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INTRODUCTION

Depending on the host’s sensitivity various microorganisms
like parasites, bacteria, viruses and fungi may colonize or cause
illness in the host. Though bacteria can be found almost every-
where; only a small percentage of them cause infections and
diseases that have a significant public health impact [1]. In
2019, approximately 13.7 million of deaths were attributed to
infectious diseases [2]. Microbial infection and resistance to
various antimicrobial drugs is the most pressing issue in the
current situation. Since long the rapid spread of drug-resistant
bacteria has been observed by many public health groups and
warned about its possible catastrophic effects [3]. A global
pandemic of resistant Staphylococcus aureus (S. aureus) and
Enterococcus sp. now poses the greatest threat among Gram-
positive infections [4,5]. Methicillin-resistant Staphylococcus
aureus (MRSA) kills more Americans a year than HIV/AIDS,
Parkinson’s disease, emphysema and homicide combined [6,7].
Members of Enterobacteriaceae, especially Acinetobacter spp.,
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of alcohol, alkanes, alkenes, alkyls, ketones and nitro groups in the methanol and hydro-alcoholic extracts of A. latifolia tuberous root.
The high-performance thin-layer chromatography (HPTLC) analysis of the methanol extract indicates the presence of at least 5 different
compounds with different Rf values.

Keywords: A. latifolia, Antibacterial, Micro-broth dilution, HPTLC.

Asian Journal of Chemistry;   Vol. 35, No. 8 (2023), 1951-1956

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.

Klebsiella pneumoniae and Pseudomonas aeruginosa are the
most frequent cause of Gram-negative infections in healthcare
settings [6,7]. As a result of intensive antibiotic use, resistant
bacteria are increasing and multi-drug resistant bacteria are
becoming more prevalent, reducing antibacterial drug’s efficacy
and effectiveness [4,8,9].

The rise of drug-resistant pathogens has prompted the
pharmaceutical and scientific communities to focus on exploring
the antimicrobial properties of plant-derived substances. These
substances, which have long been used in traditional medicine
across various countries, represent an underutilized source of
potential antimicrobial compounds. In recent years, there has
been a growing interest in medicinal plants among these comm-
unities, with several studies highlighting the promising anti-
microbial effects of plant-derived substances [10]. The use of
plant oils and extracts has been widely explored for applica-
tions such as food preservation, pharmaceuticals and natural
therapies, largely based on their antimicrobial properties.

https://orcid.org/0009-0009-5541-751X
https://orcid.org/0009-0001-0696-3022
https://orcid.org/0000-0001-7698-2301


India has a rich heritage of traditional medicinal systems
such as Ayurveda, Siddha and Unani that have roots in ancient
Indian scriptures [11]. Ayurveda, which emerged and evolved
during 2500-500 BC, is an ancient system of medicine that
uses medicinal plants for the treatment and cure of various dise-
ases including infectious diseases [12]. Due to  the numerous
advantages majority population from the developing world uses
plants as a primary medicine [13]. The plants contain thousands
of different medically important secondary metabolites such
as coumarins, flavonoids, phenolics, alkaloids, terpenoids,
tannins, essential oils, lectin, polypeptides and polyacetylenes
which help to survive plant against insects, fungi, herbivores
and many diseases [14]. These bioactive compounds are also
used as the precursor for the synthesis of different antibiotics
[15-17].

Ampelocissus latifolia is an herbaceous plant found in
Indian subcontinent and commonly known as Katti-bel, Pani-
bel, Junglidrakh, Golind, Dibroli, etc. A. latifolia belongs to
Vitaceae family and contains a well-defined shoot, leave and
root with tubers. Flowering and fruiting occur between August-
November months and the flowers have 5 deep reddish petals
inflorescence. The fruit is spherical, black in colour, 6-7 mm
in diameter and a single fruit contains 2-3 seeds. This plant is
reported to be used to treat a variety of ailments in Indian folk
medicine including dental difficulties, ulcers, diarrhea, gout,
fractured bones, dyspepsia, indigestion and tuberculosis (TB)
etc. [18]. Medicinal properties of A. latifolia are also mentioned
in ayurveda for the treatment of kustha (Leprosy), kamala,
sotha and varna [19]. The most routinely used parts of the plant
are roots, bark and leaves. Ampelocissus leaves are also used
as colouring agents. Several recent scientific reports on various
parts of A. latifolia show the antibacterial, antiproliferative,
cytogenotoxic, anti-inflammatory, allelopathic activities and
antioxidant activity [18-25]. This study focuses on the anti-
bacterial activity of methanolic, hydro-alcoholic and n-hexane
extract of A. latifolia tuber root against Gram-positive and
Gram-negative bacteria and non-pathogenic acid-fast bacteria.
This is the first report on the antimicrobial activity of A. latifolia
tuber root with FTIR and HPTLC analysis.

