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In recent decades, phytochemically synthesised green nanoparticles have been extensively developed to meet a wide range of applications 

driven by the growing research interest in this area. Phytosynthesis of metal oxide nanoparticles was carried out using plant parts of 

Artocarpus altilis as the reducing agent. Zinc sulphate was used as the precursor, while aqueous extracts of leaves and stem bark served 

as the plant sources. The resulting zinc oxide nanoparticles, ZONP1 and ZONP2, were characterized using various physico-chemical 

techniques. SEM analysis shows large sized particles with irregular shapes as a result of agglomeration, a widely observed aspect in green 

synthesis. Both the nanoparticles show crystalline structures resembling standard wurtzite and their crystalline size is approximately 20 

nm (XRD). From the FTIR spectra, the role of biomolecules in the formation of nanoparticles is confirmed and the UV-Vis results show 

a broad hump around 290-340 nm. Regarding the surface area, ZONP1 possesses a larger surface area of 14.12 m2/g, while ZONP2 has 

a larger pore size of 13.99 nm. ZONP1 shows a broad antibacterial spectrum while ZONP2 is active towards Gram-positive Bacillus 

cereus with an inhibition zone of 25 mm. While comparing the antioxidant capacity using the ABTS assay of ZONP1 with the larger 

surface area is found to show higher scavenging activity but regarding the anti-inflammatory results the ZONP2 with larger pore sizes show 

higher efficiency. Thus biological active chemically non-toxic environmentally safe nanoparticles are generated at minimum cost. 
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INTRODUCTION 

 The idea behind the manipulation of materials at atomic 

or molecular scale is always fascinating [1]. Nanoscience is an 

interdisciplinary field which merges biology, chemistry, physics, 

material science and nanotechnology allows more innova-

tions [2,3]. Owing to its ease of preparation, minimal reaction 

conditions, high biocompatibility, single oxidation state, 

natural abundance and most important is its larger band-gap 

the nanoparticles of the zinc oxide are studied widely across 

different fields of research [4,5]. The attention of scientific 

community towards the metallic oxide nanoparticles is due to 

their significant antibacterial, antifungal [6] and anti-inflam-

matory activities [7,8], micronutrient and nano-fertilizer appli-

cations [1,9]. The nanoscale materials interact with the cell 

envelope of bacteria or fungi and degrades it causing cell 

death. Thus, nanoparticles with their mode of action with the 
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microbes creates strong antimicrobial prospects, which supp-

resses antimicrobial resistance [10,11]. 

 Several synthesis approaches such as electrochemical, 

sonochemical, etc. [12] have been used since years for the 

manufacture and modifications of these nanoparticles depen-

ding upon their applicational area [13,14]. Among various 

approaches, phytosynthesis has gained attention due to the 

minimal chemical waste, cost-effectiveness, eco-friendly 

nature and enhanced biological activity compared to physi-

cally or chemically synthesized counterparts [15-17]. The 

advantages of green synthesised ZnO nanoparticles especi-

ally over its chemically synthesised counterparts is that they 

possess smaller sizes which can in turn increase their surface 

area and improve their photocatalytic as well as biological 

applications [2,18]. This surface functionality and phytoche-

mical capping are making these particles as a biocompatible 

alternative [12]. 
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 Zinc plays a major role in the metabolic activities in the 

biological system as it is an essential trace element [19]. Hence, 

its oxide nanoparticles may be possibly biocompatible [11, 

20-22], non-toxic and finds use in numerous applications 

such as cosmetics, food, textiles, medicinal, agricultural and 

environmental [23,24]. The accumulation of Zn2+ ions (from 

zinc oxide nanoparticles) in living cells are capable of disin-

tegrating the microbes by generating reactive oxygen species 

which can cause oxidative stress and mitochondrial repair, 

which may ultimately lead to bacterial death [25,26] and thus 

act as moderate to good antimicrobials. The material posse-

sses excellent antioxidant properties by neutralizing the free 

radicals and thereby reducing oxidative stress a major reason 

for many chronic diseases [6,27,28]. 

