about to soft-land in the southern part of moon’s surface on September 7th, 2019 at around 
1:30 to 2:30 am. On September 8th, 2019 the orbiter of Chandrayaan-2 located the lander on the moon’s surface. 
After Chandrayaan-1, Indian Space Research Organisation (ISRO) developed the second lunar exploration 
mission, Chandrayaan-2. All three components of Chandrayaan-2 consisting of a lunar orbiter, the Vikram 
lander, and the Pragyan lunar rover, were developed in India. The primary scientific purpose is to survey the 
location and abundance of lunar water via Pragyan, and ongoing analysis from the orbiter circling at a lunar 
polar orbit of 100×100 km. The mission was launched to the Moon from the second launch pad at Satish 
Dhawan Space Centre on 22 July 2019 at 2.43 PM IST (09:13 UTC) by a Geosynchronous Satellite Launch 
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Vehicle Mark III (GSLV Mk III). The craft reached the Moon's orbit on 20 August 2019 and began orbital 
positioning manoeuvres for the landing of the Vikram lander. Vikram and the rover were scheduled to land on 
the near side of the Moon, in the south polar region at a latitude of about 70° south at approximately 1:50 am on 
7 September 2019 and conduct scientific experiments for one lunar day, lasting two Earth weeks. However, at 
about 1:52 am IST, the lander deviated from its intended trajectory at around 2.1 kilometres (1.3 mi) from 
landing, and lost communication. 

7. Sudeshna Boro Saikia: 

 
For as long as civilisation has existed, human beings have looked upon the cosmos with wonderment. Over 
time, our questions about the cosmos have evolved to consider our little place in the universe. Truly, why is 
Earth special? It is the only planet we know that harbours life. Scientists are trying to figure out properties that 
make Earth habitable. One such astrophysicist, Dr Sudeshna Boro Saikia, is studying the atmospheric conditions 
for habitability. Currently, at the Institute for Astrophysics (IAU) in Vienna, she studies space weather to 
uncover clues to this question. The exploration started with her PhD research. Sudeshna described her work 
on ‘stellar magnetic cycles’ at the Georg August University of Göttingen. What is a stellar magnetic cycle? 
Stars are largely made of gas and plasma that constantly move to create a magnetic field. The magnetic field of 
a star often changes polarity in cycles! These polarity changes are accompanied by violent storms and volatile 
activity in the stars. This is true for our Sun too! Every 11 years or so, the magnetic field turns over after 11 
years or so and the North and South poles of the Sun shift. These changes on the Sun’s surface affect the Earth 
too. Volatile activity on the Sun’s surface may cause disruptions to electrical grids and radio on Earth and 
damage satellites, limiting their lifetime. They can also mean exposure to harmful radiation for the astronauts in 
space. By studying the solar cycles, we can forecast disruptions in time and safeguard satellites and astronauts 
in space. Sudeshna worked on detecting the magnetic cycle of stars similar to our Sun, with a focus on the effect 
of the rotation of a star. Using complex techniques in astrophysics, Sudeshna and her team were the first to 
detect a sun-like magnetic cycle in 61 CygA, a dimmer and smaller Sun-like star, with a cycle that lasts 7 years. 
When Sudeshna was around seven, a local boy from her town went to Trinity College, University of 
Cambridge, to study mathematics. When he returned with the distinction of Wrangler (the highest honour for 
undergraduates with a Mathematics degree from Cambridge), he drew a large crowd at the local auditorium for 
his talk. Sudeshna was in the audience that day. Today, Dr Anupam Saikia is a Professor of Mathematics at IIT 
Guwahati. Sudeshna recalls that it was a rather inspirational moment for her. Someone from her town achieving 
the highest honours from Cambridge helped her believe that she could follow the same path too. The adulation 
and praises from the crowd also helped! 

Fortunately for her, Sudeshna was always surrounded by science and STEM. Since both of her parents were 
academics, she was surrounded by books on science right from childhood. She remembers reading about the 
Special Theory of Relativity and time travel in an Assamese book for the first time. Prof. J. Narliker’s books 
further caught her eye. Sudeshna recalls an annual mobile book fair where they could find all kinds of books. 
She could get her hands on international publications, publications from the Soviet Union and Assamese science 
magazines, to feed her curiosity. A turning point for her was obtaining access to Google in its infancy, in the 
late 90s and early 2000s. A new world of knowledge had opened up for her! Although the local language 
magazines evoked curiosity, they would leave unanswered questions. She remembers calling up the publisher to 
find out more about the European Space Agency and was directed towards Google. Soon after, she would 
frequent cyber cafes and look for answers to her queries. Sudeshna mentions, “When I found that I could find 
information about anything, I was overjoyed!” 

https://astro.univie.ac.at/en/
https://www.uni-goettingen.de/en/1.html
https://www.uni-goettingen.de/en/3240.html?archive=true&archive_source=presse&archive_id=5619https://phys.org/news/2016-10-scientists-sun-like-magnetic-star.htmlhttps://www.irap.omp.eu/en/2016/10/61-cyg-a-first-observation-of-a-magnetic-cycle-of-solar-type/
https://www.iitg.ac.in/
https://www.iitg.ac.in/
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Sudeshna acknowledges that she is uncommonly privileged. “I have been particularly lucky to find amazing and 
helpful mentors, right from my early days”. She recalls one of the largest influences in her was a professor at 
Glasgow who helped her apply for PhD positions during her master’s. With time, her interests grew and she 
moved from studying stellar magnetic cycles to searching for clues on what makes a planet habitable. Her focus 
shifted to stellar winds and space weather. Stellar winds are a high-speed flow of material ejected from the stars. 
Consisting of a wide variety of materials, these winds are complex phenomena and not yet understood. Stellar 
winds are often studied using advanced computational techniques and sophisticated telescopes. Sudeshna also 
studies UV radiation; a heavy contributor to atmospheric loss. In the upper planetary atmosphere, high energy 
UV photons help atmospheric molecules escape more easily. Her experience in multi-wavelength physics as 
well as the skills she picked up during her PhD serve her well in her quest for her answers today. Sudeshna is a 
part of multiple working groups for young researchers at IAU. One of these is building a platform for young 
researchers to unite. Reading stories about Marie Curie revealed sociological impacts of gender identity to 
Sudeshna. Her identity as a woman researcher remains important to her. She advises young women researchers 
to overcome inhibitions towards networking. She says, “there are a lot of good people and opportunities out 
there and we need to be proactive in finding them.”  Sudeshna is hopeful for the future of Indian Science, 
especially for students coming from the NE. She feels that while there are still gaps in the systems (better 
curricula and teaching methodologies are needed), she can see some progress being made. She feels the system 
needs to work on its flexibility to adapt to new things. “We need to stop being stuck in the past and limit 
students to textbooks written decades ago.” She also believes there is a need to move beyond marks and scores 
as judgement criteria. She says, “These changes will take time, but as long as we are on the path ahead, the 
future of Indian science is in good hands! 

8. Anwesha Borthakur: 

 
The young scientist hails from Tinsukia’s Gellapukhuri area in Assam. Anwesha Borthakur is a Marie 
Skłodowska-Curie Postdoctoral Fellow at KU Leuven, Belgium from January 2019. Her research focuses on 
electronic waste policies in India, South Africa and the EU. Prior to joining KU Leuven, she completed her PhD 
at Jawaharlal Nehru University (JNU), New Delhi in 2017. Anwesha has been working on electronic waste in 
the global South for the past ten years. She co-teaches the course on Global Environmental Politics with Prof. 
Katja Biedenkopf. She has published 67 Research papers in various National and International Journals of 
repute. She has authored various books on Environment related issues. She has  excellent skills and expertise on 
Environment, Sustainability, Environmental Management, Sustainable Development, Environmental Pollution, 
Environmental Studies, Environmental Impact Assessment, Environmental Analysis, Environment Protection. 
Her father, Dr. Achyut Borthakur retired as Head, Department of History, Tinsukia College and her mother Ms. 
Anjana Goswami retired as Vice-Principal of Tinsukia College. Her husband Dr. Pardeep Singh is Assistant 
Professor at University of Delhi. Dr. Borthakur has contributed immensely in the awareness and management of 
Electronic waste (E-waste) and bioremediation of Petrochemical wastes. 

9. Mausumi Goswami: 

 

https://www.researchgate.net/topic/Environment
https://www.researchgate.net/topic/Sustainability
https://www.researchgate.net/topic/Environmental-Management
https://www.researchgate.net/topic/Sustainable-Development
https://www.researchgate.net/topic/Environmental-Pollution
https://www.researchgate.net/topic/Environmental-Studies
https://www.researchgate.net/topic/Environmental-Impact-Assessment
https://www.researchgate.net/topic/Environmental-Analysis
https://www.researchgate.net/topic/Environment-Protection
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A young scientist from the Karimganj District of Assam, she did her schooling from Girl’s Higher Secondary 
School, Karimganj. Then after doing her graduation from Karimganj College, she joined IIT Guwahati for 
M.Sc. She completed her PhD from Indian Institute of Science (IISc) Bangalore. She did her Post-doctoral 
studies from Canada. She has been trained in techniques of Physical Chemistry including instrumentation and 
microwave spectroscopy with research interest which spans from the discipline of atmospheric chemistry, 
helium nanodroplets to interstellar chemistry. Currently she has been working as Assistant Professor at VIT, 
Vellore, Tamil Nadu. Her husband Dr. Banikanta Sarma, is Assistant Professor in the discipline of Chemistry at 
Jawaharlal Centre for Advanced Scientific Research (JNCASR), Bangalore. 

10. Sarungbam Bimola Kumari Devi: 

 

Bimola Kumari (left) receiving Padma Shri Award from President Pranab Mukherjee 

Sarungbam Bimola Kumari Devi was born in Manipur, India. She is a doctor and the Chief Medical Officer 
of Imphal west region, Manipur. Since 1979, she has been serving in the Manipur state medical service, 
substantially functioning in the rural areas and has leaded the food safety office when Narendra Modi, the Prime 
Minister of India, visited the state. Kumari was honoured by Dr. B. R. Ambedkar International Award in 2014 
and with the Padma Shri, the fourth highest Indian civilian award by the Government of India in 2015. 

11. Jenita Mary Nongkynrih: 

 
In 2011, ISRO had awarded the prestigious Young Scientist Merit Award to Jenita Mary Nongkynrih, a space 
scientist at the North Eastern Space Application Centre (NESAC), Umiam (Barapani), for her urban information 
system project in the North East. The award carries a citation and cash of Rs 50,000. Jenita is a resident of 
Mawlai Mawroh locality of Shillong city. She did her primary schooling at St. John Bosco Girl’s High School, 
Cherrapunjee and continued her study at St. Mary’s High School and College. She completed her Master from 
North Eastern Hill University. She has specialized in Urban studies, Disaster Management and Natural 
resources management. She has contributed to the project on National Urban Information System-10K for the 
North Eastern region. Her technical contributions in urban planning for towns in Meghalaya are worth to 
mention. She is also involved in national projects for natural resources management in Meghalaya. Her major 
accomplishments in disaster management are the vulnerability and risk analysis for different hazards in three 
different urban areas and one district of Assam. She has also chipped in for the project on National Urban 
Information System-10K for the Northeast as the principal investigator. Nongkynrih’s other contributions are in 
urban planning and national projects for natural resources management in Meghalaya. Sha has inspired young 
people to build their career in space-based applications. 

https://en.wikipedia.org/wiki/Imphal
https://en.wikipedia.org/wiki/Manipur
https://en.wikipedia.org/wiki/Narendra_Modi
https://en.wikipedia.org/wiki/Padma_Shri
https://en.wikipedia.org/wiki/Government_of_India
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12. Sangeena Salam: 

 

She completed her Master’s degree from University of Mysore, India and PhD from McMaster University, 
Canada. She has PhD research experience in development of drug screening platform for the neurodegenerative 
Parkinson’s disease model. Currently she is Postdoctoral Associate from Rutgers University, USA and she has  
Postdoctoral Associate research experience in aging.  She is a dynamic and versatile scientist, contributed in a 
successful collaborative multidisciplinary project - performed drug assays, molecular experiments and 
fabrication of prototype chip devices. Excellent understanding of molecular biology, drug metabolism, 
physiology and pharmacokinetics. Her research interests include understanding molecular mechanism of aging, 
molecular biology experiments, molecular cloning, imaging, microscopy, PCR, sequence analysis, CRISPR 
technologies, microscopy looking at the neuronal cells, characterizing aging morphology of the neurons. 

13. Role of Tripura Women in Agroforestry 
Agroforestry was recognised as a marked area in agricultural science due to the profits acquired from 
sustainable combinations of woody perennials and annual crops amalgamated with animal husbandry.4 It is the 
most self-contained and sound system as it involves the growing of crops either together or in rotation 
maintaining the ground cover permanently. Involvement of women is essential to agricultural production and is 
responsible for preserving the small stock husbandry. Women are also the prime users of various forest products 
from fuel wood collection to the knowledge about the medicinal value. Women group are considered to be 
crucial in the agroforestry system. Women are playing noteworthy activities in managing the family needs by 
participating in various agroforestry practices. The involvement of women in conservation management shall 
being profit for overall conservation of forest resources. The components which provide higher benefits must be 
introduced and practiced in a sustainable way. The problems and recommendations are heard and put into action 
for better development and to ensure better health and harmony. The versalities and compatibility of 
agroforestry practices has provided better welfare of the society for overall community development. Women’s 
involvement is also fundamental for maintaining the agricultural production and other management activities. 
Thus, women are seen to take part in vital activities in fulfilling the family needs by engaging in various works. 
For women empowerment in the state, their significant contribution in agroforestry should be stimulated and 
motivated. The investigation of role of women in the traditional agroforestry system has become very popular as 
the dissimilarities are observed in the deflection of labor and management and receiving various types of 
products. Many had conducted a successful uncovering on the contribution of women in the success of any 
system from planting to final destination for self-applu or for sale. 

14. Sapam Ranjita Chanu: 

 

https://www.linkedin.com/company/rutgersu?trk=public_profile_experience-item_profile-section-card_subtitle-click
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She has completed her PhD from Indian Institute of Science (IISC) Bangalore in 2013. She was Post-Doctoral 
Research Fellow Ulsan National Institute of Science and Technology, South Korea. She was also Post-Doctoral 
Research Associate at University of Strathclyde, Glasgow, United Kingdom. Her research work is based on 
designing of vaccum chambers for miniaturized cold atom experiments, characterisation of instruments, 
building different class of lasers, optics and magnetic, electro-optics etc. A young Manipuri woman physicist, 
Dr Sapam Ranjita Chanu, who is currently a postdoctoral fellow at the Atomic and Optics Lab, UNIST, Korea, 
has been awarded the prestigious Marie Curie Postdoctoral Fellowship working on precision inertial 
measurement with cold atom group  at Paris, France instituted by the European Commission. 
Dr Ranjita is the daughter of Sapam Babu of Khongman Okram Chuthek, Imphal East, and the wife of Dr 
Tomba of Yumnam Huidrom, who is also a scientist working in South Korea. The Marie Curie Fellowship will 
grant her an opportunity to work in a leading laboratory in Paris for a monthly remuneration of 4500 Euros 
along with allowance of 600 Euros (approximately 3.62 lakh INR in total). She has worked mainly on the 
development of optical resonators and realisation of frequency control system of high stability. I enjoy 
testesting and designing as well as characterisation instruments including optical, electronics etc. Image 
analysisng from cavity and optical interferometers, laser spectroscopy. Currently she is working at Centre for 
Quantum Technologies, Singapore on Barium ion precision measurement and developments of the Lu ion 
atomic clock. Surface ion trap in Cryogenic environment for Quantum Computation. 

15.  Mingkee Achom: 

 
She completed her B.Sc from Assam agricultural University, Jorhat, Assam. She did her M.Sc from University 
of Agricultural Sciences, Bangalore in Plant Biotechnology and Plant Molecular Biology. She completed her 
PhD in Molecular Plant Genes from University of Warwick, United Kingdom. She did one project on analysis 
of 3D confocal images of plant roots using Morphographx to investigate cellular patterning and generated 
cellular level atlases of developing roots with network analysis using Cytoscape and graph theory at University 
of Birmingham, United Kingdom. Currently, she is pursuing her Postdoctoral Research at Cornell University 
Ithaca, New York, United States. 

16. Bijyalaxmi Athokpam: 

 
She completed her PhD in Theoretical Chemistry from Indian Institute of Science (IISc) Bangalore. Currently 
she is doing her Post-doctoral research at  Ecole Normale Supérieure de Paris, France. 

https://sg.linkedin.com/company/ulsan-national-institute-of-science-and-technology?trk=public_profile_experience-item_profile-section-card_subtitle-click
https://sg.linkedin.com/company/university-of-strathclyde?trk=public_profile_experience-item_profile-section-card_subtitle-click
https://sg.linkedin.com/company/quantumlah?trk=public_profile_experience-item_profile-section-card_subtitle-click
https://sg.linkedin.com/company/quantumlah?trk=public_profile_experience-item_profile-section-card_subtitle-click
https://www.linkedin.com/company/university-of-birmingham?trk=public_profile_experience-item_profile-section-card_subtitle-click
https://www.linkedin.com/company/university-of-birmingham?trk=public_profile_experience-item_profile-section-card_subtitle-click
https://www.linkedin.com/company/cornell-university?trk=public_profile_experience-item_profile-section-card_subtitle-click
https://www.researchgate.net/institution/Ecole_Normale_Superieure_de_Paris
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17. Grace Lhaineikim Chongloi: 

 

She did her M.Sc from Delhi University and PhD from Indian Institute of Science (IISc) Bangalore. Currently 
she is pursuing her Post-doctoral studies from Weizmann Institute of Science, Weizmann, Israel. 

CONCLUSION 
It is a painful commentary on traditional prejudice against women, where their identity and rights have been 
marginalized in every country and at every level of society. It is a story of changing status of women in the 
modern world. The paper is a fascinating blend of history, biography, science and gender studies. It will serve 
as a platform to showcase the glory of Women Scientists in North-East India. It will serve as a source of 
inspiration to younger generation to be more creative and innovative. Author sincerely hopes that the document 
will be able to initiate passion and spark for future budding scientists to transform their dreams in to reality. 

REFERENCES 
1. https://www.shethepeople.tv/news/11-chairs-women-scientists-names/ 

2. Chattopadhyay A., Women Scientist in India-Lives, Struggles & Achivements, 2020, ISBN-978-81-237-
8144-0, 1st Ed., 1-504. 

3. https://www.ias.ac.in/Initiatives/Women_in_Science/The_Women_Scientists_of_India 

4. Debbarma J., Taran M., Deb S. Oct. Jour. Env. Res. 2015, Vol. 3(4): 343-351. 

  

https://www.researchgate.net/institution/Weizmann-Institute-of-Science
https://www.researchgate.net/institution/Weizmann-Institute-of-Science
https://www.shethepeople.tv/news/11-chairs-women-scientists-names/
https://www.ias.ac.in/Initiatives/Women_in_Science/The_Women_Scientists_of_India


Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

553 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

Di-Biotin-RGD: A Novel ARG-GLY-ASP Derivative with Diagnostic and 
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ABSTRACT 
Breast cancer is the foremost cause of cancer-related death in women worldwide. To improve its diagnosis and 
treatment beyond conventional tools, molecular analysis was adopted and resulted in various successful 
applications. But their limitations are dependent on the type of ligands chosen to interact with the cellular 
receptors, the strength of binding and most importantly, the involvement of the receptor in various stages of 
cancer development. One pair of ligand and its receptors has a high chance of success as this combination ticks 
most of the requirements. RGD motif and RGD recognizing integrins have been targeted for both diagnosis and 
treatment. The common molecules used for cancer diagnosis and treatment are cilengitide an angiogenic 
inhibitor, fluciclatide a PET radiotracer and iRGD a delivery tool for anti-cancer agents. But, even though RGD 
tripeptide is promising, it needs to be modified to bypass its natural limitations including the need for a fourth 
amino acid to stabilize the binding and give specificity to their interaction. A high flexibility in its 
conformational structure results in unstable interactions with integrins and the possibility to be digested by 
exopeptidases if the terminal ends are free. In this study, we used RGD tripeptide and then blocked the free 
terminal ends using biotin tags. The presence of biotin tags was targeted by using streptavidin attached HRP 
enzyme and FITC as fluorophore to perform qualitative and quantitative analyses including diagnosis both in-
vitro and ex-vivo. The therapeutic analyses showed improved cytotoxic effects against MDA-MB-231 cells 
with an IC50 of 28.3 ± 4.21 µM and the main type of cell death was found to be apoptosis. 

Keywords: RGD tripeptide; peptide biotinylation; molecular diagnosis; molecular treatment. 

ABBREVIATIONS 
DMSO  -  Dimethyl sulfoxide 

EDC   - 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide 

FMO  -  Frontier molecular orbital 

HOMO  -  Highest occupied molecular orbital energy gap 

IC50  - 50% inhibitory concentration 

ITGB1  -   Integrin beta 1 

LUMO  -   Lowest unoccupied molecular orbital energy gap 

MTT  - 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide 

OD  -  Optical density 

RGD   -  Arginyl glycyl aspartic acid 

TMB  -  3,3', 5,5’-Tetramethylbenzidine 

1. INTRODUCTION 
Breast cancer is the most diagnosed cancer with the highest mortality among women in India and worldwide 
(Siegel et al., 2018). It also occurs in men who are more frequently hormone-receptor positive. It is diagnosed 
in men at an older age than in women (Gupta et al., 2015). The initiation of the breast carcinogenesis usually 
involves a combination of environmental, genetic and epigenetic alterations and begins from the malfunctioning 
of ducts leading to invasive ductal carcinoma or also begins in the glandular lobules or other tissues in the breast 
(Sadikovic et al, 2008; Safdar et al., 2019). 
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The epithelial cells of mammary gland are anchorage dependent cells and they need integrin-mediated 
attachment to extracellular matrix (ECM) or cell-cell interactions for the cell wall to proliferate in response to 
the growth factors (Schwartz et al., 2001). The luminal cells that lines alveoli and ducts are surrounded by the 
myoepithelial cells that form basal cell layer which are in contact with the basement membrane composed of 
laminins and collagen IV (Nelson et al, 2006). This has a complicated integrin expression and is regulated 
temporally and spatially as gland develops through involution, pregnancy and lactation (Taddei I et al., 2003). 
In the absence of the cell adhesion, it can undergo a form of apoptosis – anoikis (Frisch et al., 1997). 
Myoepithelial cells make more contact with ECM and their integrin expression levels are higher in this lineage 
(Taddei et al., 2003). 

Integrins are heterodimeric adhesion molecules and receptors of an extracellular matrix ligands. They are 
required for the cell-substratum and cell-cell communications for the correct functioning of cells. Besides this 
they have a greater role in tumor cell migration, invasion, proliferation, and survival of tumor cells 
(Desgrosellier et al., 2010). Integrins are found on the surfaces of both the tumor cells and all other cells in the 
tumor microenvironment (TME) and also play a role in cancer progression. Their expression levels are altered 
in breast cancer cells (Pignatelli et al., 1992). 

The  Arg-Gly-Asp (RGD) tripeptide, fully noted as Arginyl-Glycyl-Aspartic acid,  was discovered in 1984 
where it was described as the ‘highly conserved minimal integrin recognition sequence’ in fibronectin 
(Pierschbacher et al., 1984). RGD is the most expressed binding motif in interactions of ECM proteins with 
the integrins (Nieberler, M et al, 2017). The finding of RGD sequence has stimulated the search for peptidic 
molecules to inhibit interaction of the ECM proteins with integrins and to control the pathophysiological 
features of integrin subtypes (Pierschbacher et al., 1984; Heckmann et al., 2007; Kapp et al., 2017). 

Studies have shown that tumor cells like MCF-7 cells and MDA-MB-231 expresses RGD-receptor integrins on 
the surface and the RGD peptide specifically binds on their surfaces and in return increases apoptosis and cell 
cycle arrests in G1 to S phase (Hong et al., 2000). This is because the peptide acts as integrin analogue, inhibits 
ligand-binding and blocks integrin functions (Wanhua et al., 2006). It can bind to tumor endothelial cells, 
tumor cells in-vivo and tumor cells in-vitro, it can also be internalized by the tumor cells  (Hong et al., 2000; 
Zitzmann et al., 2002). The selectivity and activity of the peptide ligands to various integrin subtypes was 
controllable by RGD flanking residues, cyclization, N-methylation of the peptide bonds and chirality of amino 
acids (Gurrath et al., 1992; Haubner et al., 1997; Chatterjee et al., 2013). The different functions of RGD-
binding integrins in cancer biology and availability of small molecule ligands made it an attractive in-vivo 
target for molecular imaging of cancer (Niu et al., 2011). 

2. MATERIALS AND METHODS 

2.1. Synthesis of a Di-Biotinylated RGD Derivative 
The synthesis of RGD derivative with 2 biotin tags attached on each of its terminal ends was accomplished in 
two phases. First phase, the attachment of biotin tag on C-terminal end was performed as previously described 
(Nakajima and Ikada, 1995). RGD tripeptide solution was prepared in 0.1 MES (2-N-morpholino-
ethanesulfonic acid) buffer at pH 5.5 (5mg/ml) and mixed with biotin hydrazide solution prepared in DMSO (13 
mg/ml). The two solutions were mixed, then EDC solution (10 mg/1 ml in distilled water), and the mixture was 
incubated overnight at room temperature with constant agitation. The formed C-biotinylated RGD derivative 
was purified in PBS buffer using a single-sided magnetic biodialyzer and a cellulose acetate membrane with a 
molecular weight cutoff of 500 Da. 

Second phase, the attachment of biotin tag on the remaining N-terminal was carried using a modified method 
previously reported (Miller et al., 1997). The solution of C-biotinylated RGD derivative was mixed with 
Biotin-NHS solution (20 mg/ml in PBS) and the mixture was incubated overnight at 4°C. The separation of 
biotinylated RGD derivatives with other byproducts and unreacted samples was done by washing with ether and 
recrystallized with 2-propanol then filtered and stored 4°C. 

2.2. Physicochemical Characterization of Biotinylated RGD Derivatives 

2.2.3. Reverse-Phase High Performance Liquid Chromatography 
The purification of Di-Biotin-RGD was performed using preparative high-performance liquid chromatography 
(RP-HPLC) with PDA detector (Shimadzu LabSolutions, USA). HPLC solvent was prepared using 0.1% TFA 
in HPLC grade water and acetonitrile in the ratio of 60:40 (v/v). After the filtration of the Di-Biotin-RGD 
solution with 0.45 µm membrane filter, the sample was injected and the solution was eluted at the flowrate of 1 
mL/min. The column eluate was monitored at 215 nm and the final eluted fraction was collected. 
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2.2.1. Fourier Transformation Infrared Spectroscopy 
The particular absorbance of various groups was used to confirmed the attachment of biotin to the terminal ends 
of RGD tripeptide by using FTIR spectroscopy (FT/IR-4700 type A, Jascon, Japan). The sample of Biotin, RGD 
tripeptide and Di-Biotin-RGD were prepared in deionized water. The FTIR spectra were analyzed by scanning 
between 4000 and 400 cm−1 with a resolution of 4 cm−1. 

2.2.2. UV-Visible Spectroscopy 
The optical absorbance of Di-Biotin-RGD was analyzed using Multiskan™ FC Microplate Photometer (Thermo 
Fisher Scientific, India) and then compared to those of Biotin and RGD tripeptide. After the dissolution of the 
samples in deionized water, the solutions were transferred in a 96-well and scanned using wavelengths ranging 
from 200 to 800 nm. The graph of absorbance against the wavelength was then plotted and the difference in 
optical absorbance was determined. 

2.3. In-Silico Characterization 

2.3.1. Frontier Molecular Orbital Analysis 
Quantum mechanical descriptors such as highest occupied molecular orbital (HOMO) and lowest unoccupied 
molecular orbital (LUMO) are used to validate experimental data and to predict the chemical reactivity of the 
complex. The calculated HOMO-LUMO energy gap is the conventional measure of kinetic stability of the 
molecule and is calculated using Becke, 3-parameter, Lee-Yang-Parr (B3LYP) correlation function of DFT with 
6-31G** basis set. Other quantum mechanical descriptors were calculated using the BIOVIA Discovery studio 
Visualizer (v2019). The output data, such as the optimized geometry, density, potential and HOMO-LUMO 
were visualized. 

2.3.2. Molecular Docking Analysis 
The 3D structures of Di-Biotin-RGD and RGD tripeptides were designed and imported from AC/D 
Chemsketch. The ligands were optimized using ligprep in Schrodinger Maestro 11.8. and their tautomers were 
computed using the specific OPLS3e force field energy. The crystal structure of ITGB1 with resolution 1.85 Å 
was imported from the Protein Data Bank (PDB ID: 4WJK). The docking analysis was performed in Maestro 
(Schrodinger LLC, 2018) with default settings. Following a series of ligand-receptor complexes with all the 
water molecules removed, hydrogen atoms were added to the 3D-coordinates and the H-bond assignment was 
optimized. Then the lowest binding energy which conforms to the best structure of the docked complexes was 
selected. 

2.4. Binding affinity 
The binding affinity of Di-Biotin-RGD on MDA-MB-231 cells was analyzed as previously described 
(Coussens et al., 2018). 2 × 104 cells of one-cell suspension in DMEM with 10% (v/v) FBS were plated 
overnight in 96-well plate. Next day, the media was removed and the cells were washed with PBS, fixed with 
4% formalin, blocked with 5% BSA and treated overnight at 4°C with increasing concentration (0 - 100µM) of 
Di-Biotin-RGD and d-biotin solutions in Dulbecco’s Phosphate Buffered Saline (130 mM NaCl, 0.03 mM KCl, 
7.5 mM KH2PO4, 1.5 mM Na2HPO4, 1 mM CaCl2, 0.5 mM Mg2SO4, pH 7.4). The cells were washed with PBS, 
stained with Streptavidin-HRP (1:500 v/v in deionized water) for 1 hour and incubated with TMB solution (1 
mg/ml in DMSO mixed with 9 ml phosphate-citrate buffer at pH 5.0 and 2 µl of fresh 30% hydrogen peroxide) 
for 30 minutes. The enzyme activity was stopped by the addition of the stop solution of 0. 16 M sulfuric acid 
and the optical densities were read at 450 nm using a multiplate reader (Multiskan Go, Thermo Fisher 
Scientific, USA). 

2.5. Diagnostic Potentials of Di-Biotin-RGD 

2.5.1. Cytological Staining 
The staining of receptors responsible for the interaction of Di-Biotin-RGD and MDA-MB-231 was carried as 
previously reported (Coussens et al., 2018). 2 × 104 cells of one-cell suspension in DMEM with 10% (v/v) FBS 
were incubated overnight at 37°C in a 6-well plate. The media was removed, the cells were washed with PBS, 
fixed 4% formalin, blocked with 5% BSA and 1µM Di-Biotin-RGD in DPBS was added and the placed 
incubated overnight at 4°C. After washing with PBS, the cells were incubated with Streptavidin-FITC for 1 
hour, washed visualized using ECLIPSE Ti2u inverted fluorescent microscope (Nikon, Japan). 

2.5.2. Histological Staining 
The histological studies with patient samples were approved and cleared by KMCH hospitals, Coimbatore with 
human ethical clearance (Ref: EC/AP/884/02/2022). 
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2.5.2.1. Hematoxylin Staining 
Hematoxylin staining of cancer biopsies was performed using formalin-fixed paraffin-embedded blocks 
obtained from KMCH Hospitals, Coimbatore, India. The biopsy blocks were cut using a microtome into 4-
micron thick sections using a rotary microtome MT1090a (Weswox Optik, India), and applied onto micro 
slides. The fixed sections were deparaffinized in three changes of xylenes and the sections were rehydrated in 
three changes of xylene and three changes of ethanol (100%, 90% and 75%) for 15 minutes each change. The 
hydrated sections were washed with deionized H2O then, 300 µl of hematoxylin solution was added in a 
humidified chamber and the slides were rinsed with tap water and dehydrated in three changes of ethanol (75%, 
90% and 100%) and three changes of xylene for 2 minute each change. The slides were air dried then one drop 
of DPX mountant was placed immediately on top of the section and it was covered using a coverslip. The 
covered slides were oberved using Lx 300 Labomed microscope (Lablink Instruments, India) attached with 
Ultrascope 9.1v (Arche Biologics, India) 

2.5.2.2. Peroxidase Staining 
Peroxidase staining of formalin-fixed paraffin-embedded cancer biopsies was performed on 4-micron thick 
sections obtained with rotary microtome MT1090a (Weswox Optik, India). The fixed sections were 
deparaffinized using xylenes and the sections were rehydrated in ethanol (100%, 90% and 75%). The hydrated 
sections were washed with deionized H2O. The non-specific binding sites were blocked with 3% BSA in PBS 
before the addition of 10 µM of d-biotin and Di-Biotin-RGD followed by overnight incubation at 4°C. The 
slides were treated with streptavidin-HRP then washed with PBS and incubated in TMB solution. After 
sufficient color formation occurred, the stop solution was added, the sections were then washed with deionized 
H2O. After drying of the slides, one drop of DPX mountant was placed and immediately the coverslip was 
placed on top of the slide. The slides were imaged using Lx 300 Labomed microscope (Lablink Instruments, 
India) attached with Ultrascope 9.1v (Arche Biologics, India) 

2.6. Therapeutic Potentials of Di-Biotin-RGD 

2.6.1. Cytotoxicity Assay 
The cytological effect of Di-Biotin-RGD on MDA-MB-231 was carried out by the method described by Yang 
et al., 2006. 2 × 104 cells of one-cell suspension in DMEM with 10% (v/v) FBS were incubated overnight at 
37°C in a 96-well plate. The media was removed, the cells were then incubated for 24 hours at 37°C with 
increasing concentration (0 – 100 µM) of RGD tripeptide and Di-Biotin-RGD in serum-free DMEM. The 
images were taken with inverted microscope (ECLIPSE Ti2u, Nikon, Japan) at 10x magnification. The media 
was removed and the cells were incubated with 100 µl MTT solution (0.25mg/ml) for 4 hours. The formazan 
crystals were solubilized with 100 µl DMSO and the optical densities were obtained at 590 nm using a 
multiplate reader (Multiskan Go, Thermo Fisher Scientific, USA). The cytotoxic effects of RGD tripeptide and 
Di-Biotin-RGD were calculated according to the following equation: 𝐂𝐞𝐥𝐥 𝐝𝐞𝐚𝐭𝐡 % = 𝐎𝐃 𝐜𝐨𝐧𝐭𝐫𝐨𝐥 − 𝐎𝐃 𝐬𝐚𝐦𝐩𝐥𝐞𝐎𝐃 𝐜𝐨𝐧𝐭𝐫𝐨𝐥  𝐱 𝟏𝟎𝟎 

Where, OD control and OD sample represented the absorbance values of the untreated and treated cells 
respectively. 

2.6.2. Apoptosis Assay 
The apoptotic effect of Di-Biotin-RGD on MDA-MB-231 was carried as previously reported (Buckley et al., 
1999). 2 × 104 cells of one-cell suspension in DMEM with 10% (v/v) FBS were incubated overnight at 37°C in 
a 96-well plate. The media was removed, the cells were incubated for 24 hours at 37°C with 30 µM of d-biotin, 
RGD tripeptide and Di-Biotin-RGD in serum-free DMEM. The media was removed and the cells were 
trypsinized, centrifuged and the pellet was mixed with Annexin V & Dead Cell Reagent and incubated in the 
dark for 20 minutes. The early, late apoptotic and dead cells percentage was determined by Muse Cell Analyzer 
(Millipore, Billerica, MA, USA). 

2.7. Statistical Analysis 
All the values are expressed as mean ± S.D. The results were computed statistically by one-way analysis of 
variance (ANOVA) followed by a Dunnett’s test (using Graphpad InStat version 3.00 for windows XP; 
GraphPad Software, Inc., La Jolla, CA). A p-value ≤ 0.05 was considered significant. 

3. RESULTS 

3.1. Synthesis of Di-Biotin-RGD 
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The synthesis of C-biotinylated RGD was done first by a nucleophilic attack between primary carboxylic group 
of aspartic acid residue of RGD tripeptide and EDC resulted in the formation of an unstable O-acylisourea 
intermediate. Second, a SN2t reaction between the activated carboxyl group of the unstable intermediate and N-
terminal amino group of biotin hydrazide which yielded C-Biotin-RGD and isourea as a byproduct (Figure 1). 
The buffer exchange and product separation were done in PBS through dialysis with a cellulose acetate 
membrane with a molecular weight cutoff of 500 Da. 

 
Figure 1. The synthetic mechanism of C-Biotin-RGD. 

EDC-mediated coupling between the primary carboxylic group of RGD tripeptide followed by a nucleophilic 
attach by biotin-hydrazide resulted in a hydrazine bridge between RGD tripeptide and biotin. 

The synthesis of Di-biotinylated RGD was finished by tagging biotin to N-terminal end of C-biotinylated RGD 
with Biotin-NHS through a nucleophilic attach from RGD tripeptide to displace NHS resulting in the formation 
of amide bond between the amino group of C-biotinylated RGD and carboxyl group and the release of NHS as 
the byproduct (Figure 2). 

 
Figure 2. The synthetic mechanism of Di-Biotin-RGD. 

A nucleophilic attach from N-terminal amino group of C-biotinylated RGD towards the carbonyl group of 
biotin-NHS resulted in a displacement of NHS and the formation of Di-Biotin-RGD. 

3.2. Characterization of Biotinylated RGD Derivatives 

3.2.1. Fourier Transformation Infrared Spectroscopy 
FTIR spectra of d-biotin, Di-Biotin-RGD and RGD tripeptide were used to confirm the synthesis of Di-Biotin-
RGD (Figure 3). Di-Biotin-RGD shared similar peaks with RGD tripeptide at 1011.48 cm-1 which 
corresponded to the N-H deformation and C-N stretching vibration characteristic of the new amide II bond. The 
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imidazole band confirmed the presence of biotin at the absorbance peak of 950.734 cm-1 and was shared 
between Di-Biotin-RGD and d-biotin (Ho et al., 2020; Balan et al., 2012). 

 
Figure 3. FT-IR spectra of d-biotin, Di-Biotin-RGD and RGD tripeptide. 

3.2.3. UV-Visible Spectroscopy 
UV-Visible spectral analysis of Di-Biotin-RGD showed that the addition of biotin tags on the terminal ends of 
RGD tripeptide resulted in increased absorbance between 270 and 320 nm. The absorbance of the derivative 
was more similar to that of d-biotin than that of RGD tripeptide (Figure 4). 

 
Figure 4. The UV-Visible spectrogram of biotinylated RGD derivatives. 

3.2.4. Reverse-Phase High Performance Liquid Chromatography 

The retention time for RGD tripeptide was 3.505 minutes while it was 2.728 minutes for Di-Biotin-RGD 
(Figure 5). 
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Figure 5. The RP-HPLC analysis of Di-Biotin-RGD 

3.2.5. Frontier Molecular Orbital (FMO) Analysis 
The large HOMO-LUMO gap related to high kinetic stability and low chemical reactivity and lower HOMO-
LUMO gap is important for low chemical stability, because addition of electrons to a high-lying LUMO and/or 
removal of electrons from a low-lying HOMO is energetically favorable in any potential reaction (Tighadouini, 
2018). Di-Biotin-RGD displayed lower binding energy of -16.1495 in comparison to RGD tripeptide which 
predicted a better interaction at the cellular level as substantiated in MDA cell lines (Figure 6 and Table 1). 

 
Figure 6. The FMO analysis: A. RGD tripeptide and B. Di-Biotin-RGD. 

Table 1 - FMO Analysis 
Compounds Total energy 

(Ha) 
Binding 

energy (Ha) 
HOMO 
Energy 

LUMO 
Energy 

Band Gap 
energy (ΔE) 

RGD -1250.53 -7.10236 -0.118165 -0.0371228 0.0810424 
Di-Biotin -

RGD 
-3380.39 -16.1495 -0.224974 -0.135936 0.0890383 

3.2.6. Docking Analysis of RGD and Its Biotinylated Derivatives against ITGB1 
Docking structures, both 2D and 3D conformations, showed that the interaction between RGD tripeptide or Di-
Biotin-RGD against ITGB1 had its unique conformational structure and that the receptor involved different 
amino acids and a different conformational structure while interacting with each ligand (Figure 7). 
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Figure 7. Molecular docking analysis against ITGB1: A. RGD tripeptide; B. Di-Biotin-RGD. 

The bonds formed between each ligand and the receptor were also unique. Even though RGD tripeptide had 
higher number of bonds involved in interaction, DI-Biotin-RGD had higher docking and glide score. This may 
be due the involvement of both biotin rings in the interaction with ITGB1 (Table 2). 

Table 2. Molecular docking analysis 
3.3. Binding Affinity Assay 
The increase in concentration of biotin and Di-Biotin-RGD resulted in increased interaction. The plotted graph 

showed that Di-Biotin-RGD had higher binding interaction compare to d-biotin (Figure 8). The presence of an 
extra biotin tag as well as RGD motif may suggest that either on of them or both are involved in the binding 
affinity of Di-Biotin-RGD on the cancer cell surface receptors. 

Ligand 
Bonds 

involved 

Involvement of 
amino acid 
Residues 

involvement of 
Biotin ring 

Involvement of 
ionizable Side 

Chains 

Docking 
Score 

Glide 
Score 

RGD 10 
SER B:227 

GLU B:320 (2) 
MG B:501 

- 

SER B:134 
ILE A:225 
ASP A:227 

ASP A:228 (2) 
MG B:501 

-7.53 -7.66 

Di-Biotin-RGD 8 
GLU81 
GLU207 
TYR208 

LEU79 
LEU212 GLU207(3) -7.276 -50.017 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

561 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

 
Figure 8. Comparison of binding affinity of Di-Biotin-RGD and d-biotin in DPBS 

3.4. Diagnostic Potential of Di-Biotin-RGD 

3.4.1. Cytological Staining 
The bond between biotin and streptavidin is one of the strongest non-covalent interaction known in the nature 
with a dissociation constant of biotin-streptavidin is around 10−14 mol/L (Chaiet and Wolf, 1964).  This 
interaction is resistant to organic solvents, denaturants, detergents, proteolytic enzymes, and extremes of 
temperature and pH make it a perfect diagnostic tool for peptide analysis (Bayer et al, 1986). Fluorescein 
isothiocyanate (FITC) as a fluorophore with a maximum absorption 494 nm and a maximum emission at 518 
nm can be excited using the blue color spectrum (450-495 nm) and would emit the green color spectrum (495-
570 nm). This behavior of FITC allowed us to minimize the background noise caused by the interference of 
other color spectra observed in white light microscopy (Haugland, 1990). Fluorescent staining of MDA-MB-
231 cells further confirmed the superiority in interaction of Di-Biotin-RGD against d-biotin. The fluorescent 
intensity was observed to be higher for Di-Biotin-RGD in comparison to d-biotin. The lack of fluorescent in 
control confirmed the fact that the interaction between biotin tags and streptavidin-FITC was responsible for the 
fluorescence (Figure 9). 

 
Figure 9. Cytological staining: A. Control; B. Biotin and C. Di-Biotin-RGD 

3.4.2. Histological Staining 
The histological images showed the difference in the binding between hematoxylin, biotin and Di-Biotin-RGD. 
While for hematoxylin, the staining occurred with the nuclei, for biotin and Di-Biotin-RGD, the cell membrane 
was the mostly stained. Biotin had a weakly stain, whereas Di-Biotin-RGD staining was stronger and more 
intense with a perfect indication of the contours of the cell shape (Figure 10). 

 
Figure 10. Cytological staining: A. Hematoxylin alone; B. Biotin and C. Di-Biotin-RGD 
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3.5. Therapeutic Effects of Di-Biotin-RGD 

3.5.1. Cytotoxicity Assay 
The ability of Di-Biotin-RGD to inhibit the cell viability was tested by incubating MDA-MB-231 cells with 
increasing concentrations of Di-Biotin-RGD. Biotin and RGD tripeptide were used also to determine which part 
of the derivative is responsible for the interaction. After 24-hour incubation, the graph of cell death percentage 
against concentration was plotted and the IC50 value of 28.3 ± 4.21 µM was found for Di-Biotin-RGD. RGD 
tripeptide had a slight inhibition on the cell viability, even at 100 µM, the cell death was below 15.57 ± 
2.7439% (Figure 11). To determine the structural changes caused by the presence of Di-Biotin-RGD, the 
images were taken after 24 hours incubation with 30 µM. The cells incubated with Di-Biotin-RGD showed a 
change in shape, from well-spread cells to round cells and a reduction in size for some cells with RGD 
tripeptide representing some of these effects. Biotin as a vitamin has no inhibitory effect on cell viability 
(Figure 12). The blocking of N-terminal and C-terminal ends of RGD tripeptide by biotin tags resulted in Di-
Biotin-RGD which cannot be digested by exopeptidases thus, their bioavailability increased during the 
treatment while the improved binding of Di-Biotin-RGD to RGD-recognizing integrins may explain the 
increased cytotoxic activities against MDA-MB-231 cells. 

 
Figure 11. The percentage of dead cells after treatment of MDA-MB-231 cells with Di-Biotin-RGD:  

Percentage of dead cells after 24-hour incubation with biotinylated RGD derivatives. The data represent the 
mean percentage ± SD of total dead cells (n = 3); a denoted RGD tripeptide vs Biotinylated RGD derivatives. p 
< 0.01 was represented with **, p < 0.001 was represented with ***. 

 
Figure 12. The cytotoxic effect of Di-Biotin-RGD against MDA-MB-231 cells. A. Control; B. Biotin; C. RGD 

tripeptide and D. Di-Biotin-RGD. The live cells are represented by red arrows while the dead cells were 
represented with yellow arrows. 
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3.5.2. Apoptosis Assay 
Anoikis is a form of apoptosis caused by the lack of communication between the cell and its surrounding, in the 
form of the interaction between RGD-containing ligands and RGD-recognizing integrins, either due to the 
absence of endogenous ligands or the presence of a strong competitive inhibitor (Ulrich et al, 2003). To 
determine whether cell death was caused by the inhibitive strength of Di-Biotin-RGD thus preventing the 
interaction between RGD-containing ligands and RGD-recognizing integrins, apoptosis assay was carried out in 
this study. The results confirmed that Di-Biotin-RGD had higher apoptotic effect on MDA-MB-231 cells 
compare to RGD tripeptide (Figure 13). The increased stability of RGD motif due to the presence of biotin tags 
improved the interactive strength of RGD sequence towards RGD-recognizing integrins thus, preventing the 
interaction of RGD-containing ligands and RGD-recognizing integrins (Desgrosellier et al., 2010). Biotin 
lacked any inhibitory effect on cell viability and as a vitamin, it had a protective effect on the viability of cells. 
The cells treated with d-biotin were healthier than the cells in control (Figure 14). This may be due to the 
absence of serum during the treatment and the involvement of biotin in gluconeogenesis, lipogenesis, amino 
acid metabolism and energy transduction may explain the increased viability of cells treated with d-biotin 
(McMahon, 2002). 

 

Figure 13. The apoptotic effect of biotinylated derivatives against MDA-MB-231 cells: A. Control; B. Biotin; 
C. RGD tripeptide; D. Di-Biotin-RGD. 

 
Figure 14. The apoptotic effect of biotinylated derivatives against MDA-MB-231 cells: 

 Percentage of cell count depending on the apoptotic stages after 24-hour incubation with biotinylated RGD 
derivatives. The data represent the mean percentage ± SD of total dead cells (n = 3); a denoted Biotin vs RGD 
tripeptide or Di-Biotin-RGD while b denoted RGD tripeptide vs Di-Biotin-RGD. P > 0.05 was represented by 
ns, p < 0.05 was represented with *, p < 0.01 was represented with **. 
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4. DISCUSSION 
RGD derivatives can be classified based on their structures into linear and cyclic (Hirano et al., 1991; 
Kumagai et al., 1991). Cyclic RGD peptides showed an increased IC50 value mainly due to rigidity formed by 
the cyclization process but most importantly this lack of flexibility made the resultant peptides more specific to 
certain integrins not others (Kapp et al., 2017). 