EXPERIMENTAL

Collection of plant material and extract preparation:
The tuber roots of A. latifolia (Fig. 1) were collected from a
village in Rajnandgaon District, India (21.2056º N, 81.1775º E).
According to the locals, the only approach to spot the plant is
through its aerial parts, which appear during the rainy season.
As a result, this plant was collected in August month only. The
plant material was collected by excavating the plant root and
immediately washed with running tap water and 0.1% sodium
hypochlorite solution, cut into small pieces and dried at room
temperature for 3-4 weeks. Any deteriorating piece that was
observed in day-to-day inspection was removed immediately.
A 150 g of dried plant material was crushed to powder with a
sterilized mixer grinder. The crushed material was divided into
three parts (50 g each) and extracts were prepared in 300 mL
of methanol, n-hexane and hydro-alcoholic solvent separately
using the Soxhlet apparatus by running the Soxhlet for 24 h.

Fig. 1. Image of Ampelocissus latifolia tuber root

The resulting extracts in different solvents were dried on a hot
plate and the dried pellets thus obtained were transferred to an
Amber-coloured glass bottle and stored at 4 ºC until use.

Tested microorganisms and growth conditions: In this
study, some clinically pathogenic Gram-positive and Gram-
negative strains, as well as non-clinical and non-pathogenic
acid-fast strains were chosen. The clinically isolated, pathogenic,
Gram-positive strains used in this study were M. luteus, E.
faecium (drug-resistant), Enterococcus spp., S. epidermidis and
S. aureus, while the clinically isolated, pathogenic, Gram-
negative strains were K. pneumoniae (drug-resistant), E. coli,
S. maltophilia and Pseudomonas spp. The non-pathogenic,
non-clinical, acid-fast bacteria used was M. smegmatis. All
the selected microbes were grown in Mueller Hinton broth
(MHB) or agar (MHA) and incubated at 37 ºC for 16 h except
for M. smegmatis. In this work, M. smegmatis was cultivated
using Middlebrook 7H9 agar supplemented with 10% oleic
acid, bovine serum albumin, dextrose and catalase (OADC)
or Middlebrook 7H9 broth supplemented with 10% albumins,
dextrose and catalase (ADC) and incubated at 37 ºC for 48 h.

Disk-diffusion assay: The primary antimicrobial
screening of crude extracts was performed with disc diffusion
assay as described by Patel et al. [26] with some modifications.
To isolate a single colony for the inoculum preparation, the
microbes were grown in their respective agar media (MHA
for Gram-positive and Gram-negative and 7H9 agar for acid-
fast bacteria). Two to three colonies were taken from the grown
bacteria for preparation of the 0.5 McFarland standard (~1.5
× 108 CFU/mL) in 10 mL of 1% peptone. The suspension was
seeded onto the respective agar plates with the help of sterile
cotton swabs. A sterile disc containing 3 mg (20 µL of 150 mg/
mL stock) of plant extract was placed on the seeded agar plate.
Streptomycin (STM) (10 µg) was used as control for all clinical
isolates and isoniazid (INH) (10 µg) for M. smegmatis. A sterile
disc loaded with dimethyl sulfoxide (DMSO) was used as a
solvent control. Later, the plates were incubated at 37 ºC for
16 h for both Gram-positive and Gram-negative bacteria and
48 h for acid-fast bacteria. After incubation, the zone of inhi-
bition was measured and reported in mm.

Minimum inhibitory concentration (MIC): The MIC
of the methanol and the hydro-alcoholic extract was determined
against those bacteria which have > 10 mm zone of inhibition
in disk diffusion assay i.e. Gram-positive: M. luteus, S. aureus,
S. epidermidis and Enterococcus spp. and Gram-negative: E.
faecium. The MIC was determined by the micro-broth dilution
method in a 96-well plate. A two-fold serial dilution (6 mg/
mL to 0.046 mg/mL) of plant extract was prepared in 100 µL
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of MH broth. The bacterial suspension containing 1 × 108 CFU/
mL (0.5 McFarland standard) was diluted to 1:30 in the same
sterile broth to achieve a bacterial density of 1 × 106 CFU/mL.
A 100 µL diluted culture was added to each well except for the
sterility control. Streptomycin (STM) was used as antibiotic
control (concentration range 16 µg/mL to 0.12 µg/mL) and
20 µL of 100% DMSO was used as solvent control. After the
respective incubation period, which was 16 h for Gram-positive
and Gram-negative bacteria and 48 h for acid-fast bacteria at
37 ºC, 20 µL of resazurin solution (0.015%) was added to each
well. The change in colour from violet to pink was examined
and the last well with no colour change was considered to be
the MIC value [27].