 Artocarpus altilis Forsberg, belonging to the family 

Moraceae, is a medicinal plant [29] and its extracts are reported 

to be rich in flavonoids, particularly prenylated flavonoids, 

along with phenolic acids, sterols and fatty acids [30]. These 

biomolecules are known for their strong antioxidant activity 

due to their ability to donate hydrogen atoms or electrons and 

thereby stabilizing free radicals. Flavonoids, fatty acids and 

phytosterols such as artonin derivatives exhibit antimicrobial 

property by enhanced lipophilicity and membrane permea-

bility which causes membrane disruption [31]. Also, the studies 

on toxicity of these plant extracts have been conducted and 

are found to be safe [32]. The presence of these phytochemicals 

may be responsible for the significant antioxidant and anti-

bacterial activities observed in this study and also may help 

in the reduction of nanoparticles in green synthesis. It posse-

sses multiple biological activities including antidiabetic, anti-

inflammation, wound healing, antimalarial, antidermatitic, 

antisyphilic and antiasthmatic [33,34]. 

 Among the numerous benefits of nanoparticles is their 

ability to enter extracellular and intracellular spaces due to 

their small size which may be difficult to access for any other 

drug-delivery system [35-37]. Nanoparticles can prevent 

deterioration of drugs and thereby reduce its side effects. So, 

in this study the green synthesised ZnO nanoparticles, which 

are surface loaded with lots of active agents were studied for 

their possibilities as effective therapeutic agents. 

EXPERIMENTAL 

 Zinc sulphate, sodium hydroxide, double distilled water 

(DD) and Whatman filter paper No.1 were supplied by Merck 

(India). All the chemicals were of analytical grade and used 

without further purification. 

 Sampling of plant parts: The leaves and stem bark of 

A. altilis were collected from hilly areas of Kanyakumari, 

India. These were verified in a taxonomic perspective at the 

Botany Laboratory of Sree Ayyappa College for Women, 

Nagercoil, India. 

 Extraction of plant parts: After washing two-three times 

thoroughly under running water, the plant parts were chopped 

into small fragments, dried and crushed. Each dried plant part 

(10 g) was placed in separate 500 mL beakers containing 250 

mL of double-distilled water and boiled until the solution 

changed from colourless to brownish-yellow. It was filtered 

separately after cooling down to room temperature. The extracts 

thus prepared were stored in the refrigerator for further use 

[38]. 

 Synthesis of ZnO nanoparticles from A. altilis extract: 

With slight modifications to Selim et al.’s [39] procedure, the 

biogenic preparation of two samples of ZnO nanoparticles 

(ZONPs) was carried out. ZONP1 and ZONP2 were synthe-

sised using leaf and stem bark extracts of A. altilis, respec-

tively. About 20 mL of each extract was mixed with 2.5 g 

anhydrous zinc sulphate and 30 mL distilled water, followed 

by stirring at 80 ºC with the dropwise addition of 0.1 M NaOH 

to adjust pH. The mixtures turned milky white (ZONP1) and 

off-white (ZONP2), then were stirred for 45 min, cooled, 

filtered, washed, dried and stored as ZnO nanoparticle powders 

for further analysis. 

 Characterisation: Biogenicity ZONP1 and ZONP2 were 

validated by multiple techniques including SEM/EDX, XRD, 

FT-IR spectroscopy, UV-Visible spectroscopy and BET. SEM/ 

EDX to estimate the particle size and shape (Tescan, VEGA3 

SBH) and for identification of elements in the phytosynthesised 

nanoparticles. FT-IR spectroscopy (Perkin-Elmer Spectrum 2) 

to confirm the presence of phytochemicals. UV-Vis spectro-

scopy using Shimadzu, Cary 300B10UV to study the optical 

properties. An XRD (Rigaku Smartlab SR) to estimate phase 

purity and crystallinity and BET/BJH unit using Microtrac, 

BELSORP-max to analyse and measure surface area and pore 

size of the green synthesised ZONPs. 