The presence of RGD sequence in a polypeptide linear chain limit the overall specificity of RGD motif to all 
RGD-recognizing integrins. This is because the binding of RGD-containing ligands to their respective integrins 
requires a fourth amino acid to have a specificity of binding in form of RGDX with X as a flanking amino acid 
residue. The fourth amino acid is serine for fibronectin and fibrinogen; Valine for Vitronectin; Cysteine for pro-
von Willebrand factor and Phenylalanine for fibrinogen (Tranqui et al., 1989). To increase the overall number 
of RGD-recognizing integrins that are able to interact with RGD sequence, in our study we chose RGD 
tripeptide as it is the common sequence that all integrins that recognize RGD motif use. 

Linear amphiphilic RGD peptides have shown to be prone to exopeptidase digestion due to the presence of free 
N-terminal and C-terminal ends which makes them easy target for aminopeptidases or carboxypeptidase or 
both. To bypass this issue, various linear peptides were then tagged with Acetyl on N-terminal followed by 
alteration of carboxylic group at C-terminal into amide group, thus blocking the charged end of the peptide; Ac-
RGDV-NH2 and Ac-RGDC-NH2 (Horton et al., 1993). But this resulted in a reduced IC50 value even though 
their stability against exopeptidase increased. In our study, we confirmed both with in-silico studies but also 
with binding affinity and cytotoxicity assays that in comparison with RGD tripeptide, Di-Biotin-RGD had an 
increased interaction with RGD-recognizing integrins resulting in inhibition of biological activities that these 
integrins are known to preserve in cancer, including proliferative effects and resistance to apoptosis. 

Exopeptidases are enzymes that removes the amino acid residues from the terminal ends of peptides by 
digesting the peptide bonds between the residue and the rest of the peptide. They are of two types, 
aminopeptidases and carboxypeptidases. Aminopeptidases removes the amino acid that represent the N-terminal 
end of peptide while carboxypeptidases digest the amino acid that represent the C-terminal end of the peptide. 
For RGD tripeptide, Aminopeptidase B (APB) and Carboxypeptidase O (CPO) are the exopeptidases 
responsible for digestion of arginine and aspartic acid residues for RGD tripeptide (Taylor et al., 1993; 
Langner and Ansorge, 2002). The blocking of both N-terminal and C-terminal ends of RGD tripeptide using 
biotin tags prevented the resulting derivative, Di-Biotin-RGD, to be digested by neither APB nor CPO, which 
increased the availability of RGD motif to inhibit the interaction between RGD-containing ligands and RGD-
recognizing integrins. 

Biotin as a vitamin has a proliferative effect on cancer cells, thus, to analyze the cytotoxicity effect of RGD 
motif, we chose biotin as it would not have antiproliferative effect on cells. This meant that any inhibitory 
activities observed after incubation with Di-Biotin-RGD is a result of the RGD sequence only. Another reason 
of choosing biotin tags as the conjugates is that biotinylated biomolecules can be performed using streptavidin 
conjugated to either a colorimetric enzyme or a fluorescent tag (Chaiet and Wolf, 1964). This specific 
interaction was used to perform in-vitro as well as ex-vivo diagnostic tests. The interaction between Di-Biotin-
RGD and surface receptors of MDA-MB-231 cells as well as those present in cells within formalin-fixed 
paraffin-embedded tissues confirmed the diagnostic potential of Di-Biotin-RGD against breast cancer. The fact 
that there is clear difference between the binding of d-biotin and that of Di-Biotin-RGD may suggest that Di-
Biotin-RGD rely more on the RGD motif than biotin tag to interact with surface receptors. 

Cell viability is one of the effect that the interaction between endogenous ECM ligands and integrins are 
involved in (Cindy et al., 2002). The competitive inhibition of this interaction by Di-Biotin-RGD would have 
an inhibitive effect on cell viability. This was confirmed with the IC50 value of Di-Biotin-RGD of 28.3 ± 4.21 
µM. RGD tripeptide had a slight inhibitory effect while d-biotin had the preserving effect of cell viability, as 
seen in apoptosis assay. Biotin as a vitamin showed no inhibitory effect on the cell viability while RGD 
tripeptide showed a very low inhibition of cell viability. This low effect on cell viability may be because of the 
low interaction between RGD tripeptide and RGD-recognizing integrins due to high flexibility in structural 
confirmation of RGD which results in the formation of weak bonds. But also, the increased expression of 
exopeptidases such as APB or CPO responsible for the digestion of amino acids present on N-terminal and C-
terminal ends of RGD tripeptide may be responsible for this reduced interaction. 

As a diagnostic prospect, Di-Biotin-RGD showed to interact with cancer cell surface receptors both in-vitro 
against MDA-MB-231 cells and ex-vivo against formalin-fixed paraffin-embedded breast cancer tissues. As a 
therapeutic prospect, Di-Biotin-RGD had a significant inhibitory effect against MDA-MB-231 cells in 
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comparison to both RGD tripeptide and d-biotin. In conclusion, it is evident that Di-Biotin-RGD as a novel 
molecule has both diagnostic potentials and therapeutic potentials against breast cancer and it may be a well-
deserved candidate as a theragnostic tool for the clinical phase trials in the future. 
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Table file 

Table 1: Pka Values Of N- And C-Terminal Residues Of Rgd Tripeptide 

Table 2. FMO Analysis of biotinylated RGD derivatives 
Compounds Total energy 

(Ha) 
Binding 

energy (Ha) 
HOMO 
Energy 

LUMO 
Energy 

Band Gap 
energy (ΔE) 

RGD 
tripeptide 

-1250.53 -7.10236 -0.11816 -0.03712 0.08104 

C-Biotin-RGD -2316.35 -11.7279 -0.21544 -0.11516 0.10027 
N-Biotin-RGD -2297.23 -11.7875 -0.02216 -0.00925 0.01291 

Table 3. The docking analysis of RGD and its Biotinylated Derivatives against ITGB1 

Ligand 
Bonds 

involved 

Involvement 
of amino 

acid 
Residues 

involvement 
of Biotin 

ring 

Involvement 
of ionizable 
Side Chains 

Docking 
Score 

Glide Score 

RGD 
tripeptide 

10 

SER B:227 
GLU B:320 

(2) 
MG B:501 

- 

SER B:134 
ILE A:225 
ASP A:227 
ASP A:228 

(2) 
MG B:501 

-7.53 -7.66 

C-Biotin-
RGD 

6 GLN 199 SER203 
ASN211 

GLU198 (2) 
GLU202 -6.427 -45.498 

N-Biotin-
RGD 

7 

SER203 
GLU207 
TYR208 
ASN211 

SER203 
ASN211 GLU207 (3) -5.86 -39.601 

 

Table 4: Comparative analysis of the biological effects of charged biotinylated RGD derivatives 

Biological activities Control RGD tripeptide N-Biotin-RGD C-Biotin-RGD 

Attachment + - - - - - - 
Adhesion + - - - - - - 
Spreading + - - - - - - 

Cytotoxicity - + + + + + + 
Apoptosis - + + + + + + 

The biological effects were symbolized with “+” for the positive effects and “-” for negative effects; “+ +” for 
more positive; “+ + +” for the most positive effects; “- -” for more negative and “- - -” for the most negative 
effects. 

  

Amino acid 
pKa 

(-COOH) (-NH2) R group 
Arginine (R) 2.0 9.0 12.5 

Aspartic acid (D) 2.0 9.0 3.9 
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ABSTRACT 
I am writing this review paper on carbon dots, their basic structure, PL mechanism, new ways of synthesizing 
processes, factors influencing their characteristic properties, and how to use them in today's challenges, such 
as overcoming energy crises, monitoring pollution, biocompatible (in situ and ex situ) imaging, and drug 
delivery. There are two procedures for the production of carbon dots: top-down and bottom-up. The bottom-
up approach includes: laser ablation, oxidation, and arc discharge methods, while the bottom-up approach 
includes: HTC, microwave-assisted and other methods. One must select a bottom-up approach for the uniform 
size control of carbon dots, which is a non-toxic preparation method that requires a lower cost of production. 
Nanostructured luminescent carbon dots created from biomass waste are a novel type of carbon-
based microstructure with a number of benefits, including excellent photostability, cytocompatibility, and 
nontoxicity. In addition, the ease of surface functionalization provides them with a diverse spectrum of 
applications in biological imaging, energy storage, chemo-sensing, environmental control, diagnostic testing, 
and photocatalytic degradation, compared to semiconductor quantum dots and fluorescent biological groups. 
From an environmental point of view, biomass precursors can be used for the production of carbon 
dots because of their fair quantity, global availability, environmental benignity, and ability to degrade biological 
waste. They also contain a plethora of spontaneous components, such as lignin, cellulose, lignocellulose, 
carbohydrates, proteins, triglycerides, and naturally occurring minerals, such as iron, phosphorus, zinc, 
magnesium, and manganese, which are effective self-dopants and are mainly responsible for the 
improved quantum yield efficiency. 

Keywords: Nano dots, Nano scale, Decomposition, De-hydrolysis, Carbonization, Bottom Up, Top Down, 
Super Sensitive, Tauc Method, Quantum Yield. 

INTRODUCTION 
First, we must understand the origins of these nanocarbon dots as well as their immediate properties. We know 
that the physical and chemical characteristics of materials vary dramatically as their size, changes from bulk to 
nanoscale; therefore, the same phenomena occur in carbon dots, which are prepared through pyrolysis 
(decomposition, de-hydrolysis, and carbonization) of carbonaceous materials and exhibit photoluminescence 
and, photocatalytic properties. They were unintentionally discovered by Xu and others in mid-2004 [1], during 
the refinement of carbon NT'S and in 2006 [2], they got their name as "Carbon Dots" after Sun and his 
colleagues confirmed their synthesis route and associated structure. Carbon dots (C-dots) are a form of 
luminous carbon nanomaterials that are frequently explored in the carbon nanomaterial family. They are quasi-
spherical particles with a particle size of less than 10 nm and provide a variety of benefits, including a high 
quantum yield and tunable emission wavelength. C-dots offer a variety of other desired qualities, including high 
photostability, low cytotoxicity, great biocompatibility, ease of (surface modification, and chemical inertness) 
and have drawn a lot of attention in recent years. Consequently, more work has been conducted to find new 
ways of preparation and to open new dimensions from an application point of view. C-dots are being used in a 
multitude of scenarios, including the fabrication of multicolored light-emitting diodes (LEDs), energy 
production and storage, live cell imaging, in-vivo studies, photocatalytic degradation, drug delivery, 
fluorescence sensing and so on [3–21], still Carbon dots are in its early phases of development. There are two 
synthetic approaches for fabricating nanomaterials top-down and bottom-up techniques, as shown in figure 
below. 
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Figure l.  Top-Down technique and Bottom-Up way showing how to produce C-dots via different procedures 

(QY named as quantity of quantum yield) [22-40]. 

As the Top-Down technique, includes laser ablation, arc discharge and electrochemical release [22–28], it uses 
the procedure of breaking significantly larger carbon composites (for example, graphite, large graphene, 
synthetic carbon nanofibers and activated commercial charcoal) into small nanometric C-dots. According to the 
literature, difficult operational processes such as acid solutions, electrical discharges, expensive equipment and 
time-consuming steps are commonly employed in the synthesis of C-dots by top-down approaches limiting their 
usefulness. Bottom-up methods such as pyrolysis, hydrothermal techniques, convection methods, solvothermal 
methods and ultrasonic methods [29–40] go through hydrolysis, carbonization and passivation to transform tiny 
molecules into fluorescent C-dots. They have been frequently used in the production of C-Dots because of their 
minimal equipment requirements, ease of operation and cost-effectiveness; to be accurate we have two types of 
carbonaceous raw materials that might be utilized for the production of C-Dots [41]: biological and chemical 
carbon sources and for higher quantum yield efficiency [42] pure carbon dots must be passivated with 
heteroatoms on the edge surfaces. As biological sources naturally contain heteroatoms, therefore C-dots are now 
extensively produced from organic carbon composites such as natural organic products, organic chemicals and 
biological wastes [43, 44, and 45]. 

Structural Morphology Of Carbon Dots 
The structural characteristics of CDs are influenced by the source precursor material as well as the preparation 
techniques [46–49], however CD’s can be separated into three zones based on photoluminescence emission, as 
shown in Figure 2a. 

 
Figure 2: (a) Carbon dot structure and (b) carbon dot structural core analysis. 

Starting with the innermost part, the CD core, which is made up of graphene-like sp2-bonded carbon atoms 
[50], as illustrated in Figure 2-b, has further classified the CDs into graphene quantum dots, graphite CDs, and 
heterogeneous CDs owing to their variations in the core sp2 configuration. Graphitic carbon dots are composed 
of multiple layers of sp2 hybridized carbon packed together; however, graphene quantum dots are two-
dimensional materials consisting of a single layer of carbon atoms that share sp2 hybridization binding. Apart 
from homogeneous graphitic nuclei, only a few papers have reported sufficiently high levels of N-doped 
structures and carbon nitride doped nanostructures as their core in graphitic or crystalline layouts [49]. The 
amorphous carbon dot is one of the most pervasive types of carbon dot structure and indeed the objective of this 
very study as the central core is composed of variable amounts of carbon to carbon graphene type sp2 
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hybridization, distributed in a gem type sp3 conjugated carbon framework resulting in structural chaos [46-49], 
having semi-spherical structure with a diameter up to 10 nm, vertical dimensions of less than 5 nm are widely 
recognized [51] and the lattice spacing is typically 0.34 nm [51,52]. The surface state and the molecular state 
are two sub-sections of the CD framework that are positioned away from the centre, and the surface state of the 
sp2 hybridized CD’s core is mainly composed of heteroatomic binding sites of the following types: hydroxylic, 
carboxylic, carboxylic, amino, and amine groups. The molecular state is made up of individual chromophores 
that operate like organic dyes. These molecules are merely residual moieties that are coupled well to the CD 
outer edge, mostly during the occurrence of carbonization and dehydration reactions of the antecedent [53]” 
may be significantly improved and finally alkyl groups (polar) on carbon dots provide them with 
water solubility and dissolution rate and allow them to be functionalized with natural chemical, elemental and 
polymeric molecules [46,51,52]. In general, synthesis route comprises oxidation steps that spontaneously impart 
oxygen-containing entities to the CD edge, such as carboxylic, phenyl and OH groups [55]. In addition to that 
the CDs need to be passivated with more complicated compounds like hydrophilic polymers or 
polyethylenimine for very strong photoluminescence [49]. 

Photoluminescence Mechanism (Pl) 
Several mechanisms have been proposed over the years to understand the PL character of CDs, just like 
quantum confinement effect, surface states or defects, molecular effects and interlinked molecular effects, but 
no consensus has been reached till now [46-56]. The following section gives a basic overview of the most 
widely understood concepts. 

(a) Phenomena of Quantum Confinement 
We know that if a structure's physical dimensions are close to that of a typical electron orbit, the whole system 
is quantum-confined; this phenomenon is known as quantum confinement [57]. When the system is in quantum 
confinement, the electronic and optoelectronic characteristics of the structure differ from those of the base 
material [57], which means that if the measurement of the specimen is larger than the wavelength of the 
particle, the particle may be regarded as free, and the quantum theory predicts that it would have a line spectrum 
but not a continuous spectrum, as we know that the particle's spectrum will just become sharper and increase the 
band gap of the carbon dots[57,58] when shifting, from the bulk to the nanometer scale. The following equation 
predicts the energy of a particle in a three-dimensional box model and can be used to explain the above 
statement:- 

E (Nx,Ny,Nz  )    =  (Ћ2π2/2m) * [(Nx/Lx)
2+(Ny/Ly)

2+(Nz/Lz)
2]           …1 

It can be clearly observed from equation (1) that reduction in material dimensions correlates with an increase in 
energy. The blue shift in optical response owing to an increase in energy as the material transits from bulk to 
quantum structure as seen in Figure (2.1). 

 
Figure 2.1: As the dimension gets smaller, the band gap increases. The blue shift in optical characteristics is 

caused by the bigger energy difference. 

There are many other confinements; the layered structure includes restrictions on a single axis and is referred to 
as a quantum well or 1-D confinement structure, nanowires with 2-D constriction, and quantum dots with 
perfect 3-D restriction. When one or more dimensions of a nanocrystal are reduced to the size of an 
exciton, (commonly known as the Bohr exciton radius), a quantum-confinement effect occurs. As we already 
know [57,58,59], a quantum well is a two-dimensional structure with an average height of 
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approximately the Bohr exciton radius [57,58,59], despite the fact that the length and breadth might be 
rather large, whereas a quantum wire is a one-dimensional framework with a limited height and width 
but a considerable length, and a quantum dot is a zero-dimensional layout with all dimensions closer to the Bohr 
exciton radius, all showing a quantum confinement effect. Thus, quantum confinement has a unique effect on 
the nanostructure, and   increasing number of confined charge carriers are generated, resulting in a wider gap 
between the separate energy states and an upper zero threshold energy. For example, charged particles 
constrained to a ball with diameter d have a larger zero-point energy than those restricted to a cube with a side 
length equivalent to d. This is due to the fact that such a sphere has a lesser volume (pi/6d3) than a cube (d3) 
[57,58,59,60]. 

The exciton Bohr radius is:     α*B = er (me/μ) αB. 

Where αB = 0.53 Angstrom is the Bohr radius, er is the relative permittivity, me is the electron mass, and μ = 
(me∗ * mh∗)/ (me∗ + mh∗) is the electron-hole system's effective reduced mass. The effective mass of the 
electron and a hole are me* and mh* respectively. 

In an insulator (or semiconductor), an exciton is a virtual interaction of an electron and a mythological particle 
known as a void, produces electron–hole pair or a Physically interrelated electron–hole pair as depicted in (fig 
2.2). 

 
Figure 2.2:   (a) Exciton formation (b) Resemblance of exciton diameter to QD size 

This state is known as elementary excitation [57,58], a photonic particle excites one electron in an atom into the 
conduction band every time it interacts with semiconductor material, these excited electrons in the valence band 
leaves a space behind of opposite electric charge with which it is bounded via electrostatic force and thus 
exciton is formed, but has somewhat less energy than the unpaired electron and hole and it has a hydrogenic 
wave function (the "exotic atom" state is closer to that of a hydrogenic atom) because of the effective masses of 
the components and screening effects of the nucleus as the respective system size is substantially greater but the 
binding energy is much lower than a hydrogen atom [57,58,59]. At low temperatures (energies less than the 
exciton energy bands), the formation of exciton is the primary source of luminescence in semiconductors 
overtaking free electron-hole mixing at higher temperatures. Excitons can be treated in two ways, depending on 
the electromagnetic nature of the material, which means in a very low conductivity material the electrostatic 
Coulomb bonding between electron and hole pairs becomes very intense, resulting in a size deformation of the 
exciton nearly equivalent to the single crystal; hence, the electron and hole sit within the same basic cell called 
as the Frenkel exciton, which was named by J. Frenkel [59,60]. In another case when the permittivity is high 
enough just as in semiconductors, the electrostatic coupling between electron and hole pairs is reduced by the 
screening impact resulting in the Mott-Wannier exciton with a diameter much bigger than the lattice cell 
parameter; hence, a direct consequence of the lattice potential can be included in the beneficial effective masses 
of the electron/hole bound state, with an energy gap usually lower than that of a hydrogenic atom of the order of 
0.1 eV. 
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Electron - Hole Confinement 
Eg is the minimal energy necessary for an electron-hole pair in a nanoparticle and it is composed of numerous 
contributions, such as the bulk material band gap energy Eg  and confinement energy [60, 61] for an electron-
hole pair in a spherical quantum dot of diameter 'd'. 

The total confinement energy is calculated as follows: 

Econ = π2 ћ 2 /2μd2 

Where μ is excitons reduced mass & given as 

μ = (me* *mh*)/ (me* + mh*).     me∗ =   effective Electrons mass. mh∗=   effective hole mass. 

Coulomb interaction is another effective term for this mutual interaction of the electron - hole pairs. 

The Coulomb interaction is taken into consideration via Ecoul as fallows. 

Ecoul = -1.8 .e2/2πέέ0d. 

έ = Dielectric constant of the semiconductor CD. 

The Brus equation, which describes the size-dependent energy gap of a spherical semiconductor quantum 
structure is represented as under; 

     Eg(dot) = Eg(bulk ) + Econ + Ecoul. 

=>     Eg (dot) = Eg (bulk) + π2 ћ 2 /2μd2- 1.8e2/2πέέ0d. 

Using this Eq. for silicon semiconductor band gap variation is calculated and the calculated values are plotted 
against the dimension of cluster in below figure (2.3). 

 
Figure (2.3) ;  Silicon Energy band gap variation with Dimension. For Silicon bulk band gap Eg  = 1.12 eV,  έ 

= 1.19, electrons effective mass  me*=1.18mo, effective mass of hole mh*=0.49mo, mo electrons rest mass. 

To check whether we are in the quantum confinement regime or not, we must have compared the radius of the 
material (R) with the Bohr exciton radius α*B [61], which we define as small, moderate and strong confinement. 

The Weak (Mild) Confinement Concept 
To see this realm the dimensions (R) of a nano crystallite structure ought to be higher than the bulk exciton 
Bohr radius (α*B) and the larger energy term of weak confinement is the electrostatic term, which is already 
present in size quantification of the exciton’s movement. The confinement effect moves the excitons overall 
energy levels to higher energies and thus pushes energy, ∆E proportionate to 1/R2 [60,61]. The exciton ground 
state's energy "∆E" shift is approximately given by; 

ΔE   ≈   Ћ2π2/2MR2. 
Where M is the excitons effective mass and is written as M = m*e+ m*h, whereas the effective masses of the 
electron and hole are m*e and m*h   respectively. 

The Moderate Confinement Concept 
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In another aspect of quantum confinement, particularly in the II–VI semiconductor group, the Bohr radius (α*B) 
is equal to the nanocrystallite structure diameter (R) is a necessary condition for the moderate confinement rule 
and the following terms must be satisfied for the moderate confinement regime process [61,62]. In this regime 
well-restricted motion of a photo-excited hole were observed in tiny QDs. 

The Strong Confinement Concept 
Ultimately, this strong confinement rule has been verified by satisfying the requirements of α*B>>R and 
α*h>>R under the aforementioned circumstances, and the isolated size quantizations of an electron and a void 
may be the dominant part [62,63]. For a strong confinement regime, two basic conditions must be satisfied: the 
electrostatic part of the electron–hole pair interaction is slight and acts as a disruption, whereas the other 
shows self-sufficient electron/hole behavior as the aforementioned criteria are fulfilled. The visual spectrum 
was later confirmed scientifically, consisting of a series of lines entirely due to transitions between the sub-
bands [61,62,63]. The fundamental model predicts a change in energy as a function of crystallite size as 
follows: 

ΔE  ≈    Ћ2π2/2μr2. 
Where the exciton’s mass M is replaced by a decreased exciton’s mass, and μ= (me* •mh*)/ (me* + mh*). 

In a summary, the quantum confinement phenomenon occurs when the particle size is so small that it physically 
limits the electron and the electron alters its energy to compensate for the decreasing particle size; moreover, as 
soon as the contiguous orbitals shrink discontinuous energy levels arise rather than continuous energy bands as 
seen in solid materials. As a result, the energy band gap is governed by the particle size or shape, which has a 
significant impact on the PL [64,65] and differences in diameters result a wide range of emissions [64, 65] as 
multiple research works have correlated photoluminescence and particle diameter. Using a solvothermal 
approach, Fan and colleagues created multicolored luminous CDs by regulating the carbonization of citric acid 
(CA) and diaminonaphthalene (DAN) as shown in figure 3a, under the ultraviolet band (ex =365 nm) the 
component radiated blues, greenish, yellowish, orange and red hues as shown in figure 3b [65] which depict the 
growing particle sizes of 1.95, 2.41, 3.78, 4.90, and 6.68 nm respectively. Similarly, Lee and colleagues used an 
electrochemical technique to make particle-size dependent fluorescence such as blue, greenish, yellowish and 
red-emitting CDs [66]. 

 
Figure 3 : (a) Solvothermal treatment of CA and DAN to shift MCBFCQDs from blue to red (b) Photographs 

of MCBFCQDs  daylight view (left) and illuminating pictures (right) in UV light (excited at 365 nm) [65]. 

Despite the fact that quantum confinement is one of the most frequently recognized processes for explaining CD 
fluorescence, several studies are available that invalidate size-controlled emission levels. Hueso and associates, 
flashed pyrolyzed citric and EDTA for making undoped and nitrogen-loaded carbon-based quantum dots with 
identical PL emission at 420 nm despite their varied average diameters [67], as Dai and associates, predicted 
that PL might be caused by individual sp2 groupings in the sp3 carbon matrix causing π to π* electron shifting 
within the molecular orbitals keeping the sp2 structure unchanged and thus the fluorescence will be unaffected 
by the change in particle size [68] as this predicted theory  is still the most widely accepted explanation for 
excitation-independent fluorescence responsiveness. Aside from that, several studies in the literature suggest 
that CD’s PL emissions are intimately linked to a combination of the aforementioned aromatic sp2 structural 
morphology and the surface condition of the CDs' [67, 69-71]. 
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(B) Emissions From The Surface State 
The surface trapping of functional groups on the carbon dots and other imperfections referred to as the surface 
states of CDs. 

 
Figure 4: Surface state induced illumination [76] is depicted in a simplified Jablonski diagram. 

The electronic levels and electron mobility observed within the band structure of the filled molecular orbital 
(HOMO) and unfilled molecular orbital (LUMO) levels are displayed in the Jablonski diagram (Figure 4). The 
PL of surface state is explained by the phenomena of surface excitation and emission means that after absorbing 
a photon by surface moieties, HOMO electrons will move to the LUMO energy region followed by a non-
radiative vibrational relaxation process as the momentum of electrons wasted by changing to other phonon 
modes as kinetic energy known as vibrational relaxation is a quick transition and don't usually modify the 
primary electronic state [72,73]. Subsequently electrons emit energy as photons after vibrational relaxation and 
revert to the HOMO energy states; thus, fluorescence is a sluggish process that takes between 10–9 and 10–7 
seconds to complete. In general, the oxygenated functional units, such as (COOH, C=O, C-O-C), nitrogen and 
sulphur groupings exposed to the starting precursor material and the production parameters are common to all 
the carbon dot surfaces, then sp2 hybridized carbon structures are disturbed by sp3 configurations causing 
imperfections in electronic distribution system [74] and incorporates various energy levels resulting to broad 
emission peaks [75]. The presence of localized surface states modifies the fluorescence characteristics by 
modifying the energy band gap of the CDs [74,76] as targeted surface is one of the most widely used strategies 
to get a wide range of fluorescence emission from CD’s. Therefore urea and p-phenylenediamine were 
hydrothermally carbonized by Xiong’s group, and successfully created CDs of eight different emission colors 
ranging from blue to red (Figure 5), and numerous different CD’s were collected using quartz column 
chromatography equipment based on their polarity [76] to verify the aforementioned theory.  Compositional 
analysis revealed that carboxyl concentration had a significant effect on the PL properties by causing surface 
flaws; a higher level of oxidation was responsible for red shift of emission spectra. Furthermore, Zeng and 
colleagues created green emitting CDs from citric acid and ammonia and concluded that oxidized -C=O groups 
were involved in green emission whereas surface hydroxyl sites were involved in red emission spectrum [75]. 

 
Figure 5: (a) One-pot hydrothermal preparation and purifying technique for CDs with distinct 

photoluminescence characteristics, (b) Eight samples irradiated under 365 nm Ultraviolet light (c) 
Photoluminescence spectra of the eight samples respectively[76]. 

Despite the fact that most CD’s exhibit pH-independent emission bands, the addition of binding sites can have a 
positive influence on CD’s illumination properties as Basu and Mandal developed pH-sensitive CD's in which 
the esterification of -COOH and aromatic -OH groups has been associated with the change in quantum yield 
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efficiency and relocation of emission peak in a pH-dependent manner [72]. Besides to that, Zhu and his 
colleagues discovered that the existence of NH2 and COOH molecules in hair fiber-derived CDs caused pH-
dependent fluorescence behavior patterns [77]; therefore, the above surface functional groups changed the 
characteristics of the CD’s causing them to behave like amphoteric amino acids with changing isoelectric values 
and dissolution coefficients that have controlled the CD’s emission dependency on pH, as  the assimilated CD’s 
containing defective regions that cause excitation-dependent bursts, non-radiative mixing and CD’s 
responsiveness to external conditions [64,69]. As a result, surface modification (surface functionalization) 
enables the production of a thin organic covering on the surface resulting, excitation independent fluorescent 
discharges, photo-stability [64,78] and high quantum yield efficiency of Carbon Dots. Ultimately, surface 
functionalization is shown to have a substantial effect on the photophysical properties of CDs. 

(b) Emissions from Molecular States 
The molecular fluorescence originates when biological fluorophores are used as the raw material for CD 
formation, these compounds can couple with the edge molecules of Carbon dots or through non-covalent 
interactions to produce (π or n) - π* transitions [47,54,79,80]. This feature was discovered by Giannelis and his 
colleagues when they produced the CD, which exhibited single-stimulated individual PL activity with a 
quantum yield of 50% [81], therefore carbogenic core's anionic fluorophores, are thought to be responsible for 
the illumination. Furthermore, when the pyrolytic temperature is raised, the majority of the fluorophores are 
destroyed in the formation of the carbogenic core, leading to a lower quantum yield and red-shifted fluorescence 
output as illustrated in Figure 6, the cyclization and polymerization of components at low temperature leads to 
the polymeric CD’s that were injected with fluorophores to achieve greater fluorescence. CD’s synthesised by 
pyrolyzing citric acid and amides, Jamshidi and his colleagues extracted all the emission spectra from each 
emission centre [79] and allows the temperature to move forward, and found that the dehydration processes 
caused by powerful aromatics, grows more complex structures with distinct emission peaks and inside the 
polymeric structure, the carbonization also caused aromatic molecules to transition to the carbogenic core, 
resulting in reduced quantum yields and  extending the reaction time has also shown comparable data sets in 
few experiments [79,82]. 

 
Figure 6: The emission spectrum has just been associated to the molecular, aromatic, and carbon core states as 
temperatures gradually extended [79]. 

Even though the above-mentioned processes are the most widely accepted explanation of CD’s florescence 
behaviour, they are still controversial and emissions caused by a mixture of different nanostructures making it 
difficult to unravel. As a result, developing a good model will need further research in the future. 

C-Dots Synthesized From Biomass Sources 
Many researches on carbon nanostructures from biomass precursors have been done, as shown below in (fig 7). 
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Figure 7: Main sources of biomass waste. 

Biomass is classified as organic plants and other natural stuff produced through photosynthesis utilize water and 
CO2 as reactants. Biomass generates around 104.9 petagrams of carbon per year and produces a carbon 
framework, with the benefit of being low-cost, abundant and limitless. Furthermore, biomass combined with 
clean synthesis techniques may greatly reduce carbon emissions and also avoid the use of toxic chemicals. 
Biomass is mostly composed of cellulose, lignocellulose and lignin concentrations ranging from 40–60%, 20–
40%, and 10–25%, respectively [83]. As a result of its high carbon content biomass has been used as a source of 
carbon-derived compounds, such as charcoal and activated charcoal, for instance eggshell powder, prawn shells, 
bananas, lotus root, neem leaves, flower petals, cactus, bombyx mori silk, garlic and rice bran are some of the 
renewable sources of carbon used for making  CDs [84-86]. Cellulose is a linear polysaccharide composed of 
D-glucose molecules bonded together as cellulose is the most prevalent quantity in existence, accounting for 
50% of all natural materials.  In a conclusion, there are several opportunities to use cellulosic biomass to 
make CD’s, including inexpensive cost of  production costs excellent biocompatibility, dependability, and lack 
of complexity. In addition, cellulose has many O2 modules, including hydroxyl and ether intermediates, 
which can improve the structural and optical characteristics of CDs [72]. Finally, the majority of biomass  
extractives including heteroatoms (e.g. N, S, Zn, Mg etc. ) as heteroatom loading and outer layer crosslinking 
are significant aspects responsible  for increased emission spectra (PL) [64]. Employing natural cellulose 
derivatives with such dopants provides additional advantages over simple pure chemicals. According to recent 
findings, CD’s synthesized from biomass precursors have antioxidant activity in addition to PL emission 
activity, thus CD’s with antioxidation ability serving as an alternative breakthrough in the literary works of 
quantum dots (QD) and also adds a new dimension for various research application fields. Although antioxidant 
components have played a key role in the pathogenesis of so many diseases and ailments [87], C-dots with 
antioxidant and anti-inflammatory potential serve as a new turning point in literary works, in comparison to 
other inorganic fluorescent nanoparticles, such as noble metal nanoparticles and semiconductors. 

Synthesizing Procedures Of Carbon Dots 
As indicated in the diagram, there are various routes for the production of CD’s, and which can be categorized 
into two types. One is a top-down route and the other is a bottom-up route (Figure 8). The former 
crushes large carbon structures such as fullerene, carbon tubes, or graphene into tiny chunks, while the latter 
integrates tiny molecules such as simple sugars under different operational conditions, creating carbon dots 
[47,51,55,88]. Regardless of the synthesis route employed, it is critical to remember that the synthesis process 
influences the size, functional groups, and colloidal stability of CDs. Thus, the physicochemical and optical 
properties of CD’s are directly influenced by the synthesis method [46,88]. 
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Figure 8: Illustration of potential carbon-dot-preparation synthetic techniques [89]. 

(L)     Top- Down Strategy 
As top-down techniques are often used to convert graphite powder, multi-walled carbon nanotubes (CNTS), 
graphene, graphene oxide sheets, carbon fibers, soot and other substances with excellent sp2 geometries into 
CDs [51,88]. Arc discharge, laser ablation, acid oxidation and electrochemical treatment are the most popular 
procedures, and are discussed in detail in the next subsection. Meanwhile, there have been reports of CD’s 
synthesized by solvothermal techniques [90,91], chemical exfoliation [92], reactive ion etching [93] and photo-
Fenton processes [94]. Typically, top-down approaches are difficult and perhaps even toxic to the environment 
as they are not ideal for large-scale synthesis, [51] as some of them have been explored here. 

(1) By Oxidation Route 
In this process, strong oxidizing agents are used to decompose carbon structures into nanoscale levels. Mittal 
and Kushwaha [95] refluxed MWCNTs with strong HNO3 and H2SO4 acids as the carbon tube lining and 
heads were oxidized to form carbonyl, carboxylic, sulfonic and nitro groups through oxidation as shown in 
Figure 9 as some layers under the upper layer oxidized with time, causing the nanotubes to fold and buckle and 
then these carbon tubes collapsed completely to form CDs. Similarly, lampblack particulates [96], carbon 
nanopowders [97] and carbon black [98] have been oxidized using nitric acid. The emission wavelength of 
CD’s can be altered by varying the carbon supply and the oxidizing factors [48,52]. 

 
Figure 9: Over-oxidation of multiwalled carbon nanotubes [95] is proposed as a process for the creation of 

carbon nanoparticles. 

(2) Through Laser Lrradiation Process 
When carbon-based substances are submerged into a fluid medium and a burst laser beam is directed on the 
desired resource, the point of focus is heated, melted and vaporized resulting in a stream of nanoparticles [99], 
which are submerged in a solution medium for simpler extraction as this method is often thought to be quicker 
and easier [99,100]. For comparison purposes, Du and colleagues used this sputtering technique on graphite 
oxide and then uniformly distributed graphite oxide in 3 different mediums and discovered that the CD emission 
peaks were at different wavelengths, even though the size distribution was similar [101] to that of Koshizaki 
and his group produced CD’s on nanocarbon substrates [102]. Both studies discovered that CDs made in a fluid 
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medium did not radiate any energy and surfactants made in polar solvents appeared to be responsible for higher 
PL by functionalizing and simple passivating the CD’s surface. Du and his colleagues also noticed that as 
the molecular mass of the solvent increases, the spectrum becomes redshirted [101], which means that the 
solvent used has a significant effect on the fluorescent properties of the CDs following laser irradiation. 

(3) The Electrochemical Technique 
The electrochemical technique is a chemical chopping procedure that uses an electrolytic solvent to break big 
carbon antecedents such as graphite rods, carbon nanotubes, carbon paste, and carbon fiber, while ionic liquid, 
acetonitrile with tetrabutylammonium perchlorate, and NaH2PO4 are some of the electrolytes that can be 
employed in the whole process [104]. The illuminating characteristics, morphology and surface states of CDs 
can be easily changed by optimizing the electrochemical processing parameters such as the electromagnetic 
field, electrolyte content, electrode diameter and heating [48,103,104]. Liu and his colleagues prepared CDs 
utilizing a multiple electrode arrangement with graphite, platinum metal plates and silver/AgCl as the 
active counter and sample electrodes, where a (NaOH/Ethanol) blend as the medium [103]. Investigators found 
that higher potential corresponds to larger CDs as Long and colleagues also achieved nitrogen-immersed CDs 
with two different electrode setups, the two platinum layers served as alternating electrodes and an idea of 
ethanediamine and pyrocatechol in H2O as the electrolyte [104]. Thus the use of an electrolyte as a precursor 
material for CD synthesis allows for a far more constrained and low-cost preparation route. 

(4) Electrical Discharge Method 
Two reference electrode needles are inserted into a liquid/gas container in the electrical discharge technique as 
given below in (Figure 10). 

 
Figure 10: (a) CQD formation by oxidation reaction of graphite in basic alcohols (left) [103,105] and (b) 

Diagrammatic representation of an electrical discharge setup (right). 

The anode is always made of carbon, whereas the cathode is usually made of graphite [105], as soon as the 
current flows it creates superheated plasma that vaporizes the carbon antecedent; after a continuous current is 
maintained between the connections the vaporized carbon clumps travel towards the cathode to be collected in 
the gaseous state [105,106]. In general, this is a widely used approach for producing CNTs and this method was  
later  utilized for manufacturing CDs for the first time by Xu and others [50,107] who discovered CDs in the 
purification of unrefined soot, as they subsequently used soot oxidation and gel electrophoresis to separate the 
CDs. Despite the fact that the oxidizing activity of soot increases the oxygen content of CD’s produced soot 
from the glow discharge method, it contains complex impurities, making further separation difficult [108]. 

(Ll)   The Bottom-Up Strategy 
Bottom-up approaches mostly commonly used approaches for synthesizing CDs, in which molecular substances 
such as polysaccharides, esters, scaffolds, celluloids, and polymeric mixtures are ordered in morphology by 
using different processing steps such as decomposition, hydrolysis, and microwave assisted/hydrothermal 
conversion [48,49]. We can also change the features of CD’s by altering the operational circumstances, making 
them suitable for better application purposes [50,53], although some routes are described below: 

(1) Carbonisation Through Hydrothermal Means (HTC) 
One of the most commonly used techniques for making CDs is the HTC/Solvo thermal analysis technique 
[54,55], which is inexpensive, environmentally benign, and harmless because it  features simple equipment 
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requirements, high extraction efficiency, and the ability to synthesize on a massive scale [109]. In this method, 
the starting material is processed at a regulated time and temperature under autogenous pressure in an airtight 
hydrothermal reactor, and CDs are refined by purifying the resultant solution [48,545,109], since the main 
constraint of HTC in CD synthesis is inadequate size regulation [109]; therefore, purification plays a significant 
role in creating a narrow size distribution of the CD solution; for instance, filtration, centrifugation, quartz 
column chromatography, and dialysis are some of the purification processes [110]. Carbon precursors 
(cellulose, carbohydrates etc.) go through a sequence of events in HTC processes, commencing with 
disintegration, which breaks down long-chain components like cellulose into oligosaccharides, sucrose and 
sugars [111,112], latter isomerization, dehydrolysis and disintegration of these tiny molecules resulted in an 
intermediary products such as furfurals, carboxylic acids and aldehydes [111–113]. The core nuclei are formed 
when these intermediates undergo polymerization, condensation, dehydration and aromatization processes; 
therefore, the oxygen/nitrogen subunits in the solution grow on the surface, forming CDs with a core that is 
hydrophobic in nature and a rich functional group as hydrophilic shell [111–114], the particle morphology, size 
distribution, crystalline structure and surface characteristics of CDs can be controlled by varying the 
hydrothermal solution configuration, reaction temperature, solvent characteristics, addition of mixtures, and 
duration of time [115]. Table 1 summarizes some of the recent uses of CDs derived from biomass by HTC. 

Table 1: Table Of Hydrothermal Way Of Preparation Of CD’s Derived From Biomass.                                                     

 
(2) Method of Microwave Irradiation 
This is a quick synthesis process that involves dissolving the carbon source in water or a buffer solution and 
placing it in the microwave for a few minutes. This technique is extremely convenient compared to other 
techniques, and reactions may be conducted without the need for temperature variation, even using a home 
microwave oven [48,116]. Heat is created in microwave devices via frictional forces among the molecules in an 
electromagnetic field and is directly linked to their dielectric permittivity [117]. Whenever biomass precursors 
are kept in the microwave [118], the amorphous areas are more reactive than the crystalline parts. As a result, 
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restrictions related to the biomass's complicated structure and difficulty in managing irradiation power might 
impair repeatability [114], as shown in table 2. 

Table 2: Cds Created With A Microwave And Biomass Sources. 

         
(3) The Ultrasonic-Assisted Approach 
The exhibited ultrasonic-assisted method for creating C-dots has the merits of being both inexpensive and 
simple to utilize. C-dots can be prepared by ultrasonically treating blends of solvents and carbonaceous 
materials and their characteristics can be controlled by modifying control variables such as ultrasonic frequency, 
response time and the percentage of solvents and carbonaceous materials. Park and colleagues [119] suggested a 
simple strategic approach for large-scale production of water-soluble C-dots generated from waste-carbon 
precursors, supplemented by ultrasonication and achieved a quantity of 120 grams of C-dots derived from 100 
kg of mixed garbage for in-vitro bio-imaging and these C-dots had decent water solubility, reasonable photo-
stability, improved photoluminescence and little cytotoxicity. 

(4) Other Approaches 
Despite the fact that microwave-aided and HTC methods are the most frequently utilized bottom-up fabrication 
methods, few alternative molecular compound-based strategies have been established. Kang and his colleagues 
created CD’s by ultrasonically treating sugar mixtures in presence of an alkaline or acidic environment, and the 
resulting CDs appeared extremely stable, with a QY of nearly 7% [120].Tan and his colleagues contributed by 
synthesizing CDs from sago garbage using the direct pyrolysis method and then dissolved the pyrolytic charcoal 
in water to achieve a final CD mixture, which emitted a blue colour   spectrum after the solution had been 
ultrasonically processed and centrifuged [121]. 

Top-down approaches usually require more expensive hardware, associated infrastructure, and more energy 
(heating, electric power or radiation [122]). To avoid clustering of nanostructures, several top-down approaches 
include hazardous treatments such as strong alkali/acids, non-polar organic solvents, and reducing and 
stabilizing agents [123]. Top-down approaches on the other hand, offer the benefit of synthesizing CDs, with a 
more precise size and shape. The bottom-up technique involves a low operating temperature and power to 
regulate the elemental structure of the CDs. Bottom-up approaches also results in nanostructures with fewer 
imperfections as well as more uniform chemical characteristics [122,124]. Table 3 outlines the drawbacks and 
benefits of various fabrication processes in terms of CD quality. 
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Table 3:  Advantages And Disadvantages Of Synthesizing Processes Based On Quality   

 

The Most Important Factors Affecting C-Dot Properties 
The four key parameters regulating the fluorescence features of C-dots are the quantum confinement effects, 
bandgap transition, surface passivation, and surface defect states [125–127]. According to several well-defined 
analyses [128], the outer edge state is one of the most essential factors for the fluorescence emission properties. 
Surface modification of C-dots often improves the features that begin with the surface state groups of C-dots, 
which can often cause imperfections on the edges of C-dots and hence, modify their luminous features. As soon 
as the quantity of surface oxidation of C-dots rises, more defects are formed to trap more excitons, causing the 
emission lines of the C-dots to become red-shifted. Thus, surface modification is important in controlling the 
luminescent properties of C-dots as it can significantly change the emission spectrum [129], increase the PL 
emission intensity, narrow the fluorescence peak spacing and promote the water dissolution rate 
[130]. According to new study, the luminescence behaviour of C-dots is controlled by a combination of two or 
more of the four parameters, rather than just one of them alone [131,132]. The impact of the 
synthesis parameters on the characteristics of C-dots was explored. 

(1) The Influence of Raw Materials 
The C-dot fluorescence characteristics are regulated by the building elements employed in the C-dot synthesis. 
For example, when C-dots were created using pineapple peels and cucumber peels and using the same synthetic 
technique, they found noticeable changes in key fundamental properties [133], however, after several weeks of 
incubation, analysis showed that C-dots created using pineapple peels were entirely destroyed, whereas C-dots 
made from cucumber peels remained stable. In addition, yeast have developed on the faces of pineapple-derived 
C-dots but not on cucumber-peel-derived C-dots. As a result, C-dots derived from cucumber peels have a 
broader range of applications in electronic and live cell imaging, as Boruah and colleagues [134] discovered that 
C-dots derived from garlic peels, cane bagasse, and kalo husks using a similar synthesis route had significantly 
different quantum yields (13.8 percent, 4.5 percent, and 26.2 percent, respectively) and physicochemical 
properties. 
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(1) The Lmpact of Synthesis Temperature 
A carbonization procedure was used to generate fluorescent C-dots using biological precursors as the carbon 
sources. Because the carbonization process is an endothermic reaction, temperature has a significant impact on 
C-dot generation through a simple pyrolysis process. Zhu and coworkers [135] explored the effect of the heating 
rate on the photoluminescence characteristics of C-dots generated using different leaves (e.g., Platanus 
orientalis petals, palm fronds, lotus leaves, and pine boughs). When carbon materials were used for synthesizing 
C-dots, their optimum pyrolysis temperatures were significantly different (Figure 11). We can then predict that 
the thermal treatment will not be too low or too high; a small thermal treatment may limit the carbon antecedent 
from completely carbonizing into C-dots, and a high temperature may cause the carbon antecedent to become 
over-oxidized, thus destroying the morphology of C-dots and leading to a significant loss of the optical 
characteristics of the C-dots. Tan and his coworkers [136] explored the role of the operating temperature on the 
characteristics of C-dots made from sago residue, and the analysis revealed that as the pyrolysis 
temperature increased, the particle diameter of the C-dots shrank. In addition, the highest emission 
wavelength of the C-dots shifted to a gradual blue region with time. The morphological features of the end 
products were considerably affected by pyrolysis temperature. The influence of temperature on the 
hydrothermal technique was identical to that on the pyrolysis technique [137]. 

 
Figure 11: (a) A schematic depiction of the pyrolysis method for synthesizing C-dots from various plant 

leaflets [138]; (b) Excitation and emission spectra of matched C-dots obtained at various reaction temperatures 
(Platanus orientalis petals, lotus petals, and pine tips) [138]. 

(2) The Contribution of Processing Time 
The effects of the processing time and temperature on the optoelectronic characteristics of C-dots are 
comparable [135]. As we have discussed, excessive carbonization destroys the surface properties of C-dots 
whenever the timing is extended, and in the case of shorter reaction duration, the co-substrate carbonization is 
restricted, resulting in weak fluorescence emission from the C-dots. According to the current research, the 
influence of response time on the optical features of C-dots is temperature depend- ent, and the ideal reaction 
time is determined at the appropriate temperature. However, even if the reaction is carried out at an optimal 
response time, no beneficial end-product is produced unless the temperature reaches a certain higher value 
[137]. Devi and others [138] improved the response time for C-dots using an environmentally sustainable 
pyrolysis technique based on a substantial waste byproduct of the dairy and cheese industries, as these C-dots 
with a photoluminescence quantum yield of 11.4 percent were successfully used to detect selenite in solution 
after 30 min of pyrolysis and 220 °C of heating. Furthermore, prolonged reaction time may result in a 
considerable decrease in the photo -luminescence emission intensity of the final yield. Bandi and associates 
[139] observed that the response time has a substantial influence on the fluorescence quantum yield (QY) of C-
dots derived from onion waste. As the response time increased, the C-dots showed an increasing trend in QY, 
and a dropping trend was observed when the reaction time was extended further. Ngu and his colleagues [140] 
created C-dots from leftover rice husks and found a similar link between QY and reaction time. 