FTIR analysis: Dried methanol and the hydro-alcoholic
extracts were used for the FTIR analysis. The KBr disc was
introduced to the FTIR spectroscope instrument (Thermo
Scientific, USA Model: Nicolet 6700) and scanned from the
400 cm-1 to 4000 cm-1 range with a resolution of 4 cm-1 for 32
scans/second. The Omni software was used to analyze the peaks.

High performance thin layer chromatography
(HPTLC) analysis: The HPTLC of methanol extract was
performed on silica gel 60 F254, 10 × 10 cm TLC plates (Merck,
Germany-5642), with methanol:ethyl acetate [2:8 (v/v)] as a
mobile phase. A 4 mg/mL stock solution of crude extract was
prepared in methanol and applied 10, 20, 30, 40, 50 and 60
µL on tracks 1, 2, 3, 4, 5, 6 respectively, with the help of an
automated spray on band applicator. Band size was maintained
at 10 mm and the distance between the two bands was 4 mm.
The samples were run for 15 min and detection was done under
long UV light and short UV light (344 nm and 254 nm, respe-
ctively) for image acquisition. The CAMAG TLC Scanner 3
was used to determine the retardation factor (Rf value) of the
bands using WIN CATS software (Version 4X) [28].

RESULTS AND DISCUSSION

Antibacterial assay: The introduction to the plant was
through a very trivial approach of some ethnobotanical refer-
ences from locals of the village area of Rajnandgaon district.
Locally they know the tubers as “Dote kanda”. It has been
even understood that the particular specimen are even consi-
dered to be pious and have various medicinal properties since
ages. It is being used as an immunity booster for humans as

well as cattle as a seasonal protection against the infections.
The primary antibacterial screening of different extracts of A.
latifolia tuber root was done against Gram-positive: M. luteus,
E. faecium (DR), S. epidermidis, S. aureus and Enterococcus
spp., Gram-negative: K. pneumoniae (DR), S. maltophilia, E.
coli and Pseudomonas spp. and acid-fast bacteria: M. smegmatis
with the disc diffusion assay. According to the zone of inhi-
bition, the antibacterial activities of the studied extracts ranged
between 6 to 18 mm (Table-1).

The methanol and hydro-alcoholic extract showed a
significant zone of inhibition against Gram-positive, Gram-
negative and acid-fast bacteria. Methanol extract formed the
largest inhibition zone (18 to 10 mm) against Gram-positive
bacteria: M. luteus, E. faecium, S. epidermidis, S. aureus and
Enterococcus spp. It also exhibited a moderate inhibition zone
(10 to 8 mm) for Gram-negative; S. maltophilia and E. coli
and minimum zone of inhibition (8 mm) against acid-fast
bacteria: M. smegmatis. On the other hand, the hydro-alcoholic
extract formed the largest inhibition zone (14 mm to 10 mm)
against Gram-positive bacteria mentioned earlier and moderate
inhibition zone (8 mm) against Gram-negative bacteria: S.
maltophilia and minimum inhibition zone (6 mm) against acid-
fast bacteria: M. smegmatis. The n-hexane extract showed a
poor activity against all bacterial groups as it formed 8 mm
inhibition zone against E. faecium and S. epidermidis and
Gram-negative bacteria (S. maltophilia) and an inhibition zone
of 7 mm against M. luteus. None of the extracts showed zone
of inhibition against K. pneumoniae and Pseudomonas spp.
Also, n-hexane extracts were unable to inhibit the growth of
Enterococcus spp. and S. aureus, K. pneumoniae, E. coli and
Pseudomonas spp. and M. smegmatis. To investigate the mini-
mum inhibitory concentration of methanol and hydro-alcoholic
extract, Gram-positive bacteria, such as S. aureus, M. luteus,
S. epidermidis and Enterococcus spp. and Gram-negative
bacteria, such as S. maltophilia were selected that showed > 10
mm zones of inhibition (Fig. 2).