Biological studies 

 Antioxidant activity assay: ABTS (2,2-Azinobis(3-ethyl-

benzothiozoline-6-sulfonic acid)disodium salt) assay was used 

for the determination of the antioxidant potential of green 

synthesised ZONP1 and ZONP2 samples. ABTS stock solu-

tions were mixed with potassium persulphate in dark at room 

temperature for about 12-16 h to prepare ABTS radical cation 

(ABTS+•). It was then diluted with ethanol. By using Trolox 

as the standard antioxidant positive control. The free radical 

was mixed with Trolox as well as the samples of different 

concentrations. The reaction was allowed for 0.5 h at 30 ºC, 

after which the absorbance at 734 nm was measured. Finally, 

the inhibition % was calculated using eqn. 1: 

  
control sample

control

OD OD
Inhibition (%) 100

OD

−
=    (1) 

 Anti-inflammatory activity assay: The in vitro anti-

inflammatory activity of ZONPs was evaluated using cyclo-

oxygenase/lipoxygenase (COX/LOX) enzyme inhibition ass-

ays. RAW 264.7 murine macrophage cells were cultured in 

DMEM, stimulated with LPS (1 g/mL) at ~60% confluence, 

and treated with ZONPs at 25, 50, and 100 g/mL. COX acti-

vity was determined following Walker & Gierse’s protocol [40] 

with absorbance measured at 632 nm, while LOX activity was 

assessed using Axelrod et al.’s method [41] with absorbance 

recorded at 234 nm. The percentage inhibition of COX/LOX 

activity [42] was determined eqn. 2: 

  control test

control

A A
Inhibition of enzyme (%) 100

A

−
=    (2) 
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 Antibacterial activity assay: The antimicrobial activity 

of the biofabricated ZONPs was evaluated using the disc diffu-

sion method [43] on bacteria-inoculated agar plates. Different 

concentrations of the samples were loaded onto discs and anti-

microbial efficacy was determined by the inhibition zones 

against Gram-positive bacteria (Staphylococcus aureus, Bacillus 

cereus) and Gram-negative bacteria (Klebsiella pneumoniae, 

Vibrio cholerae), using ciprofloxacin (5 g/mL) as positive 

control and a sterile blank disc as negative control [44]. 

RESULTS AND DISCUSSION 

 SEM/EDX studies: Scanning electron microscopy was 

employed for examining the interface morphology and texture 

of the synthesised ZnO nanoparticles. The SEM images of 

the ZONPs synthesised using extracts of different plant parts 

of Artocarpus altilis are shown in Fig. 1. The particles are in 

irregular shapes together with agglomeration. The agglomera-

tion may be the result of high surface energy and low surface 

area which occurs when particle adhesion takes place through 

weak forces which leads to nanoentities [45]. The approxi-

mate particle sizes obtained from the SEM images were around 

306 nm and 354 nm for ZONP1 and ZONP2, respectively as 

shown in the images provided by the instrumentation facility 

(Fig. 1a-b) [46]. These values confirm the ZnO nanoparticles 

in the micrometer to nanometer range. 

 Further EDX analysis of the ZONPs show that it contains 

zinc and oxygen as major constituents confirming the metal 

oxide formation. Signals related to the carbon and sulphur were 

also observed. ‘S’ may be from the precursor concentration 

and ‘C’ may be from the associated biomolecules present in 

the plant which act as capping agents (Fig. 2).  

 XRD studies: By measuring the angle and interatomic 

distance between the atoms packed in a crystalline solid, it is 

possible to verify the structure of these materials. The XRD 

trend of the two zinc oxide nanoparticles synthesised from 

the precursor zinc sulphate and the plant extracts shows five 

different sharp and intense peaks. As seen in Fig. 3, the peaks 

are indexed with their corresponding lattice planes. The peak 

angles and the hkl values are 32.8 (100), 33.9 (002), 36.7 

(101), 58.4 (110) and 69.1 (201) for ZONP1 and 33.0 (100), 

34.8 (002), 37.3 (101), 58.8 (110) and 69.4 (201) for ZONP2. 

All these assignments were close to the standard hexagonal 

wurtzite, zinc oxide reflections with JCPDS: 36-1451. Some 

peaks are seen in both samples in the low angle region [47-49], 

which are likely from the organic residues in a phytosynthesis.  

 

Fig. 1. SEM images of (a) ZONP1 and (b) ZONP2 
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Fig. 3. XRD images of ZONP1 and ZONP2 

 

Using the Scherrer’s formula [4,39], the average size of the 

crystallites was estimated to be approximately 19-20 nm for 

the two nanoparticles. 