(3) The Influence of Ph Value 
The effect of the solution's pH on the emission spectra of C-dots varies from carbon source to source using 
various synthetic approaches. Some C-dots prefer balanced pH [141-145], others thrive in acidified pH 
[146,137,145], and others are stable across a wide pH range [147,148].The fluorescence emission strengths of 
C-dots produced from various biomass residues alter in accordance with just a change in pH value, allowing 
them to be employed as pH-sensitive monitors. Chunduri and his coworkers [149] used a hydrothermal 
technique to synthesize C-dots from coconut shells with an excess of hydroxyl and carboxyl units on their 
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surface. The c-dots experienced a consistent drop in photoluminescence strength as the pH value changed from 
4 to 12. This is due to the carboxylate groups through protonation and deprotonation at different pH levels, 
resulting in a shift in the electrostatic charge behaviour. 

(4) The Impact of Heteroatom Co-Doping 
Several ways of improving the luminous characteristics of C-dots have been explored in the last decade [150–
152]. Most researchers have used heteroatom loading to improve the characteristics of C-dots, because the 
incorporation of heteroatoms into the carbon core framework is capable of controlling the electrical 
characteristics as well as the central and subsurface chemical characteristics of C-dots. Nitrogen is widely doped 
into carbon compounds due to its similar atomic size to a carbon atom, which has 5 outermost unpaired 
electrons and better electron affinity than carbon atoms [153]. Similarly, by modulating the energy density 
states of the dots, sulphur atom doping increases the fluorescence emission intensity of C-dots [153]. In another 
study, Hu and his coworkers [154] utilized tea leaf remnants and concentrated H2SO4 to make nitrogen and 
sulphur co-doped C-dots at high temperature, and the fluorescence quantum yield of as-prepared C-dots was 
14.8, which was more than three times the QY of undoped C-dots. 

Properties of C-Dots Derived From Biomass Precursors 
C-dots are known for their exceptional photostability, persistent photoluminescence and easy surface 
functionalization that distinguishes them from bulk carbon materials. Some of the processing attributes are 
given below; 

Morphological Behaviour 
New C-dots are multi-dimensional agglomerations composed of carbon atoms and a few other elements in a 
spherical-like form. The SP3 hybridized carbon atoms dominated the interior regions of the three-dimensional 
aggregates, with a fewer percentage of SP2 hybridization coupled carbon atoms. C-dots have a crystalline 
structure that is almost similar to that of amorphous carbon and graphite [155-57]. The peak fluorescence 
emission colors of the C-dots have showed a red shift along with increasing particle size, indicating that they 
had a size distribution of less than 10 nm and hence displayed the "quantum confinement effect." Although the 
amounts of these elements vary depending on the synthesizing technique employed, the c-dots are mostly made 
up of C, H, O, and N atoms. Surface modification and other techniques that decorate the C-dot surface with 
amine (-NH2), hydroxide (-OH), and carbonyl (C-O-C) linked functional groups considerably increases the C-
dot's aqueous solubility and make surface modification much easier, which may ultimately lead to an essential 
factor for large-scale applications of C-dots [158-160]. C-dots, which have a smaller particle size than 
conventional semiconductor quantum dots or other nanoscale sensor systems, can easily enter cells via 
endocytosis and thus have a wider application in cell imaging and the measurement of organic molecules in 
cells [150,161]. 

Optoelectronic Properties of C-Dots 
Following are some of the opto-electronic properties of Carbon Dots that have been verified. 

(1) Ultraviolet-Absorption Emission Property 
C-dots possess a broad absorption range and provide a strong absorption edge in the ultraviolet to visible 
spectral region. C-dots produced via various synthesizing processes, using different precursors and dispersed in 
different solvents, possess visually recognizable absorption bands. C-dots frequently exhibit one or more 
absorption maxima in the UV to visible spectrum range [162,163,164], with a sharp absorption peak in the 220–
270 nm wavelength range, which is attributed to the π-π* transition of  C=C and C=N orbitals. The spikes in the 
280-350 nm wavelength region are similar to the n-π* transition of the C-O and C=O bonds. The shifting of 
ligands on the edges of the C-dots is often linked to an absorbance peak between 350 and 600 nm [165]. 

(2) Fluorescence Emission Characteristics 
As we all know, among the most noteworthy properties of C-dots, their inherent fluorescence provides a 
significant impact on their application point of view. The quantum confinement effect, emissive traps, electron-
hole pairs, oxidized surface cracks and o2 groups or aromatic structures were used to explain C-dots' excellent 
photo response, which include a broad emission spectrum, a restricted spectrum, size-dependent (or excitation 
wavelength-dependent) fluorescence emission, decent fluorescence consistency, up-conversion luminescence 
and strong photobleaching resistance. The exact luminous mechanism of the C-dots remains to be determined. 
Zhang and others [163] revealed that different kinds of organic solvents utilized for C-dot extraction affected 
the max located peak of the fluorescence emission spectra of C-dots produced from polystyrene foam waste. 
Surface modification using quasi-organic solvents is believed to generate discrete defects on the surfaces of the 
C-dots and encourage diverse emission sites, resulting changes in the peak position and intensity of the 
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fluorescence spectrum. Ding and colleagues [169] came up with a novel way of using the hydrothermal method, 
in which a series of C-dots were synthesised and subsequently extracted from ethanol using quartz column 
chromatography. Despite having an equal crystallite size and graphitic morphology in their core, the emission 
max peak of these C-dots ranged from 440 to 625 nm (Figure 12), becoming more red-shifted as the degree of 
oxidation goes up. Therefore, the degree of surface oxidation was identified as a controlling factor in the C-dot 
fluorescence emission. In conclusion, we can say that the type of binding morphology between heteroatoms and 
the carbon core is the most important factor affecting the fluorescence properties of heteroatom-doped C-dots. 

 
Figure 12: The functioning of C-dots with varied degrees of surface oxidation [170] with adjustable fluorescent 

brightness. 

(3) Fluorescence Emission Characteristics of Up-Conversion 
Despite conventional down-conversion fluorescence emission spectrometry, C-dots produced from biomass 
waste shows distinctive upconversion fluorescence with a fluorescence emission wavelength shorter than the 
excitation wavelength [171,169,172]. Anti-Stokes lines and multiphoton active processes are the two most 
frequent causes of upconversion fluorescence. Wu and his colleagues [165] used walnut shells to make 
upconversion photoluminescent C-dots and established an electronic transition mechanism model to 
characterize the upconversion phenomena. The energy gap between the LOMO and HOMO is reduced by 
increasing the particle size of the C-dots. According to the electronic transition process, the electronic Anti-
Stokes signals are formed by carbene ground-state multiplicity from the energy level of the orbitals. To excite 
the electrons, low-energy light with a wavelength of more than 600 nm is employed, which subsequently 
transits to the excited state with higher energy (LOMO). For this kind of irradiation, upconversion luminescence 
always occur when electrons revert to the bottom state (Figure 13). Sun and colleagues [169] confirmed that the 
multiphoton active process is the most likely mechanism for the upconversion luminescence of sulphur and 
nitrogen co-doped C-dots produced from hair fibers’ (Figure 14). In-vivo imaging of C-dots with upconversion 
fluorescence offers considerable tissue penetration of the red light and little auto-fluorescence mixing within the 
red–light spectrum in the biological tissues. 
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Figure 13:  (a) illustration of the luminescent properties of C-dots manufactured by walnut shells (b).  Depicts 

the processes of upconversion florescence in C-dots of various particle sizes[171]. 

 
Figure 14:  The photoluminescence characteristics of S-N-co-doped C-dots produced from hair fiber at various 
temperatures are shown in the picture above, (a) 40 degrees Celsius; (b) 100 degrees Celsius; (c) 140 degrees 

Celsius. [169]. 

(4) Cytotoxicity and Biocompatibility of Carbon Dots 
As previously stated C- dots possess outstanding optical properties and have a wide range of uses in bioanalysis. 
In contrast, C-dots have low cytotoxicity and high biocompatibility which are critical for in vivo cell and tissue 
imaging [173–175]. [174]. N and S co-doped C-dots (N/S-CDs) were produced from cellulose-based biomass 
waste, showing greater fluorescence quantum yield, nontoxicity and improved biocompatibility consequently, 
they were effectively assessed for intracellular scanning, as proven by Cheng and his colleagues [174] (Figure 
15). 

 

Figure 15: (a) HeLa cell survivability after just a day of incubation at various concentrations of N/S-doped C-
dots derived from cellulose-based biowaste; (b–f) fluorescence images of HeLa cells housed on N/S doped C-
dots (40 g/mL) under various conditions ((c): (a–c): solely N/S-CDs; (d–f): N/S-CDs with Fe3+ at 10, 20, and 

40 M, respectively) [175]. 
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(5) CD’s Act As Photocatalyst 
Some C-dots have outstanding photocatalytic properties or the capacity to increase the performance of other 
catalysts that were produced from orange waste peel extract and loaded onto ZnO by Prasannan and colleagues 
[176], behaving as C-dots/ZnO complex catalysts. The photocatalytic activity of C-dots/ZnO was raised by 15.7 
percent after 45 minutes of UV light irradiation compared to that of the ZnO catalysts, indicating that C-dots 
had a substantial role in photocatalytic activity (Figure 16a). When electrons in ZnO’s valence band are exposed 
to UV light, they are excited to higher energies and transferred to C-dots, leaving holes in the valence band and, 
avoiding recombination of electron–hole pairs. When electrons on C-dots interact with oxygen, superoxide ions 
(O•) are generated and when water interacts with the holes in ZnO, hydroxyl (OH•), is produced, which can act 
as a potent oxidation agent for the degradation of naphthol blue-black (NBB) azo dye by oxygen radicals. Gupta 
and colleagues [177] synthesised spherical C-dots with oxygen-rich surface functionalities from lemon peel 
waste and immobilized them on electrospun TiO2 nanofibers to organize TiO2–water-soluble carbon quantum 
dot (TiO2–wsCQDs) clusters, which were used to verify the photocatalytic activity of the TiO2–wsCQDs 
composite catalyst used for the breakdown of Methylene blue. The photocatalytic efficiency of the TiO2–
wsCQDs was around 2.5 times greater than that of the TiO2 nanofibers (Figure 16b). 

 
Figure 16: (a) Diagrammatic representation of the C-dots/ZnO composites photocatalytic activity [176]. (b). 
Under UV illumination, photo degradation of MB in the presence of TiO2 nanofibers and TiO2–wsCQDs 
composite (the attached image depicts the colour of the MB solution with and without degradation) [177]. 

C-Dots Produced From Biomass Precursors Possessing a Wide Range of Applications 
Carbon dots derived from biomass intermediates have been thoroughly examined for a broad range of 
applications, including in-vivo monitoring and targeting therapies, photocatalytic degradation, drug/gene 
delivery, fuel cells, led diodes, fluorescent dyes and fluorescent diodes. For example, the outstanding 
fluorescent qualities and abundance of surface functional groups of carbon dots demonstrate a high level of 
chemical sensing capabilities, which are the most extensively employed field of biomass waste-derived carbon 
dots. Carbon dots are also an ideal choice for biological imaging because of their great bio-compatibility and 
high photo-stability. Carbon dots can also be employed as energy storage systems due to their nano size, unique 
opto-electronic characteristics, superior electrochemical consistency and dynamic edge sites as shown below in 
(Fig 17). 

 
Figure 17: CD characteristics and applicability are summed up in this figure. 
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(1) C Dots Act As A Super Sensing Material 
For a wide spectrum of analytes such as cations, anions, small molecules (glucose, thiols), macromolecules 
(DNA, proteins) and biological entities (cells, bacteria), Carbon Dots have been employed as quick response, 
efficient, and selective sensors [178]. This is because of their excellent water solubility, efficient 
instrumentation and flexibility to overcome fluorescence signal changes due to temperature, pH, surface charge 
and light absorption. Several ideas have evolved over the years to explain the interactions amongst CDs and 
compounds. Some of them are listed below: 

(1) PET (Photoinduced Electron Transfer) is a redox process during which the stimulated electron in 
CD (donor) is passed to the substrate (acceptor), forming a network in between benefactor and receiver and then 
reverting to the lowest energy without fluorescence. 

(2) Resonant Transferring Energy: When CDs' stimulated electrons revert back to the initial state, the energy is 
transferred to the sample if the two are housed within the same small spatial region; thus, the CDs' emission 
spectra coincide with the sample's absorbance values. 

(3) Whenever the sample's absorbance spectrum and the CDs' emission spectrum cross each other, a portion of 
the light is absorbed by the sample, lowering the intensity of the excited electrons. Several biosensing 
configurations have been developed based on interactions with the sample. The most extensively used method is 
optical quenching, in which the strength of illumination decreases as the quantity of the sample goes up, while 
others have created luminescence amplification models. For instance, Shen and colleagues, for instance created 
chitosan-based CDs that sensed Ag+ ions via fluorescence quenching [179], whereas dihydric alcohol-derived 
CDs for Ag+ showed fluorescence amplified emission [180]. Besides that, logic gates relying on fluorescence 
enhancement and dampening with various samples have been developed in several investigations [181, 182]. 
Selectivity and responsiveness are the two basic parameters used to analyze CD's efficiency in sensing 
applications, as selectivity is assessed by the drop or increase in the luminescence of CDs towards the target 
sample at a set concentration. For CD's to have a high level of selectivity, they must be significantly distinct 
from other possible interfering compounds and for the best selectivity, the fluorescence enhancement/quenching 
percentage of the chosen sample over other chemicals should be at least 5 times [183,184]. Responsiveness is 
determined by the extent to which the fluorescence changes in response to the concentration of the sample, for 
which their linear range and the limit of quantification are used for better understanding. (Table 4) illustrates 
some of the sensing abilities of Carbon Dots. 

(2) For Bioimaging Analysis 
Owing to their excellent bioactivity and lack of toxicity, CDs have emerged as a promising alternative to 
traditional CdSe-ZnS quantum dots [185]. CDs have also shown promising in-vitro studies involving cellular 
uptake and in-vivo studies using rat models. For instance, in vitro investigations are being carried out to assess 
the bioimaging capabilities, localization, and cytotoxicity of fluorescent probes in accordance with the cells 
[186]. CDs have previously been used to image a variety of cells, including HeLa cells [187,188,189], HepG2 
cells [190], NIH-3T3 fibroblast cells [191], LLC-PK1 [192], human lung cancer cells [193], MCF-7 cells [194] 
and human neural stem cells [195]. Zhai and his colleagues, created nitrogen-doped CDs from citric acid and 
1.2 ethylenediamine (EDA), which significantly improved the PL performance characteristics and providing 
high-quality images of L929 cells (figure-18a) [196]. These cells are also found in cellular membranes and 
intracellular regions, which supports many of these observations. The ability of CD's to emit PL in the near-
infrared (NIR) region incorporates efficient sensing material for in vivo monitoring because of the permeability 
of physiological tissue in the NIR area. Figure 18b shows an in vivo image of a mouse injected with CD's 
intradermally in three different locations [197]. 
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Table 4: C-dots act as sensing material. 

 

 
Figure 18: (a) Laser-scanned morphology images of L929 cells without labeling (left (a)) and EDA-CDs-

labeled L929 cells (left (b)), and (b) In-vivo fluorescence views of Cdots M-injected rodents at several 
wavelength ranges [196,197]. 
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The injected CD patches were easily identifiable (red) from the tissue's autofluorescence (green), Li et al.'s ex-
vivo studies on various organs of mice revealed that blue fluorescent CDs could clearly scan the heart, lung, 
liver, spleen, kidney, intestines, and head, indicating that the CDs could penetrate the blood-brain barrier [198]. 
At last we can say that CDs are a potent alternative to fluorescent research for in vivo imaging and biological 
monitoring. 

(3) C Dots Show Photocatalytic Activity 
As we know that photocatalysis is an eco-friendly approach for initiating reactions, producing energy, and 
reducing pollutants, CDs may also be used in this field in one or two ways [199]. The first uses pure and CDs 
with binding sites and dopants to build extra energy bands for improved photocatalytic performance, whereas 
the second one incorporates CD-based blends with pre-existing photocatalysts for effective charge separation 
[199–201]. Based on this output, the CDs in photocatalysis may be split into four key reaction zones: the very 
first zone is where C dot composite materials were originally used as photocatalysts for the breakdown of 
organic contaminants, such as organic dyes, Rhodamine B [202] and Methylene Blue [203,204]; for example, 
Ethyl paraoxon insecticide, gas-phase benzene, and methanol have also been dissolved using CD/Cu2O, 
CD/Fe2O3, and CD/ZnO compounds [205,206,207]. Next, CDs act as photosensitizers, having a higher 
apparent absorption in H2 and O2 evolution processes via water splitting [208,209]. In CO2 processing 
methods, CDs covering the electrodes in optical cells are light illuminated to reduce CO2 content into CO, 
organic acids, methane and other hydrocarbons [199,210,21]. Furthermore, considering the positive effect of 
CO2 adsorption on greenhouse gas emissions, CD-based approaches will be a high-focus issue for large-scale 
CO2 reduction models that are yet to be explored. CDs have been used in a wide range of photocatalytic 
chemical processes, including selective oxidation and acidic catalysis, whereas their surface area, absorption 
capacity and/or surface functionality have favoured reactions. Future research should concentrate on large-scale 
manufacturing, industrial applications and restoration. 

(4)    Cd’s Photovoltaic Behavior 
Another important application of C dots is that they are used is in photovoltaic devices because of their high 
optical absorption over the whole visible spectrum, customizable bandgap and flexibility to serve as an electron 
donor/acceptor or a carrying medium for electron transport. CDs are a viable choice for a variety of 
photovoltaic systems as dopants for photosensitive materials, buffer solutions, and counter electrodes [214], due 
to their low cost and ease of production [215]. In a DSSC solar cell, incoming light is absorbed by the dye, 
which causes excited electrons to be injected into the conduction band of the TiO2 electrode [214,215], as 
Wang and associates employed nitrogen-loaded CDs in the dye solution [216] (this nitrogen enrichment, as seen 
in Figure 19a), resulting in additional energy bands between carbon and oxygen, which are responsible for 
capturing low-energy photons. As a result, extra photoinduced electrons can travel to the titanium dioxide 
(TiO2) conduction band, resulting in a higher current density. Furthermore, CDs are high in carboxyl groups, 
which may chemisorb into the TiO2 surface, forming a covalent bond and allowing electrons to flow effectively 
to TiO2 [214]. Another common configuration is  bulk heterojunction organic solar cells (BHJ-OSC), which 
include donor and acceptor active layers, as shown in Figure 19b [217]. Excitons are then delivered to the 
donor-acceptor junction, where separated electrons and holes are transmitted to the terminals without coupling, 
as CDs' electron donating and accepting capabilities are critical for the effective design of these types of 
devices. CDs have also been used in other solar cell designs, for example, Briscoe and others used biomass-
derived CDs in solid-state DSSC [218], in which the difficulties of traditional DSSC (liquid electrolyte leakage, 
corrosion) may be mitigated by employing a solid electrolyte medium. Despite recent advances, it should be 
noted that the use of CDs in solar cells is still in its early stages, with a number of issues that must be resolved 
before it becomes sustainable. 

 
Figure 19: (a) A proposed framework for photo-induced electron transfer between NCDs and TiO2 [216,217] 

and (b) the energy generating steps in a BHJ-OSC cell. 
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(5)   CD’s Provide Medicine Carrying Facility 
Nanoparticles can be employed as medicine carriers in biomedical applications without obstructing blood 
pathways if the particle size or clusters of particles are kept under 4 m, which is the smallest width of human 
blood capillaries [219]. Furthermore, the CDs' super biocompatibility which results in minimal cytotoxicity, 
large surface activity and increased cellular absorption has made them an effective nanomaterial for 
theragnostic therapy, involving medication and gene delivery [220]. The surface of CDs is loaded with oxygen 
and nitrogen functional groups (e.g., NH2, OH, COOH, etc.) that serve as a foundation for transporting 
medicinal moieties via ionic interactions or covalent bonding [220]. As Kong and colleagues established a citric 
acid ethylenediamine based carbon dot via a hydrothermal method and tested on a female breast cancer cell line 
(MCF7). The CDs were electrostatically coupled with Doxorubicin medication to assess cellular toxicity and 
pharmacological efficacy. The positive surface charge of CDs allows endocytosis, which improves the drug's 
cellular absorption [220,221], and has also been utilized in gene therapy to successfully convey therapeutic 
genes to diseased cells [222]. Yu and his colleagues created CDs utilizing hyaluronic acid via microwave-
assisted technique using polyethylenimine (PEI) as a passivating agent; they showed lower cytotoxicity and 
greater transfection effectiveness than PEI in HeLa cells and also increased DNA binding and transfection 
ability by interconnecting the CDs' carbon core shell topology with a robust amino functionalized surface. 
Furthermore, CDs' strong fluorescence of CDs allows cellular imaging, which can then be used for surveillance 
of the DNA loading process. CDs may be used for a variety of purposes in addition to carrying medications or 
DNA. For example, Wang and others created an integrated nanocomposite with polyethylene glycol, 
chitosan, and sugar-derived CDs that penetrated intercellular sections to illuminate tumor cells, detect pH 
changes, enhance pH-sensitive drug release, and induce drug release via outer NIR visible exposure [223]. The 
multimodal qualities mentioned above improve therapeutic efficacy, while also providing a cutting-edge 
foundation for CDs in the biomedical sector. 

(6)    C Dots Provide Super Sensitive Foundation of Opto-Electronic Devices 
CDs with properties such as customizable fluorescence, electron providing and/or receiving nature, and high 
buffering capacity have been used in optoelectronic devices such as OLEDS (LEDs).The broad PL bandgap has 
also enabled the manufacture of white LEDs, which have been highlighted for their long life, low power 
dissipation, rapid reaction time, and energy-saving usage [225]. CD-based LEDs are classified as 
photoluminescent (PL) or electroluminescent (EL), depending on the method of excitation, as PL-based LEDs 
are fluorescent CD dust on a microchip that has been photoexcited with ultraviolet light and emits visible light 
[224,225]. The primary disadvantage of such a preparation is aggregation-stimulated quenching (AIQ), which is 
associated with increased resonance energy transfer or direct coupling and significantly reduces the QY 
[226,227], CDs are inserted into solid-state matrices such as borax, polyvinyl alcohol (PVA), inorganic salts, 
silicone, and starch to prevent undesired dampening [225,226]. Furthermore, making matrix-based LEDs with 
CDs is a time-consuming and energy-intensive process. So Researchers have recently examined production of 
CDs with different surfaces to control interatomic separation, while Liu and colleagues, used PVA and 
ethylenediamine to make nitrogen-modified CDs that emit yellow-green light in the solid state and blue light in 
the liquid state [227]. Rogach and others produced a similar multilayered system from a comparable-sized CD 
emissive layer that can emit multiple colors, including blue, indigo, pink, and white, by modifying the 
multilayered properties and applying a voltage. Despite the improvements made in CD-based LED devices, 
further research is needed to compare them to well-developed heavy-metal-based LEDs, such as generating 
highly efficient CDs and increasing multilayer properties for better charge exchange. 

Instrumental Characterization of C Dots 
Instrumental characterization is an important step in determining the morphology and characteristics of the 
Carbon Dots. The surface conditions of CDs were characterized by a Bruker Tensor 27 FTIR spectrophotometer 
and elemental mapping is done by JEOL JSM 7200F field emission scanning electron microscopy (FE-SEM). 
The Raman pattern was created by HORIBA XploRA PLUS Raman Microscope, X-ray photoelectron 
spectroscopy measurements were taken with a Kratos Analytical AXIS Supra photoelectron and all fluorescence 
spectrum measurements were taken by Agilent Cary Eclipse Fluorescence Spectrophotometer. Time resolved 
fluorescence spectroscopy was done using a Horiba fluorolog-3 spectrofluorometer fitted with a 360nm 
NanoLED and fluorescence decay data is evaluated using DAS-6 Horiba software. The Rare Jupiter 
Simultaneous Thermal Analyzer was used to do Thermogravimetric measurements (NETZSCH STA 449 F3). 

The Tauc Method for Determining Optical Absorption or (Bandgap Energy) 
UV-Vis absorbance spectroscopy is one of the most commonly used methods for determining the properties of 
thin films. Interception produces a bandgap hence, the matching exponent characterizes the electrical transition 
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via (indirect or direct) (see Tauc & associates, Physica Status Solidi, 1966 as they are commonly referred to as 
"Tauc" plots). Although the procedure is straightforward and successful, the precision of the 
fitted bandgap result is rarely emphasized or appreciated. Researchers have put this idea into practice 
by combining a large number of Tauc charts from the study and comparing them with pure zinc oxide 
(ZnO),   which has been carefully studied and has no intrinsic stoichiometric abnormalities [230]. Our 
investigation of the energy band values and their variance led us to investigate certain experimental components 
that might bias the results, resulting in clear values that were less or larger than predicted. Ultimately, a simple 
approximated figure of merit is defined, which may also assist in the plotting of more precise Tauc matches. 
This produces an Eg (ZnO) of 3.276 +/-0.033 eV for specimens with much sharper Tauc plot shapes, which is in 
perfect agreement with measurements for single-crystalline elements [231]. While investigating the 
optoelectronic properties of amorphous germanium, Tauc and associates demonstrated and 
described the estimation of the bandgap using optical absorbance data translated appropriately to 
energies. Furthermore, Davis and Mott's research on amorphous semiconductors took this concept one step 
forward by explaining that the intensity of the absorption spectrum is influenced by fluctuations in incoming 
radiation and the band gap; 

(𝛼ℎ𝑣) 1/𝑛 = C*(ℎ𝑣 − 𝐸𝑔). 
Here “h” represents Planck's value, “υ” represents the photon's frequency, “α” is the absorption coefficient, Eg 
represents the band-gap and C represents a scaling constant. Where (n) is the value of the exponent which 
specifies whether electronic transitions are permitted or prohibited as well direct or indirect. 

n=1/2 ---for direct allowed transitions                                  n=3/2 ---for direct forbidden transitions 

n=2   ---for indirect allowed transitions                                n=3   ---for indirect forbidden transitions 

In general, permitted transitions exceed typical absorption processes, with n=1/2 or n=2 for direct and indirect 
shifts, respectively. The basic technique for Tauc research is to collect optical absorbance values for the 
substance ranging from just below the band gap to above it and then construct the plot (α*h*υ) 1/n vs (h*υ) by 
testing n=1/2 or n=2 to see which one has the best fit and so recognizes the proper transition type. In the below 
mentioned Tauc figure for ZnO, the absorption coefficient multiplied by the photon energy to the second power 
versus incident photon energy are clearly shown, because zinc oxide has allowed transition, (n=1/2). 

 

Plot 1: The following figure is demonstrations of a Tauc Plot using UV-Vis data analysis of Zinc oxide thin 
film,   demonstra- ting the technique of fitting the linear area to derive the band-gap at the X-axis intercept 
[230,231]. 

In this squared-exponent plot 1, the absorption increases further, presenting a region of uniformity as it 
approaches the band gap value. The absorbance falls to zero at low excitation energy, making the solid or liquid 
composite look transparent and the linear segment was used to extrapolate to the X-axis interception in order to 
calculate the band gap value (here about 3.27 eV). The absorption constant saturates at higher energy states and 
the pattern moves away from linearity once again, the reasons for these lower and upper variations from linear 
behaviour are necessary for selecting and justifying a linear zone for computation. The defective absorption 
states at the band edge are related to the divergence from linearity at the lower energy end. Urbach investigated 
this fundamental approach, resulting in the identification of an "Urbach Tail." The absorption behaviour in the 
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sample Tauc plot can be simply described by an exponential function, which corresponds to a homogeneous 
density of states [230,231], as shown above in plot (1). 

Quantum Yield (Qy) Measurement 
The quantum yield (QY) is a significant property, and measuring it is an important aspect of characterization. 
The number of photons absorbed and the number of photons emitted per unit of time are the only two factors 
that must be known according to the QY's formulation. Unfortunately, precise measurements of such values are 
sometimes difficult to find. As a result, we have concentrated on the most basic scenario, which happens 
exclusively in dilute solutions, by looking at the integrated fluorescence spectrum of the sample and comparing 
it to the integrated intensity of a validated QY reference system, keeping the excitation wavelength the same or 
different. These investigations typically use standard (absorption and emission) spectrometers. 

The following equation [229] is used to obtain the QY: 𝑄𝑌𝐶𝐷 = 𝑄𝑌𝑠𝑡 (𝐼𝑁𝐶𝐷÷𝐼𝑠𝑡) (𝐴𝑠𝑡÷𝐴N𝐶𝐷) (Ηn𝐶𝐷÷Η𝑠𝑡) 2. 
Where QYst and QYNCD are the sample’s and reference’s photoluminescence QY and the subscripts "NCD" and 
"st" stand for NCDs and reference standard. "I" denotes integrated photoluminescence (PL) intensity, whereas 
"A" denotes an absorbance measured at an excited wavelength and "η" simply denotes the refractive index. To 
avoid re-absorption effects in the 10 mm fluorescent cuvette, the absorbency must be kept below 0.1 and the 
excitation wavelength for the sample and the reference might be different in the general case, but this is not 
recommended because it adds uncertainty to the relative photon flux at the two wavelengths. Although this 
technique appears to be basic and clear, it has significant and frequently overlooked causes of errors that have 
not been addressed here. 

Table 5: The chart displays published results for well-known photoluminescence QY standards.        

                 

CONCLUSION 
In both the natural and living environments, biomass is plentiful and widely available. In this study, I described 
the basic morphology of carbon dots, the production of fluorescent C-dots from biomass, the key factors that 
impact the fluorescence intensity of C-dots, and the characteristics and applications of C-dots created from 
biomass sources. The benefits of synthesizing C-dots from biomass precursors over chemical agents include the 
simple availability of a carbon source, ease of manufacture and feasibility of large-scale production owing to the 
presence of carbonaceous materials in the biomass precursors. Some C-dots derived from biomass sources are 
self-passivated in the synthesis process, allowing carbonization and surface passivation to happen at the same 
time, while heteroatom-containing compounds found in biomass waste can operate as surface passivation 
agents. Finally, we conclude that C-dots generated from biomass have a high fluorescence quantum yield, 
excellent photostability, high photocatalytic activity, low cytotoxicity, and excellent biocompatibility, making 
them suitable for a variety of applications, such as drug administration, ion sensing, bioimaging and 
photocatalysis. 
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Need For Further Research on C Dots 
Several research gaps have been found and described based on previous studies: 

(1) In the realm of functional carbon nanomaterials, carbon dots are a novel and distinctive structure. The 
synthesis of CDs from biomass is a viable and sustainable method. Some minerals such as 
oxygen/sulfur/nitrogen functional groups and other elements naturally found in biomass have been anticipated 
to alter fluorescence. As a result, there is a need to determine the impact of biomass composition on the 
properties of CDs. Furthermore, CDs are produced via hydrothermal carbonization or microwave digestion of 
biomass precursors, and despite the simplicity of these methods, the inability to control particle the size leads to 
multistep post-separation treatments. Therefore, size management enhancements should be investigated. 

(2) These biomass precursors may be regarded as a good avenue for novel carbon compounds, despite the fact 
that cellulose is the most abundant component in biomass and is rich in carbon. Besides to that, low quantum 
yield is a major problem that has to be addressed. Therefore, new preparation methodologies associated with pre 
and post treatment procedures and with specific doping agents should be investigated in the future. 

(3) CDs have been employed in a number of fields due to their chemical, physical and optical properties 
including sensing, imaging, photocatalysis, energy conversion and drug carriers. A more focused strategy can 
significantly improve the sensing and bioimaging capabilities of biomass-derived CDs. Moreover, the detailed 
mechanisms of CD's with analytes and cells must be explored in order to improve the sensing efficiency. 

4) Future research should be conducted on the development of new devices based on metal-oxide carbon dots 
for the benefit of human life and the environment. 
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ABSTRACT 
Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. belonging to the family Acanthaceae is widely used as an 
herbal drug in treating various diseases in India. Inspite of the immense usage, there is no scientific data 
available regarding the quality standards which may adversely affect the therapeutic properties of the 
Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. Therefore the present study is designed for establishing 
standards by carrying out pharmacognostic study and screening for phytoconstituents. The pharmacognostical 
profile includes anatomy of leaf, stem and root; study of quantitative microscopical characters; fluorescence 
study of the crude drug; physical parameters; extractive values; phytochemical screening showed the presence 
of major phytoconstituents. Quantitative estimation of total phenolics and flavonoid content by RP-HPLC is 
demonstrated. In anti-oxidant assay ethanol extract of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. showed 
excellent scavenging activity. The study reports for the first time, the standardization of the Andrographis 
serphyllifolia (Rottl.ex Vahl.) Wt. drug and the results can be considered as standard in Indian Pharmacopeia 

Keywords: Andrographis serphyllifolia (Rottl.ex Vahl.) Wt., pharmacognostic, phytochemical screening, RP-
HPLC, anti-oxidant 

1. INTRODUCTION 
There is an immense potential usage of medicinal plants as an herbal drug for treating various kinds of ailments. 
The unwanted side effects of the western medicine are providing a scope for researchers for considering 
medicinal plants and natural products in the field of Ayurveda to cure diseases. There is growing demand for 
medicinal plants as it is safe and works with efficacy. India is the land with wide variety of plants which has 
medicinal values and is one of the mega diversity in the world [1].  A good proportion of different kinds of 
medicinal plants are significantly distributed throughout the country. In this study Eastern Ghats of Andhra 
Pradesh is considered for collecting the plant due to richness in the presence of diversified forms of medicinal 
plants. Many plants have been identified and documented which is used to cure wide range of ailments and 
diseases by the local tribal community [2]. On communicating with these traditional healers one such plant 
Andrographis serphyllifolia (Rottl.ex Vahl.)Wt (AS) was used in treating inflammation, fever, for liver 
protection and as an antidote. Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. belongs to Acanthaceae family. 
Andrographis serphyllifoila (Rottl.ex Vahl.) Wt. is a prostrate growing herb. A new flavones serphyllin has 
been reported from Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. and the structure has been established by 
the spectral and synthetic evidences [3]. The literature reports on the anti-venom property of Andrographis 
serphyllifolia (Rottl.ex Vahl.) Wt. [4]. The Hydro-ethanolic extract of Whole plant of Andrographis 
serphyllifolia (Rottl.ex Vahl.) Wt. showed reduction serum biomarkers in diabetic model [5]. On the same lines 
ethanol extract of leaves of AS showed inhibitory activity against α-glucosidase in streptozotocin induced 
diabetic animal model [6]. Invitro anti-inflammatory activity of methanolic extract of root of AS is documented 
[7]. Anti-proliferative activity of leaf extract [8], hypolipedemic activity of root extract [9], anti-helminthic 
activity [10] is documented. The plant contains flavon glucosides, Skullcapflavone glucoside [11]. In spite of 
extensive usage of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. as an herbal drug, the standardisation 
process has not been reported. The standardisation process is supported by pharmacognostic studies which help 
in identification, authentication and evaluation according to the guidelines prescribed by WHO. Proper 
scientific evaluation and standardisation of the herbal drug is very important to be used effectively to use as 
medicine. Therefore the present study focuses on the standardisation of Andrographis serphyllifolia (Rottl.ex 
Vahl.) Wt. 
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2. MATERIAL AND METHODOLOGY 

MATERIALS 
The fresh and healthy whole plant material Andrographis serphyllifolia (Rottl.ex Vahl.) Wt; HPLC grade 
Methanol and Water- Rankem, India; Gallic acid, Quercetin, Diphenyl picryl hydrazyl and Ascorbic acid -
Sigma -Aldrich Merck, India; remaining all chemical and stains are laboratory grade, India 

METHODOLOGY 

2.1 Collection and Authentication of Plant Material Andrographis Serphyllifolia (Rottl.Ex Vahl.) Wt. 
The healthy whole plant of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. is collected from Eastern Ghats of 
Tirupati is authenticated by Professor Madhava Chetty and the sample is preserved in the Herbarium in the 
Department of Botany, Sri Venkateswara University, Tirupati, A.P. India. 

2.2 Macroscopic Character 
The macroscopic characters like colour, odour, taste, size, shape of leaf stem and root of fresh plant material of 
Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. is noted 

2.3 Microscopic Character 
The transverse section of leaf, stem and root were stained with Methylene blue, mounted on grease free slide 
and observed under compound microscope. The distinguishing characters of the tissue system were observed 
and recorded. 

2.4 Determination of Stomatal Number 
Stomatal number is determined by placing a piece of leaf in chloral hydrate solution. The solution is boiled. 
Upper and lower epidermis of the leaf is peeled off and is placed is mounted on the slide in glycerine water. 
Number of stomata present in the area of 1sq mm is counted using camera lucida. Average number of stomata 
per sq mm present in ten fields is calculated 

2.5 Determination of Stomatal Index 
Stomatal index is the percentage which the number of stomata forms to the total number of epidermal cells. It is 
calculated using the formula 

 

Where, I = stomatal index 

S = no. of stomata 

E = no. of epidermal cells. 

2.6 Determination of Vein Islet Number 
It is determined by counting the number of vein-islets in an area of 4 sq mm of the central part of the leaf 
between the midrib and margin.  

2.7 Powder Analysis 
The aerial parts of Andrographis serphyllifoila (Rottl.ex Vahl.) Wt. was collected washed under running tap 
water to remove the dirt adhering to it and then rinsed with distilled water. The plant material was shade dried 
and was pulverized using a mechanical blender. The fine powder obtained was subjected to organoleptic study, 
fluorescent study and for physicochemical characterisation of the plant material. 

2.8 Organoleptic Evaluation 
The powdered aerial part of Andrographis serphyllifoila (Rottl.ex Vahl.) Wt. is assessed for the colour, odour 
and texture. The organoleptic evaluation is done according to the textual methods. 

2.9 Physicochemical Parameters 
According to the WHO guidelines and Indian Pharmacopoeia standardisation methods have to be followed to 
determine the presence of moisture content, total ash, acid insoluble ash, water-alcohol extractive values. The 
average percentage w/w of ash content, moisture content and the extractive values, crude fibre content were 
determined and recorded [12-14]. 

2.10 Fluorescent Study 
Many medicinal plants or the powder shows the fluorescence character when exposed to UV light. This is an 
important type in the standardisation method which helps in the identification of plant. The small amount of fine 
powder was taken on the grease free slide and treated with hydrochloric acid, nitric acid, ammonia, sodium 

I= S/E+S x 100 
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hydroxide etc separately and were where placed in the ultra violet viewer chamber and viewed in day light, 
short (254nm), long (365nm) ultraviolet radiation. The colour observed on treating with different reagents 
reveals the presence of significant constituents which has fluorescence character [15]. 

2.11 Soxhlet Extraction 
The whole plant material of Andrographis serphyllifoila (Rottl.ex Vahl.)Wt. was washed to remove dirt and soil 
particles. The material was shade dried for 7 days. The dried material was grounded to coarse powder. The 
coarse powder was then stored in the desiccator to remove the moisture content. Using Soxhlet apparatus 500g 
of the powder is subjected for successive extractions by using solvents petroleum ether, chloroform and ethanol 
for 17 hrs respectively. The solvents were evaporated by flash rotary vacuum evaporator and the crude extract 
was weighed to get percentage of yield. The extracts were kept in the desiccator to remove the moisture and 
subjected for further phytochemical screening [16]. 

2.12 Preliminary Phytochemical Analysis 
The preliminary phytochemical screening of petroleum ether extracts, chloroform and ethanolic extracts of 
Andrographis serphyllifoila (Rottl.ex Vahl.) Wt were performed according to the procedure prescribed in [16, 
17]. 

2.13 Estimation of Total Phenolics by Reverse Phase High Performance Liquid Chromatography (RP-
HPLC) [18] 

Preparation of Mobile Phase: Mobile phase was prepared by mixing 60 parts of HPLC grade Methanol and 40 
parts of HPLC grade Water. The solution is sonicated in ultrasound sonicator for 10mins and filtered through 
0.45 micron Millipore filters. Total volume of 500ml is prepared for the experiment 

Preparation of Standard: For the estimation of total phenolics Gallic acid is considered as standard. From the 
stock concentration of 1mg/ml solution of gallic acid 50μg/ml of working solution is prepared. The diluent used 
in the preparation of solution is HPLC grade Methanol. The solution is sonicated in ultrasound sonicator for 
10mins and filtered through 0.45 micron Millipore filters. 

Preparation of Sample: The 1mg ethanol extract of Andrographis serphyllifoila (Rottl.ex Vahl.)Wt is weighed 
and diluted to 1ml with HPLC grade methanol.  The solution is sonicated in ultrasound sonicator for 10min and 
filtered through 0.45 micron Millipore filters. 

Chromatographic Conditions: The optimized chromatographic condition followed is summarized in the table 
below: 

Table:  Chromatographic conditions for Estimation of Total phenolics by RP-HPLC 
Parameters Used/applied 

Detector Shimadzu spd10A UV-Vis, Japan 
Pump Shimadzu LC-10ATVP, Japan 

Software Baseline chromatography Data System N2000 
Injection valve 7725i Rheodyne 20µl, USA 

Syringe 50µl Hamilton, Switzerland 
Column  Phenomenex Gemini-NX-5 µm C18(2) 110 Å, LC Column 250 x 4.6 mm, Ea 

Flow rate 1ml/min 
Wave length 254nm 

Elution Isocratic 
Mobile phase Methanol: water (60:40) 

CALCULATION: 
The total content of phenolics in the ethanol extract of Andrographis serphyllifoila(Rottl.ex Vahl.) Wt is 
calculated by the formula 

Sample Area x Standard weight x sample dilution x percentage purity of standard X100 

Standard Area x Sample weight x Standard dilution 

http://www.phenomenex.com/Products/HPLCDetail/Luna/C18(2)/?returnURL=/Application/Detail/3292
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2.14 Estimation of Flavonoid Content Estimation of Total Phenolics by Reverse Phase High Performance 
Liquid Chromatography (RP-HPLC) [19] 

Optimized Chromatographic Conditions 
Preparation of Mobile phase: Mobile phase was prepared by mixing 70 parts of HPLC grade Methanol and 30 
parts of HPLC grade phosphate buffer of pH 3.2. The pH of the buffer is adjusted by 0.1N phosphoric acid. The 
solution is sonicated in ultrasound sonicator for 10mins and filtered through 0.45 micron Millipore filters. Total 
volume of 500ml is prepared for the experiment 

Preparation of standard: For the estimation of total phenolics Quercetin is considered as standard. From the 
stock concentration of 1mg/ml solution of gallic acid 100μg/ml of working solution is prepared. The diluent 
used in the preparation of solution is HPLC grade Methanol. The solution is sonicated in ultrasound sonicator 
for 10min and filtered through 0.45 micron Millipore filters. 

Preparation of sample: The 1mg ethanol extract of Andrographis serphyllifoila(Rottl.ex Vahl.) Wt is weighed 
and diluted to 1ml with HPLC grade methanol.  The solution is sonicated in ultrasound sonicator for 10min and 
filtered through 0.45 micron Millipore filters. 

Table: Chromatographic conditions for Estimation of Total flavonoids by RP-HPLC 
Parameters Used/applied 

Detector Shimadzu spd10A UV-Vis, Japan 
Pump Shimadzu LC-10ATVP, Japan 

Software Baseline chromatography Data System N2000 
Injection valve 7725i Rheodyne 20µl, USA 

Syringe 50µl Hamilton, Switzerland 
Column  Phenomenex Gemini-NX-5 µm C18(2) 110 Å, LC Column 250 x 4.6 mm, Ea 

Flow rate 1ml/min 
Wave length 280nm 

Elution Isocratic 
Mobile phase Methanol: Phosphate buffer of pH 3.2 (70:30) 

CALCULATION 
The total content of flavonoids in the ethanol extract of Andrographis serphyllifoila(Rottl.ex Vahl.) Wt is 
calculated by the formula 

Sample Area x Standard weight x sample dilution x percentage purity of standard X100 

Standard Area x Sample weight x Standard dilution 

2.15 Invitro Antioxidant Activities 
The extracts from successive solvent extraction are screened for their antioxidant activity. 

The petroleum ether, chloroform and ethanol extract were evaluated for their anti-oxidant property. The 
following anti oxidation test were carried out 

Diphenyl Picryl Hydrazyl Radical Scavenging Assay 
The DPPH scavenging assay of test extracts was carried out according to Cuendet et al., 1997. The dose 
dependent pattern of assay was carried out. The scavenging activity of extracts reduces DPPH to diphenyl picryl 
hydrazine which is inferred by the conversion of purple colour to light yellow colour. The inhibition activity is 
read at 517nm and percentage of inhibition is calculated [20]. 

Hydroxyl Radical Scavenging Assay 
Hydroxyl radical scavenging was carried out according to Okawa et al., 1979. Butylated hydroxyl toluene is 
standard. The dose dependent pattern of assay was carried out for three extracts. The inhibition activity is read 
at 412nm and percentage of inhibition is calculated [21]. 

Nitric Oxide Scavenging Assay 
Nitric oxide scavenging assay was assessed as per Garratt, 1964 for all the test extracts. The dose dependent 
pattern of assay was carried out. The inhibition activity is read at 540nm and percentage of inhibition is 
calculated taking Gallic acid [22]. 

 

http://www.phenomenex.com/Products/HPLCDetail/Luna/C18(2)/?returnURL=/Application/Detail/3292
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CALCULATION 
The percentage of inhibition is calculated by using the formula 

I= (Absorbance of control-Absorbance of test/Absorbance of control) x100. 

Where, I= percentage of Inhibition 

IC50 for each anti-oxidant model is calculated from linear equation Y=mx+c 

3 RESULTS 

3.1 Collection, Authentication and General Description of the Plant 
The whole plant of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. collected from Eastern Ghats of Tirupati is 
authenticated by Professor Madhava Chetty and the sample is preserved in the Herbarium in the Department of 
Botany. The Accession number of the sample is 0847 and is preserved in the herbarium in the Department of 
Botany, Sri Venkateswara University, Tirupati, A.P. India. 

Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. is a trailing herb, remains on the ground and is borne on a stout 
root stock. The leaf is circular in shape sub –opposite, sessile and has shaggy long hairs. The flowers are pale 
purple. They are found in the upper axils as racemes, sometimes are solitary.  Calyx lobes are very slender. 

3.2 MACROSCOPIC STUDY 
The leaves are circular which measures upto 1 inch in diameter. Leaves are oblong and lanceolate sessile and 
has shaggy long glandular hairs on both abaxial and adaxial surface. Inflorescence is Raceme type not 
exceeding the leaves. The calyx of the flower is lanceolate with sub equal lobes. Corolla is tubular with 2+3 
lipped condition which is unequal. Fruit is a capsule, oval, glabrous and acute at both the ends. It measures 0.4 
inches long and  0.2 inches broad (Fig 1). 