The methanol and hydro-alcoholic extracts were effective
against both Gram-negative and Gram-positive bacteria, with
MIC ranging from 0.18 mg/mL to 1.5 mg/mL and 0.37 mg/
mL to 1.5 mg/mL respectively, against the selected bacteria.
Methanol extract demonstrated the highest antimicrobial
activity (minimum MIC value) against Gram-positive bacteria

TABLE-1 
PRIMARY ANTIBACTERIAL ANALYSIS OF DIFFERENT EXTRACTS OF A. latifolia TUBER ROOT 

Plant extracts 
Pathogens 

Methanol Hydro-alcoholic n-Hexane 
Control 

Micrococcus luteus  18 14 7 28 
Enterococcus faecium  18 14 8 00 
Staphylococcus epidermidis 16 12 8 28 
Staphylococcus aureus  15 10 00 19 

Gram-positive 

Enterococcus spp.  10 8 00 12 
Klebsiella pneumoniae 00 00 00 14 
Escherichia coli 8 00 00 12 
Stenotrophomonas maltophilia 10 8 8 20 

Gram-negative  

Pseudomonas spp.  00 00 00 18 
Acid-fast Mycobacterium smegmatis 8 6 00 18 

Keys (00) did not show any growth inhibition 
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Fig. 2. Minimum inhibitory concentrations (MIC) (mg/mL) of different
tuber root extracts of A. latifolia methanol extract (dark gray) and
hydro-alcoholic extract (light grey)

M. luteus as compared to the hydro-alcoholic extract. The
findings of the antibacterial activity of A. latifolia tuber root
for Gram-positive and Gram-negative bacteria was supported
by a previous study that reported the antibacterial activity of the
ethanol extract from A. latifolia leaves against Gram-positive
bacteria, including. S. epidermidis, MRSA, M. luteus and
Propionibacterium acnes [18]. The MIC value of STM for
both Gram-positive and Gram-negative bacteria was 1 µg, which
was validated by earlier reports [29-31]. In brief, Gram-positive,
Gram-negative and acid-fast bacteria were susceptible to
methanol, hydro-alcoholic and n-hexane extract in this order:
Gram-positive > Gram-negative > acid-fast bacteria. A. latifolia
tuber antimicrobial component can be extracted with both
methanol and hydro-alcoholic solvents rather than n-hexane.
There is a significant difference in the antibacterial potential
of A. latifolia tuber extracts due to the different degrees of
solubility of antibacterial constituents in the tuber extract in

three solvents used, namely methanol, hydro-alcoholic and
n-hexane [32]. An interesting observation is that the anti-
microbial activity was found against antibiotic-resistant bacteria
E. faecium but not against E. coli both of which are the resident
bacteria of human gut microbiota. The drug-resistance making
the present generation of antibiotics obsolete and new avenues
to treat the infections are need of the hour therefore, further
antibacterial evaluation of A. latifolia tuber extract in combi-
nation with existing antibiotics could offer a potential solution
[33].

FTIR studies: FTIR analysis of methanol and the hydro-
alcoholic extract was scanned from 4000 cm-1 to 400 cm-1 and
the observed functional group, in their respective wavelengths,
type of vibration and bond group assignment as shown in
Tables 2 and 3. The FTIR analysis of methanol and hydro-
alcoholic extract shows the presence of functional groups like
alcohols (O-H), alkenes (C=C), alkanes (C-H), alkynes (C≡C),
ketones (C-O) and nitro compounds (N-O) in both extracts.
The ethanol extract of A. latifolia tuber root has been reported
to contain a wide range of functional groups, including alcohols,
aromatic compounds, alkanes, aldehydes, ketones, alkenes,
amines, amides, nitro compounds, carboxylic acids, ethers, esters
and alkyl halides. These functional groups are commonly found
in biologically active phytochemicals such as phenolic, flavo-
noid, terpenoid, glycoside and alkaloid compounds [34]. How-
ever, these phytochemicals were also observed in a non-polar
solvent [35]. The FTIR spectra of methanol and hydroalcoholic
extracts showed a high degree of similarity, suggesting that the
two extracts contain similar molecular constituents. However,
the methanol extract exhibited additional peaks at 2922.30,
1242.96 and 831.62 cm-1, which are indicative of functional
groups such as alkenes and ketones. This suggests that the
methanol extract contains additional compounds compared to
the hydroalcoholic extract, which may be responsible for the