  
Fig 1: Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. (whole plant) 

3.3 MICROSCOPIC STUDY 

LEAF 
The leaf consists of thin and membranous lamina and thick-wide mid rib. The middle rib includes thick adaxial 
hump and wide semicircular abaxial part. The mid rib is 600μm thick; the adaxial hump is 350μm wide and 
250μm thick; the abaxial midrib is 350μm in vertical axis and 450μm wide. The mid-rib has epidermal layer 
with small, square thick walled cells. The cells in the peripheral part of the abaxial hump are collenchymatous. 
The cells in the peripheral part of the abaxial midrib are collenchymatous and those interior in the midrib are 
parenchymatous. The transverse section of leaf upper epidermis showed the absence of stomata. The diacytic 
stomata are seen in the lower epidermis. The midrib has complex vascular system. There is a large, abaxially 
placed abaxial vascular bundle. There are three smaller bundles located along the adaxial and lateral portions of 
the midrib. The vascular bundles are collateral possessing inner xylem and outer phloem. The xylem elements 
are wide, circular and thick walled measuring 25μm in diameter. The phloem elements are well developed; they 
are wide angular on outline and thick walled. The lamina exhibits dorsi-ventral symmetry, having single layer 
of short, compact palisade cells and three or four layers of spherical less compact spongy parenchyma cells. The 
lamina is 50μm thick. Epidermal trichomes are non-glandular and are common on the lamina. The trichomes are 
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multicelluar, uniseriate, unbranched; they are wider at the base and tapering towards the tip. The trichomes are 
250μm long (Fig 2 and 3). 

 
Fig 2: Transverse section of leaf through midrib with lateral lamina (ABM: abaxial part of midrib; ADH: 
adaxial part of midrib; AB: abaxial vascular bundle; AdB: adaxial vascular bundle; Col: collenchyma; Ep: 

epidermis; GP: ground parenchyma; La: lamina; LB: lateral bundle; VB: vascular bundle) 

 
Fig 3: 1) Vascular bundle of the midrib enlarged 2) Transverse section of lamina 3) Epidermal trichomes on the 

lamina. (AbB: abaxial bundle; AdB: adaxial bundle; AdE: adaxial epidermis; ETr: epidermal trichome; LB: 
lateral bundle; Ph: phloem; PM: Palisade mesophyll; SM: spongy mesophyll; X: xylem) 

Stem: The section studies is done in young and old stem 
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Young Stem: Young stem is four angles with short thick wings on the four corners (Fig). the stem consists of a 
thick epidermal layer of squares, fairly wide cells with prominent cuticle. The critical zone includes two or three 
layers of chlorenchyma cells and inner two to four compact cylindrical parenchyma cells. The cortical zone is 
2mm thick. The wings are short, thick and measures 200μm in height and 170μm in thickness. The cells within 
the wings are angular thick walled and compact. The vascular cylinder is thick hollow cylinder enclosing wide 
pith. Phloem occurs in this compact layer on the outer part of the xylem cylinder. Xylem cylinder consists of 
secondary xylem and the tissue includes vessels, xylem fibres and xylem rays. The vessels are wide and thick 
walled. At certain regions the vessels occur as short radial multiples. The vessels are 20-60μm wide. The xylem 
fibres narrow highly thick walled and lignified. They occur in compact radial lines. Xylem rays are thin; the 
cells are narrow and rectangular. The ray cells are thick walled and lignified. The pith is wide; the pith cells are 
polyhedral thin walled and compact (Fig 4 and 5). 

 
Fig 4: Transverse section of young stem; 2 and 3: A section of transverse section of stem showing wing (Chl: 

chlorenchyma; Co: cortex; Col: collenchyma; Ep: epidermis; Pa: parenchyma; Pi: pith; Sph: secondary phloem; 
Sx: secondary xylem; W: wings) 

 
Fig 5: Transverse section of young stem- A section in-between the wings (Cu: cuticle; Chl: chlorenchyma; Ep: 

epidermis; Pa: parenchyma; Sx: secondary xylem; Ph: phloem; Ve: vessel; XF: xylem fibres) 
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Old Stem (Thick Stem): The old stem is 2mm thick. The stem shows much thicker secondary xylem. The 
cortical zone is 200μm thick; the secondary xylem is 700μm thick from inner to the anterior periphery of the 
cylinder. The epidermis is intact. The epidermal cells are cylindrical and are thin walled. The cortical zone 
includes six to seven thin walled compact parenchyma cells. Secondary phloem consists of much compressed 
sieve elements which are inter mixed with sclerenchyma cells. Secondary xylem is in the form of hollow thick 
cylinder, enclosing narrow pith. The inner part of the xylem cylinder consists of primary xylem. The outer zone 
includes secondary xylem where these are mostly solitary vessels. The vessels are circular, thick walled and are 
diffuse in distribution. Both narrow and wide vessels are seen. The vessels are 20-50μm in diameter. Xylem 
fibres are squarish in sectional view with thick lignified walls. They occur in compact regular radial lines (Fig 
6). 

 
Fig 6: Transverse section of old stem (Co: cortex; Ep: epidermis; Pi: pith; Sx: secondary xylem; Sph: secondary 

phloem) 

ROOT 
The T.S. of thick matures root was studied. The root consists of figured surface; the epidermis and periderm are 
collapsed and removed. However periderm is seen as thin, a few layered zone. The cortical portion is very thick, 
homogenous and parenchymatous. Secondary phloem is thick zone of large, thin walled cells. The phloem 
elements occur in regular compact parallel radial lines. Secondary xylem is unusual type and it is said to be 
anomalous in secondary growth. The xylem cylinder is deeply grooved into thick segment which varies in 
thickness. They spread in fan shaped outline. The xylem represents unequal activity which produces more 
secondary xylem at four or five points than the alternate places. As a result the secondary xylem becomes 
deeply divided into unequal segments. Secondary xylem consists of vessels, xylem fibres and xylem rays. The 
vessels are solitary and diffuse in distribution. The vessels are thin walled and circular and the diameter being 
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20-40μm in diameter. The xylem fibres are narrow, thick walled and lignified. The fibres occur in compact 
straight radial lines. Xylem rays are thin and exhibits single radial line of one row of cells. The cells are radially 
elongated and thick walled (Fig 7 and 8). 

 
Fig 7:  Transverse section of root (Sph: secondary phloem; Co: cortex; Lx: lignified xylem; Pe: periderm; Sx: 

secondary xylem; Gr: grove) 

 
Fig 8: Transverse section of enlarged cortical portion of the root (Sph: secondary phloem; Sx: secondary xylem; 

XR: xylem rays; XF: xylem fibre; Ve: vessel) 

3.1 Microscopical Values of the Leaves (Stomatal number, Stomatal index, and Vein islet number) 

The fresh leaves of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. studied for its pharmacognostic standards 
reports the quantification of some microscopical values of the leaves. The values are represented in the table 

Table 1:  Quantitative Microscopical values of leaf of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. 
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S.No Parameters studied Leaf 
1 Stomatal number  
 Upper surface - 
 Lower surface 18 per sq mm 
2 Stomatal Index  
 Upper surface - 
 Lower surface 29% 
3 Vein islet number 22 per sq mm 
4 Vein termination number 8 per sq mm 

3.2 Powder Microscopic Study of Aerial Parts of the Plants. 
The powder is green with strong odour and bitter taste. Fine powder was taken on a grease free slide stained 
with safranin and mounted with glycerine. The microscopic study of the powered aerial parts of the plant 
showed the presence of Multi-cellular covering trichomes (Fig 9), unicellular covering trichomes (Fig 15), 
diacytic stomata (Fig 14), spiral vessel (Fig 13), cystoliths (Fig 16) and fibres (Fig 10 and 12). 

   
Fig 9: Multicelluar Trichomes             Fig 10: Presence of Fibre 

   
Fig 11: Xylem                                                   Fig 12: Bundles of fibre 
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Fig 13: Spiral vessel                              Fig 14: Diacytic Stomata 

   
Fig 15: Unicellular trichomes                       Fig 16: Cystoliths 

3.3 Organoleptic Evaluation 
The organoleptic evaluation of leaves indicated dark green colour in appearance on both upper and lower part of 
the leaf. The stem appeared brown and bitter in taste. The powder material of the whole plant was coarse with 
slight aromatic odour and tasted bitter. 

3.4 Physicochemical Parameters 
The whole plant of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. subjected to selected physicochemical 
parameters which are very important for the standardisation of the herbal drug. The values of are tabulated in 
the table 2. 

Table 2:  Physicochemical parameters of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. 
S.No Parameters Results in percentage 

1 Moisture content 0.47% 
2 Total Ash 13% 
3 Acid-insoluble ash 5.80% 
4 Water soluble ash 7.00% 
5 Alcohol soluble extractive value 17.00% 
6 Water soluble extractive value 9% 

3.5 FLUORESCENT STUDY 
Some of the phytoconstituents will possess the fluorescent activity when treated with chemicals. The 
chromophore activity of coarse powder of Andrographis serphyllifolia(Rottl.ex Vahl.) Wt. is evaluated under 
near and far ultra violet rays and reported in the table 3. 

Table 3: Fluorescent analysis of drug powder of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. 
S.No Treatment Day light UV light 

Short 254nm Long 365nm 
1 Powder Green Dark brown Dark brown 
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2 Powder+H2O Dark green Dark brown Green 
3 Powder+1N HCl Brownish green Dark brown Light green 
4 Powder+1N HNO3 Brown Dark brown Dark green 
5 Powder+1N H2SO4 Pale brown Dark brown Dark green 
6 Powder+1N NaOH Dark green Dark brown Mustard yellow 
7 Powder+Alc. NaOH Pale green Dark brown Mustard yellow 
8 Powder+1N KOH Dark green Dark brown Dark green 
9 Powder+Alc. KOH Dark green Dark brown Yellowish green 
10 Powder+ Ammonia Dark green Dark brown Green 

3.6 Extractive Studies 
One of the important aspects in extraction process is the percentage of yield of drug obtained when subjected to 
successive extraction process.  The percentage of yield of drug from 500gm of the coarse powder loaded at each 
successive extraction is calculated and tabulated in the table 4. 

 

Table 4: Extractive values of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. 
S.No Solvent used Results in yield % w/w 

1 Petroleum ether 1.6 
2 Chloroform 10 
3 Ethanol 17 

3.7 Preliminary Phytochemical Screening 
The presence of important phytoconstituents in the petroleum ether, chloroform and ethanol is qualitatively 
evaluated which gives insight about the pharmacological active principles present in the drug. The extracts are 
subjected to various tests and the presence of the major class of phytoconstituents are assessed by qualitatively 
represented in the table 5. 

Table 5: Phytochemical analysis of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. 
Where, ⁺ indicated the presence of; ⁻ was not determined 

Phytochemical analysis of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. 

Sl.No Test Petroleum ether extract Chloroform extract Ethanol extract 
1 Alkaloids ⁻ ⁺ ⁺ 
2 Carbohydrates ⁻ ⁺ ⁺ 
3 Glycosides ⁻ ⁺ ⁺ 
4 Saponins ⁻ ⁻ ⁻ 
5 Phytosterols ⁺ ⁺ ⁺ 
6 Fixed oils and fats ⁺ ⁺ ⁺ 
7 Resins ⁺ ⁻ ⁻ 
8 Tannins ⁻ ⁺ ⁺ 
9 Phenols ⁻ ⁺ ⁺ 

10 Flavonoids ⁻ ⁺ ⁺ 
11 Proteins and amino acids ⁻ ⁻ ⁻ 
12 Terpenes ⁺ ⁺ ⁺ 
13 Gums and mucilage ⁻ ⁻ ⁻ 

3.8 Estimation of Total phenolics and Total flavonoids in ethanol extract of Andrographis serphyllifolia 
(Rottl.ex Vahl.) Wt. by RP-HPLC  

The most sensitive and accurate quantification method for the estimation of total phenolics and total flavonoids 
is by RP-HPLC. The blank represents no signals reaching the detector and signifies that mobile phase and 
column is free from unwanted contaminants (Fig 7 for total phenolics and Fig 20 for total flavonoids). The 
chromatogram of standard gallic acid is represented in the Fig 18 with the Rt value 2.92. The ethanol extract of 
the sample run in the same condition shows a sharp peak at Rt 2.94 which overlaps with the Rt of standard. 
Thus area of these two peaks is considered for calculation. Similarly the standard quercetin chromatogram is 
represented in the Fig 21 with the RT value 3.86 which coincides with the sample peak in the chromatogram Fig 
22 with RT value 3.86. These two peak areas are considered for calculation. Thus, ethanol extract of 
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Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. subjected for the estimation of total phenolics and total 
flavonoids and the concentration of these phytoconstituents present in it is represented in μg/ml and tabulated in 
table 6. 

 
Fig 17: Chromatogram of Blank for Total phenolics 

 
Fig 18: Chromatogram of standard Gallic acid with the RT value of 2.92 

 
Fig 19: Chromatogram of ethanol extract of AS for total phenolics estimation with the RT value of 2.94 
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Fig 20: Chromatogram of Blank for Total Flavonoids 

 
Fig 21: Chromatogram of standard Quercetin for estimation of Total flavonoids with RT value 3.86 

 
Fig 22: Chromatogram of ethanol extract of AS for estimation of Total flavonoids with RT value 3.86 

Table 6: Estimation of total phenol and flavonoids in μg/ml by RP-HPLC in ethanol extracts of Andrographis 
serphyllifolia (Rottl.ex Vahl.) Wt. 

Parameters Total Gallic acid estimation Total Flavonoid estimation 
purity of standards 98 98 

Average Sample area 389575.2083 663410.1513 
Average Standard area 463081.7293 864022.5 
Sample weight in μg 1000 1000 

Standard weight in μg 50 100 
Sample dilution  ml 1 1 
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Standard dilution ml 1 1 
Total Content in  μg/ml 4.12 of gallic acid 7.52 of quercetin 

3.9 Invitro Antioxidant Activities 
The anti-oxidant activities of all the three extract i.e. petroleum ether, chloroform and ethanol of whole plant of 
Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. is subjected to evaluate its scavenging activity. The three 
model used for this study are DPPH, Hydroxyl radical and Nitric oxide assay method. The concentration of 
standard ascorbic acid was sent in the range of 31.25 -1000mg/ml following double dilution method. The 
percentage of inhibition of the extracts is noted which represents the Y axis of the graph and concentration of 
the standards represents the X axis of the graph (Fig no 23). The IC50 value in mg/ml of the extracts is 
calculated by using a linear regression value obtained from the graph and is tabulated in the table no. 7. 

 
A                                                                                     B 

 
C 

Fig 23: Invitro anti-oxidant activity:  Graphical representation of percentage of inhibition of Petroleum ether, 
Chloroform and Ethanol extract of Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. A) DPPH Assay B) 

Hydroxyl radical assay and C) Nitric oxide assay 

Table 7: IC50 values of ethanol extract (ASE), chloroform extract (ASC) and petroleum ether extract (ASP) of 
Andrographis serphyllifolia (Rottl.ex Vahl.) Wt. All data is represented as mean value with ± SEM where n=3 

S. No IC50 in mg/ml 
 DPPH assay Hydroxyl radical assay Nitric oxide assay 

STD (Ascorbic  acid) 130.0367±1.66 71.4±3.91 290.47±14.67 
ASE 380.8833±2.67 455.22±3.1 538.89±15.89 
ASC 650.2873±7.13 621.54±15.14 738.14±9.64 
ASP ˃1000 ˃1000 ˃1000 
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DISCUSSION 
Herbal drug standardisation by using suitable tools is very important for identifying its purity quality, safety and 
efficacy of the drug. Some of such parameters used in the present study are macroscopic, microscopic, 
fluorescent, organoleptic evaluation, and powder analysis. The study of physicochemical properties will 
evaluate the purity of the drug. Ash value evaluates the presence of impurities like silicates, oxalates and 
carbonates. In this study the percentage of ash soluble and insoluble values are low and hence less in the 
associated impurities with the drug. Moisture content present in the plant material suggests the possibility of 
microbial attack and to bring undesirable changes in the drug. Here, the moisture content is 0.47% which 
suggests the less possibility of microbial attack during drug storage. Quantitatively the amount of drug extracted 
in the respective solvents will suggest the presence of polar and the non-polar phytoconstituents. In this research 
the ethanol extractive value is more indicating the presence of polar rich phytoconstituent. Screening of AS by 
HPTLC reports the presence of various phytoconstituents [23]. In line with this the present research reports 
secondary metabolites like phenols, alkaloids, steroids, glycosides, flavonoids, triterpenes in ethanol extract 
followed by chloroform extract. Whereas petroleum ether extract did not show any significant result. Estimation 
of total phenolics and total flavonoids from the methanolic extract was recorded by Ultra-violet 
spectrophotometry [24]. In this study a more sensitive method for estimating total phenolics and total flavonoids 
in μg is done by RP-HPLC method. The presence of these phenolics and flavonoids phytomolecules is 
responsible for their anti-oxidative properties. Therefore, further the study is subjected to evaluate the anti-
oxidant property. Reactive oxygen species in the cell causes oxidative damage and needs to be scavenged by 
anti-oxidants. The potency of clinical importance of plant is to evaluate its anti-oxidant activity. Invivo anti-
oxidant activity of ethanol leaf extract of AS is reported [5]. Here, invitro models for anti-oxidant activity is 
used to study the anti-oxidant activity of petroleum ether, chloroform and ethanol extract of AS against the 
standard drug Ascorbic acid. Petroleum ether extract did not show any significance inhibition in the selected 
concentration range which is justified by its behaviour in not obeying the linearity rule. Chloroform and ethanol 
extracts showed good anti-oxidant activity among which ethanol extract is much more significant. The study 
reveals potent capacity of ethanol extract of whole plant as anti-oxidant drug which provides insights of its 
application and importance in curing diseases. 

CONCLUSION 
The present study on pharmacognostic and phytochemical evaluation of Andrographis serphyllifolia(Rottl.ex 

Vahl.) Wt. is a step wise study which helps in making a monograph and standardising the medicinal plant. The 
parameters considered in this study are distinctive to authenticate the drug and can be considered to include as 
standards in Indian Pharmacopeia. 

REFERENCES 
1. Kumar V, Asija. Agrobiosis Biodiversity Conservation in Biodiversity-Principles and Conservation, India, 

Jodhpur. 2000. 

2. Chopra RN, Nayar SL, Chopra IC. Glossary of Indian Medicinal Plants, PID, CSIR, New Delhi, 1992, 226. 

3. Govindhachari TR, Parthasarathy PC, Pai BR, Kalyanaraman PS. Chemical investigation of Andrographis 
serphyllifolia: Isolation and structure of serphyllin, A new Flavone.Tetrahedron 1968; 24:7027-7031. 

4. Sekhar J, Penchala PG, Sudarsanam G, Prasad GP. Ethnic information on treatments for snake bites in 
Kadapa district of Andhra Pradesh. Life sciences Leaflets 2011; 12: 368 -375. 

5. Sanjeevaiah N, Jithan A. Pharmacological screening of A. serpyllifolia For Antidiabetic Activity. Intern J 
of Advances in Pharma 2013; 2: 2277-4688. 

6. Deepa VS, Kumar PS, Vadivukkarasi B, Tilton F. Molecular Docking Studies On Selected 
Phytocompounds From Different Andrographis Sp Against Ppar-Γ And C/Ebp-Α Receptors For Type-2-
Diabetes. Asian J of Pharma and Clinical Research 2013; 6:196-199. 

7. Kandati V, Govardhan P, Reddy CS, Nath AR, Reddy RR. In-vitro and in-vivo anti-inflammatory activity 
of A. serpyllifolia (Rottl. E. Vahl.) Wt. Inter Current Pharma J 2012; 1: 199-204. 

8. Sathisha UV, Smitha J, Shylaja MD. Antiproliferative, Antioxidant and Cyto/DNA Protective Properties in 
Andrographis serpyllifolia: Role of Andrographolide and Phenolic Acids. Journal of Complementary and 
Integrative Medicine 2007; 6: 1553-3840. 

9. Chelluboina B, Manga K. Hypolipidemic activity of Andrographis serpyllifolia Wt.Ic. Pharm Res 2010; 
3:769-770. 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

622 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

10. Ravishankar KB, Ganga R, Appala R, Chandralekha G,Vinod K. Antimicrobial and Anthelmintic activity 
of Andrographis serpyllifolia root extract. International Journal Chem Sci 2007; 5:1145-1149. 

11. Damu AG, Jayaprakasam B, Gunasekar D, Blond A, Bodo B. Two acylated flavone glucosides from A. 
serpyllifolia. Phytochem 1999; 52:147–151. 

12. Anonymous. Indian pharmacopoeia. 2nd ed. New Delhi: Government of India Publication; 1966, 367-370. 

13. Khandelwal KR. Practical Pharmacognosy: Techiques and Experiments. 13th ed. Pune: Nirali Prakashan; 
2005, 149-156. 

14. Kokate CK. Practical Pharmacognosy. 4th ed. New Delhi: Vallabh Prakashan; 1994. 

15. Chase CR, Pratt RJ. Fluorescence of powdered vegetable drugs with particular reference to the 
development of a system of identification. Journal of American Pharmaceutical Association 38 1949; 324-
331. 

16. Harbone JJ. Phytochemical Methods: A Guide to Modern Techniques of Plant Analysis. 2nd ed. New York: 
Chapman and Hall; 1984. p. 85-4. 

17. Trease GE, Evans WC.  Pharmacognosy.  13th   ed.  New Delhi:  ELBS Publication; 1989. p. 171. 

18. Potawale SE, Pawar PD, Gabhe SY, Mahadik KR. A validated isocratic RP-HPLC method for concurrent 
estimation of gymnemagenin, gallic acid and glycyrrhetinic acid in polyherbal formulation.  Int  J  Pharm  
Pharm Sci 2014;6:488-492. 

19. Ang LF, Yam MF, Fung YT, Kiang PK, Darwin Y. HPLC method for  simultaneous  quantitative  
detection  of  quercetin  and  curcuminoids  in  traditional Chinese medicines. J Pharmacopuncture 2014; 
17: 36-49. 

20. Ohkawa H, Ohishi N, Yagi K.  Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. 
Anal Biochem 1979; 95:351-8. 

21. Cuendet M, Hostettman K, Potterat  O. Iridoid  glucosides  with  free radical  scavenging properties  from   
Fagraea  blume .  Helv Chim Acta 1997; 80: 1144-52. 

22. Garrat DC.  The quantitative analysis of drug Japan.  Vol.  3.  Japan: Chapman and Hall; 1964. p. 456-8. 

23. Rao CV, Lubna A, Shyam SG. Phytochemical And Pharmacological Review on Andrographis 
serpyllifolia: Potential Herbal Cure-All Mintage. Journal of Pharmaceutical and Medical Sciences 2014; 
3(Suppl 3). 

24. Krishnaswamy S, Kushalappa BA. Systematic Review Andrographis serpyllifolia (Rottler ex Vahl) Wight: 
An Ethno-Pharmaco-Botanical Perspective. Pharmacogn J. 2018; 10: 14-26. 

 

 

  



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

623 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

Study of Antioxidant Activity, Phenolic and Flavonoid Contents from Citrus 
Sinensis and Citrus Reticulata Peel Extracts 
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ABSTRACT 
The aim of present study was to evaluate the phytochemical and in vitro antioxidant properties of Citrus fruit 
rind extract.Methanolic extracts of two commercially available citrus fruits i.e.C.sinensis&C.reticulata peels 
were investigated for their antioxidant activity by DPPH method.% radical scavenging activity of C.sinensis & 
C.reticulata is found to be 80.96% & 83.44% which corresponds to 56.22μg/ml & 58.38μg/ml. Total phenolic 
content(TPC) of the citrus spp. samples (based on folinCiocalteu method) is found to be 13.46% & 25.59% 
gallic acid equivalent(GAE) respectively and total flavonoid content (TFC)(based on aluminium chloride 
colorimetric method) of sample was found to be 2.93% & 4.59% Quercetin equivalent(QE) respectively. The 
present study provides evidence that both Citrusfruit peels are potential source of natural antioxidant. 

Keywords: Antioxidant activity; phenolic content; flavonoids content; citrus fruit; peels. 

INTRODUCTION 
Citrus is a genus of flowering plants in the family Rutaceae (orange family).Citrus peels are primary byproducts 
during processing discarded as wastes and represent an environmental problem. Peels have biologically active 
compounds including natural antioxidants; and can be used as cheap source of functional ingredients and food 
additives. Itis now widely known that vitamin C (ascorbic acid) and carotenoids are found in abundance in 
citrus fruits (Dhuique-Mayer et al., 2005), which play an important roles primarily in causing resistance against 
many diseases. Recently, the focus has shifted to phenolic compounds derivedfrom different fruits including 
citrus. For example, some studies have suggested that in addition to vitamin C and carotenoids, phenolic 
compounds play an integral role in total antioxidant capacity of citrus fruits (Gorinstein et al., 2004). The major 
phenolic compounds detected indifferent citrus fruits are categorized as flavonoids and phenolic acids 
(Balasundram et al., 2006). Citrus byproducts also represent a rich source of naturally occurring flavonoids 
(Horowitz, 1961). The peel which represents almost one half of the fruit mass contains the highest 
concentrations of flavonoids in the Citrus fruit (Anagnostopoulou et al., 2006; Manthley and Grohmann, 1996 
and 2001). Different studies have reported the health benefits of Citrus fruits in terms of their antioxidant 
capacity. The aim of carrying out this study was to explore the antioxidant potential and quantify the bioactive 
compounds, namely phenolic and flavonoid in the peel from Sweet orange and orange. 

MATERIALS AND METHODS:- 

Plant Material:-Fruits of Citrus sinensis and Citrus reticulate were collected at the ripening stages from local 
market of Aurangabad (M.S.). Fruits peels were dried at room temperature and coarsely grinded. Dried 
powdered samples were extracted at room temperature by percolation with methanol. All extracts were 
concentrated over a rotary vacuum evaporator until a solid extract sample was obtained. The resulting crude 
extract was freeze-dried. 

Determination of Total Phenol Content 

Total phenolic compound contents were determined by the Folin-Ciocalteau method  

(Ebrahimzaded et al., 2008a,b; Nabavi et al., 2008).The extract samples (0.5 ml of different dilutions) were 
mixed with Folin Ciocalteu reagent (5 ml, 1:10 diluted with distilled water) for 5 min and aqueous Na2CO3 (4 
ml, 1 M) were then added. Themixture was allowed to stand for 15 min and the phenols were determined by 
colorimetry at 765 nm. The standardcurve was prepared by 0, 50, 100, 150, 200, and 250 mg ml-1 solutions of 
gallic acid in methanol: water (50:50,v/v). Total phenol values are expressed in terms of gallic acid equivalent 
(mg g–1 of dry mass), which is a commonreference compound. 

Determination of Total Flavonoid Content 
Colorimetric aluminum chloride method was used for flavonoid determination (Ebrahimzaded et al., 2008a, 
b;Nabaviet al., 2008). Briefly, 0.5 mL solution of each plant extracts in methanol were separately mixed with 
1.5mL of methanol, 0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M potassium acetate, and 2.8 mL of 
distilledwater, and left at room temperature for 30 minutes. Theabsorbance of the reaction mixture was 
measured at 415nm with a double beam Perkin Elmer UV/Visible spectrophotometer (USA). Total flavonoid 
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contents were calculated as quercetin from a calibration curve. The calibration curve was prepared by preparing 
quercetin 

Solutions at concentrations 12.5 to 100 mg ml-1 in methanol. 

DPPH Radical- Scavenging Activity 
The stable 1, 1-diphenyl-2-picryl hydrazyl radical (DPPH) was used for determination of free radical-
scavengingactivity of the extracts (Ebrahimzadeh et al., 2008a, 2008b, 2008c). Different concentrations of each 
extractswere added, at an equal volume, to methanolic solution of DPPH (100 μM). After 15 min at room 
temperature, theabsorbance was recorded at 517 nm. The experiment was repeated for three times. Vitamine C, 
BHA and quercetin were used as standard controls. IC50 values denote the concentration of sample, which is 
required to scavenge50% of DPPH free radicals. 

STATISTICAL ANALYSIS 
Experimental results are expressed as means ± SD. All measurements were replicated three times. The data 
wereanalyzed by an analysis of variance (p < 0.05) and the means separated by Duncan's multiple range test. 
TheIC50 values were calculated from linear regression analysis. 

RESULTS AND DISCUSSION 

Total Phenolic Content 
Total phenol compounds, as determined by folin Ciocalteu method, are reported as gallic acid equivalents by 
reference to standard curve (y = 0.0034x, r2 = 0.987). The amount of total phenolic contents (TPC) was present 
in varying concentrations in the different extracts of Citrus fruits. The results were expressed as the number of 
equivalents of gallic acid (μg/mg of extract) and were found to be highest in Citrus reticulate 25.59% and low 
in (Citrus sinensis) 13.46%. 

Total Flavonoids Content 
Total flavonoid content (TFC) of C.sinensis and C.reticulata was found to be 2.93% and 4.59% Quercetin 
equivalent (QE) respectively. The result showed that C.reticulata having high percentage of Flavonoid content 
than C.sinensis. 

Antioxidant Activity 

DPPH Free Radical- Scavenging Activity 
In evaluating the radical-scavenging potential of a Citrus fruit peel Samples; the DPPH assay is frequently used. 
Usually, a high DPPH scavenging activity reflects high levels of antioxidant potential. The DPPH radical-
scavenging activity of the Citrus fruit i.e. Citrus reticulata  83.44%  exhibited the highest DPPH radical-
scavenging activity, followed by C.sinensis80.96%.It has been reported that the antioxidant potential of Citrus 
fruit is directly proportional to the amount of phenolic acids and flavonoids present G. Beretta, et al. (2005). 

The results of TAC revealed that all Citrus fruit extracts under the study possess significant antioxidant 
potential. The results were compared with the standard curve of ascorbic acid and were expressed in terms of 
the equivalence of ascorbic acid in μg/ml of extract. From the results, it was found that C.reticulata extracts 
showed the maximum content of total antioxidants (83.44) which is corresponds to 58.4 μg/ml, followed by 
C.sinensis (80.96) which is corresponding to 56.2 μg/ml. The model of scavenging the stable DPPH radical is a 
widely used method to evaluate the free radical scavenging ability of various samples (Lee et al., 2003). It was 
found that the radical- scavenging activities of all the extracts increased with increasing concentration. The high 
phenol and flavonoids contents of Peels of C. reticulata may cause high antioxidant activity. Phenols and 
polyphenolic compounds, such as flavonoids, are widely found in food products derived from plant sources, and 
they have been shown to possesssignificant antioxidant activities (van Acker et al., 1996). The correlation 
between total phenol contents and antioxidant activity has been widely studied in different foodstuffs such as 
fruit and vegetables (Klimczaket al., 2007; Kiselovaet al., 2006; Jayaprakasha et al., 2008; Kedage et al., 2007). 
As reported, antioxidant activity of Kamran Ghasemi et al. Pak. J. Pharm. Sci., Vol.22, No.3, July 2009, pp.277-
281 279fruits and vegetables significantly increases with thepresence of high concentration of total 
polyphenolcontent. In the present study, the correlation between totalphenolic and flavonoids contents and 
radical scavenging activity of methanolic extracts from two citrus specieswere analyzed. 
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ABSTRACT 
Phytoplanktons plays an important role as primary producer in food web of aquatic ecosystem. These are widely 
present in streams, rivers, lakes and stagnant water. If the pure water contains all physicochemical factors at 
their optimum level then there will be maximum production of phytoplanktons (Sinha & Srivastava 1991). 
Current paper deals with study of phytoplankton diversity from stagnant water from Masoli dam area from 
Gangakhed tahasil district Parbhani. During this study members of phytoplanktons belonging to Chlorophyceae, 
Cynophyceae, Bacillariophyceae and Euglenophyceae were recorded .The zooplanktons recorded are Rotife, 
Copepod, Ostracoderm and Cladocera. 

Keywords: Phytoplanktons, zooplanktons, Masolidam, Gangakhed tahasil. 

INTRODUCTION 
Algae are commonly present in water bodies and phytoplanktons are the minute, nonmotile forms suspended in 
water bodies. Phytoplanktons are primary producer, basis of whole autotropic food web of aquatic 
ecosystem.They are also used as bio indicators of aquatic ecosystem (Beaugrand et.al.2000). The aim of current 
investigation is to know the phytoplankton and zoo plankton diversity from masoli damwater. Masoli dam is 
earthfill dam constructed on Masoli river near Gangakhed tahasil of Parbhani district located between18.89’N 
&76.74’E .The dam was constructed for irrigation purpose and has water storage capacity of 8176.23 Cu mi. It 
occupies surface area of 6970 km2 (wekipedia-google net). Peoples of nearby area are utilizing this water for 
drinking, washing and for irrigation purpose. Phytoplankton study provides releviant information about the 
water quality and eutrophication and its effect on aquatic system. Keeping this view in mind the present study 
was carried out during academic year 2020-2021 to asses species richness and species diversity of 
phytoplanktons and zooplanktons from Masoli dam reservoir. 

MATERIAL AND METHODS 
In present study plankton sampling was taken during academic year 2020-2021 at four different sites during 
summer, monsoon and winter seasons. Each sample was collected by filtering through plankton net and 
preserved in 4% formalin solution. The formalin fixed samples were centrifuged at 1500-2000rpm for 10 
minutes .Phytoplanktons setteled at the bottom were diluted and the individual plankton is counted under 
compound microscope.Phytoplanktons were measured and multiplied with dilution factors as given by Sedwick 
Rafter cell (Welch,1948; APHA,2005). Species diversity is calculated as per Ludwik and Reynold (1988) . The 
zooplanktons were identified according to the guidelines given by Ward and Whipple (1958) and Battish 
(1958). 

RESULT AND DISCUSSION 
Diversity of planktons and detailed microscopic study revels that there are prominent 4 family members of 
phytoplanktons are reported belonging to family Chlorophyceae =28%, family Cyanophyceae=36%, family 
Bacilariophyceae= 6%, Euglinophyceae = 10% total Phytoplankton = 80%. 

Phytoplanktons observed are –Chlorrella sp, Chlamydomonas sp, Chara sp, Oedogonium sp, Spirogyara sp., 

Volvox sp. of Chlorophyceae. Diatom sp . Navicula sp.Pinnularia sp of Bacillariophyceae. Anabena sp., 

Microcystis sp., Nostoc sp., Ocillatoria sp. of Cyanophyceae. Euglena sp. ,Phacus sp. and Trachemonas sp. of 

Euglenophyaceae were present .The heigh phytoplankton population was observed during summer season as 
maximum decomposition occurs due to high temperature and water becomes nutrient rich as wellas during 
summer water is stable leads to high phytoplankton population while  monsoon water is diluted much due to 
rainresults in minimum phytoplankton population. The Zooplanktons observered are Rotifer, Cpepod, 

Ostracoderm and Cladocera. The present analysis and results shows that the rotifer dominancy. During the 
study the rotifer was 140 in no. / L at spot A, the copepods was 90 in no. / L at spot A, the ostracoderm in no. / 
L was 95 in no. / L at spot A, the cladocera was in no. / L 99 
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CONCLUSION 
Phytoplanktons belonging to Chlorophyceae were dominant in masoli water reservoir during study period 
indicate availability of optimum physicochemical factors  for growth of chlorophyceae members as compare to 
Bacillariophyceae,Cyanophyceae and Euglinophyceae . During study zooplankton community shows that the 
rotifers are dominant in all season this shows that the water temperature increases in summer while optimal in 
winter and mansoon the photosynthetic activity is clear in summer the reservoir water is useful for fish cultural 
activity. 
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Design and in-Silico Studies of 2-Hydroxy-5-((5-(Substituted Styryl) Isoxazol-3-Yl) 
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ABSTRACT 
A series of novel substituted styryl isoxazole azo compounds, 2-hydroxy-5-((5-(substituted styryl)isoxazol-3-
yl)diazenyl)benzoic acids, were devolved computationally. Molecular properties, drug likeness and bioactivity 
of all the designed compounds were estimated using Molinspiration Cheminformatics. The results indicated that 
all the title compounds followed Lipinski’s rule of five and predicted as more active Kinase Inhibitors and 
Enzyme Inhibitors. All the compounds were allowed to dock against COX-1 (PDB ID: 1EQG), COX-2 (PDB 
ID: 3LN1) and 5-LOX (PDB ID: 3O8Y) enzymes using AutoDock 4.2 and evaluated the comparative efficacy 
of designed compounds in terms of docking performance. Few compounds were identified as dual inhibitors of 
COX and 5-LOX enzymes based on their low binding energy values. The present work gives an insight into the 
modification of molecules by varying substitution on phenyl ring of the styryl isoxazole moiety and the 
resultant effect on molecular properties, drug likeness, bioactivity and docking performance. 

Keywords: Styryl isoxazole, 5-Amino salicylic acid, Drug likeness, Bioactivity, Molecular docking 

INTRODUCTION 
The major function of NSAIDs is to block cyclooxygenase or prostaglandin synthase, preventing arachidonic 
acid from being converted to prostaglandins, prostacyclin and thromboxanes. However, evidence has been 
accumulated that inhibition of cyclooxygenase (COX) enzyme causes increased leukotriene production from 
arachidonic acid through 5-lypoxygenase (5-LOX) pathway. Identification of this resulted in development of 
novel dual inhibitors of COX and 5-LOX enzymes with the hope of producing safer analgesic and anti-
inflammatory agents1. 

Isoxazole, a five membered heterocycle with oxygen and nitrogen adjacent to each other, plays a significant role 
in the field of medicinal chemistry. Compounds with isoxazole nucleus are largely used as 
pharmacotherapeutics2. This nucleus along with substituted styryl group is likely to be more biologically active. 
Several substituted styryl isoxazoles were reported as novel dual inhibitors of COX and 5-LOX enzymes1. 
Recently, some isoxazole azo dyes were developed in silico. Among those newly designed isoxazole azo 
compounds, 2-hydroxy-5-((5-methylisoxazol-3-yl) diazenyl) benzoic acid was identified as lead molecule with 
better drug likeness properties by computational methods3. Prompted by this observation, it is aimed to design a 
series of styryl derivatives of isoxazole azo compounds (2-hydroxy-5-((5-(substituted styryl) isoxazol-3-yl) 
diazenyl) benzoic acids) and to predict the molecular properties, drug likeness and bioactivity using free online 
software. Further, it is aimed to perform molecular docking studies by selecting enzymes involved in the 
process of inflammation using AutoDock 4.2 software. 

MATERIALS AND METHODS 
The software used for the in silico studies of 2-hydroxy-5-((5-(substituted styryl) isoxazol-3-yl) diazenyl) 
benzoic acids include: 

 ChemDraw Ultra 12.0 

 Molinspiration Cheminformatics 

 AutoDock 4.2 

ChemDraw Ultra 12.0 was used for the generation of chemical structure, IUPAC name and SMILES notation of 
the title compounds. 

Prediction of Molecular Properties and Bioactivity Score 
Molinspiration Cheminformatics software was employed to obtain various molecular properties like molecular 
weight, Log P (octanol-water partition coefficient), hydrogen bond donors, hydrogen bond acceptors, number of 
rotatable bonds and topological polar surface area (TPSA) by theoretical calculations. The estimated 
physicochemical properties were used to evaluate the drug likeness properties of title compounds based on 
Lipinski's rule of five. This rule states that the molecular weight should be  500, Log P value should be  5, 
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number of hydrogen bond donors should be  5 and number of hydrogen bond acceptors should be  10. The 
Lipinski's rule of five used to predict the oral bioavailability of prospective lead or therapeutic compounds in 
drug design and development. TPSA, another very useful physicochemical parameter that gives information 
about the polarity of compounds, used to predict the transport properties of compounds such as intestinal 
absorption and blood brain barrier penetration. Molinspiration Cheminformatics was also used for the prediction 
of bioactivity scores as GPCR Ligands, Ion Channel Modulators, Kinase Inhibitors, Nuclear Receptor Ligands, 
Protease Inhibitors and Enzyme Inhibitors4. 

Molecular Docking Studies 
AutoDock 4.2 was used for molecular docking simulations employing Lamarckian genetic algorithm 
methodology5.  Three dimensional coordinates of selected drug targets associated with inflammation were 
obtained in PDB format from the Research Collaboratory for Structural Bioinformatics Protein Data Bank 
(https://www.rcsb.org). The title compounds were drawn using ChemDraw Ultra 12.0. Three dimensional 
structures of compounds were generated followed by energy minimization using Chimera programme and saved 
the PDB format before submission for the docking. All the PDB files were converted to PDBQT files (extended 
PDB format) with AutoDock tools. Grid box was generated and saved the GPF (Grid Parameter File). Then 
docking was performed and saved the DPF (Dock Parameter File). The obtained GPF and DPF converted into 
log files to analyze docked conformation and viewed the best pose having lowest binding energy in Biovia Drug 
Discovery Studio. 

RESULTS AND DISCUSSION 
Generation of Chemical Structure, IUPAC Name and SMILES Notation: The chemical structure, IUPAC 
name and SMILES notation for 2-hydroxy-5-((5-(substituted styryl) isoxazol-3-yl) diazenyl) benzoic acids 
(compounds 1 - 20) were generated by using ChemDraw Ultra 12.0. The data presented in Table 1. 

Table 1: Chemical structure, IUPAC name and SMILES notation of 2-hydroxy-5-((5-(substituted styryl) 
isoxazol-3-yl) diazenyl) benzoic acids 

S. No. Chemical Structure with IUPAC name SMILES notation 
1 

 
 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=CC=

C3)=C2 

2 

 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(F)

C=C3)=C2 

3 

 

O=C(O)C1=CC(/N=N/C2=NO
C(/C=C/C3=CC=C(C(F)(F)F)C

=C3)=C2)=CC=C1O 

4 

 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(C)

C=C3)=C2 

5 

 
 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(C(

C)C)C=C3)=C2 

6 

 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(N(

C)C)C=C3)=C2 

https://www.rcsb.org/
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7 

 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(N

CC)C=C3)=C2 

8 

 
 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(O)

C=C3)=C2 

9 

 
 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(O

C)C=C3)=C2 

10 

 
 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(O)

C(O)=C3)=C2 

11 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(O)

C(OC)=C3)=C2 

12 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(O

C)C(OC)=C3)=C2 
 

13 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC=C(O

CO4)C4=C3)=C2 

14 

 
 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC(O)=C

(O)C(O)=C3)=C2 
 

15 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC(OC)=

C(O)C(OC)=C3)=C2 

16 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC(OC)=

C(OC)C(OC)=C3)=C2 

17 

 
 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC(C)=C

(O)C(C)=C3)=C2 

18 

 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC(CC)=

C(O)C(CC)=C3)=C2 
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19 

 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC(C(C)

C)=C(O)C(C(C)C)=C3)=C2 

20 

 

 

OC(C=C1)=C(C(O)=O)C=C1N
=NC2=NOC(C=CC3=CC(C(C)(
C)C)=C(O)C(C(C)(C)C)=C3)=

C2 

Prediction of Molecular Properties and Bioactivity Scores of 2-Hydroxy-5-((5-(Substituted Styryl) 
Isoxazol-3-Yl) Diazenyl) Benzoic Acids: 

Drug likeness properties of 2-hydroxy-5-((5-(substituted styryl)isoxazol-3-yl)diazenyl)benzoic acids were 
calculated through Molinspiration Cheminformatics and the results presented in Table 2. The molecular weight, 
number of hydrogen bond donors and the number of hydrogen bond acceptors were within the limit. Few 
compounds showed high log P value greater than five indicating high hydrophobicity. The number of violations 
found to be one for compounds 1, 2, 3, 4, 5, 6, 7, 9, 13, 17, 18, 19 and 20. In general, an orally active drug has 
no more than one violation of Lipinski's rule6. Therefore, it can be inferred that all the designed compounds 
obeyed Lipinski’s rule and exhibit drug likeness properties. The number of rotatable bonds of the compounds 
was found between 5 and 8 indicating their molecular flexibility, a key feature in determining ligand interaction 
with bio-macromaolecular target. Further, the data revealed that all the compounds have high TPSA value than 
the precursor 2-hydroxy-5-((5-methylisoxazol-3-yl)diazenyl)benzoic acid3. This indicates that very large 
quantities of title compounds may accumulate in the colon after oral administration and cleave to an active drug 
5-aminosalicylic acid by bacterial azoreductase of colonic bacteria. 

Table 2: Molecular properties of 2-hydroxy-5-((5-(substituted styryl) isoxazol-3-yl) diazenyl) benzoic acids 
S.No miLog P TPSA n Atoms M. Wt n ON n OHNH n Violation n rotb volume 

1 5.26 108.29 25 335.32 7 2 1 5 285.81 
2 5.43 108.29 26 353.31 7 2 1 5 290.74 
3 6.16 108.29 29 403.32 7 2 1 6 317.11 
4 5.71 108.29 26 349.35 7 2 1 5 302.37 
5 6.78 108.29 28 377.40 7 2 1 6 335.76 
6 5.37 111.53 28 378.39 8 2 1 6 331.72 
7 5.50 120.31 28 378.39 8 3 1 7 331.58 
8 4.79 128.51 26 351.32 8 3 0 5 293.83 
9 5.32 117.52 27 365.35 8 2 1 6 311.36 
10 4.30 148.74 27 367.32 9 4 0 5 301.85 
11 4.60 137.75 28 381.34 9 3 0 6 319.38 
12 4.91 126.75 29 395.37 9 2 0 7 336.90 
13 5.15 126.75 28 379.33 9 2 1 5 309.74 
14 4.00 168.97 28 383.32 10 5 0 5 309.87 
15 4.62 146.98 30 411.37 10 3 0 7 344.92 
16 4.89 135.99 31 425.40 10 2 0 8 362.45 
17 5.80 128.51 28 379.37 8 3 1 5 326.95 
18 6.73 128.51 30 407.43 8 3 1 7 360.56 
19 6.98 128.51 32 435.48 8 3 1 7 393.73 
20 8.27 128.51 34 463.53 8 3 1 7 426.20 

(MiLog P: n-octanol-water partition coefficient, TPSA: Topological Polar Surface Area, n Atoms: number of 
atom excluding hydrogens, M.Wt: Molecular weight, n ON: Hydrogen bond acceptors, n OHNH: Hydrogen 
bond donors, n Violations: Number of violations, n rotb: Number of rotatable bonds) 
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Bioactivity scores of 2-hydroxy-5-((5-(substituted styryl)isoxazol-3-yl)diazenyl)benzoic acids were assessed 
using Molinspiration Cheminformatics and the results presented in Table 3. The bioactivity scores greater than 
0.00 are likely to be more active, values between -0.50 and 0.00 are expected to be moderately active and values 
less than -0.50 considered to be inactive7. All the compounds were active as Enzyme Inhibitors with bioactivity 
scores more than 0.00. Except few, all the compounds were more active as Kinase Inhibitors and GPCR 
Ligands. Among the series, only five compounds were more active and all other compounds were moderately 
active as Ion Channel Modulators. All the designed compounds were moderately active as Protease Inhibitors 
and Nuclear Receptor Ligands. It has been observed that bioacitivity scores of the title compounds were more 
than 2-hydroxy-5-((5-methylisoxazol-3-yl) diazenyl) benzoic acid3. This indicates that the higher bioactivity of 
title compounds may be due to introduction of substituted styryl group on isoxazole azo compound. 

Table 3: Bioactivity scores of 2-hydroxy-5-((5-(substituted styryl) isoxazol-3-yl) diazenyl) benzoic acids 

S.No. GPCR 
Ligand 

Ion Channel 
Modulator 

Kinase 
Inhibitor 

Nuclear Receptor 
Ligand 

Protease 
Inhibitor 

Enzyme 
Inhibitor 

1 0.04 0.00 0.08 -0.35 -0.17 0.07 
2 0.04 -0.01 0.10 -0.32 -0.20 0.05 
3 0.09 0.07 0.12 -0.18 -0.13 0.06 
4 -0.01 -0.07 0.03 -0.36 -0.23 0.01 
5 0.03 -0.01 0.03 -0.27 -0.17 0.06 
6 0.04 -0.02 0.09 -0.29 -0.18 0.06 
7 0.04 -0.03 0.09 -0.36 -0.12 0.05 
8 0.06 0.02 0.10 -0.29 -0.16 0.09 
9 -0.00 -0.06 0.04 -0.35 -0.21 0.03 

10 0.04 -0.00 0.07 -0.31 -0.18 0.08 
11 -0.00 -0.07 0.05 -0.36 -0.24 0.03 
12 -0.01 -0.07 0.03 -0.35 -0.23 0.02 
13 0.03 -0.07 0.01 -0.39 -0.21 0.04 
14 0.03 -0.00 0.09 -0.31 -0.17 0.10 
15 -0.03 -0.07 0.05 -0.36 -0.22 0.04 
16 -0.03 -0.08 0.03 -0.38 -0.24 0.01 
17 0.00 -0.06 0.03 -0.27 -0.19 0.04 
18 0.05 0.01 -0.00 -0.22 -0.15 0.08 
19 0.03 -0.01 -0.02 -0.20 -0.16 0.08 
20 0.05 0.05 0.02 -0.13 -0.14 0.10 

Molecular docking Studies of 2-hydroxy-5-((5-(substituted styryl) isoxazol-3-yl) diazenyl) benzoic acids: 

The macromolecular targets associated with inflammation cascade such as COX-1 (PDB ID: 1EQG), COX-2 
(PDB ID: 3LN1) and 5-LOX (PDB ID: 3O8Y) enzymes were selected for in silico study. COX-1 enzyme is 
responsible for maintaining gastric and renal integrity and COX-2 is an inducible enzyme responsible for the 
biosynthesis of prostaglandins, causing inflammation and pain8. 5-LOX enzyme plays a major role in 
production of proinflammatory leukotrienes from arachidonic acid. Increased leukotriene formation was also 
observed on inhibition of prostaglandin biosynthesis. Therefore, discovery of novel dual inhibitors of COX and 
5-LOX for the treatment of inflammation emerged as beneficial approach1. 

AutoDock 4.2 was used for predicting the interaction of title compounds with bio-macromolecular targets. The 
docking results portrayed in Table 4. Evaluation of docking results revealed that the compounds 4, 5, 6, and 12 
to 20 have low binding energy values for the COX-2 when compared to COX-1. This indicates good binding 
affinity of above compounds with COX-2 enzyme leading to its inhibition. Among the mentioned active ligands 
which inhibit COX-2 enzyme, compounds 20, 13, 18, 6, 5 and 17 showed good binding affinity with 5-LOX. 
Hence, it can be suggested that these molecules may act as dual inhibitors of COX and 5-LOX enzymes. 

Table 4: Docking scores of 2-hydroxy-5-((5-(substituted styryl) isoxazol-3-yl) diazenyl) benzoic acids, 
Ibuprofen, Celecoxib and Licofelone 

S.No. Compound 
Code 

Docking Score (kcal/mol) 
TARGET: COX-1 
PDB   ID: 1EQG 

TARGET: COX-2 
PDB   ID: 3LN1 

TARGET: 5-LOX 
PDB   ID: 3O8Y 

1 C-1 -9.28 -8.53 -4.89 
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2 C-2 -8.47 -8.38 -4.42 
3 C-3 -8.72 -8.63 -5.04 
4 C-4 -8.79 -8.98 -4.81 
5 C-5 -9.15 -9.61 -5.14 
6 C-6 -8.82 -9.13 -4.84 
7 C-7 -9.66 -8.90 -5.03 
8 C-8 -9.73 -9.41 -4.73 
9 C-9 -9.50 -8.72 -4.46 

10 C-10 -8.59 -8.79 -4.32 
11 C-11 -8.53 -7.93 -3.29 
12 C-12 -6.67 -9.27 -3.69 
13 C-13 -8.37 -9.16 -4.81 
14 C-14 -5.45 -8.26 -3.88 
15 C-15 -4.23 -7.28 -3.78 
16 C-16 -6.01 -7.93 -3.97 
17 C-17 -7.03 -8.76 -5.48 
18 C-18 -6.59 -9.00 -4.84 
19 C-19 -7.72 -8.67 -3.96 
20 C-20 -8.17 -9.54 -4.14 
21 Standard Drug -6.95 

Ibuprofen 
-10.60 

Celecoxib 
-6.57 

Licofelone 

CONCLUSION 
A series of 2-hydroxy-5-((5-(substituted styryl)isoxazol-3-yl)diazenyl)benzoic acids were developed in silico. 
All the designed styryl isoxazole azo compounds satisfied the Lipinski’s rule and displayed drug likeness. Most 
of the compounds found to have low gastrointestinal absorption.  As a result, very large quantities of these 
compounds may accumulate in the colon after oral administration and cleave to an active drug 5-aminosalicylic 
acid by bacterial azoreductase of colonic bacteria. Therefore, these compounds can be developed as drugs for 
the treatment of inflammatory bowel disease. In the present study, all the compounds were identified as more 
active Kinase Inhibitors and Enzyme Inhibitors. The in silico anti-inflammatory properties of title compounds 
were assessed by molecular docking studies selecting COX-1 (PDB ID: 1EQG), COX-2 (PDB ID: 3LN1) and 
5-LOX (PDB ID: 3O8Y) enzymes. Among all, few compounds were identified as dual inhibitors of COX and 5-
LOX enzymes. However, further studies are needed to confirm their in vivo anti-inflammatory properties 
through dual inhibition of COX and 5-LOX enzymes. 
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ABSTRACT 
Substituted, bis 1, 3, 4 Oxadiazole have been achieved by the cyclization of bis – (N-aryl/alkyl) thiocarbamido 
sebacic acid diamide with molecular iodine in presence of alkaline ethanolic medium. There structure of all 
these synthesized compounds were established on the basis of chemical transformation, IR, 1H NMR mass 
spectral and elemental analysis. 

Keywords: Oxadiazol, 1, 3, 4 Oxadiazol derivatives, Oxygen heterocyclic compound, spectroscopic study. 

INTRODUCTION 
Oxadiazoles are the heterocyclic compounds contain one oxygen and two nitrogen atoms are very active 
compound due to their important act in practical uses in studies of preparation of drugs and medicine. [1,2] 
possessing  a diversity of useful biological effect[3].Several method have been reported in the literature for the 
synthesis 1,3,4 Oxadiazoles [4-11].They are also used for the  treatment of HIV-1  infection [12-13].The 
compound possessing 1,3,4oxadiazoles ring system are reported [14-20] to show a broad spectrum of biological 
properties like analgesic and anti-inflammatory, antibacterial and antifungal activities. In the present paper the 
commonly used synthetic route for 1,3,4 oxadiazoles  has been carried out by the action of   I2/KI on   bis-
(aryl/alkyl) sebacic acid diamide. 

Experimental Section 
All chemicals were of analytical grade and uses directly. All melting point were determined in PMP-DM 
Scientific melting point apparatus and are uncorrected. The purity of compound was checked on silica gel-G 
plates by thin layer chromatography. The carbon and hydrogen analysis was carried out on Carlo-Erba-
1106analyzer, Nitrogen estimation was carried out on Colman -N-analyzer, The IR spectra were recorded on a 
perkin- Elmer-577 model spectrophotometer  using KBr pellets ,1HNMR spectra were acquired on d broker 
Avance -2 model spectrophotometer using CDCl3 as a solvent and TMS as an internal reference. 

MATERIAL AND METHODOLOGY 

Bis–(N-aryl/Alkyl Thiocarbamido Sebacic acid Diamide (2) : 
Compound bis N-aryl /alkyl thicarbamido sebacic acid diamide (2) was prepared by the mixture of sebacic acid 
dihydrazide (1) (0.01mole) and aryl/alkyl isothiocyanate (0.02 mole) and chloroform (15ml) was refluxed for 
2.00 hrs progress of the reaction was monitored by TLC.After the completion of reaction the reaction mixture 
was cooled and water was added.The crude product was purified by crystallization from ethanol to get title 
compound. M.P2020C ,Yield 85% (Found N:15.50,S:12.00 )(Requires:N,15.90,S,12,12). 

General Procedure for 1, 8 bis-(N-aryl/Alkylamino 1, 3, 4 Oxadiazol-5-yl) Octane (3): 
A suspension of bis-N-aryl/alkyl sebacic acid diamide (2) was made in alkaline ethanol. To this the dropwise 
addition of ethanolic  molecular iodine was made with constant stirring till the violet colour iodine 
persisted.After the completion  of reaction.The reaction mixture was left overnight at room temperature the 
solid was obtained.Washed  with water and crystallized from ethanol(3). 

TableI: Physico-chemical data of 1, 8, bis (N-aryl/alkylamino1, 3, 4oxadiazol-5-yl) Octane (3a-g) 

Compound 
Molecular 
formula 

Percentage 
yield (%) 

M.P(0C) 
Elemental analysis 
Found(Requires) 

C H N 

3a C26H32N6O2 89 187 67.58 
(67.82) 

6.45 
(6.95) 

18.16 
(18.26) 

3b C26H32N6O2 82 195 67.70 
(67.82) 

6.60 
(6.95) 

18.34 
(18.26) 

3c C26H32N6O2 78 182 68.00 
(67.82) 

6.70 
(6.95) 

18.98 
(18.26) 

3d C24H28N6O2 85 185 66.05 7.00 19.92 
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(66.60) (6.48) (19.44) 

3e C24H26N6O2CL2 81 198 57.02 
(57.48) 

5.03 
(5.18 ) 

16.73 
(16.76) 

3f C24H26N6O2CL2 87 195 56.99 
(57.48) 

5.08 
(5.18) 

16.42 
(16.76) 

3g C20H20N602 72 188 61.03 
(61.22) 

9.14 
(9.18) 

21.04 
(21.42) 

Table II: Spectral data of 1,8 bis (N-aryl/alkylamino 1,3,4 oxadiazol-5yl) Octane(3a-g) 
Compound IR Spectra (KBr cm-1) 1HNMR (DMSO.D6,δ) 

3a 

`3221(N-H Stretching), 2926(CH-
Stretching), 1600(C=NStretching) 

1488(Ar-C=CStretching), 1300(C-N Stret.), 
1181(C-O Stretc.), 1221(N-N Stret.) 

8.0(S,2H,NH-Proton),6.5-
7.6(m,8H,Ar-H Proton),2.3(S,6H, Ar-
CH3-Proton),1.2-3.25(m,6H, (CH2)8 

Proton), 

3b 

1223(N-N Stretching),1185(C-
OStretching),1299(C-N Stretching), 
1488(Ar C=CStretching), 1600(C=N 

Stretching),2926(Aliphatic-CH-
Stretching),3221(NH-Stretching), 

1.23.26(m,16H(CH2)8Proton),2.4(S,6H
, Ar CH3-Proton),6.4-7.6(m,8H,Ar-H-

Proton),8.00(S,2H,NH Proton), 

3c 

1320(C-NStretching),1180 (C-O 
Stretching), 1221(N-N Stretching),1487 

(ArC=C Stretching), 1600 (C=N 
Stretching), 3221(NH-

Stretching),2926(Aliphatic CH-Stretching) 

6.5-7.4(m,8H,Ar-H 
Proton).2.5(S,6H,Ar-CH3 Proton),1.3-

3.26(m,16H(CH2)8)8.01(S,2H,NH 
Proton), 

3d 

2932(Aliphatic C-H Stretching), 1620(C=N 
Stretching), 3221(NH Stretching), 1488(Ar 

C=C Stretching), 1310(C-N Stret.), 
1181(C-O Stret.), 1221(N-N Stret.) 

2.4(S,6H,Ar-CH3 Proton ),6.5-
7.7(M,8H,Ar-H 

Proton),8.01(S,2H,NH-Proton),1.2-
3.25(m,16H,(CH2)8 Proton) 

3e 

1181(C-O Stret), 1600(C=N Stret), 
3221(NH Stret.), 2922(Aliphatic CH 

Stret.), 1218(N-N Stret), 1488(Ar.C=C), 
1320(C-N Stret.), 

1.2-3.25(m,16H,(CH2)8),8.01(s,2H,NH 
Proton),6.4-7.4(m,8H,Ar-H 

Proton),2.3 
(S,6H,Ar-CH3 Proton ) 

3f 

1620(C=NStret.), 2930(Aliphatic CH-
Stret.)1488(Ar.C=C Stret.), 1300(C-N 

Stret.), 1181(C-O Stret.), 1221(N-N Stret.), 
3221(NH Stret.) 

8.01(S,2H,NH-Proton),6.5-
7.6(m,8H,AR-H Proton),2.3(s,6H,Ar-
CH3 Proton),1.2-3.25(m,16H,(CH2)8) 

 
3g 

2926(Aliphatic-CH Stret.), 3223(NH 
Stret.), 1601(C=N Stret.)1300(C-N Stret.), 

1480(Ar-C=C Stret.), 1181(C-O Stret.), 
1221(N-N Stret.), 

2.4(S,6H,Ar-CH3)1.5-
3.25(m,16H,(CH2)8)8.02(S,2H,NH-

),6.5-7.6(m,8H,Ar-H) 

General procedure for the synthesis of 1, 8 bis (2 -aryl/alkylamino 3, 3 diacetyl-1, 3, 4 Oxadiazol-5-yl) 
octane.:(4) 

A Mixture of 1, 8 bis-(2-aryl/alkylimino -1, 3, 4 oxadiazol-5-yl) octane. (3) (0.01mole) and acetic anhydride 
(0.02 mole) and glacial acetic acid was placed in round bottom flask(10ml) glacial acetic acid was added slowly 
to it while stirring magnetically.After 2-hrs of stirring  the solution was poured on crushed ice.The resulting  
solid was separated ,dried and recrystallized from aqueous ethanol similarly compound (4a-g) were prepared. 

Table I: Physico-chemical data of 1, 8, bis (N-arylimino3, 3 diacetyl-1, 3, 4 oxadiazol-5-yl) Octane (4a-g) 

Compound 
Molecular 
formula 

Percentage 
yield (%) 

M.P(0C) 
Elemental analysis 
Found (Requires) 

C H N 

4a C30H36N6O4 72 184 66.32 
(66.17) 

6.62 
(6.61) 

15.63 
(15.44) 

4b C30H36N6O4 79 191 66.07 
(66.17) 

6.70 
(6.61) 

15.72 
(15.44) 

4c C30H36N6O4 84 180 66.12 6.80 15.06 
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(66.17) (6.61) (15.44) 

4d C28H32N6O4 78 170 64.92 
(65.11) 

6.80 
(6.20) 

16.30 
(16.27) 

4e C28H30N6O4CL2 70 198 57.03 
(57.43) 

5.05 
(5.12 ) 

14.36 
(14.36) 

4f C28H30N6O4CL2 87 190 57.12 
(57.43) 

5.16 
(5.12) 

14.12 
(14.37) 

4g C24H40N604 76 200 60.10 
(60.50) 

8.72 
(8.40) 

17.07 
(17.64) 

Table II: Spectral data of 1, 8 bis (N-arylimino 3, 3 diacetyl-1, 3, 4 oxadiazol-5-yl) Octane (4a-g) 
Compound IR Spectra (KBr cm-1) 1HNMR (DMSO.D6,δ) 

4a 

2926(Aliphatic CH-Stretching), 
1600(C=NStretching) 1488(Ar-

C=CStretching), 1300(C-N Stret.), 
1650(C=O Stretc.), 1221(N-N Stret.) 

1.23-3.41(m,8H,Ar-H-Proton),7.1-
7.2(m,8H,Ar-H Proton),2.66(S,6H,Ar-

CH3-Proton),2.17(S,6H,(CO-
CH3)Proton 

4b 

1220(N-N 
Stretching),1640(C=OStretching),1300(C-

NStretching),1488(Ar 
C=CStretching),1600(C=N 

Stretching),2927(Aliphatic-CH-Stretching) 

1.23-
3.41(m,16H(CH2)8Proton),2.70(S,6H,
Ar CH3-Proton),7.2-7.4(m,8H,Ar-H-
Proton),2.66(S,6H),2.17(S,CO-CH3 

Gr.) 

4c 

1320(C-NStretching),1660(C=O 
Stretching),1221(N-N 

Stretching),1488(ArC=C 
Stretching),1600(C=N 

Stretching),2930(Aliphatic CH-Stretching) 

6.5-7.4(m,8H,Ar-H 
Proton).2.70(S,6H,Ar-CH3 

Proton),1.23-
3.41(m,16H(CH2)8)2.19(S,6H,CO-

CH3Proton), 

4d 

2926(Aliphatic C-H Stretching), 1600(C=N 
Stretching), 1488(Ar C=C Stretching), 
1312(C-N Stret.), 1652(C=O Stret.), 

1222(N-N Stret.) 

2.66(S,6H,Ar-CH3 Proton ),7.1-
7.2(m,8H,Ar-H Proton),2.17(S,6H,CO-
CH3Proton),1.24-3.41(m,16H,(CH2)8 

Proton) 

4e 
1650(C=O Stret), 1600(C=N Stret), 

2930(Aliphatic CH Stret.), 1224(N-N 
Stret), 1488(Ar.C=C), 1318(C-NStret.), 

1.22-3.42(m,16H,(CH2)8),7.1-
7.2(m,8H,Ar-H Proton),2.16(S,6H,C0-

CH3 Proton ) 

4f 
1616(C=NStret.), 2932(Aliphatic CH-
Stret.)1490(Ar.C=C Stret.), 1321(C-N 

Stret.), 1645(C=O Stret.), 1221(N-N Stret.) 

7.00-7.2(m,8H,Ar-H 
Proton),2.19(s,6H,CO-CH3 

Proton),1.23-3.40(m,16H,(CH2)8) 

 
4g 

2926(Aliphatic-CH Stret.), 1601(C=N 
Stret.)1300(C-N Stret.), 1480(Ar-C=C 

Stret.), 1621(C=O Stret.), 1221(N-N Stret.), 

2.62(S,6H,Ar-CH3)1.21-
3.38(m,16H,(CH2)8),7.1-7.4(m,8H,Ar-

H),2.20(S,6H,CO-CH3) 

RESULT AND DISCUSSION 
The sequence of the reaction employed for the synthesis of title compound is outlined in scheme 1.The 
physiochemical data and spectral data of the different synthesized compound are given. The mixture of sebacic 
acid dihydrazide and phenyl isothiocyanate converted into bis-N-aryl/alkyl thiocarbamido sebacic acid 
diamide.The purity of compound was confirmed by melting point ,TLC and structure was confirmed by 
chemical test,IR and 1HNMR  spectral data.IR Spectra showed the characterstic peak -CH Stretching at 3080 
cm-1,C-O at 1180cm-1,NH-Stretching at3221cm-1,C=C at 1480cm-1.This bis-N-aryl/alkyl thiocarbamido sebacic 
acid diamide was reacted with ethanolic molecular iodine gave 1,3,4 oxadiazol-5-yl -octane(3).The purity of 
this compound was confirmed by melting point,TLC,and structure was confirmed by IR,1HNMRand mass 
spectral data,IR spectra showed the characterstic peak NH- Stretching at 1221cm-1,Aliphatic  CH-stretching  at 
2926 ,C=N stretching at 1600cm-1,Ar C=C stretching at 1488cm-1,C-N Streatching at1300cm-1,C-O streatching 
at 1181cm-1,N-N streatching at1221cm-1.This 1,3,4 oxadiazol treated with acetic anhydride and glacial acetic 
acid gave 3,3 diacetyl 1,3,4 oxadiazol-5-yl -octane.The purity of  the compound was confirmed by melting 
point,TLC, and structure was confirmed by IR,1HNMR & mass spectral data.IR spectra showed the characterstic 
peak of aliphatic CH-stretching at 2926cm-1,C=N stretching at 1600,C=C stretching at 1488cm-1,N-N stretching 
at 1221cm-1 ,C-N stretching at 1300cm-1,C-O streatching 1650cm-1.The other compound (4a-g) were prepared 
by extending the acetylation reaction to other compound (3a-g) and gave the title compound(4a-g). 
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)
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O
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H
3
COC COCH

3
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(4)  
Where, 

R= o-tolyl, m-tolyl, p-tolyl, phenyl, p-chlorophenyl, m-chlorophenyl and t-butyl 

CONCLUSION 
Among all the synthesized derivatives of 1, 3, 4 oxadiazol were derived from different chemical reaction. All 
the synthesized compound were characterized  by physiochemical  and spectral analysis .The melting point and 
thin layer chromatography were performed check purity of the synthesized compound .Spectral studies i.e 
IR,NMR & mass  were performed  for structure confirmation.All the compound were synthesized with good 
yield. 
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ABSTRACT 
In the aftermath of the COVID-19 outbreak, the government of India has made digitalization a top priority. 
Moving one step forward in terms of technology the purpose of this paper is to examine the role artificial 
intelligence can play in promoting the Digital India program of the government of India. The method of 
implementation is doctrinal, by which the current trend related to the application of artificial intelligence in the 
field of cyberspace is examined, along with that the approach is to identify the areas that are relevant and 
appropriate in the field cyberspace where Artificial Intelligence can be implemented. The research paper 
concludes that employing artificial intelligence in cyberspace for cybersecurity will be a revolutionary step in 
helping to create a safe, digital India. 

Keywords: Artificial intelligence; Digitalization; Data breach; Cybersecurity; Digital India. 

1. INTRODUCTION 
The process of transforming information available in analog form to electronic form is known as digitalization. 
With the use of information and digital data, digital innovation promotes work efficiency by boosting business 
performance. Digital India aspires to improve efficiency and productivity by utilizing digital means in the 
economy1. During the mid-1990s, e-governance initiatives in India became more extensive, concentrating on 
services that focus on citizens. Even though these e-government projects were citizen-centric, their limited 
features meant they could not have the desired impact2. Using digital is seen as a tool for transformation that 
extends beyond our normal way of life to the way we lead, trade, interact and run our business. In all sectors, 
public and private, be it communication, media, health care, marketing, and manufacturing, one can 
increasingly witness the use of digital technology. This is mainly driven by innovation and the rise of e-
commerce, e-commerce, and the increasing use of the Internet3. 

Increasing internet access and improving online infrastructure, as well as empowering digitally the population 
of this country in the sphere of technology, the objective of Digital India is to make available government 
services to all Indian citizens over the internet. A new campaign was launched in India on 1st July 2015 
launching with the motto - "Power to Empower". Apart from being a component of several other key Indian 
projects, such as Make in India, Standup India, Sagarma, industrial corridors, Startup India, BharatNet, UDAN-
RCS, and Bharatmala, it also provides a crucial link for various other schemes. This initiative aims to increase 
digital literacy in rural areas by linking them to high-speed internet4. India's digital transformation has three core 
components as represented by Fig.1 as following: - 

                                                           
1 S. Kumar and Shekhar, “Digitalization: A Strategic Approach for Development of Tourism Industry in India,” 
vol. 24, no. 1, pp. 93–108, Apr. (2020), doi: 10.1177/0971890720914111. 
2 “Introduction | Digital India Programme | Ministry of Electronics & Information Technology (MeitY) 
Government of India.” https://www.digitalindia.gov.in/content/introduction (accessed Jan. 08, 2022). 
3 S. Kaur and P. Madan, “Digitalization in India: Cashless, Paperless & Faceless,” Asian J. Multidimens. Res., 
vol. 6, no. 6, pp. 5–14, (2017), Accessed: Jan. 08, 2022. [Online]. Available: 
https://www.indianjournals.com/ijor.aspx?target=ijor:ajmr&volume=6&issue=6&article=001. 
4 “Digital India ‘Power to Empower,’” 2021, Accessed: Jan. 06, (2022). [Online]. Available: 
https://indiancc.mygov.in/wp-content/uploads/2021/06/mygov-999999999157405609.pdf. 
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Fig. 1: Diagram representing the core components of the Digital India initiative 

According to Sectors, verticals, individuals, cultures, languages, and geographic regions are all represented in 
India's digital classifieds industry. As a result of such diversity, there are diverse market opportunities1. India is 
one of the largest online markets in the world despite its untapped potential2. Despite a standard technological 
blueprint, tinkering and local adaptations will be necessary due to domestic factor endowments and institutional 
realities3. Digitalization is allowing cities to become smart cities, and the government is moving towards e-
government4. 

The digitalization of the economy creates new jobs, facilitates better working conditions, and brings innovation. 
This increases transparency in the system and less tax evasion, parallel economy, etc. will occur due to the 
greater transparency of the flow of funds5. Technology, such as mobile applications and the cloud, is considered 
one of the main catalysts for rapid economic growth and citizen empowerment. These technologies are used by 
many across all sectors of society, from government agencies to retail outlets. By sharing information on 
matters of concern or issue, they help in staying connected. 

The internet has now become an indispensable component of daily life. It has become a primary medium of 
communication and commerce. Businesses have also been turning to the web for their operations. As a result, e-
commerce has grown significantly. A great deal of government work is also been conducted online, and the 
world of e-finance has grown greatly over the last couple of years. Internet usage has increased the 
apprehension of peril associated with it. Advances in internet technology have led to both positive and negative 
implications. The negative impact of the emergence of cybercrime, especially in the commercial world business 
transactions6. 

The virtual world needs special attention concerning crime, law, and criminal policy, due to its particular 
characteristics i.e., it is global, fast, transcendent, digital, and facilitation of automated information processing, 
the Internet offers special opportunities for cybercrime as a major tool7. The purpose of cyber law is to protect 

                                                           
1 D. Mukhopadhyay and A. K. Mandal, “Smartphone, Internet, and Digitalization in India-An Exploratory 
Analysis,” PRAGATI J. Indian Econ., vol. 6, no. 2, p. 22, Dec. 2019, doi: 10.17492/PRAGATI.V6I2.187355. 
2 J. W. Fernandes, “DIGITALIZATION IN INDIA: TRENDS AND CHALLENGES,” Int. J. Recent Trends 
Bus. Tour., vol. 2, no. 3, pp. 45–47, Jul. 2018, Accessed: Jan. 08, (2022). [Online]. Available: 
https://ejournal.lucp.net/index.php/ijrtbt/article/view/197. 
3 R. Hausmann, J. Hwang, D. Rodrik, and J. F. Kennedy, “What You Export Matters What You Export Matters 
What You Export Matters,” (2005). 
4 A. D. Gaur and J. Padiya, “A Study Impact of ’Digital India ’in ‘Make in India’ Program in IT & BPM 
Sector,” no. April, (2016), [Online]. Available: http://www.aims-international.org/aims14/publication.asp. 
5 D. Sihmar and R. K. Meena, “Digitalization in India: An Innovative Concept,” Int. J. Eng. Dev. Res., vol. 7, 
no. 1, pp. 452–456, (2019). 
6 N. Setiawan et al., “IMPACT OF CYBERCRIME IN E-BUSINESS AND TRUST,” Artic. Int. J. Civ. Eng. 
Technol., vol. 6, no. 7, pp. 652–656, (2018), Accessed: Jan. 08, 2022. [Online]. Available: 
http://www.iaeme.com/IJCIET/index.asp652http://www.iaeme.com/ijciet/issues.asp?JType=IJCIET&VType=9
&IType=7http://www.iaeme.com/ijciet/issues.asp?JType=IJCIET&VType=9&IType=7. 
7 B.-J. Koops, “The Internet and its Opportunities for Cybercrime,” SSRN Electron. J., no. 09, (2012), doi: 
10.2139/ssrn.1738223. 
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cyberspace from cybercrime by preventing it in the first place. Lawmakers and law enforcement encounter 
difficulty in preventing this crime. To prevent illegal activities from occurring online, government officials have 
formulated and established certain laws. With the new technologies growing at a rapid pace the challenge of 
securing cyberspace has become more demanding. One such new-age technology is Artificial Intelligence. The 
National Institution for Transforming India (NITI Aayog) in June 2018 published a national-level strategy on 
artificial intelligence as #AIForAll. 

NITI Aayog concentrated on a three-dimensional approach including the exploration of the concept of artificial 
intelligence in its application in various fields, creating an artificial intelligence-based ecosystem, and 
collaborating with the stakeholders and the experts in the field of artificial intelligence. NITI Aayog shall also 
tend to identify the sectors having greater potential to assimilate artificial intelligence. NITI Aayog in February 
2021 came up with a report on Responsible AI#AIFORALL. The approach in this document to promote 
innovative measure in enhancing trust in the utilizations and adoption of artificial intelligence with increased 
measures of safeguarding public interest. The said document intends to examine the possible risk that might 
arise due to the use of artificial intelligence, with an approach to search for managing principle for responsible 
artificial intelligence. Hence the approach is to implement AI into the governance in order to realize the concept 
of welfare state in a more prominent manner. 

2. METHOD 
The juridical normative method has been applied in this research paper. The approach shall be to examine the 
existing textual material available to understand the problem and arrive at probable solutions. Reliance has been 
placed upon the textual and library material and documents 

3. Digital India: The Aim and Vision 
To boost efficiency and production, Digital India strives to promote the use of electronic methods in the 
economy. Under India’s Digital initiative, the Indian Government aims to make India not only a society that is 
accredited as digital but also an economy based on digital knowledge. There are three focuses areas identified 
by the Indian government in its efforts towards a making nation that is empowered digitally. The three focus 
areas as briefly discussed as follow: -. 

3.1.  Every Citizen Should have Access to Digital Infrastructure 
The first area of focus lays stress on creating a robust digital infrastructure that shall be within the accessible 
limits of the Indian national. 

a) Powerful computer network: The accessibility and availability internet have a huge impact on citizens' 
access to services. By improving internet access, the government will be able to reach as many people and 
citizens will be able to access it whenever they want, regardless of geographic location. 

b) Cloud space: Every citizen will also have access to the cloud private space where they can store information 
and documents relevant to their specific services securely. A digital repository will be housed in the shared 
private space. 

c) Identification through digital mode: The 12-digit Aadhaar number is issued by the Unique Identification 
Authority of India (UIDAI) as part of the national level project of the Indian government to ensure that 
Indian citizens have a distinctive, life-long, electronic, and verified digital identity. 

d) Financial Services: Cellphones and bank account information allows digital and financial involvement. As a 
national objective, the Pradhan Mantri Jan-Dhan Yojana includes an integrated plan to guarantee that all 
households in the country are economically included. everyone shall have access to all types of banking 
services at their fingertips. Furthermore, all government payments will be deposited directly into the bank 
accounts of recipients. 

e) Dedicated center for service: Common Service Centers can match the social and economic aims of 
government, industrial, and social sector organizations for the benefit of the rural population is perhaps the 
most remote corner of the country by integrating IT and non-IT services. 

f) Maintaining safe and secure cyberspace: Keeping cyberspace safe and secure is critical for fostering trust in 
citizens and enabling them to use facilities without fear. 

3.2.  Every Citizen Should have Access to Digital Infrastructure 
The second area of focus emphasizes making government initiatives and services easily accessible to citizens 
within their financial means. 
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a) Integrated Service Providing: The government agencies providing the service typically require 
documentation, authorizations, and approvals to obtain the service. Nowadays, the objective is to give 
companies and individuals a single portal through which to access of that kind services, avoiding the need to 
navigate between different departments or government units. 

b) Real-Time Access: The emphasis in today's e-Government system is on providing actual information, 
facilities, and grievance handling throughout all types of access devices, including personal computers, 
laptop computers, tablets, and cellular phones. 

c) Cloud-Based Entitlements: Citizens' entitlements will be managed via the cloud platform, registered, 
maintained, and distributed under a variety of governmental initiatives. Citizens will be able to receive their 
entitlements from anywhere and anytime. It is not necessary for a citizen who relocates to lose his or her 
benefits, the individual will not have to go through a time-consuming registration process and provide 
documentation again to receive benefits. 

d) Making it Easier to do Business: Among other things, related to business activities and all experiences that 
determine how easy or difficult it is to do business in a country. Government services for businesses will be 
digitally modernized to enhance the country's Ease of Doing Business. 

e) Redefining Financial Transactions: Without the need of middlemen who could otherwise abuse the power 
of the system, virtual currencies and money transfers have the advantage of being targeted and distributed 
directly to the intended receiver. Similarly, online fee payment systems for many government services 
provide citizens with a clear, user-friendly, and speedy payment option. All financial transactions over a 
certain amount must be conducted electronically and without the use of cash. 

f) Decision-Making Support Systems: This GIS platform is being utilized to serve a range of mission mode 
initiatives and e-government projects as a service. The National Geographic Information System (NGIS) can 
also be utilized to track project progress, disaster risk management, and the unique needs of public safety 
organizations. 

3.3.  Using Digital Tools to Empower Citizens 
The third focal area emphasizes citizen empowerment through digital methods through raising digital 
awareness. 

a) Digitally proficient citizen: To fully realize the potential of the Digital India program, digital literacy is 
required on a personal level. It empowers citizens by allowing them to fully utilize digital technologies. It 
enables people to pursue better employment options and achieve financial stability. 

b) Availability of digital resources: Users' devices, which may be smartphones, tablet devices, Desktops, or 
other gadgets, are only as excellent as how they're displayed on digital resources. As all of these devices can 
access webpages with electronic content, they may have different support requirements and may or may not 
be able to display and structure content in different ways. 

c) Indian language interactive resources: India has a great diversity of languages throughout different parts of 
the country. In India there 22 language officials were recognized. Only a small percentage of the country's 
population speaks English. The general public frequently lacks access to or comprehension of digital 
resources, which are mostly given in English. 

d) Collaborative digital platforms for participatory governance: Consumers have traditionally relied on digital 
platforms to communicate information as well as provide services. These establishments enable the state to 
communicate with civilians, but it was primarily one-way communication. Digital platforms have progressed 
to the point that they can now support government organizations in having effective two-way interaction and 
interaction with individuals, due to technological breakthroughs. 

e) Absence of physical document submittal: Citizens should not be asked to provide physical copies of 
government papers or certifications which are already accessible from a governmental department or 
organization. Any digital information must also be safe in terms of portability 
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4. Cybersecurity: Securing the Virtual Space 
As most business activities are becoming automated and an increasing number of computers are used to store 
confidential information, the need for making computer systems more secure becomes increasingly evident1. 
The rapid growth of internet communication has led to a dramatic increase in online attacks often having 
disastrous and painful consequences. A malware program is an ultimate weapon in the pursuit of cyberattacks, 
by exploiting existing vulnerabilities or using different aspects of emerging technologies2. The National Cyber 
Security Centre and other agencies have identified 30 vulnerabilities that cyber actors will routinely exploit in 
2020, as well as those that will be exploited in 20213. Dependence upon ICT by smart cities has also facilitated 
cyber intrusions4. 

COVID-19 pandemic has contributed to the rise in the case of a cybersecurity breach.  Swissinfo.ch in June 
2020 stated that the NCSC (National Cyber Security Center) reported 350 cases of cyberattacks (phishing, 
fraudulent websites, direct attacks on companies, etc.) in April, compared to the normal 100-150 cases that 
while working from home, 47% of people had fallen for a phishing scam. Since January 2020, more than GBP 
11 million has been lost as a result of COVID-19 scams, according to the City of London Police5. Cybersecurity 
can be termed as a protective shield to ensure the confidentiality, integrity, and availability of information 
through secure networks, devices, and data. 

Computers and the internet appear to be relied on more and more every day these days as the mode of 
communication. A malware infection can wipe out your entire system, a hacker can break into your device and 
change your files, a hacker can use your computer to attack others, or your credit card information can be stolen 
and used for unauthorized purchases. Despite the best precautions one can take, there is no guarantee that one of 
these things will not happen to you, but you can take steps to minimize the chances. there are several types of 
threats to Cyber security, some of the common threats to cybersecurity are as follows: - 

4.1. Hackers, Attackers, and Intruders 
A cyber-attack can be either offensive or defensive. Cyber activity can result in injury to a person or cause 
death, as well as damage or destruction to the property6. A malevolent attacker could use infected workstations 
to search for or disrupt any information on them, and/or use them to launch large-scale attacks on the Internet 
infrastructure7. However, their activities are typically in violation of the actual intended use of the network 
systems they are exploiting, even if their intentions are sometimes harmless and motivated because of curiosity. 

4.2. Codes of Malicious Nature 
A malicious program (also known as malware) is a file or program that can damage a computer's operation or 
compromise its data. Malicious code can steal personal information and privacy without the user's knowledge8. 
Malicious code can be classified according to worms, viruses, and Trojan horses. Malicious code typically has 
these characteristics: - 

                                                           
1 R. A. Kemmerer, “Cybersecurity,” Proc. - Int. Conf. Softw. Eng., pp. 705–715, (2003), doi: 
10.1109/ICSE.2003.1201257. 
2 J. Jang-Jaccard and S. Nepal, “A survey of emerging threats in cybersecurity,” J. Comput. Syst. Sci., vol. 80, 
no. 5, pp. 973–993, Aug. 2014, doi: 10.1016/J.JCSS.2014.02.005. 
3 “UK and allies publish advice to fix global cyber... - NCSC.GOV.UK.” https://www.ncsc.gov.uk/news/global-
cyber-vulnerabilities-advice (accessed Jan. 09, 2022). 
4 A. Alibasic, R. Al Junaibi, Z. Aung, W. L. Woon, and M. A. Omar, “Cybersecurity for Smart Cities: A Brief 
Review,” Lect. Notes Comput. Sci. (including Subser. Lect. Notes Artif. Intell. Lect. Notes Bioinformatics), 
vol. 10097 LNAI, pp. 22–30, 2016, doi: 10.1007/978-3-319-50947-1_3. 
5 “Impact of COVID-19 on Cybersecurity.” https://www2.deloitte.com/ch/en/pages/risk/articles/impact-covid-
cybersecurity.html (accessed Jan. 09, 2022). 
6 J. A. Bullock, G. D. Haddow, and D. P. Coppola, “Cybersecurity and critical infrastructure protection,” Introd. 
to Homel. Secur., pp. 425–497, Jan. (2021), doi: 10.1016/B978-0-12-817137-0.00008-0. 
7 N. Weaver, V. Paxson, S. Staniford, and R. Cunningham, “Large Scale Malicious Code: A Research Agenda * 
†.” 
8 B. Y. Zhang, X. A. Yan, and D. Q. Tang, “Survey on Malicious Code Intelligent Detection Techniques,” J. 
Phys. Conf. Ser., vol. 1087, no. 6, (2018), doi: 10.1088/1742-6596/1087/6/062026. 
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a) The computer system may need to be physically infected before it becomes infected. An email attachment or 
a webpage could be one example of this action. 

b) Typical software vulnerabilities are exploited by malware that propagates without user intervention. When 
an infected computer is found, the malware will begin searching for other computers to infect. Email, 
websites, and network-based software can also be used to distribute this malware. 

c) Malware may appear as one thing, but secretly do something different. You may be sending confidential 
information to an intruder by installing a program that claims to speed up your computer. 

4.3.   SUSCEPTIBILITY 
Attackers can exploit vulnerabilities in software, firmware, or hardware to perform unauthorized actions on a 
system. Programming errors can be responsible for these vulnerabilities. Malware or other malicious activities 
can be carried out on computers caused by these errors. Phishing, denial-of-service attacks, and malware are all 
examples of frequent security flaws1. The issues discussed above are required to be redressed to create more 
formidable cyberspace. 

5. Artificial Intelligence: A New Age Technological Tool 

With the passage of time, cybercrime and the safeguarding of data keep on parting along with unmistakable 
courses. Companies are being tested by how they protect their infrastructure, yet additionally by how they 
require new stages and insight to do as such, because of the most recent and troublesome advancements, just as 
the new digital instruments and dangers that arise each day2. The increasing use of artificial intelligence by 
hackers has endangered the vulnerability of the potential secured data. The process to recover data is a time 
taking process. The use of artificial intelligence is far ahead in comparison to the traditional methods of 
cybersecurity. Due to the potential benefits of artificial intelligence organizations are required to shift their 
focus on creating secure cyberspace using artificial intelligence. AI is explained as a field that focuses on 
designing and making intelligent, autonomous machines and in particular intelligent computer programs. This is 
similar to studying human intelligence through the use of computers, but AI is not restricted to methods that can 
be observed by biological means3. 

Microsoft's fully integrated AI system, called a System of Intelligence, ingests human-level knowledge (for 
example, via machine learning and computer vision) and automates and accelerates tasks previously performed 
only by humans4. A computer system is considered artificially intelligent if it can learn from its actions and 
solve complex problems in various situations an ability previously thought to be unique to humans5. The 
application of artificial intelligence, which is regarded as a branch of computer science, is taking care of very 
intricate issues that can't be addressed utilizing direct estimations or mathematical calculations. The machine 
infused with AI takes an approach similar to humans in solving problems through these methods6. Sensors, 
operational logic, and actuators are the main components of AI systems. Actuators make the environment 
change based on raw data collected by sensors. A system's operational logic determines its effectiveness. Using 
sensor data input and the operational logic, actuators receive output based on a set of objectives. A 
recommendation, prediction, or decision can affect the state of an environment7. The science of robotics and 
computer science are widely considered related fields. An IT system with artificial intelligence is capable of 

                                                           
1 M. Humayun, M. Niazi, N. Jhanjhi, M. Alshayeb, and S. Mahmood, “Cyber Security Threats and 
Vulnerabilities: A Systematic Mapping Study,” Arab. J. Sci. Eng., vol. 45, no. 4, pp. 3171–3189, Apr. (2020), 
doi: 10.1007/S13369-019-04319-2. 
2  G. N. Reddy and G. J. U. Reddy, “A Study of Cyber Security Challenges and Its Emerging Trends on Latest 
Technologies,” no. February, (2014), [Online]. Available: http://arxiv.org/abs/1402.1842. 
3 J. Mccarthy, “WHAT IS ARTIFICIAL INTELLIGENCE?” pp. 1–14, (1998). 
4 M. A. Taddy, “The Technological Elements of Artificial Intelligence,” Ssrn, (2018), doi: 10.3386/w24301. 
5 D. Jezova, “Artificial intelligence and privacy,” Hum. Rights - From Real. to virtual world, no. January, pp. 
226–237, (2021), doi: 10.13166/wsge//xuxl1897. 
6 S. Alzou’bi, H. Alshibl, and M. Al-Ma’aitah, “Artificial Intelligence in Law Enforcement, A Review,” Int. J. 
Adv. Inf. Technol., vol. 4, no. 4, pp. 1–9, (2014), doi: 10.5121/ijait.2014.4401. 
7 OECD, Artificial Intelligence in Society. (2019). 
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correctly interpreting external data, learning from it, and using that experience to accomplish specific tasks. 
Flexible adaptation to external conditions is part of this ability1. As computer systems learn and perform 
complex tasks that were previously performed by humans, artificial intelligence is spreading its roots to 
different areas by using the principle of making computers handle complex tasks formerly performed by 
humans. AI improves accuracy and speeds up work processing2. As a general rule, non-human intelligence (AI) 
is the ability of PCs to perform assignments ordinarily performed by individuals, for example, visual 
discernment, discourse acknowledgment, navigation, and language interpretation. In the context of data 
protection tools, this term encompasses a broad range of technical innovations3. 

There is no iota of doubt that technology of such a kind in form of artificial intelligence can be a great benefit 
for mankind. Several positive aspects have been projected for its use. But every technology comes with a price 
same is with artificial intelligence. Technology is created by a human so it can be manipulated as well. Such 
manipulation may result in showcasing the negative impact of technology. We agree that there are pros and 
cons to every technology. But our concern is whether international laws a compatible enough to regulate 
effectively the use of this particular technology. Why international law and not local laws? because the internet 
knows no boundaries restricting cyberspace to a particular territory is not possible or to say impractical. 

6. AI and Cybersecurity; Securing the Parameters 
Artificial intelligence can have a positive impact in the field of cyber security because of the following reasons:    

6.1. Big Data can be Handled by AI 
An organization's network is very active. A typical midsize firm sees a lot of traffic. It implies that the company 
and the customers have a great deal of data exchange daily. Artificial intelligence provides the most effective 
means of detecting threats that can be masked as routine activities. It can process enormous amounts of data and 
traffic due to its automated nature. Additionally, it is capable of detecting and identifying any hazards lurking in 
the chaos. 

6.2. The Response Time and Detection Rate are Boosted 
Identifying dangers is the initial move toward securing the organization's network. Coordinating AI and 
network protection is the best method for recognizing and responding to constant attacks on the company’s 
network. Computerized reasoning (AI) checks the whole framework for potential weaknesses. In contrast to 
humans, AI will identify dangers early and respond quickly to security tasks. 

6.3. Enhanced Vulnerability Management 
Susceptibility is perilous to the security of the network domain of an organization. Artificial intelligence 
Investigations can assist in finding the shortcomings in the security of the company’s network by examining and 
evaluating existing safety mechanisms. Simulated intelligence permits dissecting the frameworks quicker than 
network safety specialists, fundamentally further developing critical thinking capacities. 

6.4. Authenticity Defense 
Most sites give a client account through which clients can sign in and access services or make buys. A few sites 
have contact frames that guests should finish up with their data. Since such a site contains private data and 
delicate material, one will require extra preventive measures to defend the business interests.  AI secures 
authentication when a user wishes to connect to their account. Artificial intelligence involves an assortment of 
procedures for ID, including face identifications, CAPTCHA, and finger impression perception, among others. 
The information from these qualities can be utilized to decide if a sign-in endeavor is real or not. Programmers 
use accreditation stuffing and savage power to get admittance to business organizations networks 

6.5. Better Overall Security 
Hazards influencing corporate organizations will subsist all the time. The programmers change their strategies 
consistently. It is hard to focus on security exercises in an organization along with these constantly changing 
strategies. Stealing of hypersensitive data, hacking of administration, or ransomware are kinds of activities that 
                                                           
1 K. Ziemianin, “Civil legal personality of artificial intelligence. Future or utopia?” Internet Policy Rev., vol. 10, 
no. 2, pp. 1–22, 2021, doi: 10.14763/2021.2.1544. 
2 B. Hotel, “Scope of Artificial Intelligence in Business,” no. December, (2008), doi: 10.20944/ 
preprints201806. 0474.v1. 
3 F. H. Cate and R. Dockery, “Artificial Intelligence and Data Protection: Observations on a Growing Conflict 
Fred H. Cate & Rachel Dockery 1,” pp. 1–30, (2018). 
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can take place at the same time. The arrangement lies in the reconciliation of artificial consciousness (AI) into 
framework organization to identify a wide range of dangers, focus on them, and anticipate them. 

7. CONCLUSION 
With the expanding cyberspace, there is an urgent need to focus on making the virtual world more formidable. 
The process of digitalization has broadened the database of the organizations, making them vulnerable to 
possible cyber-attacks. Artificial intelligence can play a very important in securing cyberspace. As discussed 
earlier that NITI ayog has been making efforts for creating an environment for unraveling the potential of AI, 
together with the focus on more ethical use of AI. But the field of digitization has not been covered. The 
proposal of encouraging self-regulation does not seem to be appropriate. As the use of artificial intelligence will 
affect a large number of people self-regulatory mechanisms may defeat the very purpose of regulating artificial 
intelligence in consonance with international standards. There has to a statute for regulating having command of 
sovereign for such kind of technology which has far reaching implications. The persons involved in cybercrime 
are devising new means to intrude into the cyber networks for their ulterior motives. The rise in cyber-attacks 
was evident in the pandemic COVID-19. The shifting of financial transactions to digital mode has not only 
resulted in inconvenience but also saw the rise in online financial fraud. Securing cyberspace is in the interest of 
both India as a nation and the individual as well. 

8. SUGGESTIONS 
In this paper, the following suggestions are forwarded: - 

a. Specific Regulations/Legislation- As every domain has its own implications and limitations, the regulatory 
measures must be subject oriented. Cyberspace has seen a vast expansion which has resulted in exposure to 
its formidability. The regulatory measures must be such, as to accommodate the working principles of the 
cyberspace. The regulations must contain SOPs in relation to AI and computer networks. The stakeholders 
involved in the service industry related to cyberspace must be compulsory registered, so that unauthorized 
access can be curbed. 

b. Centralized Authority- The regulation/legislation must have specific provision for establishing a central 
monitoring authority. The primary objective of the authority shall be to overlook the implementation of the 
regulation/legislation, laying down the directions for effective implementation of regulation/legislation and 
act as watchdog for the activities of the stake holders. 

c. Stringent Penalty Provisions- The regulation/legislation must contain provisions for strict penalties. As the 
cyberspace is full of information/data, it also carries information/data of sensitive nature. This sensitive 
information might be related to government, any organization or the individual. Any breach of cybersecurity 
will make the data vulnerable and endanger the secrecy/privacy of the information holders. 
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ABSTRACT 
Pradhan Mantri Jan Dhan Yojana scheme since it is implemented has delivered more than its objectives under 
which it was introduced. In spite of its excellent performance, still it is not untouched from challenges related to 
ICT, high cost and financial literacy. This article narrates the section of stake holders: bankers, regulators, 
intermediaries and technology providers who are largely benefited out of this novel scheme of financial 
inclusion in India. 