TABLE-2 
FTIR ANALYSIS OF METHANOL EXTRACT OF A. latifolia TUBER ROOT 

Wavenumber (cm–1) Bond group assignment Mode of vibration Functional group Wavelength range (cm–1) 
3387.39 O-H Stretching H-Bond alcohol 3200-3600 
2922.30 C=C Stretching Alkenes 2850-2970 
1613.59 C=C Stretching Alkenes 1600-1680 
1515.13 N-O asymmetric stretch Stretching Nitro compounds 1475-1550 
1445.02 C-H Bending Alkanes 1486-1425 
1385.45 C-H Bending Alkanes 1396-1371 
1242.96 C=O, C-H Stretching; bending Ketone/alkenes 1290-1211 
1077.88 C=O Stretching Ketone 1147-1006 
831.62 C=C Wagging Alkenes 885-802 
610.05 C≡C Bending Alkynes 700-610 

 
TABLE-3 

FTIR ANALYSIS OF HYDRO-ALCOHOLIC EXTRACT OF A. latifolia TUBER ROOT 

Wavenumber (cm–1) Bond group assignment Mode of vibration Functional group Wavelength range (cm–1) 
3417.86 O-H Stretching H-Bond alcohol 3200-3600 
1617.86 C=C Stretching Alkenes 1600-1680 
1515.82 C=C/N-O asymmetric Stretching Alkenes/nitro compounds 1475-1550 
1445.28 C-H Banding Alkanes 1486-1425 
1384.29 C-H Banding Alkanes 1396-1371 
1074.85 C=O Stretching Ketones 1147-1006 
636.52 C≡C Banding Alkynes 700-610 
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observed differences in antibacterial activity between the two
extracts.

HPTLC studies: HPTLC analysis was used to determine
the kind and quantity of phytoconstituents present in the anti-
bacterial active methanol extract of A. latifolia tuber root.
Different volumes of methanol extract were loaded on the TLC
and developed on the polar mobile phase methanol:ethyl acetate
[2:8 (v/v)]. The chromatogram was generated by scanning the
TLC plate at 254 nm short UV and 366 nm long UV and white
light. The results of the HPTLC analysis are shown in Fig. 3.
After further analysis the number of the bands, Rf values of
starting point of the spot. It was observed that the sample con-
tained different phytoconstituents at varying concentrations,
as depicted in figures and tables. When exposed to short-wave
UV light (254 nm), UV-active compounds exhibited fluore-
scence quenching properties, resulting in the observation of
dark bands on certain tracks of the plate. Four dark bands with
different Rf values were observed on tracks 3 and 6, while five
dark bands were observed on tracks 1, 2 and 4. On track 5, six
dark bands with varying Rf values were observed. Similarly,
when exposed to long UV light (366 nm), the compounds dis-
played fluorescence properties resulting in the observation of
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Fig. 3. HPTLC chromatograms of methanol extract of A. latifolia tuberous root

bright bands on certain tracks. Four bright bands were observed
on tracks 1, 3, 4 and 6, while five bright bands were observed
on tracks 2 and 5 with different Rf values. It is essential to take
account of the specific number of bands that may appear on
each recording as each has a distinct background. The observed
compounds on each track were identical; however, the number
of bands detected varied due to the differing contractions
loaded on each tract. This result confirms the presence of
different phytochemicals with different polarity ranges in the
methanol extract of A. latifolia [36]. Previous studies done by
Tamilarasi et al. [25] confirmed the presence of alkaloids in
ethanol, acetone and chloroform extract of A. latifolia tuber
root. However, the phytochemicals were not identified. The Rf

values computed for the phytoconstituents present in the tested
samples would be useful in identifying new compounds by
comparing them to reference standards and the concentration
of the compounds could be inferred from the peak area values.

Conclusion

The potential antimicrobial activity of different extracts
of A. latifolia tuber root against pathogenic Gram-positive,
Gram-negative and non-pathogenic acid-fast bacteria indicated
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that the tuber of A. latifolia can be a source of new bioactive
substances. The FTIR analysis of the active extract also confir-
med the presence of diverse phytocompounds in the tuber root
that is further confirmed by the HPTLC analysis of the active
extracts in this study itself. The mobile phase used in HPTLC
experiment is suitable for further fractionation experiments as
it was resulted in well resolved compounds showing a signi-
ficant difference in the Rf values. The work shows that A. latifolia
tuber roots are the potential source of broad-spectrum anti-
microbials that may be further explored for the antibacterial
active principal of the extracts.
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