Key Words: PMJDY, Challenges before PMJDY, Benefits of PMJDY, Financial Inclusion 

INTRODUCTION 
Though PMJDY is not the first of its kind, it holds greater promise than its predecessors because it has more 
geographical widespread, provides greater benefits. The objectives of PMJDY are an integrated approach to 
ensure comprehensiveness financial inclusion of all the households in the country. The thought behind this 
scheme is to uplift those segments of the population who are devoid of the financial benefits and security that 
come along with various government schemes where any person can sign up for a bank account with minimum 
number of documents. Country like India where millions of people are living in rural areas that do not have 
bank account and can not avail the benefits that banking account can provide. They either save their money at 
home, or keep it with local money savers who are not regularized. This PMJDY scheme helped such persons 
and made it sure that they can get affordable financial products like bank accounts, remittances, credit services, 
pensions and insurance. 

PMJDY scheme saw a record number of newly opened bank accounts with number of benefits such as no 
minimum balance, RuPay Debit card, insurance cover, overdraft facility, loan benefits and simplified mobile 
banking. In spite of gigantic success some key challenges which has impede the success of PMJDY are 
infrastructural issues pertaining within India, ability to keep the accounts ‘live’, lack of financial and 
technological literacy amongst the masses, duplication of accounts, managing the ecosystem of business 
correspondents. 

Researcher has made an attempt to bring in one page some golden aspects of the schemes related to benefits of 
financial inclusion, challenges of financial inclusion and its implementation. 

BENEFITS OF FINANCIAL INCLUSION FOR DIFFERENT STAKEHOLDERS: 
Financial inclusion is a win-win situation of opportunity for the left-outs, for the banks, for the intermediaries, 
and for the economy as a whole. Because of growing incomes, better access to information, technology, 
communications, improving awareness levels, aspirations of the left-outs are on the rise. Banks can ignore these 
opportunities at their own peril. The need of the hour is to awaken, start, and grab the opportunity aggressively. 

Benefits To the Banker: At the onset, banks may feel that financial inclusion initiatives are a burden on them 
and it will prove to be a dent on their profits but the ground reality is altogether different. The various 
experience on beneficial inclusion should give them financial comfort. The benefits accruing to the bankers can 
be summarized as under: 

 The low-cost deposits from the individuals will offer banks the opportunity to reduce their dependence on 
bulk volume of deposits from corporates, HNI’s and better help in the management of the liquidity risks 
and the asset-liability mismatches. 

 The deposits offered at low - cost will result in increased profits with the perspective from medium to long 
term. 

 The banks will be able to harvest the benefit from the fortune at the bottom of the pyramid. 

 It will create huge opportunity for the banks to go for cross-selling of asset products, micro-insurance 
covering both life and non-life, micro pension products, etc. 

https://moneymint.com/urban-financial-inclusion-india-case-study-dharavi-mumbai
https://moneymint.com/urban-financial-inclusion-india-case-study-dharavi-mumbai
https://moneymint.com/getting-inclusive-industries-scale-beyond-pioneer-report
https://moneymint.com/pension-schemes-in-india
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Benefits to Users: It is correctly stated that business opportunity is mostly dependent upon the accessibility to 
financial resources. Such accessibility is especially useful in urban centers where there are more opportunities. 
Financial inclusion provides opportunities to build on savings, make investments, and also avail credit at lesser 
cost. Some remarkable benefits to the new users of bank accounts are as follows: 

 Access to insurance products will result as a cushion against unplanned expenses and contingencies in the 
form of emergencies such as health problems, illness, death of the family member or loss of employment. 

 Help in coming out from the clutches of the moneylenders who are providing credit facilities from 
unorganized sector. 

 Receiving social security transfers being paid in the form of old-age pensions, widow pensions, monthly 
aid to handicapped persons and other benefits accruing from the governments directly into their bank 
accounts without delays and lesser intermediaries as in case of collecting the benefits in cash. 

 No need to travel faraway places and bearing the tantrums of intermediaries involved in the distribution of 
government subsidies and other benefit transfers. 

 Facilitating economic independence and supporting the improved economic well-being. 

 Customized bank accounts will solve the problem of sending the money periodically to the native place. 
Migrants living in urban centers would be able to send money quickly, effortlessly and without paying 
commission to the intermediaries. 

 In the anticipatable future, access to credit, insurance, remittance, and overdraft facilities will be made 
available easily. 

 The stronger desire for saving, let the money earn for you; a better life, better living, and real income. 

Benefits to Regulators: The key role of regulators is to acutely observe the performance of the regulated. Some 
of the principal functions will prove to be the benefits being offered by the regulator are as under: 

 Protect the interest of the consumer for if they feel safe and secure will help in making them to come 
towards formal financial system. 

 Take steps for protecting the interest of all other stakeholders who works for ensuring financial inclusion 
for the country. 

 See the activities in a broader perspective and give purposeful direction to achieve larger societal goals. 

If banks can initiate financial inclusion on their own for both urban and rural area, then the regulator will be 
relieved of its social responsibility. 

Benefits to Intermediaries: These are quite early days for financial inclusion in urban and rural area. Even the 
expanded list of intermediaries is yet to be field-tested at a reasonable scale. But one can safely determine that 
individual owner of Kirana stores / medical shops/ fair price shops; individual PCO operators; individual petrol 
pump owners; agents of saving schemes of government of India; agents of insurance companies will be 
increasingly used as intermediaries. These intermediaries stand to benefit by way of: 

 Howsoever small it may be but the additional income will come to the intermediaries. This income will 
come without any additional investments. 

 The financially excluded persons opening the account through them are likely to stick to them for their 
other needs. That way urban intermediaries stand to gain indirect benefits also. 

 Working as extended hands of banks, intermediaries are more likely to earn better respect and dignity for 
them in society. 

Benefits to Technology Providers: The major role of technology providers is to acutely observe the 
performance of the regulated. Some of the functions which can provide benefits for stakeholders are as under: 

 The technology providers will widen the markets for smart cards. 

 The sense of satisfaction by way of contributing to national social agenda. 

 The opportunity of new business in technology driven environment will be created. 

 

https://moneymint.com/category/funding-grants/
https://moneymint.com/a-poverty-lens-on-financial-inclusion-report
https://moneymint.com/a-poverty-lens-on-financial-inclusion-report
https://moneymint.com/financial-inclusion-intermediaries
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Benefits to Society at Large: The key role of regulators is to acutely observe the performance of the all 
stakeholders. This observation will help for providing the following benefits for the society at large: 

 Will encourage both the central and state government to shift the subsidies distribution form indirect 
system to directly in the hands of the target groups by way of directly crediting the fund in their account. 

 Distribution cost of subsidies as well as social security and social welfare payments will get considerably 
reduced. 

 This will help in plugging the leakage in fund and reducing the corruption. 

Benefits to Government: Financial inclusion will be to help the state and the central government in the 
following ways: 

 Helps in removing the inefficiency and corruption from the system. 

 Possibility of making social security and social welfare transfers such as old-age pensions, widow 
pensions, etc directly into the bank account of beneficiaries through electronic transfer. This will help in 
minimizing transaction costs. 

 Accounts will also help in plugging leakage in the distribution network and this will benefit society at 
large. 

 Likely to stop the leakage, over the next five years, the central government alone will be spending 11.5 
trillion rupees on subsidies, including old-age pensions, health care, and national jobs for work programs. 
in the current scenario, 40% of this will be siphoned off by the system. If the same subsidies can be 
transferred directly into the bank account of beneficiaries, then this leakage can be stopped. 

Benefits to the Economy as a Whole: Financial inclusion is likely to result in a number of benefits for the 
Indian economy as a whole. Some of the probable benefits are explained herein: 

 An avenue which will help in bringing the additional savings into the formal financial and banking channel 
enhancing the collective economic resources. 

 Probability due to higher incomes coupled with a reduction in cash economy can lead to overall economic 
growth and reduction in black money. 

 Better possibility of unlocking the economic potential of the people residing in our nation. 

 Possible to track individuals’ financial history; better utilization of consumers protection mechanism and 
higher level of financial literacy. 

 Chance to achieve faster growth in the country by way of including the mainstream of the country. 

CHALLENGES OF FINANCIAL EXCLUSION: 
Challenges that are hindering financial inclusion in India are varied. Overall, it was required to look at the 
challenges that hinders financial inclusion in India. Though big scale financial inclusion in the country is still at 
lower scale as the statistics provided are not convincing and promising over the extent of financial inclusion in 
the country. The largely stated challenges that were identified by many are the ones which hinder the effective 
financial inclusion: 

Lack of financial literacy: In this, it was established that, lack of adequate financial education or knowledge 
about the various financial services along with lack of access to formal financial sector is amongst the challenge 
to the most of the Indians which consecutively affects the overall general beneficiaries’ approach to finances. 
Fundamentally, it was apprehended that majority of individuals within the nation lacks information on even the 
basic financial services especially loans in terms of both access and repayments. Also, they seem to not have 
even the important knowledge on the essential requirements for securing such loans. Hence, due to these 
challenges, one of the elementary ways that can be used for improving people’s accessibility to financial 
services is by providing education to the public, so that the wrong long stuck mentality can be removed on 
financial services offered to the public. 

Low technology (ICT): Low technological advancement is the major problem faced due to not developed 
information communication technology infrastructure which is the reason for uneven distribution of information 
between the financial service providers and the beneficiaries of the financial services. In this challenge, the 

https://moneymint.com/financial-inclusion-economic-growth-india.html
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banks must make significant improvements in various areas and in varied Management Information System. 
The improvements in ICT will help in uniting people in different geographical location. 

High costs: Costs connected with the delivering essential financial services through traditional pattern is high. 
Other than delivering, the challenges that were highlighted were the costs of connecting to the customer and 
financial services operation cost. Along with this cost, the charges collected from the beneficiaries of the 
services such as the interest rates and charges of using ATMs and mobile banking services exerts pressure on 
the people which in return affects the usage of these services. Essentially, it was realized that the various 
charges that imposed on services being provided is making operation more difficult. In order to limit this, there 
is a need for harmonizing the overall service charges, thus that the beneficiaries can be secure in paying them 
without any much hesitation. 

Regulatory requirements: Regulation framed requirements such as KYCs rules has been initiated to avoid 
money laundering and it can make it difficult for the poor people to open a basic saving bank account for, they 
may not have the required necessary documentation. At the same time, it has been observed that many poor 
people do not have any collateral security or the required credit record for availing credit. The regulation needs 
to be reframed in a manner which can help to include all strata of people in banking sector. 

CHALLENGES FOR IMPLEMENTING PMJDY: 
The PMJDY is an ambitious initiative taken by the government constantly by setting aggressive timelines and 
deliverables. The capability of the scheme’s initiative is, to successfully endeavour the aim of providing 
comprehensive financial inclusion to each citizen depending on coherent and efficient implementation. Various 
agencies have identified various challenges which is summarized by KPMG and such others, key challenges 
which could hamper the success of PMJDY initiative. The six challenges are listed below: 

Infrastructural Issues:  There is a lack of physical and digital connectivity related infrastructure in hilly areas 
and hinterlands such as the North East Region, Uttarakhand, Jammu & Kashmir, and Bihar put forward a major 
hinderance in achieving financial inclusion for all. Digital and technological issues are prevalent and affects the 
banks range due to poor connectivity, power shortage, network outrage, and bandwidth problems for managing 
costs of maintaining the infrastructure. This makes us to question that ‘Whether or not our banks infrastructure 
is capable for providing banking facilities to our diverse and ever – growing Indian population?’According to 
2011 census, only about 46,000 out of the 6,00,000 India villages have bank branches. That comprise of only 14 
percent of the 1,60,000 ATMs are in rural areas. Electricity being amongst the basic requirement for banks 
operations, running the ATMs and network connectivity to operate, but the large parts of the developing country 
is suffering from limited or no accessibility to electricity. Again, as per the statistics provided by the Census of 
2011, only 55 percent of rural households had access to the basic requirement electricity. The major problems 
seen with ATMs in rural area are that it either run out of cash or remain shut due to power outage. 
Infrastructural constraints in rural area can be understood by the finding that it takes around 8 hours for a faulty 
machine to be repaired in urban area whereas in rural areas it takes around seven to eight days. An analysis by 
KPMG states that branch network of banks, needs the government to provide them with major infrastructure 
especially to the public sector banks. Taking the various factors into consideration in present scenario, a cost 
effective, technical and economically business model should be implemented to wrestle the infrastructural 
challenges. 

Maintaining the accounts ‘LIVE’: Another challenge that the previous banking inclusion initiatives such as 
Swabhimaan program and no-frills account initiative have faced problem of dormancy or limited number of 
transactions in the accounts opened newly. The present statistics reveals that increasing the transactions per 
account opened is a challenge. As per the data available on official PMJDY website, 67 percent of the 12.58 
crore PMJDY accounts had zero balance until 2nd February, 2015 which started to decline in the second Phase. 
Villagers are not willing to travel to long distance for branches located far for depositing a small sum of money. 
It costs them half of their days’ time and loss of a days’ earnings for availing banking services. This makes long 
travel a serious accessibility concern to think over. On the flip side, the banks have to spend Rs. 100 to 150 per 
account on cost of holding camps, getting the necessary documentation, and the commission to be paid to the 
Business Correspondents who are authorised for opening accounts. The transaction per account must be 
increased using technology or Business Correspondents services, which will help in making the scheme 
financially sustainable for the Government. 

The Government aims to route the direct benefit in the form of cash transfer, pensions, LPG subsidy, and other 
subsidies directly into the accounts opened under PMJDY, to make certain that the accountholders have an 
incentive to carry out the transactions on the account. Conversely, the sustainability and profitability of PMJDY 
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accounts cannot survive on welfare schemes only. It is believed by many financial and economic firms those 
other initiatives undertaken by the government like Make in India, skill India, etc needs to be linked with the 
platform scheme, the PMJDY. The scheme aims to build economic activities around rural villages that could 
help in generating employment opportunities. It is also necessary to make people aware through financial 
literacy programs about the benefits of saving and investment. As per the survey conducted in west Kenya by 
the Kenyan Government showed results that individuals who had better access to the formal savings account 
have led to an increase in the average daily investment in to the businesses by 38 to 56 percent. 

Financial and Technological Illiteracy: Several initiatives have been initiated by the successive governments 
with a view of achieving financial inclusion but after all efforts more than 40 percentage of the population yet 
lacks the access to basic financial services like savings, investment, credit and insurance facilities. Financial 
illiteracy is a major roadblock. Financial services giant, Visa conducted a survey and revealed that around 65 
percent of Indians are not financially literate. There is illiteracy as they suffer lack of awareness, basic 
knowledge and skills among the rural poor to make an informed decisions about savings, investments, credit 
and expenditure. 

Providing banking facilities through the traditional branch led model to the uncovered areas is an expensive 
proposition for banks. With the introduction of technology in providing banking services to the last mile 
uncovered population is a boon. However, technology adoption for providing banking services to the masses is 
still at a very budding stage. Limited or no proper awareness about the financial products and services available 
along with security concern about online banking still continues. Educating the people on usage of ATMs, 
cards, e-banking is to be done promoting the secure manner of these options for transacting. All stakeholders, 
must keep financial literacy amongst their top priority, and should appropriately blend it with measures for 
consumer protection. It is strongly believed that financial literacy can be better achieved by including financial 
management as a part of the general education program in schools and colleges study material. Through media, 
educational camps, counselling centres, various campaigns and also through the use of innovative technologies 
simple messages in local language can be circulated amongst the rural people for creating awareness about 
financial product and services. Obtaining assistance from microfinance companies, Self Help Groups, FMCG 
companies having access to farmers and other financial institutions who are in constant contact with the weaker 
and underprivileged sections can play an essential role in increasing financial literacy. 

Duplication of Accounts: The bait of getting an insurance cover, accidental death cover and overdraft facility 
may have been a factor for prompting people to open more than one PMJDY accounts in different banks by 
providing different identification documents like Aadhaar card, Voter Id card, PAN card - as there is no way of 
detecting duplicate accounts as a single centralised information sharing system is not maintained. Most of 
financial benefits and welfare schemes have struggled with on-boarding citizen information. An Aadhaar card 
linkage to the account of the beneficiaries is crucial for the success of the Pradhan Mantri Jan Dhan Yojana as 
then it is proceeded by biometric authentication which to a vary extend will eliminate the risk of duplication or 
fraud. However, implementing Aadhaar linkage at a national level will take some time. Hard - hitting account 
opening targets can be a reason for forcing the banks to neglect duplication, thus endangering the objective of 
the scheme.  e - KYC an additional effort is an under - utilized technology. It is believed that a single centralised 
information sharing system must be established by all to weed out the issue of multiple accounts and the banks 
then can emphasis more on quality rather than being with quantity. 

Managing the scheme ecosystem by Business Correspondents Model: Business Correspondents functions as 
intermediaries and representatives of the Banks in providing financial services to the unbanked. Currently, close 
to around 3.3 lakh villages are having business correspondent agents. Still, managing the assisted network- 
based ecosystem is a multifaceted and unwieldy task for the banks. Several bottlenecks of the Business 
Correspondent model have been seen in the past years: like 

 Delay in disbursement of subsidies, benefits and remuneration granted under Direct benefit transfer 
schemes, MNERGA, pension schemes etc. to rural people. 

 Only 2 percent commission is paid to the Business Correspondent as an incentive which leads misleading 
demands of commission from illiterate villagers for various transactions like depositing money, processing 
loans, withdrawal of money from account, without the bank’s knowledge. 

 Reputational risk is posed on the banking institution as the customer service provided by a Business 
Correspondent to the customers are found to be inadequate and inconsistent. 

 Banks at times are not committed to monitor Bank Correspondents operations. 
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 No proper training is provided to Business Correspondent agent which effect their ability to deliver the 
services and handle the complaints. 

As Business Correspondent model is key for connecting to the unbacked, it is elemental for PMJDY to 
overcome the above-mentioned shortcomings. 

Economic Burden: Pradhan Mantri has launched the Jan Dhan Yojana as a bouquet of benefits linked to it like 
deposits, credit facilities, life insurance cover, accidental insurance over, direct benefit transfers and easy 
withdrawal by RuPay debit card. Keeping the accounts opened operative the bank offered direct cash transfer of 
welfare schemes in the accounts, kept added insurance claim system and sustaining the credit being provided by 
overdraft facilities making the accounts financially viable for banks and the Government. The proximate 
challenge for the banks is to device the plan by charting out a financially viable model for keeping the PMJDY 
accounts operative and providing the benefits attached to the accounts continuously such as to provide insurance 
cover and also card facility. There is the risk attached to the overdraft facility being provided could end up 
being the bad loans for banks as the scheme lacks its vision on spelling out as to how the banks can collect these 
bad debts. These bad loans can amount to a huge amount of non-performing assets for the banks. It can be 
quantified assuming that one account each for 75 million households, has an opportunity to avail an overdraft 
facility of Rs. 5,000 from these 60 percentages of the total households avails the overdraft benefit, amounts to 
Rs. 22,500 crores. Even the risk is weighted at 20 - 25 percentage, it would amount to Rs. 4,500 crores of non - 
performing asset. With instances of debt being waived in the past, people may end up considering these loans as 
freebies. Minimum balance deposited and maintained in the account and the number of transactions carried out 
in a year would determine the economic viability of this scheme. PMJDY is looked upon as a facilitator to attain 
financial inclusion. A wide range and thorough inclusive framework of Jan Dhan Yojana, with increase in 
financial literacy, improved technological infrastructure and self-sustaining Business Correspondent delivery 
model can result in better and effective financial inclusion. With firm determination and the ability, the 
challenges can be addressed and financial inclusion for all can be seen in the near future. 

SUMMARY 
The success of PMJDY will largely depend upon reaching the poorest of the poor in the country and end 
financial untouchability, in a country where 25 percent of the people live with an income of less than INR 40 
per day. The critical aspects of the scheme are the delivery of banking services to the un-banked and under – 
banked considering the constrains of ICT, connectivity and financial literacy. The immediate need is to build 
economic activity around un-banked / under – banked villages so that the newly opened bank accounts remain 
active with regular transactions other than just Direct Benefit Transfers. 
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ABSTRACT 
Writers write not for fame or wealth but for self-actualization and to present their comments on the societal 
scenario around them. This paper explores Ruskin Bond’s depiction of love as a reflected in his character’s 
subconscious behavior. Bond’s characters do not seem like characters, instead their relatability factor is so high 
that every reader finds a little bit of themselves in the characters. His characters feel like they are real people 
from the real world facing real challenges and feeling real emotions. The names of the characters are names we 
all have heard in our regular lives and the locations his stories are set in are commonplace. His character’s real, 
mundane, at times uncomplicated monotonous lives reflect our trivial and beautiful lives and is what make his 
work approachable to all kinds of readers. This blunt, honest, and appealing portrayal of his characters is what 
made Bond stands out amongst his peer writers in these contemporary times. An idealist who writes like an 
optimist, finding the silver lining while acknowledging the greyness of the cloud it surrounds. This quality of 
subtly unraveling each layer of the reader’s emotions is something even the finest of authors struggle with and 
thus makes him a master of his craft. Bond believes in art for art’s sake and thus he presents life in all its glory 
with all its colors on display. This stark presentation of life’s vices, follies, drawbacks, and the vulnerability of 
human character exhibits the balanced co-relation between Nature and humans as it is in the cosmos. What 
made him successfully convey his deep insight of humans without any alterations or exaggerated emotions was 
his unique methodology of maintaining focus on realistically portraying human nature, their ideas, thought 
process, and emotions, while staying true to his passion towards nature and each creature in it. 

Keywords: Bondian Literature, Human Relationships, Intense Drive, Passion, Ruskin Bond. 

Ruskin Bond’s Understanding and treatment of human emotions: 
A human mind can experience around 34,000 emotions and very commonly more than one at a time. Emotions 
are a subjective state of mind which can be influenced or triggered by multitude of reasons. The written word 
for one is extremely efficient and capable of stirring up emotions and igniting the need to analyze, evaluate, and 
rethink everything we ever believed in. In fact, literary discourse is designed for this very purpose of arousing 
and giving shape to the reader’s feelings. The one feeling that has over ages succeeded in evading all of 
mankind has to be love. Every author, poet, philosopher has tried to give an apt definition to this emotion, only 
to be contradicted by another. Love is the most misunderstood emotion out there that never takes one form or 
color, and yet we tend to focus on the intended bond amongst human beings. The contemporary world had 
shifted our focus inwards and encouraged self-love and learning to enjoy our own company, but in the process 
solitude and selfishness has also come tagging along. As natural and automatic an emotion love feels like, it 
takes work, unselfishness, and a vulnerability. Despite the harmonious nature of the emotion people fail to 
reciprocate the love and affection they receive and instead cater to their psychological turmoil. 

Bond has the mastery on the creativity that emphasize on practical contemporary episodes unlike forecasting 
rebels and revolutions. His literary sense paves a reflective medium to convey his expressions in the most 
convincing form which are otherwise purely overlooked. Author's range of characters in his love-stories is very 
significant. He relates his love-feeling with the mind of his protagonists and transmits the character’s feelings, 
hidden or not, and their conscience with a considerable ease without the aid of elated devices and literary terms. 
According to Robert Liddell, the real essence of the art of a novelist is to relate his identity with that of the 
character. The big source of character production has an impact on the author's own self. The author put himself 
forth in the shoes of other people and can see through their eye lens, and he may have some time to change his 
age, sex, social position and also to develop to the full every suggestion of every vice or virtue he may possess. 
Bond achieved an abundance of expression, emotional and spiritual intensity, and suggestiveness through his 
love-stories. As far as his love stories are concerned, he may seem to reign the literary world in his time. He is 
no stranger to human-sentiments at any level. The disturbing influence and sad plight of the lovers in his love-
stories recur like in most Indian fiction.  Once in an interview he was asked why do his love-stories usually end 
with a sad note? For which his answer was – “Those stories were most of the times written when I was quite 
young and romantic by nature...There are many famous love-stories which usually ended on a sad note. If they 
ended on a happy note, some of them were not quite so memorable.” The treatment of love in his love stories, 
we find the author cleverly retains the temperament of love that showers beautifully in a natural realistic 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

657 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

manner. His views about the treatment of love are too firmly molded to alter. His love-stories have kept an 
exceptional charm and youthfulness. Neither fashion nor the changing trends in reading have created any 
serious effect upon them. He believed in optimistic endings and traditional story setting unless following the 
unities, plot, seriousness, and chaotic representation. Most of his literary text has simple and natural 
representation unlike narrating complex and confused plots. Thus, being a realistic writer, he never believed in a 
meta plot and unsolved chaotic structure. “He remarks that he believes he didn’t have much of a personality but 
was always a person with strong likings and enough stubbornness to get his way while being old fashioned 
enough to believe in loyalty in friendships and despising money for money's sake. He was eager to discover 
himself and the nature around him and eager to express all his finding in a language he had come to love.  Bond 
is intimately acquainted with the past of India which he had explored in documents, legends, and history and by 
discovering its latent presence in the manners, traditions, and languages he has given everything in reality with 
concrete form. No sort of alliteration and alignment has done by the writer. His mere intention lies on the 
narrative sequence. Unlike following the blind classical strategy given by Greek and Latin writers like Virgil, 
Ovid, Euripides, Bond has the concern towards his eloquent updated accent, simple precise style and portraying 
the human emotions as it is without elevated norms. In a press note by Miss Marry, the book reviewer and critic, 
after the publication of “The Room on the Roof”, has given a noteworthy remark saying that Mr. Ruskin Bond, 
while really belonging to India saw it through the sharp and often satirical eye of a westerner, so that what 
Indian writers could not make intelligible to us, suddenly took center stage. At the same time Miss Marry also 
affirmed that Ruskin had risen above the consideration of religion, race and even money to choose the country 
he loved. In this regard he is truly Indian. The conventional treatment of love themes is not dealt by Bond in 
most of his stories. It is not necessary for him to take young heroes and young heroines in his stories to make 
them fascinating. The tone of the plots is not fanciful, at least in most of their parts. A psychological truth is 
always there in his treatment of love that is sufficiently deep and to a grasp of man's nature that is large and 
extended enough to satisfy the needs of our mind. Bond never seeks for complicated tangles of man-woman 
relationship which could sense in earlier British and many psychological interpretations too. His efficiency lies 
on treatment of considering emotions in the Indianness segment. He cautiously avoids triangular love knot, 
psycho- analytical issues and didactic principles. In certain cases, he desires to make a searching analysis of the 
characters especially females. He thoroughly depicted the sub consciousness and the inner consciousness of the 
human folk. He has the vivid sense of depiction and he has taken Lacans concept of interpretation related to 
intensified emotions. In most of his love stories the protagonist is usually a writer, a lonely and sad man. The 
pain of separation is necessarily put in his love-stories. Otherwise, Bond says that his love stories wouldn't have 
been remembered so far. In such stories the initiative for breaking the relationship usually comes from the 
women protagonist. 

His keen focus on nature and its finest details highlights his observant nature which was never limited to his 
surroundings but also explored all worldly characters, and their role in their own perception. His realistic and 
genuine portrayal of his characters and the use of simple language makes his work accessible and easily 
prompts an attachment with the characters. Known for his clear, detailed and concrete narration, Bond’s distinct 
writing style explores the depths of his characters through carefully crafted simple words. His work represents a 
sense of harmony across all beings and not only instigates an unassuming love for his characters but also 
manifests a deep instinctive love for fellow human beings. While Bond doesn’t claim to be a philosopher nor is 
he a propagandist, but his work remains high in morality, imparts human values, and highlights its universal 
appeal and relevance. Bond’s treatment of love is so pure that he very easily explored the tender love shared 
between a man and a woman or a parent and a child, across ages and circumstances. He paints his character’s 
relationships in favorable colors which makes them well acceptable and relatable not just in India but across the 
world. The emotions, feel, love, and sense are highly modest and factual in his sense of expression and the 
inverted Narratology. He illustrates emotions in all its original unadulterated beauty and glory. 

While Bond holds up the aura of a writer who imparts values and idealism, his approach towards human 
relations is very practical and understandable. Love as we all have heard holds no limit, and his protagonists 
also seem to be well aware of this. His protagonists are the masters of their own emotions and do not have any 
internal conflict rooting from deep rooted norms and values. They go far from the confines of social values and 
know no bar of caste, religion, age, or country, which often, ends their love story in separation with a sort of 
loneliness left behind. Those who find human relations intriguing and wish to understand the intricacies of 
bonded human relationship find bond’s work very appealing. By the mere simplicity of his stories and the 
unbound emotional strata, bond’s work receives international critical acclaim while reaching the commoners. 
He presents his many discoveries over the love relationship by feeding the love ad even the infatuation infused 
his stories and wishes to produce with great accuracy a deep-rooted reality which lies behind every such-
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relationship. Throughout this journey bond never lets go of realism amidst all the smoke of sentiments and 
imagination. 

Bond's most self-portraying novel The Room on the Rooftop is written in third individual portrayal in which he 
introduces himself through the hero Corroded. Whenever Corroded gets freedom to instruct English to Kishen-
Kapoor's child, as wages for his work he is given a room on the rooftop in Kapoor's home. Mr. Kapoor is a 
drunkard individual and twenty years senior than his significant other Meena. Mr. Kapoor loves his better half 
definitely yet his energy for her was less than ideal as when the glow of old wine filled him with verse. She 
slowly comes extremely near Corroded. In a wilderness scene, Meena and Corroded react to one another's 
energy. "Corroded recalled that it was for this man Kapoor-this wimp, this self-stubborn, self-centered alcoholic 
that Meena had given her life, every last bit of it, devotedly she had stayed close by when she might have left, 
when there was no more battle in him and no more love in him and no more pride in him; and, had she left then, 
at that point, she would be alive, and he-he would be dead...." Bond features the delicateness of sentiment and 
extreme sensations of his characters. To support the anguish and dejection of Corroded, Bond presents a gadget 
in the story as Meena Kapoor's sad passing. She is twisted away from Corroded by a deadly fender bender while 
Kapoor's ventured out down to Delhi from Dehra in mission of a task. Corroded defeats by a sensation of 
weakness and pointlessness, and of the insignificance of life. 

Through his energetic romantic tales, Bond has grabbed the eye of the pursuers, it is just the start. It is his 
endurance and harsh consistency of direction that caused him to have a corpus of innovative romantic tales of 
adequate mass normally acknowledged quality. The idea of his love stories is pretty much as clear as could 
really be expected. He is an incredible author for he can channel his enthusiasm into the making of heart 
contacting romantic tales. His treatment of affection, in every one of his romantic tales, the end segment is 
practically something similar, prompting a dismal consummation. On which Bond himself offers his 
perspective: throughout a long composing vocation, it is unavoidable that an author will at times rehash the 
same thing or return to subjects that have stayed with him even as novel thoughts and details enter his brain. 
The significant thing is to continue composing, noticing, tuning in, and focusing on the excellence of words and 
their course of action of it as engaging him. Without a doubt! Love is excessively wonderful and incredible such 
that we as a whole wish to be contemplated, really focused on, and appreciated. The work additionally shows 
that communicating love in words or activities really makes good feel however excruciating feelings in the 
provider just as the beneficiary. Articulations of mindful, sympathy, and compassion can rouse these sentiments 
in others. In this way Ruskin Bond is a nonconformist who plans to achieve a change not just in the topic, 
structure, and the construction yet additionally on the attitude of the crowd. He effectively attempts to annihilate 
the outdated devotions, speculations, and furthermore generalized convictions. To finish up, Bond's treatment of 
affection is totally a kaleidoscope of human relationship. It projects both the excellence and corruption of 
human instinct and their enthusiastic conduct. Ruskin Bond's milieu as an author of fiction and brief tales is the 
family. In his accounts, he has dove profound into the mind of man - lady relationship, incorporating the whole 
mankind. As a matter of fact, Bond is attempting to accomplish it in his accounts, what he truly couldn't get in 
his life. His life has been long adventure of the quest for the original mother figure and genuine romance. His 
whole scholarly works takes individuals to an excursion. It's an excursion into oneself and one's secret mind. It 
assists with inciting humanly nature - as human as could really be expected. 
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ABSTRACT 
Diabetes is a chronic metabolic condition marked by high blood glucose (or blood sugar) levels. Individuals 
with diabetes are found have higher depressive symptoms. However, resistant behaviours are found to defend 
against depression, and resilience can enhance the likelihood of not feeling depressed. Thus, the present study 
aims to understand the levels of resilience and depression among diabetic and non-diabetic individuals as well 
as the relationship between resilience and depression among diabetic and non-diabetic individuals. The study 
hypothesized that diabetic and non-diabetic individuals differ significantly on resilience and depression and 
resilience and depression are significantly correlated. Through purposive sampling method, 65 diabetic 
individuals and 60 non-diabetic individuals from Goa were selected for the study. The Resilience Scale (Vijaya 
Lakshmi & Narain, 2017) and Beck’s Depression Inventory (1996) were used to assess the levels of resilience 
and depression respectively. The findings of the study indicate that diabetic individuals have significantly lower 
resilience, perseverance, composure, self-reliance and faith than the non-diabetic individuals. Diabetic 
individuals were also found to experience higher depression than the non-diabetic individuals. There exists a 
significant positive relationship between resilience and its dimensions, perseverance, composure, self-reliance 
and faith among the diabetic and non-diabetic individuals. However, there was no significant relation found 
between depression and resilience and any of its dimensions among the diabetic and non-diabetic individuals. 

Keywords: resilience, depression, diabetic individuals, non-diabetic individuals 

Resilience refers to positive adaptation, or the ability to maintain or regain mental health, despite experiencing 
adversity (Wald et al., 2006). Early resilience studies focused on certain abilities or assets that helped people 
survive adversity, such as intellectual functioning. The definition of adversity has evolved throughout time to 
encompass unfavourable life events like traumatic occurrences, poverty, homelessness, natural catastrophes, 
violence, war, and physical illness that are statistically linked to adjustment issues or subsequent mental illness 
(Herrman    et al., 2011). Psychological resilience in the context of major depressive disorder refers to the net 
impacts of a number of psychosocial and biological variables that reduce the likelihood of onset or recurrence, 
reduce illness severity, or increase the probability or speed of recovery (Laird      et al., 2019). Understanding 
the factors that determine our resilience to distress, and articulating what allows us to survive and bounce back 
and even flourish in the face of adversity, has received far less attention (Dowrick et al., 2008). 

Diabetes is a chronic metabolic condition marked by high blood glucose (or blood sugar) levels, which can 
cause catastrophic damage to the heart, blood vessels, eyes, kidneys, and nerves over time. Type 2 diabetes, 
which affects mostly adults and arises when the body grows resistant to insulin or does not produce enough of 
it, is the most common. Type 2 diabetes has become much more common in countries of all income levels 
during the last three decades. Anderson et al., (2001) found that depressive symptoms occur at higher levels in 
patients with diabetes than in the general population. However, resistant behaviours are found to defend against 
depression, and resilience can enhance the likelihood of not feeling depressed (Edward, 2005). Thus, the present 
study aims to understand the levels of resilience and depression among diabetic and non-diabetic individuals. It 
also aims to understand the relationship between resilience and depression among diabetic and non-diabetic 
individuals. 

METHOD 

HYPOTHESES 
Ha1 Diabetic and non-diabetic individuals differ significantly on resilience. 

Ha2 Diabetic and non-diabetic individuals differ significantly on depression. 

Ha3 Resilience and depression are significantly correlated among diabetic individuals. 

Ha4 Resilience and depression are significantly correlated among non-diabetic individuals. 

Sample 
Participants with age ranging from 30 to 60 years residing in North and South districts of Goa comprised the 
sample. Through purposive sampling method, diabetic individuals (n = 65; 30 male & 35 female) and non-
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diabetic individuals (n = 60; 30 male & 30 female) were selected. For the sample of diabetic individuals, 
patients with type 2 diabetes were included in the study. 

RESEARCH TOOLS 
Resilience Scale (Vijaya Lakshmi & Narain, 2017): The scale consists of 30 items. There are 4 dimensions to 
this scale: Perseverance, Composure, Self-Reliance and Faith. The test re-test reliability of the scale is 0.87. 

Beck’s Depression Inventory (1996): The inventory consists of 21 items, in which four response options are 
presented on a scale of 0 to 3. The test re-test reliability of the scale is 0.93. 

RESULTS 

Table 1: Mean, standard deviation and t value of diabetic and non-diabetic individuals on resilience and 
depression 

Variable 
Diabetic (n = 65) Non-Diabetic (n = 60) 

t 
M SD M SD 

Resilience 45.70 10.64 54.65 6.70 5.67*** 
Perseverance 46.80 13.0 53.46 7.16 3.99*** 
Composure 45.56 10.24 54.79 7.16 5.87*** 

Self-Reliance 46.54 11.26 53.74 6.71 4.38*** 
Faith 46.45 10.87 53.83 7.28 4.48*** 

Depression 54.91 10.01 44.68 6.78 6.73*** 
***p< .001 

The mean scores of diabetic and non-diabetic individuals on resilience are 45.70 and 54.65 respectively as 
depicted in Table 1. The t value (t = 5.67; p< .001) indicates that diabetic individuals have significantly lower 
resilience than the non-diabetic individuals. On the dimension of perseverance, the mean scores of diabetic and 
non-diabetic individuals are 46.80 and 53.46 respectively. The t value (t = 3.99; p< .001) indicates that diabetic 
individuals have significantly lower perseverance than the non-diabetic individuals. On the dimension of 
composure, the mean scores of diabetic and non-diabetic individuals are 45.56 and 54.79 respectively. The t 

value (t = 5.87; p< .001) indicates that diabetic individuals have significantly lower composure than the non-
diabetic individuals. On the dimension of self-reliance, the mean scores of diabetic and non-diabetic individuals 
are 46.54 and 53.74 respectively. The t value (t = 4.38; p< .001) indicates that diabetic individuals have 
significantly lower self-reliance than the non-diabetic individuals. On the dimension of faith, the mean scores of 
diabetic and non-diabetic individuals are 46.45 and 53.83 respectively. The t value (t = 4.48; p< .001) indicates 
that diabetic individuals have significantly lower self-reliance than the non-diabetic individuals. 

The mean scores of diabetic and non-diabetic individuals on depression are 54.91 and 44.68 respectively. The t 
value (t = 6.73; p< .001) indicates that diabetic individuals have significantly higher depression than the non-
diabetic individuals. 

Table 2: Coefficient of correlation between resilience with its dimensions and depression among non-diabetic 
individuals 

Variable Resilience Perseverance Composure Self-Reliance Faith Depression 
Resilience 1 0.840** 0.838** 0.797** 0.757** -0.143 

Perseverance  1 0.558** 0.631** 0.522** -0.076 
Composure   1 0.562** 0.523** -0.156 

Self-Reliance    1 0.443** -0.202 
Faith     1 -0.029 

Depression      1 
**. Correlation is significant at 0.01 level 

The coefficient of correlation values for resilience with perseverance, composure, self-reliance and faith among 
the non-diabetic individuals are 0.840, 0.838, 0.797 and 0.757 respectively. The correlation values reveal that 
there is a significant positive relationship between resilience and perseverance, composure, self-reliance and 
faith among the non-diabetic individuals. The coefficient of correlation for perseverance with composure, self-
reliance and faith are 0.558, 0.631, 0.522 respectively, which reveals a significant positive relationship of 
perseverance with composure, self-reliance and faith. The coefficient of correlation for composure with self-
reliance and faith is 0.562 and 0.523 respectively which reveals a significant positive relationship between 
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composure with self-reliance and faith. The coefficient of correlation for self-reliance and faith is 0.443 which 
reveals a significant positive relationship between self-reliance and faith. 

However, no significant correlation was found between depression and resilience and its dimensions among the 
non-diabetic individuals. 

Table 3: Coefficient of inter correlation between resilience with its dimensions and depression among diabetic 
individuals 

Variable Resilience Perseverance Composure Self-Reliance Faith Depression 
Resilience 1 0.839** 0.878** 0.823** 0.817** -0.225 

Perseverance  1 0.602** 0.616** 0.575** -0.179 
Composure   1 0.642** 0.686** -0.243 

Self-Reliance    1 0.524** -0.158 
Faith     1 -0.171 

Depression      1 
**. Correlation is significant at 0.01 level 

The coefficient of correlation values for resilience with perseverance, composure, self-reliance and faith among 
the diabetic individuals are 0.839, 0.878, 0.823 and 0.817 respectively. The correlation values reveal that there 
is a significant positive relationship between resilience and perseverance, composure, self-reliance and faith 
among the diabetic individuals. The coefficient of correlation for perseverance with composure, self-reliance 
and faith are 0.602, 0.616, 0.575 respectively, which reveals a significant positive relationship of perseverance 
with composure, self-reliance and faith. The coefficient of correlation for composure with self-reliance and faith 
is 0.642 and 0.686 respectively which reveals a significant positive relationship between composure with self-
reliance and faith. The coefficient of correlation for self-reliance and faith is 0.524 respectively which reveals a 
significant positive relationship between self-reliance and faith. 

However, no significant relation was found between depression and resilience and its dimensions among the 
diabetic individuals. 

DISCUSSION 
Diabetes resilience is a new idea that can explain why and how some people do well with diabetes management, 
control, and health-related quality of life while others with comparable risk profiles struggle (Hilliard et al., 
2012). The findings of the current study, which show that diabetic individuals have low resilience, highlight the 
necessity for diabetes patients to improve their resilience. Resilience is associated with factors directly 
prominent to physical illness such as self-care, health related quality of life, pain perception, illness perception, 
adherence with treatment and exercise adherence (Stewart & Yuen, 2002). The most crucial feature that 
individuals require for living their everyday lives with diabetes mellitus is support, and support from their 
closest family and the environment allows them to become resilient (Kusnanto et al., 2020). Diabetic 
individuals are also found to have lower perseverance, composure, self-reliance and faith. Religious/spiritual 
beliefs and practices are also found to influence a sense of self-reliance and promote one’s perseverance to deal 
with diabetes via a biblical figure showing strength (Choi & Hastings, 2019). The physicians can also help 
patients prevent peril and preserve perseverance for staying safe and sanguine especially during the pandemic 
situation (Barengolts, 2020). Furthermore, yoga has been discovered to have enormous potential as a co-
intervention in the enhancement of the quality of life for diabetic patients as well as to increase mental 
composure (Kalsi et al., 2017). 

Depression is a common psychiatric morbidity among individuals with diabetes (Agbir et al., 2010; Campayo et 
al., 2011). According to Schabert et al. (2013), people with diabetes sense severe social stigma associated with 
their condition, which is not consciously corroborated by people who do not have diabetes. This stigma may 
also be a contributing factor for depression among the individuals with diabetes. People with diabetes who 
enhance their psychosocial and physiological well-being are more likely to flourish rather than succumb to 
depression (Bradshaw et al., 2007). 

CONCLUSION 
The findings of the present study indicate that diabetic individuals have significantly lower resilience, 
perseverance, composure, self-reliance and faith than the non-diabetic individuals. Diabetic individuals were 
also found to experience higher depression than the non-diabetic individuals. There exists a significant positive 
relationship between resilience and its dimensions, perseverance, composure, self-reliance and faith among the 
diabetic and non-diabetic individuals. However, there was no significant relation found between depression and 
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resilience and any of its dimensions among the diabetic and non-diabetic individuals. The findings of the current 
study highlight the necessity for diabetes patients to improve their resilience. In this context, governments and 
health workers must explore health interventions to boost diabetes patients' resilience so that they can 
effectively manage their food, medicine, activity, and stress. Interventions to enhance resilience in people with 
type 2 diabetes have the potential to minimise complications and increase positive life outcomes. 
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ABSTRACT 
BLENDED learning is a perfect blend of a modern and traditional way of teaching. The COVID-19 indeed 
framed a situation to lock everyone in their houses and do all kinds of activities from their home including 
learning, which gave a major turn to the teaching-learning pedagogy. Now, teaching has adopted an approach 
that is more hybrid, more technical, and more complex. The study aims to understand the challenges 
encountered to blended learning including technological issues, content adaptability for blended learning and 
many more. In this paper, the focus is on the challenges faced by the teachers as well as by the students 
virtually. The New Education Policy also has a great impact on changing the way of imparting education. As, it 
is a way ahead as far as blended learning is concerned, therefore, understanding the prospects of blended 
learning and the NEP is also required. 

Keywords: Blended Learning, Technology, Challenges, Future Prospect, New Education Policy, COVID 19. 

INTRODUCTION 
BLENDED Learning and teaching refer to the mixture of face-to-face classroom learning and online activities. 
This approach of learning and teaching combines digital learning tools with traditional classroom face-to-face 
learning (Hrastinski, 2019). It is commonly used in higher education, with some academics calling it the "new 
traditional model" (Norberg, 2011) or the "normality" in course delivery. However, because of definitional 
vagueness and institutions' inability to track a creative activity that has often arisen organically, determining the 
precise degree of its expansion has been difficult (Oliver, 2005). 

Students are not needed to be physically present in one location for the technology-mediated components of 
these learning activities, but they may be connected digitally through online communities. For example, in one 
blended learning course, students may attend a traditional classroom class given by a teacher while 
simultaneously completing online components of the course outside of the classroom on an online learning 
platform. Online learning experiences can supplement or replace classroom teaching time, and online learning 
can involve varying degrees of an engagement or just time alone in independent study and learning activities. 
Blended learning is also referred to as mixed-mode learning. These instructional design systems employ a 
variety of teaching and learning experiences and vary in design and implementation between teachers, 
programmers, and schools (Martha Cleveland-Innes, 2018). 

Technology advancements have changed teaching and learning, as seen by research demonstrating the use of 
blended learning. This efficacy is essentially tied to the quality of the learning experience, which (Wend, 2006) 
defines as the range of experiences within the university's concerns in which students see and engage, 
consequently altering their learning chances. Some critical factors must be addressed to deliver excellent 
experiences for learners, such as technology, course structure, instructor, technical assistance, assignments 
(Lionarakis, 2003), student involvement, and learning adaptability. 

Blended learning has been used in a variety of designs and has had a significant beneficial impact on the 
learning process (DeLacey, 2002) of Harvard Business School showed that when online sessions were 
introduced to regular courses, students not only learned more but their interaction and satisfaction improved as 
well. Furthermore, blended learning is excellent for students who reside distant from the institution or have 
other obligations that clash with on-campus class time. Distance learning programs may not provide the 
learning environment that students seek, or they may not provide certain degrees, such as those that involve 
experimental work. 

Blended mode of teaching and learning was used since 2000 but the pandemic had forced everyone to go 
digitally. The COVID-19 pandemic is a major problem for education throughout the world since teaching must 
be done digitally to prevent the spread of the COVID-19 (Rully Charitas Indra Prahmana, 2021). The issue is 
that some students live in rural locations, yet learning in an interconnected world should be done electronically. 
This e-learning intends to retain communication with students, improve self-esteem, and boost students' 
confidence in their abilities amid the Covid-19 epidemic. During the Covid-19 pandemic, universities, too, used 
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digital media to facilitate student education. With the introduction of the Internet and the World Wide Web, the 
possibility for access to students all over the world has grown substantially. As a result, online education now 
offers a wealth of instructional resources in a variety of media and may facilitate both online and offline 
communication between professors and students, as well as amongst students themselves (Leili Yekefallah, 
2021). 

REVIEW OF LITERATURE 
A panel discussion was conducted in 2006 by (Alex Koohang and Johannes Britz). The discussion was on 
‘Hybrid learning: Advantages, Challenges, Design and Future Direction. The main aim of the panel was to 
highlight the 4 important points of hybrid or blended learning i.e., the benefits of hybrid or blended learning, the 
complications in hybrid or blended learning, hybrid or blended learning models, and the prospects of hybrid or 
blended learning. 

Secondary research was conducted with a primary goal to investigate and analyze the available literature on 
blended learning to know how it has been studied and assessed by various writers working in this field 
(R.Jayanthi, 2019). Her literature focused on the significance and concept of blended learning and study was 
focused on the current state of Blended Learning and its prospects for the future. It had been concluded by her 
study that blended learning removed the cultural and physical barrier and provided flexibility to students and 
well as teachers. 

Researchers (Alebaikan & Troudi, 2010) had investigated the nature of hurdles and issues experienced at Saudi 
institutions when implementing a blended learning method. An overview of the literature on the rationale and 
designs for blended learning, as well as the state of web-based education in Saudi higher education, is 
presented. Three major issues associated with implementing blended learning in Saudi higher education are 
addressed. The adaption of this feature in conventional university culture is a key problem to consider in the 
deployment of blended learning in Saudi institutions. Another problem that is mentioned is determining the 
best-blended learning design. 

E-learning is an efficient technique of teaching that brings out the best in pupils. To determine students' 
attitudes regarding e-learning Radha (2020) collected primary data on a national and worldwide scale using 
Google forms, which included the student population from various schools, colleges, and institutions. The 
purpose of her research was to investigate the E-learning process among students who were acquainted with 
web-based technologies. It also aids in the discovery of solutions to improve students' self-study skills. The 
stratified sampling approach was used in this study, with a sample size of 175 people from all over the world. 
Her study's findings represented the influence of E-learning, as well as students' enthusiasm in using E-learning 
resources and their performance. 

The purpose of the research done by  (Bouilheres, Le, McDonald, Nkhoma, & Jandug-Montera, 2020) was to 
investigate the benefits of Blended Learning for students' learning experiences at an Australian university's 
offshore campus in Ho Chi Minh City, Vietnam. The displacement of material is the Blended Learning 
approach used on the university campus. They had mentioned that learning takes place not just in face-to-face 
sessions at a set time, but also in online spaces, where students may learn whenever and wherever they choose. 
The purpose of their study was to determine how beneficial and successful it was in increasing interactions 
between students and their classmates, professors, and course materials. 

RESEARCH OBJECTIVES 

The objectives of the study are: - 

1. To identify the advantages of blended learning. 

2. To investigate the challenges faced by the learners and teachers in blended learning. 

4. To study the future prospects of blended learning with the new education policy(2020) 

This research is conducted primarily on Secondary sources. The data and information used in the research are 
collected from various journals, books, conference proceedings, articles, lecture notes, and various websites. 

Role of New Education Policy in Digital Transformation 
Given the rise of digital technologies and the growing relevance of using technology for teaching and learning 
at all levels, from elementary to higher education, the following essential efforts are recommended by the New 
Education Policy: 
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(a) Online education pilot studies: Appropriate agencies, such as the NETF, CIET, NIOS, IGNOU, IITs, NITs, 
and others, will be identified to conduct a series of parallel pilot studies to evaluate the benefits of 
integrating education with online education while mitigating the drawbacks, as well as to study related areas, 
such as student device addiction, most preferred formats of e-content, and so on. The findings of these pilot 
projects will be made public and utilized to drive continual improvement. 

(b) Digital Infrastructure:  To address India's scale, variety, complexity, and device penetration, there is a need 
to invest in the development of open, interoperable, evolvable public digital infrastructure in the education 
sector that can be utilized by different platforms and point solutions. This will ensure that technology-based 
solutions do not become obsolete as technology improves. 

(c) Online learning platform and resources: Existing e-learning systems, such as SWAYAM and DIKSHA, will 
be expanded to give teachers an organized, user-friendly, and an extensive collection of supportive tools for 
assessing learners' progress. As the current epidemic has demonstrated, tools such as two-way video and 
two-way audio interfaces for holding online lessons are a vital requirement. 

Martha Cleveland –Innes (2018) has divided blended learning into three main models, shown in figure 1 as 
follows:- 

Figure 1: Models of Blended learning 

 
Model 1: It depicts the blended presentation and interaction, which consists of activity-focused face-to-face 
sessions supplemented with online resources. 

Model 2: It represents the blended blocks, which are the combinations of one-day or half-day intensive face-to-
face meetings, weekly online tutorials/seminars for activities and interaction, and online information and tools. 

Model 3: it refers to complete online interaction. It means interaction is done with the help of online 
collaborations like online tutorials. 

Advantages of Blended Learning and Teaching 
Blended learning has so many benefits for teachers as well as for students. Individual students participate 
virtually together in an intellectual discipline as a learning activity, allowing them to collaborate at a distance. It 
has Increased flexibility as Technology-enabled learning allows students to learn whenever and wherever they 
choose, removing time and geographical limitations while still allowing for in-person involvement (Khawaja, 
2013). The students and teacher can interact more as it provides a platform for increased involvement among 
students as well as between students and professors. It also enhances learning by adding new sorts of learning 
activities that boost engagement and help students reach greater and more meaningful levels of learning. It is 
capable of fostering a professional learning environment. Last but not least, it has the potential to save money 
and resources. (Poon, 2013). 

Challenges to Blended Learning as a Learner’s Perspective 
The impediments of blended learning in higher education are massive which are consistently fostered by 
creative technical advances and engagement through conventional learning venues, which emphasizes blended 
learning's transformative power. E. A. Draffan & Peter Rainger (2006) has beautifully described the challenges 
from learner’s and teacher’s point of view with the help of figure 2 as below: 
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Figure 2:  Challenges to the hybrid or blended learning from a learners’ perspective 

 

The figure suggests that the student’s physical and cognitive abilities and capacities, attitudes, coping 
techniques, previous knowledge, and technological competency may all lead to obstacles in a blended learning 
situation. These difficulties can arise if a student's specific physical consensus and perceptual abilities are not 
taken into consideration while preparing the learning and teaching environment, interactions, and activities. 

In any blended learning environment, a learner's competency with information communication technology 
(ICT) is as vital as their attitudes, motivation, and comprehension of e-skills and e-learning capabilities.  But, if 
there is a lack of e-skills and e-learning competencies then students may feel dubious or confused with the 
ample information available; likewise, if ICT skills are weak, it makes content interaction limited. In short, all 
these basic incapabilities make the situation jeopardized (Rainger, 2006). 

Inadequate self-pacing and self-direction: Learner freedom and management are both required and 
encouraged in online learning. According to some studies, many students would view multiple weeks' worth of 
video lectures at once rather than following the course format. Students arrive at online learning with varying 
levels of learning competency; facilitating such learning self-management (Martha Cleveland-Innes, 2018). 

Challenges to Blended Learning as a Teaching Perspective 
Any model of a teacher’s perspective needs to be viewed from different levels of context and the different 
learning challenges. Their association determines by the level at which the teacher is working, it might be a 
course planning stage, course reviewing stage, or the course delivering stage. At the course planning stage, for 
example, it is important to ponder learner skills, which at the moment generally contain a student's incapabilities 
but not necessarily their capacities or coping plans. In this case, quality assurance, educational standards and 
professional or vocational requirements also need to be taken into account. Likewise, at the delivery stage, a 
teacher should consider the learner’s characteristics, accessibility requirements and assistive technology and so 
on. At this level, the accuracy in evaluation has its own impact on learners’ preferences in light of the 
accessibility issues. The below-mentioned figure 3 provides a procedural explanation about the learning design, 
learning and teaching activities, resources and technologies, online and traditional learning environment, and 
overtly about the explicit and implicit learning objectives like knowledge, skills and experiences from a 
teacher’s angle and challenges faced by them during the formulation of teaching pedagogy and strategies. 
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Figure 3:  Challenges to the hybrid or blended learning from a teachers’ perspective 

 

For learning design, course necessities can be placed outside the environmental context box, as it is important to 
decide on the use of a specific learning environment with its associated interactions and activities to fulfill the 
needs of a learning objective, rather than forcing the learning objective to fit into a pre-defined environment 
with a set of rigid exercises (Rainger, 2006). The major challenge faced by the teachers is a lack of knowledge, 
quality control, and educational standards regarding ICT. Therefore, to facilitate inclusive learning, we need to 
ensure students can interact successfully with the technologies, themselves (through reflection), peers, teachers, 
support workers and learning materials. This means that the key issue in guaranteeing inclusive learning is the 
identification of any challenges to learning posed by the learning interactions. 

However, concerns remain that the present models and tools do not target e-skills and e-learning aspects of a 
blended learning environment with sufficient rigor. It is felt that it is important to investigate micro-scale 
accessibility issues from the macro perspective of the learner’s overall learning experience and suggest 
adjustments that include practical (e.g. working in pairs) and/or pedagogic changes to the learning activity 
without compromising the learning experience or academic probity; for instance, changing the interaction 
requirements to an appropriate alternative possibly in different learning and teaching environment, (Rainger, 
2006). 

FUTURE PROSPECTS 
Blended learning environments (BLEs) hold great potential for the future of higher education and business 
training. With the growing availability of technology and network connection over the last decade, the use of 
BLEs has progressively expanded (R.Jayanthi, 2019). 

The future appears to be becoming more digital, wireless, and networked. Along these lines, it is expected that 
the rationale used to support web-based courses would soon be reversed. Previously, it was believed that little, 
if any, effective training could take place online. Many educators, maybe the vast majority, were skeptical about 
online technology replacing face-to-face education. It is expected that in the future, the change will be in the 
other direction (Alex Koohang and Johannes Britz, 2006). 

Road Map with New Education Policy 
As per the new education policy, the current surge in infections and pandemics mandates that we be prepared 
with alternate forms of quality education whenever and wherever conventional and in-person modes of 
education are not available. In this sense, the National Education Policy 2020 emphasizes the necessity of 
exploiting the benefits of technology while also noting its inherent hazards and perils. It advocates for properly 
designed and adequately sized pilot projects to establish how the benefits of online/digital education may be 
realized while addressing or limiting the drawbacks. Meanwhile, existing digital platforms and continuing ICT-
based educational efforts must be enhanced and extended to address present and future difficulties in delivering 
excellent education for all. 

CONCLUSION 
It has been concluded by the research that blended learning and teaching have improved the way of imparting 
education. The prevailing pandemic situation has forced us to go digital. So, schools and colleges have changed 
the way of providing education, i.e., via online platforms such as Zoom, google meet, Microsoft, Webex, and 
many more. Blended learning helped the students who are far from the colleges and schools as they are not 
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supposed to be physically present,l they get education by sitting at home. The students also get benefitted that 
they can do extra courses just through the use of technology. This will help them in improving their skills. 
Technology has provided students as well as teachers to communicate via communication apps. There are so 
many challenges faced by the teachers as well as the students in blended learning but at last, it helped both. The 
spreading of the deadly virus has enforced us to go for a blended model of education. 
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ABSTRACT 
This paper deals with the pain of LUNA who is originally known as Liam in the morning and turns to be a girl 
at night. The pain and the insults he faces to fit into his identity and the support that he gets from his sister is 
what it talks about. 

The narrative technique employed in Luna is first person and limited.  The narrator is Regan, a  sixteen – year  
old  girl;  whose  brother  is  a  transgender  and  wants  to  undergo  surgery  to  transform  himself  as a female.  
It focuses on Regan’s struggle to accept Liam’s plan of transition and the difficulties she faces in the course of 
time to maintain its secrecy.  It also focuses on how Liam / Luna  is  mostly  reliable  in  regards  to  what  
Regan  sees  and  knows,  but  there  are  circumstances  where  her  observations  are proven  to  be  inaccurate. 

“An  exquisite  and  delicate  creature,  unfolding  her  wings  and  flying  away. Except  in  Luna’s  case,  the  
butterfly  is  forced  to  rein  in  her  wings  and  reinsert  herself  into  cocoon  every day. Every  single  day  she  
has  to  become  this   shell  of  a  person”.   (Peters .126) 

The entire family is aware of Liam and is different towards him. Regan’s father actually confronts Regan about 
Liam, asking her if she happens to know whether Liam is a gay. Regan answers, truthfully, that Liam is not a 
gay, but she thinks about how he does not want to be a boy like because he truly thinks himself as a girl.  It 
makes a split between gender identity and sexual orientation, arguing that attraction to a particular gender and 
one’s own sex are not enough to account for the complexity of the (sexual) self. 

The replicate use of pronounce refers to the despite the layering and construction, as an embodiment of the self, 
Liam as “Liam. He let a short laugh. Who’s that? A caricature I’ve creator. A puppet, a mime, a cartoon 
character. I’m this male macho-version of a son that dad has in his head”. (Peters 20). He always tries to be a 
son as his father wishes but he has only been a puppet in his hands who dances to its master’s tunes. Liam at 
times laughs at himself thinking of his self and his identity. 

This explains that transgender in Luna finds out that Liam O’Neil is an example of XYY variation 
chromosomes and to culture and brains structure of causes. Though Liam is an object of abusing and getting 
anxiety disorder, he compensates it with Luna as a girl and reaches his goal in life. 

The other identification of transition is intense desire to participate in the stereotypical games and past times of 
other sex. It can be diagnosed in Regan’s slums party.  When Liam looks into Aly’s multi-coloured toenails, he 
breathes and admires at it as saying ‘cool’. Excitement is often associated with forgetting oneself  and losing 
control.  The change is visible and noticeable when Liam throws his arms in the air. He begins to gyrate his lips 
in double, triple time to the beat. The participation of Liam into slumber’s party clearly shows the identification 
of the persistent cross-gender.  Another example of his change is, when playing with Samantha doll he intensely 
needs to play the mother role.  Young Liam admires daddy but wants to be the one who gets surprise and 
privilege like mommy. The attitude of Liam is shown in his desire of passing time of the other sex when he 
dresses and redresses the Samantha doll. 

Liam has no boyfriends. His mother admits it which reflects on the preference for playmates of his other sex. 
Liam describes in a weird voice of changing into other sex and also had a desire of dating with boy. Liam’s tone 
of unravelling by his own words were:“Liam grabs his penis and starts to pull”. “Take it off”, he says, almost in 
whisper. He sloshes toward Katie and repeats, “Take it off”. (Peters 226). 

The above lines designed that Liam reflects his assigned sex. The crying proofs in this novel show that he was 
shocked.  It is Luna who is oppressed with father’s measure.  As the girl inside him, does not like male activity.  
It is obvious that Liam cannot participate with rough tumble  game of  boys that is baseball which his dad 
wished to do, but according to his father he is a boy who is supposed to fulfil his father’s wish. 

The first social impairment is the school and the second is home. The statement between Liam and his father 
destroys the relationship of son and father. Liam’s father wants Liam to be like other kid, normal and happy. He 
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worries that Liam does not idolize him like how he idolized his father years ago. Though Liam respects his 
father in a great manner, he always wished for being Regan, a girl that knows pretty inside and outside. These 
things emerge as a match with the disturbance manifested by symptoms such as preoccupation with getting rid 
of primary and secondary characteristics of Liam. 

Since it is a literature work, the background of biological differences and natural order cannot be analysed. Due 
to variation of chromosomes, Liam does not respond to his testosterone and is not interested in female but, in 
the variation of natural order. Liam is genetically different and identified as transgender. It also depends upon 
the different cultures where it varies in the definition of masculine and feminine. Some cultures look at people 
and some have created specific ways for people to live in the roles that are different from that assigned to them 
at birth. 

The people to live in the roles that are different from that assigned to them at birth .  The people only accept two 
genders, masculine and feminine but transgender will be in harassment.  In this novel, the harassment that was 
experienced by Liam is that Hoyt Doucet who suspects Liam and the other is to notice that, people at Taco Bell 
restaurant notice, Liam is a boy who is wearing girl’s dress.  It seemed to them as disgusting and looking. 

Transgender will not fit anywhere, because gender is followed by language.  Likewise, boys were called to be 
handsome as well as girls pretty, but for transgender there is nothing like that. No survival way in the society.  
As Susan Stryker explains these variations as, “It is not be crossed as same as clothing, behaviour and attitude 
though people only use boy and girl language”. 

The most important thing of transgender is intelligence and who are more obvious from their earlier memories. 
This shows up their identity. Though this gender identity is an innate part of them, an integral part of who they 
were born to be.  Liam shows up his identity by saying about these violations as: “There was no place for him in 
the world.That he didn’t fit anywhere. He really was off the scale. Boy by day, girl by night. Except he was girl 
by all the time, inside. His body didn’t reflect his inner image.  His body betrayed her’’. (Peters 51). 

Transgender people who are employed mostly feel discomfort, ignorance and prejudice.  A transgender social 
justice movement is one that addresses the specific kind of problems faced by them especially racism, poverty 
and other injustices. But racism and poverty were not in Liam’s life, the one positive thing is that being 
transgender who was born genius. Though he is a transgender he worked in many places. The major difficulty 
of Liam was being close with friends and relatives. 

Luna offers a unique view point into the process of transitioning and what it’s like to come out as a teenager. 
We get to see the whole process in all its glory and pain and while doing so, thinking about gender in our 
society. Luna is sometimes a difficult book to read, in which Liam reveals his vulnerability and pain. Luna is a 
complicated novel dealing with complex issues and characters. It may be the first young adult novel to really 
deal with transgender issues, and as such, it offers an important opportunity for new dialogues and discussion. 

Liam puts in lot of efforts to project his true self to the world. Luna under the garb of Liam, hampers his spirit. 
He camouflages to Luna whenever he finds time. In precise, he feigns as a boy and lives as a girl. Liam as Luna 
invariably has the fear of being secluded from the conventional society. Hence, this fear makes the 
metamorphosis slow and painful. Living every second of life with juggling self-identity is a solemn stress. In 
this world, the masculine and feminine people have their identity of their own-selves but the third gender that is 
transgender does not have identity. Luna who wants to prove her own self in this idealized society wants to be 
shown that she is a third gender. 

Through this novel, we get to understand that being a transgender is nothing strange. Even a transgender 
deserves a life of a normal human being. There is nothing absurd in him, we should understand their emotions 
and must be empathetic. The novel instigates the idea of togetherness, and everlasting relationship. It also 
inculcates hope and belief in humanity. Through this novel, we get to know how tough is to register one’s 
identity in the society. We always are the victims to the society’s expectations. It requires time to come out of 
the shells and stay stabilized. 

To be precise, the novel is a search for gender identity. We pine and root for Luna as we pervade deep into the 
novel. It is not just Luna who metamorphoses, but the readers too who undergo the wave of transition during the 
course of novel. By the Aristotelian terms, we undergo catharsis, or in simpler terms, purgation of emotions. 
The novel gives the sublime joy to the reader. 
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ABSTRACT 
Nanoparticles of copper oxide could be used in a variety of catalytic applications. Copper salt was chemically 
reduced by utilising hydrazine hydrate as a powerful reducing agent in a microwave-aided synthesis process.  It 
was determined that copper oxide nanoparticles were well disseminated in the synthesised catalyst. The 
ecologically friendly solvent systems, green synthetic techniques, and gentle reaction conditions all contribute 
to the manufactured copper oxide catalyst's many advantages. 

Keywords: Catalysis, nanoparticles, copper oxide, hydrazine hydrate, microwave heating, 

INTRODUCTION 
It was in 1991 that the phrase "green chemistry" was introduced to the scientific community, and its goal was to 
eliminate or reduce the use of hazardous substances. Currently, a variety of environmentally friendly techniques 
are being used to purify water, generate electricity, and manufacture items such as electronics, medications, 
plastics, and insecticides. As a general principle, any chemical substance has dangerous features because of its 
internal (molecular) structure, which can be altered. [1] 

The chemical industry is well aware of the growing need for ecologically friendly procedures. The transition 
from traditional conceptions of process efficiency that place a heavy emphasis on chemical yield to ones that 
place a premium on reducing waste at the source and avoiding the use of poisonous and/or hazardous substances 
demands a paradigm shift. Anastas of the US Environmental Protection Agency invented the phrase "green 
chemistry". [2] Since the establishment of the "US Green Chemistry Program" by the EPA, events such as the 
Presidential Green Chemistry Challenge Awards and the annual Green Chemistry and Engineering Conference 
have taken place under this moniker. Green chemistry research was already taking place in the early years of the 
twentieth century, although the term had not yet been coined for it. A working definition of green chemistry can 
be summarised thusly: Environmentally friendly methods of producing and using chemical products, such as 
green chemistry, aim to minimise waste and avoid the use of harmful or dangerous chemicals.[3] 

Green chemistry addresses both chemical products and the methods in which they are made. The latter is the 
focus of this book, i.e., the product is predetermined, and the purpose is to devise an environmentally friendly 
method of manufacturing it. Green chemistry reduces waste at the source, rather than waste treatment, which is 
the major goal of green chemistry (end-of-pipe solutions).[4] 

MATERIAL 

 Experimental 
There was no purification of any of the compounds employed. Experiments were carried out using pure ethanol 
and water that had been deionized to a purity of 99.9 percent. These materials were purchased from Sigma 
Aldrich, including palladium nitrate, copper (II) nitrate, hydrazine hydrate (80%), bromobenzene, and all other 
aryl halides and potassium carbonate. 

 Copper Oxide Nanoparticle Synthesis 
Sonication with 366 mg of copper (II) nitrate hemipentahydrate Cu(NO3)2.2.5H2O was performed for one 
hour.A further hour was spent stirring the mixture. A total of 400 l of hydrozine hydrate was added to the 
mixture after the final stirring phase. After that, it is heated in a microwave oven for 20 seconds before being 
filtered, deionized water washed, and then ethanol washed, before being dried in an oven until the catalyst's 
weight is constant. 

 Characteristics of a Catalyst 
In order to capture TEM images, an electron microscope such as the JEOL JEM-1230 was employed. Thermo 
Fisher Scientific's ESCALAB was used to conduct the XPS investigation. The X'Pert PRO PAN analytical X-
ray diffraction equipment was used to measure the diffraction patterns at room temperature. 
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RESULTS 

 
Fig 1: Shows Cuo Nanoparticles Photographed With A TEM. 

 
Fig. 2: Nanoparticles of Cuo 

 
Fig 3. XPS (Cu2p) Of Cuo Nanoparticles. 
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DISCUSSION 
Chemical and morphological features of CuONPs can be influenced by the technique of synthesis, which in turn 
can have an impact on the compounds' ecological identities and potential biological and catalytic applications. 
Due to their high growth rates, microbes, plants, and algae have all emerged as promising candidates for the 
production of nanoparticles. This biosynthesis of nanoparticles is cost-effective and simple to make. It is a good 
option. The biocidal properties of nanoparticles can be applied to a wide range of microorganisms, including 
viruses, fungus, and algae. Surface oxides can be more accurately and reliably analysed chemically with XPS 
than with XRD. The XRD diffraction pattern of microwave-prepared copper oxide nanoparticles is shown. 
Copper oxide catalyst (CuO) was further characterised by XRD patterns of the catalyst. 

CONCLUSIONS 
Using microwave irradiation, a simple and effective synthetic technique was developed to produce highly active 
copper oxide nanoparticles as catalysts. Hydrazine hydrate is used as a reducing agent in the chemical reduction 
of copper nitrate salts in an aqueous mixture. Using TEM, XRD, and XPS, the newly synthesised CuO catalyst 
was studied and found to have a size range of 18–2 nm. We are currently working on the development of 
catalytic systems employing palladium and one of the most promising transition metals, copper, because of their 
abundance, low cost, versatility, less hazardous to the environment, and wide use in various applications in the 
field of catalysis. 
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ABSTRACT 
Higher Disposable income and greater health awareness have resulted in an increased domestic demand for 
organic food. Organic foods products are grown and produced by preventing any type of environmental 
pollution or harmful conditions. However, it is the increasing concern over health aspects and food safety which 
is increasing the demand for organic food products. Normal food products are restricted with respect to 
nutritional status, quality or cleanliness but organic food products are perceived by the consumers to be fresh, 
chemical-free, nutritious, natural, and produced in an environmentally-sustainable manner. It is the rising 
consciousness for health, fitness and health benefits of organic foods that are influencing the consumer 
behaviour for purchase of these food products. Therefore, this paper reviews the effect of health consciousness 
and food safety concern as the driving factors over the buying behaviour of consumers purchasing organic food 
products. Based on the review, it was identified that there are various factors influencing consumer purchase 
decision for organic food products. The studies also indicated that consumers are currently health conscious and 
show their preference for food safety aspects while purchasing organic food products. However, the review of 
prior studies has also highlighted the research gap. The findings suggest that it is essential to understand the 
level of influence of health consciousness and food safety on the consumer buying behaviour for organic food 
products through further research. 

Keywords: Organic food products, Consumer buying behaviour, Health consciousness, Food safety, Organic 
farming, agriculture, health awareness, sustainability 

1.  INTRODUCTION 
Agriculture is considered to play an important role in the progression of economic development specifically in 
less developed nations such as India (Cervantes-Godoy & Dewbre, 2010; Arjun, 2013). For India, agriculture 
has been the main source of national income and occupation at the time of Independence as 72% of the 
population were occupied in agriculture (Golait, 2007). To accomplish the goal of self-sufficiency in 
agriculture, a new agricultural strategy was initiated in 1966-67 also known as New Agricultural Strategy or 
Green Revolution (Evenson & Gollin, 2003). Majority of the success of this first Green Revolution was caused 
by combining high rates of investment in crop research, infrastructure, and market development and appropriate 
policy support. The Green Revolution strategy for food crop productivity growth was mainly dependent on the 
fact that if appropriate institutional mechanisms are provided, technology spill overs across political and agro 
climatic boundaries could be captured (Pingali, 2012). With efforts made for this strategy, success was achieved 
for crop production in agriculture by increasing production by use of harmful pesticides and fertilizer. The 
programmes that were included in  the new strategy were the high yielding varieties programme, multiple 
cropping programme,  integrated development of dry areas, plant protection measures, increased use of 
fertilizers, and new irrigation concept (Lynch, 2007). The Green revolution had positive as well as negative 
effects (Roy et al., 2007). For India, positive effects were observed with the fact that from once being dependent 
on import of food grains for satisfying the needs of its population, the country gradually became an exporter of 
food grains (Bantilan, 2005). However, the negative impacts of the Green revolution included loss of 
biodiversity, gas emissions, dependence on non-renewable resources, land degradation, severe impact on health, 
and excessive use of pesticides leading to ailments and cancer (Kumar, 2007). 

Food fulfilment or sufficiency is among the most basic human rights and the determinant factor in national 
security. Even though the Green revolution contributed significantly toward food sufficiency, it developed 
severe other problems related to the environment and health (Kishi, 2012). Therefore, the organic farming 
system, termed to be eco-friendly agriculture, was anticipated to be the most suitable solution in limiting or 
even removing the negative effects of conventional farming (Hazell, 2009). As organic farming has the 
capability to take care of various problems generated as outcomes of the Green revolution, the shifting towards 
organic food and farming started again (Chandrashekar, 2010). The environmental concerns faced by humanity 
are associated with unsustainable consumption patterns and lifestyles (Goudie, 2018; Hoekstra & Wiedmann, 
2014; Woods, 2010). In this context, sustainability is defined as that consumption pattern which enables 
meeting the requirements of current generations with no compromise on the requirements of future generations 
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(Thiele, 2016; Caradonna, 2014). This concept is linked with the basic requirements such as food as the current 
food chain is majorly dependent on food scarcity, application of pesticides, and industrialized set-up of the 
agricultural system. The rising consumer demand for organic food can be observed to be based on most of these 
facts (Hamzaoui-Essoussi & Zahaf, 2012). 

Due to the rise in demand for organic food and establishment of an organic food market, there is an immense 
premium in selling organic products in the export markets as well as to substantial, health conscious national 
consumers (Sahota, 2009; Dimitri & Dettmann, 2012). Considering the demand side of organic food markets, 
there are many factors that influence consumer choices (Manaloor et al., 2016). The rising awareness of the 
health-fitness and health benefits linked with organic foods are powering the demand for these products across 
the world (Ashaolu & Ashaolu, 2020; Szalonka et al., 2016). The consumers of organic food products are food 
phobic’s, humanists and welfare enthusiasts, environmentalists, hedonists, and healthy eaters. Therefore, it is 
vital to have an apparent understanding of the factors that drive the consumers’ willingness to consume organic 
foods (Eyinade et al., 2021; Basha et al., 2015). This awareness and perception for organic foods among 
consumers is in response to various factors including concern for the environment, food safety, animal welfare, 
as well as human health (Barański et al., 2017; Rizzo et al., 2020). Therefore, there is a need to understand the 
consumer buying behaviour for organic food products with specific impact of factors related to health and food 
safety. In consideration to the above mentioned aspects related to organic food products, this paper is aimed at 
reviewing the significant effect of factors such as health consciousness and food safety on consumer behaviour 
in purchasing organic foods in the present settings and from the perspective of future opportunities. 

2.  LITERATURE REVIEW 

2.1 Overview of Organic Food Products Market 
The processes followed for conventional agricultural practices have existed since decades and have contributed 
to the soil and water pollution. The misapplication or overutilization of pesticides and many other synthetic 
chemical substances are damaging the environment as well as the biodiversity and most importantly human 
health (Popović et al., 2016). Producing food through organic agriculture not only preserves the natural 
environment but it also sustains the economic growth, contributes in the optimal utilization of resources, 
development of rural regions as well as villages, supports sustainable exports and enhances the living standards. 
The organic food products market and its demand are continuously increasing, and its production in various 
regions is increasing daily (Golijan & Dimitrijević, 2018). Organic products are described as those organic 
foods or products of cultivation which prevent the application of artificial and harmful agriculture enhancers 
such as fertilizers or pesticides and insecticides (Chattopadhyay & Khanzode, 2019). Also termed as green 
foods, organic food products are produced based on the principle of sustainable development, fine quality, 
nutrition, health and safety (Khan et al., 2015). With the emergence of organic food products, formation and 
configuration of a new market is being witnessed which is further leading to development of the organic food 
market supported by favourable economic, social and technological factors. Therefore, the organic food market 
is defined as that economic entity which develops a suitable environment for the sale (wholesale sale) of 
agricultural products comprising food products, within particularly equipped and appointed places in conformity 
with the law (Bazaluk et al., 2020). 

In the current scenario, the organic food market has been developing gradually with 25-30% that reflects the 
massive prospective demand of organic products. In context to India, the organic food sector has observed 
amazing growth in the past few years (Manaloor et al., 2016). Organic food production is considered as a vital 
approach to attain transformations towards higher sustainability within the food sector (Hansmann et al., 2020). 
Moreover, organic food products are also viewed to be greatly related to improvements in food quality and 
health. Therefore, the demand for organic products is crucial for transforming agricultural production in more 
ecological and sustainable directions (Aryal et al., 2009). The development of organic food product markets is 
enabled by the two categories of factors namely affecting producers and affecting consumers. Moreover, the 
development of the organic food products is driven by the regulatory system development, the guarantee system 
including organic farming standard, certification, certification body, producer certification, producer inspection, 
and labelling of the finished products (Nechaev et al., 2018). 

According to Dias et al. (2020), in addition to the environmental aspects related to organic products, new values 
of organic food products also comprise participative procedures, alternative markets, certification as well as the 
food traceability and all of these are aspects associated with hygiene and dietary reeducation. The conversion of 
these values, when implemented to business strategies within the scope of agriculture which is working with 
organic production, indicates significant relations currently in the process of constructing new markets. 

https://www.tandfonline.com/doi/full/10.1080/09540105.2021.1874885
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Therefore, the food quality, or the new values characterized by it, is dependent on the institutionalization of 
social and environmental concerns and emerges as important elements to understand the market and 
consumption. Brantsæter et al. (2017) specified that even though organic products have a minor share in the 
world food market, the rise in certified commodities and their availability in mainstream supermarkets have 
made organic food among the fastest growing segment of the food industry. 

The organic food market facilitates the production of safe, controlled certified and high-quality food products 
simultaneously entailing a high economic and environmental profit thus resulting in the preservation of a 
healthy environment. Consumer interests in food products of organic origin have been widespread over the last 
two decades. Countries across the globe have recorded a trend of continual growth in the organic food and 
beverage market and food products such as fruits, vegetables, bread, cereals, drinks, milk and meat have the 
biggest share in the organic food market. In terms of international trade, fresh fruits take the first position and 
although the production and sale of organic food products is highly concentrated in developed economies, less 
developed countries are also gradually becoming significant producers and exporters of these products (Golijan 
& Dimitrijevic, 2018). 

2.2 Benefits of Organic Foods and its Consumption 
Chattopadhyay & Khanzode (2019) explained that organic foods are linked with benefits that aim towards a 
healthy atmosphere or environment along with improvement in public health conditions. Production of organic 
foods assists in restoring food quality and food safety with reduced agricultural costs. The further benefits of 
organic foods and its consumption includes securing better health, reduced exposure to antibiotics injected to 
Livestock through consumption of meat, eggs or milk, better taste, availability of fresh products, and guilt free 
products. Ashaolu & Ashaolu (2020) stated that the core benefits related to organic foods development is food 
quality improvement, promotion of consumers’ health, and ecological environment protection for sustainable 
development. Being attributed to be as safe, nutritive, pollution-free and of high quality, organic foods are 
advantageous due to safe and healthy consumption, limited application of less chemicals, and rich in higher 
vitamin and mineral contents as compared to conventional foods. It was further affirmed that organic foods are 
low-calorie foods and therefore, healthy with higher levels of antioxidants and less harmful chemicals. 
McCarthy (2015) agreed that benefits related to organic foods include safety, freshness, seasoned sourcing, 
reputable production lines, competitive pricing, usage of humanely treated livestock, good tastes, self, and 
family future health. 

Organic foods are attributed with high nutritional value and pose advantages for human health. The health 
benefits of organic food and environmental benefits of organic food production possess advantages over 
conventional foods (Gopalakrishnan, 2019). Gopalakrishnan (2019) also agreed that organic foods taste better, 
are safe, avoids pesticide contamination preserve the immune system, have antibiotic resistance, greater 
antioxidants value, higher standard quality, and assists in environmental sustainability. In consideration of the 
health benefits, organic food consumption has been decisively exhibited to expose consumers to limited 
amounts of pesticides related to human disease. Organic farming has been displayed to have reduced 
environmental effect in comparison to conventional approaches. (Forman & Silverstein, 2012).  Among the 
presented advantages of organic food production in market are environmental appeal with significant 
improvement, vanishing of pesticides, reduction in pollution, and diminishing impact of global warming (Dias 
et al., 2020). Brantsæter et al. (2017) specified that claimed health benefits of consuming organic food include 
limited exposure to contaminants or higher nutritional value. Consumers perceive and value the lower risk of 
exposure to contaminants regarding organic food products and consider it more important in comparison to 
higher content of nutrients. 

The nutritional content of organic food products address the potential health concerns and offer benefits through 
consumption. Among the nutrition content, antioxidant activity is the common primary outcome relevant to 
human health with respect to organic food products and many health benefits have been attributed to 
antioxidants after consumption (Dangour et al., 2010). Popa et al. (2019) also agreed that the total amount of 
nutrients accessible to growing plants is comparatively lower but the nutritional value of organic crops is little 
higher compared to conventional crops. The health benefits related to organic food products comprises higher 
levels of health-benefiting phytonutrients and few vitamins and minerals with lower levels of insecticide 
residues. 

From a different perspective, organic farming provides developing nations with a wide range of social, cultural, 
environmental and economic benefits.  The effect of these benefits can be observed within the global markets 
that have certified organic products and are increasing rapidly. The process of producing organic food products 
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and quality lays the foundation for the further health benefits to humans (Eyinade et al., 2021). The expected 
health and environmental benefits support the consumption of organic food products and therefore assists the 
purchase of organic food products. The benefits of organic food products are observed to be availed by 
consumers based on their increased awareness, perception for prices and food labels, and motives for healthy 
food products (Varma, 2016).  Rodriguez (2011) also agreed that the benefits of organic food products and their 
consumption are based on the personal system of consumers in making food choices which is further based on 
concern for health, ethical moral, political or religious motives, the quality and safety or safety of conventional 
foods, environmental considerations, and personal values. Therefore, the consumer benefits are the most 
significant aspects in identifying the consumer behaviour for organic food products and the success of organic 
food in the market.  According to Das et al. (2020), the in-direct benefits of producing organic food for 
consumption is related to sustainable development of the environment for humans with better natural landscape 
and agro-ecosystem, prevention of overexploitation and pollution of natural resources, better natural ecosystem, 
safe and secure environment, economic balance in a community, better agricultural development, and positive 
impact on environmental and socioeconomic status. 

2.3 Factors Influencing the Consumer Buying Behaviour for Organic Food Products 
Rising health consciousness along with increasing disposable income and emergence of organized retail has 
driven the growth of the organic foods market in India at around 19% during 2012-2017. The market for organic 
foods in India is growing at an compounded annual growth rate (CAGR) of 20-22% (Dangi et al., 2020). 

Subha & Lavanya ( 2017) performed a study to determine the factors including consumer behaviour for organic 
foods and found that health consciousness, knowledge about organic food, environmental Concern, and attitude 
for food safety were among the significant factors. Figure 1. Represents the  framework of the factors. 

 
Figure 1. Factors that influence purchase decision of organic food consumer  

(Source: Subha & Lavanya 2017) 

According to Chattopadhyay & Khanzode (2019) in recent years the consumer behavior with respect to factors 
affecting their consumption pattern of organic food products, have experienced myriad changes as individuals 
have become more aware of the changes in the factors like climate, pollution, the deteriorating air quality, 
excessive use of chemicals in the farms, rise in carbon particles in the environment and their impact on the 
population. Laheri & Arya (2015), stated that awareness is one of the major factors that influence the buying 
behavior of consumers towards organic food products and therefore the organization of awareness programs by 
the government, marketers, and environmental agencies to educate consumers regarding the use of eco-friendly 
products that are good for health and simultaneously safe for the environment, is mandatory. 

According to the results gathered from various studies, Singh & Verma (2017), suggested that the four factors 
such as health consciousness, knowledge, subjective norms, and price have a huge influence on the consumers’ 
attitude and preference towards organic food products. Based on the study performed, reasons for organic food 
purchasing are presented in Figure 2. 
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Figure 2: Reasons for organic food purchasing (Source: Singh & Verma (2017) 

Nechaev et al. (2018) also explained that the factors which determine the growth of consumer demand for 
organic food includes health status, healthy lifestyle, environmental care, awareness, income level and state 
support of consumers, nutrition, physical and economic availability of goods, and the development of market 
infrastructure. 

However, in addition to these, buying behaviour is also majorly affected by the availability of these products. 
The easy availability of organic food products positively affects the purchase intention of consumers as they 
prefer such products that are easily available. Further demographic factors such as age, education, and income 
also have an influence on the actual buying behaviour of consumers (Jayanthi, 2015). 

Krishna & Balasubramanian (2018), in their study, incorporated factors such as consumers’ willingness to pay, 
certifications, and labelling concerning organic food products and their quality and safety, as some of the 
significant factors influencing the purchase intention of consumers towards organic food products. The data 
from the study revealed that consumers' concern for health, environment, and the need for quality food products 
are the main factors that fostered them to pay an additional premium while making their purchase. Therefore the 
higher an individual’s perseverance towards the worth of purchasing organic products, the higher will be their 
willingness to pay for them. Further, factors such as awareness with respect to various certifications and labels, 
advertisements, processing, etc concerning organic food products also play a vital role in consumers’ 
knowledge enhancement. Certification and labelling are two important factors that inspire consumers to buy 
organic products. Apart from that, the quality and safety of organic food products are consistently encouraged 
by the governments, healthcare industry experts, etc, as the physical appearance of an organic product is 
associated with its inner quality. 

Familiarity is also an important factor while buying organic food products especially due to the fact that 
consumers usually do not have any prior expertise or understanding of the products. Low familiarity with regard 
to the uses of the product, the nutritional value derived from it, the quality it possesses, its taste and 
environmental benefits, as well as social concerns, are a few of the critical factors which decide the 
consumption patterns for the organic food products. Basha et al., (2015) recognized that, despite having a 
positive outlook over such products, dearth of familiarity is a key determinant for the fall in the purchase rate of 
such organic foods, therefore determination of how far the consumers are exposed to media in order to gather 
information regarding these organic food products with respect to their quality, safety, and environmental 
benefits is indispensable. 

Teng & Wang (2015) claimed that in many countries consumers consider the purchase and consumption of 
organic food products as an indicator of their living standards or status symbol. Hence, consumers’ purchase of 
such products turns out to be a sign of luxury and is one of the most common trends among the elite class of 
consumers in society. It signifies the increased purchasing power and luxurious lifestyle of consumers as a 
result of greater disposable income. Matic & Puh (2016) proposed that consumers with higher disposable 
income prefer the consumption of organic food products mainly due to the intention of showcasing their level of 
awareness, attitude as well as a status symbol. Another major factor that stimulates consumer awareness is 
brand recognition as there are certain specific brands that are chosen by consumers due to their higher quality 
and hence such considerations influence their buying behaviour. 
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2.4 Health Consciousness and Effect on Consumer Buying Behaviour for Organic Food Products 
Health consciousness refers to the readiness of a consumer to undertake health-related actions. With respect to 
the organic food market, health-conscious consumers tend to be more aware and concerned about their wellness 
and are inclined towards improving and maintaining their health, standard, and quality of living in order to 
prevent ill health by indulging in healthy behaviours and being self-conscious with regard to health (Akhondan 
& Carroll, 2015). Nutrition and physical fitness are the two concerns of health-conscious individuals. Studies on 
the determinants of buying behaviour of consumers towards organic food products have identified health 
consciousness as a primary motive for the purchase of these products. In addition to that, health consciousness 
helps in predicting the attitudes, preferences, and purchase intentions of consumers towards these products 
(Rana & Paul, 2017). 

Brantsæter et al. (2017) argued that the health factor associated with organic food products is the reason why 
there is a growing interest in organic food products worldwide. According to the study, health consciousness is 
the driving force behind consumers buying behaviour as the health benefits associated with organic food 
products include reduced exposure to chemical contaminants and increased exposure to nutritional value. 
Consumers tend to prefer the lower risk of exposure to contaminants as more important than higher content of 
nutrients. Pacho (2020) in his study also suggested that the behaviour compelling the consumers’ intention to 
buy organic food products depends upon a number of factors; however, findings revealed that health 
consciousness is one of the most important factors that have an impact on the purchase decisions of the 
consumers. Health consciousness has an indirect effect on the relationship between other factors such as 
attitude, subjective norms, and the intention to buy. Several such factors contribute to consumers’ motivation to 
purchase organic foods but most studies conclude that health-conscious consumers show the highest preference 
for organic food products over other conventionally grown food products. In fact, health consciousness has been 
considered to be the best indicator of consumer attitude and behaviour towards such food products (Katzeff et 
al., 2020). 

A healthy diet and lifestyle are becoming increasingly important for the consumers parallel with economic 
growth as this process makes consumers more inclined towards organic food products thus being favourable for 
the development of the organic food industry. The analyses of the major factors that influence the purchase 
behaviour of consumers towards organic food products revealed that health issues represent the main reasons 
for buying organic food and the health factors have become as important as the psychological ones while 
consumers make decisions with respect to food products (Percsi & Fogarassy, 2019). Rana & Paul (2017) also 
followed the same direction of analysis and found that health-conscious consumers show an increasing 
preference for organic food over other conventionally grown food products. This major shift in the attitude of 
modern consumers is mostly influenced by the rising incidence of lifestyle diseases, such as heart ailments and 
depression. It has occurred due to the fact that organic food has fulfilled modern consumers’ expectations with 
regard to food products. All this has led even the retailers and marketers to promote their products as being 
healthy which differ from the promotional efforts related to conventional hedonic food items. They also argued 
that successful adaptation to such industry practices that promote a healthy shift in the consumption habits of 
individuals will further help businesses produce healthy food products to thrive. 

According to Shin & Mattila (2019) in response to the rising demand for organic food products several 
restaurants have begun to add options for healthy food items into their menus. In order to highlight the impact 
of organic food choices in the context of a restaurant, the scholars examined the joint effect of gender and health 
consciousness on other food choices that is both healthy and unhealthy and found that males and females with 
low levels of health consciousness are more likely to select unhealthy food options whereas those with higher 
levels of health consciousness are more likely to choose healthy food options. Consumption patterns around the 
world indicate consumers’ increasing interest in the purchase of organic food due to the growing consciousness 
of personal health among consumers. Scholars have attributed this growing interest in organic food products to 
a number of reasons, the major one being the adverse effects of chemically grown food products on the 
environment and on consumers’ personal health. Organic food is considered to be more eco-friendly, natural, 
unadulterated, and thus, healthier than food products grown using chemical fertilizers and pesticides (Tandon et 
al., 2021). 

2.5 Food safety and effect on consumer buying behaviour for organic food products 
The rising demand of organic food products is driven by many factors and safety of food is among the main 
factors that is shaping the rising consumers’ consciousness and buying behaviour. It is evident that the 
determinants of organic food consumption that drives the consumer buying behaviour for organic food products 
can be majorly positioned as health problems, safety of organic foods and the belief that organic foods 
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contribute to the ecological system. Organic food is attributed to be safe and healthy for consumption based on 
its composition, method of production, minimal impact on the environment, and high nutrition, consumers 
perceive food safety as a vital aspect for buying organic food products.  (Krishnakumare & Niranjan, 2017). 
Customer enthusiasm for organic products can be viewed as proactiveness of consumers to their physical risks 
of food consumption. The expectation is that the traceability of all stages of the supply chain ensures the organic 
food safety and has become an important consideration for consumers (Waqas & Hong, 2019). Waqas & Hong 
(2019) performed a study to understand the effect of selected variables on the consumer buying behaviour for 
organic foods and the study findings revealed that organic food attitude and safety of food were significant 
factors for consumer intentions to purchase organic food. 

It is fundamental that health attributes play a contributing role in generating consumer preferences for organic 
food products (Rizzo et al., 2020).  A consumer buying organic food products can be profiled as altruistic, 
hedonically motivated, and concerned about the quality of the products which is freshness and taste, and food 
safety (Hashem et al., 2018). Besides the health consciousness that significantly influences consumer buying 
behaviour, food safety along with ecological values (environmentally friendly), taste and quality assurance 
(label of certificate) are equally significant (Cachero-Martínez , 2020).  Li & Xin (2015) performed a study to 
examine a set of factors that influences the consumption of organic food products and the studying findings 
confirmed that food safety, nutrition, and environmental friendliness are important factors that affect the 
purchase of organic food while considering the demographic variables. 

Consumers that have overcome the barriers of price related to purchase of organic food products and are ready 
to spend for the comparative high prices, are more concerned about food quality. They perceived safe food 
based on quality to be their main aspect for buying organic food products. Food safety with better quality is 
being considered as a critical aspect for health consciousness consumers ( Darsono et al., 2018). Due to the 
emergence of lifestyle diseases and high incidence of diabetes and heart disorders have raised an alarm that 
have further made consumers realize the significance of food quality and safety. The demand for organic food 
products is observed to be higher based on the health and safety spectrum of organic food as the conventional 
food products are polluted due to the presence of  chemical residues, pesticides and toxins. Food safety as a vital 
factor increases the consumption of organic food products and is actively promoted by governments, healthcare 
industry professionals, and researchers (Rana & Paul, 2017).  Le‐Anh & Nguyen‐To (2020) performed a study 
to analyze those factors that affect the consumers’ attitude towards organic food and their purchase intention for 
this type of food products in an emerging market. The study outcomes indicate that awareness of organic food, 
information on organic food, food safety concern and perceived value of organic food have positive impacts on 
attitude towards organic food. Therefore, food safety includes adequate information about the food product with 
offered value. Alshammari (2020) mentioned that due to changing lifestyle and eating habits, consumers are 
more focused on healthy food products which are accessible through organic food products. Alshammari (2020) 
performed a study to determine the factors affecting consumers’ attitudes and purchase intention toward organic 
food products. The study findings revealed that issues relating to food quality and scepticism impact the most 
the consumers’ attitudes toward organic food products.  Moreover, the study findings even revealed that organic 
food knowledge and health consciousness are also significant in influencing consumer attitudes toward organic 
food in Sauddi Arabia. Therefore, marketers must consider food safety as an important aspect while designing 
strategies for organic food products in market as the more favourable the attitude is toward organic food, the 
more consumers are willing to purchase the products. 

3. RESEARCH GAP 
Due to the adverse effects of genetically modified organisms, pesticides, and further artificial chemical products 
utilized in traditional agricultural practices on health and environment, different segments of people are being 
interested in organic food products. Consumers are considering organic food products to be more 
environmentally friendly, highly nutritious, and safe as well as healthy. Organic food products tend to be 
satisfying for people that perceive the benefits of consuming these organic food products due to concerns for 
health and food safety. Based on the review of previous studies, it is found that there have been a lot of studies 
that focus on determinants of organic food consumption and factors affecting the consumer buying behaviour 
for organic food products. The prior studies have identified factors that potentially influence the consumer 
buying behaviour and organic food consumption which includes consumers’ concerns regarding health 
consciousness, food safety, the environment, animal welfare, and a wholesome lifestyle.  However, as the main 
concerns of consumers are related to health and food safety as a high number of consumers are becoming health 
conscious, organic food purchase and corresponding consumer buying behaviour appears to be impacted by 
majorly these two factors. Previous literature studies include very few studies exploring the influential effect of 
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health consciousness and food safety on the organic food purchase among consumers specifically. This 
highlights a major research gap, as it is necessary to identify the actual purchase behaviour of consumers based 
on their health concerns and food safety preferences in existing settings. Since most of the consumers that prefer 
buying organic food products are concerned for health and food safety, it is essential to understand in detail the 
effect of these factors specifically on consumers’ organic food purchase behaviours. Based on this consumer 
analysis, it will be easier for marketers to create and formulate successful strategies that influence actual 
consumer purchase behaviour. 

4. CONCLUSION 
Due to the rising improvement in people's awareness, organic food products are starting to  become mainstream 
and also have the potential to improve the future health of human populations.  The organic food market has 
undergone an unparalleled growth with time as  the consumers buying behaviour for these food products is 
driven by healthfulness, taste, environment-friendliness, safety, and local agriculture support. A consumer-
based approach to understand the organic food products market and consumer behaviour for purchasing these 
products is useful not only for better understanding of the varying organic market dynamics but also for organic 
consumer demand and market analysis. The quality attributes of organic food accounts for inputs into a 
consumer’s demand function for improved human health and general well-being. Concern with food safety and 
health risks has driven various kinds of consumers to search for foods whose qualities and safety attributes are 
guaranteed. Organic products are perceived by consumers to offer enhanced health value, and to be safer for 
consumption. As the horizons of consumer’s progress beyond basic concerns regarding food availability, and 
their budgets are allowing for higher discretionary spending, the food safety factor has started gaining 
importance. Consumers are becoming highly health conscious and are inclined towards consuming healthier and 
more nutritious food products. They reflect willingness to pay for better health value and food quality, and are 
ready to spend more time researching the organic food marketplace. It is evident from this review that food 
safety, human health consciousness, and environmental concerns influence consumer preferences. However, a 
detailed understanding of the effect of food safety and human health consciousness as main factors impacting 
consumer buying behaviour is identified as a research gap which needs to be addressed with detailed insights. 
An empirical study aimed at understanding the linking between organic food products purchased by consumers 
and health consciousness with food safety as the influencing variables to comprehend better the way consumers 
really perceive the food quality and safety attributes of organic products along with health benefits in 
comparison to their conventional counterparts. The focus on the aspects of food safety and health value will also 
reveal the consumers’ behaviour towards organic food products and their place in the food marketplace along 
with the level of impact that each of these variables contribute to the purchasing decisions of organic foods. 
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ABSTRACT 
In vitro tests can be used to diagnose a wide range of conditions. Recent optical fibre probe in vivo studies were 
promising, but they were restricted to areas that could be easily accessed, necessitating lengthy collection times. 
In order to maximise system throughput, we've adopted an optical design method based on the Raman 
dispersion of tissue samples. It is possible to gather high-quality data in less than a second using this method, 
which maximises collection efficiency and minimises noise. Raman spectroscopy has been shown to be a useful 
medical tool through simulations and tests with tissue models and different types of in vitro tissue. 

Keywords: Laser Design, Fiber-optic Probes, Raman Spectroscopy, In vitro, Tissue Phenomenon, Post Mortum 
Breast and Barium Sulfate BaSO4 

INTRODUCTION 
Despite its widespread use today, fibre optics is a simple and ancient technology. In Paris in the early 1840s, 
Colladon and Babinet laid the foundation for fibre optics by establishing the principle of light direction through 
refraction. Transmission of light from one component to another via fibre optics is the primary function of this 
technology. [1] Optical fibres employ thin strands of glass or plastic to carry radiation from one compartment to 
another across several hundred feet. A single or a group of these may be used in addition to the lighting of 
objects. In order for light to be transmitted by total internal reflection, an optical fibre must be coated with a 
substance that has a lower refractive index (cladding material) than the fibre material (core). The chemical used 
to construct the fiber is essential in determining how much light it can emit.[2] 

A fiber's diameter and the wavelength of light employed determine which kinds of light transmission are 
possible through total internal reflection. For a given wavelength, monomode and multimode fibres are 
available. It is possible to use monomode fibres to transmit only one mode of light in a given wavelength range 
and linearly polarised condition, with a glass core with a uniform refractive index profile. [3] Unlike multimode 
fibres, which have a larger core diameter and may transmit many hundreds of different light modes with 
different cross-sectional refractive index profiles, monomode fibres have a Gaussian distal spatial intensity 
distribution. High intensity starts are easier in multimodal fibres than in monomodal fibres due to higher 
numerical aperture and larger core size.Modal noise, however, is a drawback for these devices. Each transmitted 
mode is affected differently by any heat or mechanical irritation to the fibre. [4] 

Silicates, fluorides, phosphates, and chalcogenides are all used in the building. First, large-diameter preforms 
with the required refractive index are developed, which are then pulled to generate a long, thin optical fibre. 
Three chemical vapour deposition processes are widely used to make the preform: inside, outside, and axial 
deposition. Optical fibres with large concentrations of doped rare earth ions can benefit from using phosphate 
glass rather than silica glass, which is commonly used. Fluorophosphate glass is a blend of fluoride glass and 
phosphate glass that does not have the drawback of modal noise.[5] 

MATERIALS 
The 830-nm diode laser light from Process Instruments through the band-pass filter, which makes it look like a 
beam. It then goes through two cylindrical lenses, c1 and c2, to the Raman probe excitation fiber through gold-
coated mirror M. Light from the Raman probe's near-linear array is fed into a collimating f/1.8 spectrograph, 
where the light is collimated and notch-filtered for dispersion before being focused onto a slit and collimated 
again for dispersion before being sent back through the spectrograph. Last but not least, a back-lit, liquid-
nitrogen cooled CCD detector with a laptop computer is used to collect and process the scattered light. Raman 
scatterers can be used to figure out how well a filter is working. 

 Raman Scatterers To Assess Filter Performance 
Barium sulphate BaSO4, a well-known Raman scatterer, was used to test the effectiveness of the probe filter and 
collection. There was no coverslip on the sample holder, so the BaSO4 powder was densely packed. Raman 
spectra were then acquired for 0.1 seconds with a 100-mW excitation power using the probe in light contact 
with the material. An unfiltered optical fibre probe can be used to test filter performance because of the highly 
reflective nature of BaSO4 packed in the fibre. A phantasm of tissue 
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 In Vitro 
A single-ring Raman probe with an excitation power of 100 mW was used to collect tissue samples in vitro, 
with collection durations ranging from 1 to 60 seconds. Breast tissue samples were obtained during the 
procedure. Materials were collected, instantly frozen in liquid nitrogen, and then kept at 85°C until they were 
analyzed. To passively warm samples to room temperature, phosphate-buffered sodium chloride was employed 
in this work. The spectral sensitivity of the filters and CCDs was adjusted using a tungsten white-light source. 
We employed a roughened metal surface as an excitation source to eliminate the remaining fiber background. 
To remove any leftover tissue fluorescence, a 5th-order polynomial was removed. Finally, we utilized 
spectroscopic models created in our lab to demonstrate how the Raman probe may be used in the real world. 

RESULTS 

 
Fig 1. BaSO4 Raman spectra 

 
Fig. 2 shows a tissue phantom. 
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Fig. 3: shows the Raman spectra of normal breast tissue. 

 
Fig 4. Malignant Raman-specified breast tumour 

DISCUSSION 
In biological tissue spectroscopy, only Raman characteristics from 600 to 1800 cm-1 are of interest. Fiber 
background characteristics over 550 cm are nearly undetectable except for an enhanced sloping backdrop. This 
shows the efficacy of the filter module and the optical isolation of the probe. Optical tissue phantoms are widely 
available in a wide variety of forms, geometries, and optical property combinations. As a result of their 
adaptability, speed, and cost-effectiveness, optical tissue phantoms have become an essential aspect of clinical 
research. Despite the fact that this Raman probe can be used for a wide range of tissues, it may be preferable to 
characterise the specific target tissue for other probe designs in order to obtain optimal efficiency. Target tissue 
can be scanned using optical elements to obtain the appropriate spatial and angular dispersion. 

CONCLUSIONS 
A wide range of medical applications need remote sampling using optical fibres, where probe and fiber bundle 
diameters are constrained by anatomical constraints. This Raman probe was created utilizing a quantitative 
optical design method and is optimized for use with turbid materials, enabling for spectroscopic analysis of 
distant tissues. The tip of the probe is equipped with custom-designed in-line filters to reduce the impact of the 
fibre backdrop. In vitro, breast tissue specimens with varying degrees of disease were analysed and yielded 
high-quality spectra. Only one second was needed to capture these spectra, proving their clinical usefulness. 
Future changes to the probe are likely to focus on making it smaller and easier to get to more organs so that 
Raman spectroscopy can be used in more ways in the clinic. 
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ABSTRACT 
In this archive, the general and basic ideas for naming organometallic mixes of the progress elements are 
sketched out. With the huge development that this field has encountered inside the most recent forty years and 
taking into account the way that new classes of mixes with exceptional bonding modes have been found, it has 
gotten important to define extra nomenclature rules. Besides, the coming of new methods for PC stockpiling 
and recovery of synthetic data just as lawful and business prerequisites have put an extraordinary accentuation 
on discovering novel names for each new material arranged. An organometallic compound is characterized as 
any substance species containing in any event one connection between a carbon particle in a natural atom, 
particle, or extremist and a metal. By their actual nature, the names of organometallic mixes should along these 
lines consolidate the guidelines of natural chemistry just as those of coordination chemistry. When all is said in 
done, in any case, these have a place with two distinctive nomenclature frameworks that have advanced 
independently. It is the point of this Section to characterize an arrangement of organometallic nomenclature 
that, while being mainly founded on the added substance arrangement of coordination quite far. Likewise, 
further guidelines are figured that unambiguously assign the extraordinary bonding methods of organometallic 
mixes. It ought to be accentuated that the point of nomenclature is bound to the exact portrayal of the structure 
of a compound just as the network of iotas inside an atom or particle. Nomenclature ought not endeavor to pass 
on insights concerning the extremity of bonds, examples of reactivity or techniques for blend. The authentic 
viewpoint on these may change with the approach of better hypothetical models or the increment in synthetic 
information. This is especially evident in a moderately new field, for example, organometallic chemistry. 

Keywords: Organometallic, Nomenclature, bonding, chemistry. 

INTRODUCTION 
Engineered organic chemistry is worried about the arrangement of novel mixes and improvement of 
philosophies, especially for the development of C-N, C-C and C-O bonds. Thus the manufactured local area is 
endeavoring to expand the quantity of changes accessible and the effectiveness with which these changes can be 
accomplished. One basic method of expanding viability (either as far as expanding the yields and additionally 
selectivities, the molecule effectiveness or the energy productivity, for example diminishing temperature) of a 
response is to utilize catalysis. There are two principle zones in catalysis: homogenous catalysis and 
heterogeneous catalysis. The focal point of this proposition is the plan of ligands for homogenous catalysis 
utilizing late-change metals [1]. 

In homogenous change metal catalysis, the dynamic catalyst is generally a metal complex, which comprises of a 
metal place encompassed by various ligands subject to the metal and response type. These ligands can go from 
straightforward atoms, for example, carbon monoxide (CO), ethylenediamine and triphenylphosphine, to more 
perplexing mixes, for example, calixarenes and RNA. There are various strategies that have been utilized to 
group ligands from frameworks that only glance at the quantity of coordination locales a ligand has to those 
dependent on the electronic properties of the ligand. One basic approach to arrange ligands is by the quantity of 
electrons they give to the metal community, for example X or L-type ligands. L-type ligands are those that give 
two electrons, while X-type ligands give one electron. In situations where a ligand gives multiple electrons a 
combination of X and L is utilized for example LX for three electrons and L2 for four electrons. The metals we 
are generally intrigued by, Ag, Pd ,Ir, , Pt, Rh are class B (or delicate) metals and consequently really like to tie 
to delicate bases, for example S and P; though class A (hard) metals lean toward O and N contributors. Fe, Co, 
Cu, Ni are viewed as marginal metals. [2] The hardness of a metal additionally relies upon the oxidation 
condition of the metal, for instance CuI is viewed as delicate, while CuII is viewed as fringe. Change metal 
edifices act in various manners inside the synergist response: they unite the substrates, initiate the substrates by 
organizing to the metal and lower the actuation energy of the response between substrates. [3] As a rule the 
utilization of a homogeneous catalyst in a response gives another pathway, in light of the fact that the reactants 
associate with the metallic complex. These communications make it feasible for thermodynamically preferred 
responses, which need long occasions to arrive at balance, to be cultivated in practically no time. Along these 
lines, homogeneous catalysts can be utilized to integrate exacerbates which can scarcely be gotten by traditional 
strategies. Albeit heterogeneous catalysts are broadly utilized, especially in oil measures, homogeneous change 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

692 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

metal catalysts are progressively being applied in mechanical cycles to get fine synthetic substances and 
polymers. [4-6] A portion of these cycles are: xylene and toluene oxidation to acids, oxidation of 
hydrosilylation of alkenes ethene to aldehyde, ester buildup to polyesters, carbonylation of methanol and of 
methyl acetic acid derivation, ring opening metathesis polymerization of dicyclopentadiene and 
norbornene,polymerization of dienes to unsaturated polymers, unbalanced isomerization, deviated epoxidation, 
codimerization of 1,3-butadiene and ethene, , rotating copolymerization of ethene and carbon monoxide, and so 
forth. [7] 

The favorable position that enantioselective catalysis has over stoichiometric amalgamation is that one 
organometallic catalyst particle can create a great many chiral item atoms. Synergist amalgamation likewise 
creates more modest measures of synthetic waste than stoichiometric organic combination. In this manner the 
quest for homogeneous enantioselective catalysts that specifically respond to give the ideal item is perhaps the 
most intriguing patterns with regards to organometallic chemistry. The accomplishment of organometallic 
catalysts lies in the simple alteration of their current circumstance by ligand trade. [8] An enormous number of 
various kinds of ligands can arrange to progress metal particles. 

 
Catalytic reactions utilizing very much characterized precatalyst edifices incorporate alkene ring-shutting and 
opening methathesis utilizing tungsten and molybdenum imido alkylidene precatalysts, chiral organometallic 
half-sandwich buildings with characterized metal design, rhodium-catalyzed carbon–carbon security framing 
reactions of organometallic mixes, progresses in utilitarian gathering open minded alkyl–alkyl cross-coupling 
reactions, deviated catalytic hydrogenation, and ring-opening reactions of oxabicyclic alkenes.[9] The general 
significance of steric and electronic impacts of chelating diphosphines on catalytic hydroformylation and 
cyclometalated phosphine-based pincer edifices got from 2 and 3 were audited. An assortment of papers 
portraying different features of present day homogenous catalysis and organometallic chemistry incorporates 
the utilization of dispersion and NOE NMR spectroscopy for the investigation of particle associations in 
arrangement, and picosecond time-settled infrared spectroscopy for the investigation of energized states and 
reaction intermediates in inorganic frameworks. 

 

LITERATURE REVIEW 
Wolfram A. Herrmann (2002) [10] Organometallic and inorganic coordination chemistry use N-heterocyclic 
carbenes as universal ligands. In addition to transition metals, they can also attach to main group elements like 
sulphur, beryllium, and iodine. Due to their unique coordination chemistry, N-heterocyclic carbenes stabilise 
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and activate metal centres in a variety of critical catalytic steps in organic synthesis, including CH activation 
and the production of CC, CH, CO, and CN bonds. It's certain that the ligand class of organophosphanes will be 
complemented, and in some cases, replaced by N-heterocyclic carbenes in the next generation of organometallic 
catalysts. Scientific competition and surprising breakthroughs in homogeneous catalysis have taken place during 
the past few years in this chemistry. An oraganometallic catalysis revolution is arising from research in multiple 
university and industrial labs. 

Welin, Eric R. (2017) [11] Organometallic complexes that can cycle through a series of ground-state oxidation 
states have traditionally been used in transition metal catalysis for fragment-coupling purposes. Direct 
photoexcitation has been shown to be viable for excited-state organometallic catalysis. Triplet sensitization has 
long been recognised as a potent activation method in organic photochemistry, but photosensitization 
mechanisms for excited-state organometallic catalysts have lagged far behind. We use this activation approach 
to demonstrate excited-state organometallic catalysis: An excited-state nickel complex is formed when energy is 
transferred from an iridium sensitizer. This complex combines aryl halides with carboxylic acids. The role of 
photosensitization via energy transfer has been established by extensive mechanistic research. 

Smith, Justin D. (2017) [12] Organometallic catalysis traces its ancestry back to the late 18th and early 19th 
century. While producing amazing chemical transformations was important back then, currently the emphasis is 
shifting to ensuring long-term viability. Non-aqueous and water-immiscible solvents, modified enzymes, 
micellar catalysis, catalysis with minimal loading, metal-free catalysis, and catalyst recycling are some of the 
current promising technologies summarised in this article. Micellar catalysis makes use of environmental 
metrics, a critical evaluation tool for any industrial chemical process, to demonstrate the process' utility, 
particularly in terms of streamlining protocols, reducing losses, and eliminating hazardous compounds. 

3. METHODOLOGY 

The Wacker Process 
Ethylene can be converted to acetaldehyde in an acidic, aqueous solution of PdCl2 more than a century ago, but 
it took another 50 years to create a catalytic technique for the reaction. In 1959, PdCl2 and a stoichiometric 
quantity of CuCl2 in an aqueous solution with oxygen bubbling through it were shown to undergo a similar 
transition [14]. 

 

Since that time, the Wacker method has been widely used in organic synthesis and has been expanded to include 
a wider range of substrates and end products as well. A co-solvent is often used in addition to water to aid in the 
mixing of organic compounds with the aqueous phase. The "Tsuji-Wacker oxidation" occurs when 
dimethylformamide (DMF) is employed as a co-solvent with stoichiometric amounts of CuCl under balloon 
pressure of oxygen. In chemical synthesis, the Wacker oxidation is commonly used to install a methyl ketone 
molecule, which can then be nucleophilically added to or deprotonated to generate an enolate. 

Procedure 
Flasks of 100 mL, three-necked, round-bottomed capacity were equipped with a magnetic stirring bar and an 
equalising dropper for the 1-decene (4.2 g, 30 mmol, 1.0 equiv). An aqueous DMF solution (DMF/H 2O = 7:1; 
24 mL) was added to the flask to charge it with a combination of PdCl2, CuCl, and DMF. An oxygen-filled 
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balloon was put over one of the other outlets, and the mixture was agitated at high speed to allow for the uptake 
of oxygen. Following a period of 1 h, the 1-decene (4.2g, 30 mmol) was added and the solution was agitated 
rapidly under an oxygen balloon at RT for 10 minutes before the reaction was completed. After 15 minutes, the 
solution's hue changed from green to black before gradually changing back to green again. Using five 50 mL 
volumes of ether, the mixture was extracted after 24 hours in cool 3 N HCl (100 mL). All of the extracts were 
mixed and washed with 50 mL of NaHCO3 solution, followed by 50 mL of brine, and then dried on anion 
exchange resin (AER). Two-decanone was obtained as a colourless oil (3.0–3.4 grammes, 65–73 percent) by 
evaporation of the solvent and distillation of the residue in a 15-cm Vigreux column. IR (neat): 1722 cm–1 (m, 
15H), NMR (1H): 2.37 (2H, J = 7 Hz), 2.02 (3H), 0.7–1.8 (t, J = 7 Hz). 

 

Applications 
It is widely employed in organic synthesis because of the Wacker method's versatility. The terminal alkenes can 
be installed in a variety of ways, and the methyl ketone products of the reaction can be easily transformed into 
more complicated substances. Aerobicity and simplicity of operation are two additional advantages of this 
reaction [15]. 

The macrolide elaiolide was synthesised via Wacker oxidation. The symmetric natural product was formed after 
the oxidation of two terminal alkenes in a C2-symmetric intermediate. Alkene and ester compounds in the 
intermediate appeared to have no effect on the rate of the oxidation process. 

 

CONCLUSIONS 
Ligands accept an essential part in the adjustment of the organometallic progress metal edifices. There are a few 
strategies accessible for the planning of the organometallic change metal edifices. The noticed flimsiness of the 
organometallic progress metal edifices can be credited to two principle wonders to be specific β-end and 
bimolecular deterioration reaction that seriously sabotage the precariousness of these buildings. The 
concealment of these decay pathway in this manner clear route for acquiring profoundly stable organometallic 
change metal buildings. The gigantic steps made toward the objective of specific catalytic functionalization of 
C-H bonds by organometallic frameworks. Investigations of stoichiometric reactions have contributed 
significantly to this advancement; it is essentially through such examinations that we find out about the genuine 
cycle of C-H actuation. Investigations of catalytic frameworks have driven straightforwardly to improved 
frameworks; such examinations have likewise clarified the issues looked in the advancement of such 
frameworks, uncovering numerous issues that are very unmistakable from the test of stoichiometric C-H 
actuation.[6] Frameworks of critical reasonable utility have just barely started to rise up out of this field. 
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Extrapolating the current pace of progress, nonetheless, persuades that the following 25 years will see the 
presence of a different cluster of important frameworks including substrates going from methane to the most 
intricate focuses of organic blend. Through the molecular design of new catalysts or by utilising basic 
organometallic chemistry principles in intriguing ways, more active and selective homogeneous catalytic 
reactions can be achieved, or new catalytic reactions or processes can be discovered. 
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ABSTRACT 
Dimensionality reduction is an important mechanism to remove redundant and unused attributes from the 
dataset. Feature selection and feature extraction are key techniques that have been used for dimensionality 
reduction. A novel hybrid approach named Minimum Projection error Minimum Redundancy (MPeMR) has 
also been formulated in the literature to improve dimensionality reduction further. In this work, Threshold value 
is defined to select a combination of features based on Normalized Projection Error (NPe) value. After feature 
extraction, correlation coefficient and variance techniques are applied for feature subset selection. In this 
research work we proposed Semi Feature Minimum Projection error Minimum Redundancy (S-MPeMR) 
algorithm in which feature selection and feature extraction methods are used to generate compound feature set 
using semi features. For feature extraction MPeMR technique is used, wherein initially semi features are 
extracted using NPe technique by checking orthogonality among selected original features and combination of 
features. As against to MPeMR in the proposed S-MPeMR algorithm two novel schemes are used namely, 1) 
NPe checking based on static threshold value 2) NPe checking based on dataset specific threshold value. In 
order to validate the proposed algorithm, K-means clustering technique is used to evaluate clustering quality of 
selected feature subset. Five datasets viz. Ecoli, Abalone, Movement Libras, Yeast, and Waveform Isolate, and 
Segment are used for performance evaluation. The K-means algorithm is supplied with these five datasets 
before and after applying Principal Component Analysis (PCA) technique. As compared to the existing MPeMR 
algorithm, the proposed S-MPeMR algorithm yields high clustering quality. 

Keywords: Normalized Projection Error (NPe), Semi Feature Minimum Projection error Minimum Redundancy 
(S-MPeMR), Dimensionality Reduction, Feature Extraction, Feature Selection, K-means, Principal Component 
Analysis (PCA). 

1. INTRODUCTION 
Now a day, datasets with high dimension have been very common in data mining, and machine learning 
applications. Processing of such a massive data needs huge resources, and computational time [1]. The presence 
of redundant, irrelevant, and noisy features in such high dimensional datasets, the performance efficacy of the 
underlying data mining or machine learning algorithm degrades [2]. Hence, it is very crucial to reduce the data 
dimensionality in order to improve performance efficacy of such algorithms. Additionally, one important 
benefit of the dimensionality reduction is the possibility of better visualization, noise removal, data 
compression, and generalization of the underlying data mining or machine learning algorithms [3]-[5]. The 
dimensionality reduction based approaches can be classified into two categories: feature extraction, and feature 
selection [2]. These two approaches have been deployed successfully in many real time applications such as text 
categorization, Image compression, bioinformatics, etc. We know that few features of the given dataset carry 
very high level of variance as compared to than the rest of the other features of the dataset. It’s wise to take into 
account only such high information carrying features of the given dataset, especially in the context memory and 
power hungry real time applications. Thus non redundant features are required to be preserved and redundant, 
unnecessary noisy features are required to be removed from the dataset using a suitable dimensionality 
reduction technique. Basically the feature extraction technique yields linear or nonlinear combinations of the 
original features in the given dataset, whereas feature selection technique can provide the most useful features 
of the given dataset [4]-[6]. The feature selection and extraction techniques are again classified in two sections: 
supervised and unsupervised based on the nature of dataset. In supervised strategy class labels are used for 
selecting the feature subset, whereas in unsupervised learning no class label data is provided. Features are 
selected based on data variance and distribution. 

In the last couple of decades, feature selection and feature extraction approaches have been extensively studied 
[7], [8]. Although the main focus of these two approaches is to improvise the efficiency of the machine learning 
algorithm and thereby the underlying real time application, all these research works have been conducted 
independently. From these studies it can be concluded that none of the feature selection techniques provide an 
optimum combination of features that can be more informative as compared to the original features of the given 
dataset. As against the feature selection approach, the feature extraction yield transformed features. One more 
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data dimensionality reduction philosophy that can yield more improved result is to integrate these two 
approaches in a systematic manner. This novel approach can provide reduced set, and can complement each 
other. System proposed by Sreevani and C. A. Murthy [9], overcome this drawback and presented a combined 
approach. In [9], feature selection and feature extraction are two techniques for dimensionality reduction which 
were studied independently, so that the result contains either original or transformed features. Further the 
combination of feature selection and feature extraction was used and for this Minimum Projection error 
Minimum Redundancy (MPeMR) is proposed in literature. In MPeMR, pairing is done for two features. The 
proposed method is based on two principles: Minimum projection error and minimum redundancy. The 
proposed algorithm is called as: MPeMR. This technique generates compound feature set from a given dataset. 
This methodology works for unsupervised dataset. This algorithm tries to provide informative compound 
feature with minimum projection error. Along with the minimum NPe it tries to reduce redundancy and 
preserves the orthogonality among feature set. The proposed algorithm works in two stages. In first stage, it 
uses feature extraction technique and in second stage, it uses feature selection technique. The algorithm follows 
an iterative process until the desired count of dimension is reached. The important drawback of the work in [9] 
is that the accuracy of the system is highly dependent on the dataset specific threshold values. As against to [9], 
the key contributions of this proposed research work are: 

1) In this research work we proposed Semi Feature Minimum Projection error Minimum Redundancy (S-
MPeMR) algorithm in which feature selection and feature extraction methods are used to generate 
compound feature set using semi features. For feature extraction MPeMR technique is used, wherein 
initially semi features are extracted using NPe technique by checking orthogonality among selected original 
features and combination of features. 

2) As against to MPeMR in [9], the proposed S-MPeMR algorithm two novel schemes are used namely, i) 
NPe checking based on static threshold value, and ii) NPe checking based on dataset specific threshold 
value. Minimum NPe value pair is selected for feature extraction. 

3) In order to validate the proposed S-MPeMR, the K-means clustering technique is used to evaluate clustering 
quality of selected feature subset. Five datasets Ecoli, Abalone, Movement Libras, Yeast, and Waveform 
are used for performance evaluation. The K-means algorithm is supplied with these five datasets before and 
after applying PCA technique. As compared to the existing MPeMR algorithm, the proposed S-MPeMR 
algorithm yields high clustering quality. 

This research manuscript is organized as follows. Section 2 discusses the related recent works in dimensionality 
reduction techniques followed by the overall system design of proposed dimensionality reduction architecture in 
the section 3. The section 4 presents the discussion on results, followed by the key research findings and the 
possible future scope at the end in Section 5. 

2. RELATED WORK 
In feature selection process, a feature subset is generated by removing redundant features from given dataset. 
The feature subset includes least number of features that maximizes the classification accuracy in case of 
supervised learning and better Normalized Mutual Information-NMI, Jaccard coefficient, Jacc and Fowlkes-
Mallows index- FM in clustering in case of unsupervised learning. In supervised feature selection technique [1]-
[4] important features are extracted by evaluating the correlation of features with respective class labels and 
prediction performance. Relief algorithm family is discussed [1]. This Relief algorithm is used for feature 
Selection in binary class attribute feature selection. This algorithm is best for attribute estimation and evaluating 
the conditional dependencies between attributes. Graph based feature selection technique is proposed in [2]. In 
this, instead of comparing a selected feature with class labels, it is compared with whole selected feature subset. 
This technique optimizes the score of entire feature subset. This provides the global optimal solution for feature 
selection. Minimum Redundancy Maximum Relevance Feature Selection mRMR model is proposed in [4]. This 
model removes the redundancy occurred during sequential feature selection strategy. This method uses greedy 
search to select next best suited feature and hence provide the ranking score to the selected features. 

In unsupervised learning technique [5]-[7] dataset features are selected using data variance and distribution. A 
Niching Memetic Algorithm is proposed in [5] to perform feature selection and clustering simultaneously. 
NMA-CFS(A Niching Memetic Algorithm for simultaneous clustering and feature selection) makes feature 
selection an integral part of the global clustering search procedure and attempts to overcome the problem of 
identifying less promising locally optimal solutions in both clustering and feature selection This technique 
mainly works on chromosomes dataset. The authors in [6] introduced a novel feature selection algorithm called 
Laplacian Score (LS). Laplacian Score (LS) is used to select the features based on their locality preserving 
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power. Data variance is calculated using Laplacian Score. This technique uses Laplacian Eigen maps and 
Locality Preserving Projection. These NMA-CFS [5], Laplacian Score (LS) [6] techniques selects the feature 
based on the individual feature score and do not calculate the correlation among selected attributes. Due to this, 
these techniques are unable to produce an optimal feature subset. Multi-Cluster Feature Selection (MCFS) 
technique is proposed in [7]. This technique selects those attributes which preserves multi-cluster structure of 
data. To capture the multi-cluster structure of data, this technique uses multiple eigenvectors of graph Laplacian 
to define affinity matrix of data points. To improve the performance of unsupervised feature selection 
technique, semi-supervised feature selection is proposed in [8]. In this technique, small amount of labelled data 
is used as training data to provide additional information. The feature selection techniques are further classified 
in three categories namely Filter, Wrapper, and Embedded. 

Filter method evaluates the usefulness of feature using various techniques such as: mutual information, the point 
wise mutual information, Pearson product-moment correlation coefficient. The authors in [10] described 
unsupervised feature selection technique based on maximum information compression index measure. This 
measure is used to measure feature similarity. Wrapper technique is applied in supervised learning method. This 
technique selects the features based on given classifier. As per distinct classifier and dataset feature subset 
selection strategy is evaluated in [11]. In [11] a tailored approach is proposed which can be customized with 
respect to the classification algorithm and dataset in any domain. These wrapper methods are computationally 
expensive and time consuming method. But this technique provides high classification accuracy as compared to 
the filter technique. Embedded Approach is specific learning algorithm and performs feature selection in the 
training process. It uses model construction process. The model construction is done using LASSO algorithm. 
This is linear model construction technique. Least Angle Regression (LARS) technique is proposed for model 
construction [12]. LARS calculates all possible Lasso estimates for a given dataset with less computer time. 

Feature extraction technique transforms the high dimensional dataset to non-redundant low dimensional dataset. 
This technique transforms the D dimensional space to relevant reduced d dimensional space using linear or 
nonlinear combinations of features. The feature extraction is also classified in supervised and unsupervised 
categories based on availability of information of class labels. Maximum Margin Criterion (MMC) is the 
supervised feature extraction technique discussed in [13]. This includes linear as well as nonlinear feature 
extraction. MMC maximizes the average margin between classes after feature extraction. This technique is also 
applicable small sized Sample dataset. To work with small sample sized dataset, Angular Liner Discriminant 
Embedding (ALDE) is proposed in [14]. This is again a supervised learning strategy. This technique calculates 
the cosine of angles to generate new within-class and between-class scatter matrices. Using these matrices, this 
technique performs balancing in within class and between-class scatters for feature extraction. PCA is important 
techniques for linear space transformation in unsupervised feature selection technique [15]. PCA is statistical 
process. It uses an orthogonal transformation to convert set of attributes to the correlated variables. In PCA each 
generated variable is combination of all original attributes and hence it is difficult to analyze the results of PCA. 
Hence, sparse PCA is used is to overcome this problem [16]. This technique evaluates the coefficients using 
regression-type optimization problem. It uses lasso constraint on the coefficients. 

R. O. Duda, P. E. Hart, and D. G. Stork described Independent Component Analysis (ICA) technique in [16]. 
This is a statistical technique to transform the data linearly to generate components that maximally independent 
from each other. ICA technique uses estimation of a latent variable model. The study of dimensionality 
reduction techniques such as feature selection and feature extraction are done independently. If these two 
techniques applied in symmetric faction, approach may lead to better result generation. Feature set may include 
both types of feature like individual features and compound features complementary to each other. Sreevani and 
C. A. Murthy [9] proposed a technique to bridge the gap between these two techniques. This technique provides 
simultaneous study of feature selection and feature extraction techniques. For supervised feature extraction 
process Normalized Projection Error -Npe technique is used. It uses pair of features to remove redundancy. In 
this technique, to remove redundant features, only the combinations of two features are used to club together. 

3. OVERALL SYSTEM DESIGN OF PROPOSED ARCHITECTURE FOR DIMENSIONALITY 
REDUCTION 

In proposed work, feature selection and feature extraction methods are used to generate compound feature set 
using semi features. The Figure 1 shows the architecture of proposed dimensionality reduction methodology. 
For feature extraction MPeMR technique is proposed. Initially semi features are extracted using Normalized 
Projection Error-NPe by checking orthogonality among selected original features and combination of features. 
Threshold value is defined to select a combination of features based on NPe value. After feature extraction, 



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

699 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

correlation coefficient and variance techniques are computed for feature subset selection. This is an iterative 
process to remove unnecessary redundant features. 

 
Figure 1: System Architecture of Proposed S-MPeMR 

In this proposed work, two techniques are implemented: 1) NPe checking based on static threshold value 2) NPe 
checking based on dataset specific threshold value. Minimum NPe value pair is selected for feature extraction. 
Clustering techniques are used to evaluate clustering quality of selected feature subset. Five datasets Ecoli, 
Abalone, Movement Libras, Yeast, and waveform are used for performance evaluation; with the help of PCA 
algorithm significant dimensionality is achieved. The coding of the proposed algorithm is implemented using 
python on Jupyter Notebook and weka-3.2. The proposed algorithm is tested on Core i3 machine with 4GB 
RAM in windows environment. Table 1 shows the datasets downloaded from UCI repository [17]. These 
datasets are used for testing of proposed approach. 

The proposed system involves two stages namely, Feature Extraction Stage and Feature Selection Stage as 
shown in Table 2. Unlike [9], instead of using dataset specific threshold values, static threshold values for T1 
and T2 are used in the proposed approach. We varied the values of T1 and T2 from 0 to 1 in the steps of 0.1, 
and noted down clustering accuracy each time. From the statistics generated, it is found that if T1 and T2 values 
are set to 0.5, then clustering accuracy is highest for our proposed S-MPeMR algorithm. Therefore, we set T1 
and T2 to 0.5 while processing all the five datasets. For feature extraction, this methodology uses PCA 
technique. In PCA technique feature can be merged on the basis of NPe. If NPe is less than the predefined 
threshold T1 then eigen values for the set of features is evaluated and features are added in semi feature set. The 
features used for semi feature generation are then removed from original feature set to preserve orthogonality. 

  



Asian Journal of Organic & Medicinal Chemistry   
Vol. 7 No. 2 (April - June, Special Issue - II 2022) 
 

700 
 

Special Issue on Current Trend on Research in Applied Science, Management and Technology 

ISSN Online: 2456-8937  

UGC CARE APPROVED JOURNAL 

Table 1: Datasets used for the Performance Validation of the proposed S-MPeMR algorithm 
Sr. No. Dataset Instances Attributes 

1 Abalone 4177 8 
2 Ecoli 332 8 
3 Libras Movement 360 90 
4 Yeast 1484 8 
5 Waveform 5000 40 

The feature selection technique is applied on a Fest. Fest is generated using original features set and semi 
feature set. To check the redundancy in attributes, correlation coefficient is used. The attributes are correlated if 
its correlation coefficient is greater than the predefined threshold T2. The similar features are identified and 
redundancy set Rest is generated. To remove attribute form a given Rest, variance technique is used. Variance 
of each attribute is calculated. The attribute with minimum variance is removed from Fset. After generation of 
compound feature set, quality of generated feature set is evaluated using clustering technique. The clusters of 
original dataset as well as updated dataset (containing only selected features) are generated. For clustering K-
means and Affinity propagation techniques are used. The clusters generated by original dataset and updated 
dataset are compared using Jaccard coefficient (Jacc) and Fowlkes-Mallows index (FM). 

Key Terms to Generate Compound Feature Subset Using the Proposed S-Mpemr Algorithm: 
In order to generate the compound feature subset using the proposed S-MPeMR algorithm for each of the five 
datasets considered, computation of following three terms is required.  Evaluation parameters are used. 

1. Variance 
Variance of an attribute is expectation of the squared deviation of attribute values from its mean. It is given by 
Equation (1). 

Var = ∑  i
X X

2
(N−1)Ni                                                                          (1) 

Where Xi is the attribute value, X is the attribute mean, N is the total no. of values in attribute X. 

2. Correlation Coefficient 
Correlation Coefficient ρ is a linear correlation measure between two attributes X and Y is given by Equation 
(2). 

ρ = ∑   i i
X X Y Y Ni

   2 2

i i
X X Y Y 

                                                                     (2) 

Where, Xi  ϵ X and Yi ϵ Y and X andY are the mean of attribute X and Y respectively. The value of ρ lies 
between [-1, 1] if X and Y are completely correlated then the value is -1 or 1. The value is 0 if X and Y are 
completely independent. 

3. Normalised Projection Error(Npe) 
The feature extraction process is completed and PCA technique is used for feature extraction. The eigen values 
and eigen vectors of each attribute pair is calculated. Based on the eigen values, Normalized projection error 
(NPe) is calculated. If NPe is less than the set static threshold value [9] then these features are merged together 
using PCA. 

From the given subset of feature set f1, f2,… fk an eigen values are extracted as l1, l2,…,lk. A smallest value λm is 
considered a minimum error introduced while projecting the data. The normalized projection error is the ratio of 
minimum error λm to the summation of all eigen values. NPe = λm∑ λiki=1                                                                               (3) 
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Table 2. Proposed Algorithm: Semi Feature Minimum Projection error Minimum Redundancy (S-MPeMR) 

 

Performance Evaluation Parameters for Clustering Quality Measurement 
Once we get compound feature subset after execution of Stage I and Stage II, the efficacy of the proposed S-
MPeMR algorithm can be measured by inputting the generated compound feature subset to K-means clustering 
algorithm. Then Jacc and FM indices are computed with the help actual class labels and predicted class labels in 
order to asses the clustering quality. The details of these metrics are given below. 

1. Jaccard Coefficient (Jacc) 
The performance of the proposed S-MPeMR algorithm is calculated clustering quality analysis. If the true labels 
of a dataset are known, the quality of the applied clustering technique can be computed by finding out the 
difference between the true labels and the predicted labels. The useful quality measures in this context are Jacc 
and FM. Thus the generated feature subset quality can be measured using Jacc and FM. Both Jacc and FM can 
vary between 0 and 1, with 1 indicating complete overlap and 0 indicating no overlap. Thus higher the value of 
these two coefficients, higher would be the clustering quality. 

The Jacc is a statistical method of comparing the similarity between two sets. It is defined as the size of the 
intersection divided by the size of the union of two label sets, is used to compare set of predicted labels for a 
sample to the corresponding set of actual labels. Let K = K1, K2,..,, Km and P=P1, P2,.., Pn be two clustering result 
set, then Jacc index can be computed using Equation (4). 
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Jacc = a(a+b+c)                                                                          (4) 

Where, 

a: Number of point pairs belonging to same cluster set of two clustering results K and P 

b: Number of point pairs belonging to same cluster set in K but not in P 

c: Number of point pairs belonging to different cluster set in K but same in P. 

2. Fowlkes Mallows Index (Fm) 
This is the cluster evaluation method. This method measure the similarity between two clustering results. The 
higher value for the FM index shows the higher similarity between the clusters. The score ranges from 0 to 1. A 
high value indicates a good similarity between two clusters. Let K = K1, K2,.., Km and P = P1, P2,.., Pn be two 
clustering results then FM index can be given by Equation (5). FM = a√(a+b)(a+c)                                                                      (5) 

Where, 

a: Number of point pairs belonging to same cluster set of two clustering results K and P 

b: Number of point pairs belonging to same cluster set in K but not in P 

c: Number of point pairs belonging to different cluster set in K but same in P. 

4. DISCUSSION ON RESULTS 
The Table 3 provides Performance Validation of the proposed S-MPeMR algorithm against MPeMR algorithm. 
As discussed earlier, the proposed S-MPeMR based approach is evaluated with static threshold values. We can 
see that the threshold values (T1 and T2) are data dependent for MPeMR approach, whereas the threshold 
values are kept constant (i.e. T1 = T2 = 0.5) for all of the five datasets in case of proposed S-MPeMR algorithm. 
In Table 3, we have compared the values of Jacc and FM for existing and proposed approach in the context of 
five datasets considered. It is observed that there is a good amount of improvement in Jacc and FM metrics for 
the proposed S-MPeMR algorithm as compared to the existing MPeMR algorithm. Out of all the five datasets, 
in case of Yeast dataset, this improvement in Jacc and FM is highest as compared to that for rest of the other 
four datasets. The Table 3 also provides the statistics of total data dimension (number of features), and reduced 
data dimension for these five datasets. From this statistics it is clear that after applying the proposed S-MPeMR 
technique, a significant reduction in the data dimension is observed. The dimensionality reduction is found to be 
highest for the Movement Libras dataset. 

As discussed in the Section 3, once we apply the proposed S-MPeMR algorithm on these five datasets, we get 
the compound feature subset with reduced data dimension (i.e. dimensionally reduced datasets). In order to test 
the efficacy of the proposed S-MPeMR algorithm against MPeMR algorithm, we applied K-means clustering on 
all of these five dimensionally reduced datasets, and noted down the clustering accuracy. By observing the K-
means clustering accuracy for both the approaches, it is clear that the clustering accuracy of the proposed S-
MPeMR algorithm is improved in the context of all of the five dataset categories. Thus instead of setting 
threshold values data specific,  setting these as static yield significant improvement in Jacc, FM indices as well 
as clustering accuracy. Thus we can firmly say that the proposed S-MPeMR algorithm outperforms the existing 
MPeMR algorithm. 

Table 3. Performance Validation of proposed S-MPeMR algorithm against MPeMR algorithm 
Sr. 
No. 

Dataset MPeMR 
(Existing Approach) 

S­MPeMR 
(Proposed Approach) 

S­MPeMR 
(Proposed Approach) 

K-means 
Clustering 
Accuracy 

T1 T2 Jacc FM T1 T2 Jacc FM Total 
Dimensions 

Reduced 
Dimensions 

MPeMR 
[9] 

 

S­MPeM
R 
 

1 Ecoli 0.3 0.5 0.55 0.71 0.5 0.5 0.59 0.74 8 5 85.42 91.77 
2 Movemen

t 
Libras 

 
0.07 

 
0.8 

 
0.22 

 
0.36 

 
0.5 

 
0.5 

 
0.23 

 
0.33 

 
90 

 
15 

 
85.07 

 
86.4 

3 Abalone 0.1 0.9 0.31 0.48 0.5 0.5 0.36 0.53 8 3 63.33 91.19 
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4 Yeast 0.38 0.6 0.18 0.32 0.5 0.5 0.4 0.5 8 4 60.72 61.21 

5 Wavefor
m 

0.3 0.7 0.33 0.50 0.5 0.5 0.33 0.57 40 14 85.21 86.6 

The existing MPeMR and the proposed S-MPeMR algorithms are also compared graphically to understand the 
efficacy of the proposed S-MPeMR algorithm in the context of Jacc, FM, and dimensionality reduction 
performance in Figure 2, Figure 3, and Figure 4 respectively. Figure 2 gives performance comparison on all 
three datasets for existing and proposed approach. Existing work is represented by blue bars and maroon bars 
shows proposed work.  In contrast to existing system were T1 & T2 are kept dataset dependent, here values of 
T1 & T2 are kept as static which has given considerable performance improvement. As shown in Figure 2 
considerable performance improvement is seen in Jacc values. FM gives similarity between two clustering 
(clusters which are obtained after clustering algorithms). Higher the value of FM defines high similarity 
between two clusters which also be a benchmark for classification. As shown in Figure 3 considerable 
improvement is seen in FM values in proposed approach. One of the important main aim of this research work 
is dimensionality reduction. As shown in Figure 4, significant reduction of dimension is achieved. For Ecoli 
dataset dimensions are reduced from 8 to 5. For Movement Libras dataset reduction is done from 90 to 15 and 
for Abalone dataset dimensions are reduced from 8 to 3. Considering Jacc, FM parameter values and 
dimensionality reduction, proposed S-MPeMR algorithm outperforms on existing system. Dimensionality 
reduction is achieved with preserving similarity between two clusters, which is proved with improved values of 
Jacc and FM indices. 

 
Figure 2. Performance comparison of Jaccard Coefficient (Jacc) for all considered five dataset. 

 
Figure 3. Performance comparison of Fowlkes Mallows Index for all considered five dataset. 
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Figure 4. Dimensionality reduction comparison for all considered five dataset. 

5. CONCLUSION AND FUTURE SCOPE 
In this research work, a novel approach for dimensionality reduction with the aim of providing reduced sets 
with original and combinations of features without losing orthogonality property is presented. The proposed 
algorithm is named as Semi Feature Minimum Projection error Minimum Redundancy (S-MPeMR) algorithm 
in which feature selection and feature extraction methods are used to generate compound feature set using semi 
features. For feature extraction MPeMR technique is used, wherein initially semi features are extracted using 
NPe technique by checking orthogonality among selected original features and combination of features. This 
proposed S-MPeMR algorithm adopts the benefits of both feature extraction and feature selection techniques. 
For feature extraction, the proposed method uses PCA technique, wherein the data features are merged on the 
basis of NPe. The feature selection technique is applied on a Fest. Fest is generated using original features set 
and semi feature set. In order to test the efficacy of the proposed S-MPeMR algorithm against MPeMR 
algorithm, we applied K-means clustering on all of these five dimensionally reduced datasets, and noted down 
the clustering accuracy. By observing the K-means clustering accuracy for both the approaches, it is clear that 
the clustering accuracy of the proposed S-MPeMR algorithm is improved in the context of all of the five dataset 
categories. Thus instead of setting data specific threshold values, setting static threshold values yield significant 
improvement in Jacc, FM indices as well as clustering accuracy. Thus we can firmly say that the proposed S-
MPeMR algorithm outperforms the existing MPeMR algorithm. 
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