 FTIR studies: The low-frequency M–O band confirming 

nanoparticle formation is observed at 614 cm–1 for ZONP1 

and 610 cm–1 for ZONP2 (Fig. 4). The peaks around 1000-700 

cm–1 always indicate out of plane C–H stretch i.e., the pre-

sence of C–H bending vibrations of the aromatic ring. The 

presence of peaks around 800 cm–1 in ZONP1 and 994 cm–1 

and 795 cm–1 in ZONP2 shows the presence of substituted 

aromatic phytochemicals. The peaks around 1200-1110 cm–1 

usually show C–O, C–O–C, C–N stretches of the alcohols, ester, 

ether, amines, etc. Both the samples exhibit stretching around 

1119 cm–1 and 1114-1185 cm–1, respectively. A peak at 1618 

cm–1 for ZONP1 and 1627 cm–1 for ZONP2 may arise from 

C=O or C=C stretching. The broad peaks in the spectrum at 

3474 cm–1 and 3514 cm–1 for these nanoparticles are due to 

the –OH stretching i.e., mainly due to the water molecules, 

hydroxyl groups, etc. [46,50]. These results indicate that the 

nanoparticles are capped by hydroxyl-, amine- and amide-

containing plant metabolites, where polyphenols and flavo-

noids act as strong reducing agents for metal ions [51]. 

 
Fig. 4. FTIR spectrum of the green synthesised ZONPs 

 

 UV-Vis: The observed colour change from colourless to 

light brown and finally to milky/off-white as reported by Maheo 

et al. [52], confirms successful phytofabrication, while the 

broad hump around 290-340 nm arises from electronic transi-

tions (inner shell e–ns) of the metal atoms during interaction 

of plant extracts with the precursor solution. A characteristic 

absorption edge in the UV-Vis spectra, near 350 nm and 349 

nm for ZONP1 and ZONP2 (Fig. 5), clearly shows the 

presence of ZnO nanoparticles [39,53]. These results not only 

validate the nanoparticle formation but also evidence of the 

reducing and the capping ability of the polyphenols or the 

other active species of the plant extract. The band gap esti-

mated for these samples using the Tauc plot method is 3.31 

eV and 3.44 eV, respectively. 

 BET studies: From the BET experiments, the ZONPs has 

a BET surface area of 14.12 m2/g and 6.49 m2/g for ZONP1 

and ZONP2, respectively and it matches well with the IUPAC 

classification of N2 uptake and desorption curves (Fig. 6a&c) 

confirming the presence of porosity [54]. The pore volumes 

and pore sizes of the synthesised particles were estimated by 

the BJH method (Fig. 6b&d) and were found to be 0.0327 

cm3/g and 0.0227 cm3/g and 9.26 nm and 13.99 nm, respect- 

 

Fig. 2. EDX mapping of (a) ZONP1 and (b) ZONP2 
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ively. Among the two samples, ZONP1 exhibits a comparatively 

larger surface area, whereas ZONP2 shows a larger pore size, 

with both displaying mesoporous structures. These values indi-

cate that the zinc oxide nanoparticles can be better used for 

biological activities [24,55]. 

 Anti-inflammatory activity: Comparison of the phyto-

synthesized ZnO nanoparticles shows that ZONP2 exhibits 

stronger anti-inflammatory activity than ZONP1, with both 

samples demonstrating dose-dependent inhibition of COX and 

LOX enzymes. The IC50 value of ZONP2 for COX enzyme 

 

Fig. 5. UV-Vis spectra of ZONP1 and ZONP2 

 

 

Fig. 6. N2 adsorption-desorption isotherms (a,c) and pore size distributions (b,d) of ZONP1 and ZONP2, respectively 
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is 123.17 g/mL (against 142.42 g/mL for ZONP1) and 100 

g/mL (against 116.67 g/mL for ZONP1) for LOX enzyme 

(Table-1). Even though ZONP1 has a comparatively larger 

surface area than ZONP2, the latter has a better pore size 

which might have contributed to the higher efficiency (i.e. 

ROS quenching or enzyme binding). The most important factor 

being the phytochemicals present in the plant which have 

imparted them with these qualities. 

 
TABLE-1 

ANTI-INFLAMMATORY (COX AND LOX  

ACTIVITY) OF ZONP1 AND ZONP2 

Sample 

conc. 

(µg/mL) 

Inhibition (%) 

COX activity LOX activity 

ZONP1 ZONP2 ZONP1 ZONP2 

LPS 0.000 0.000 0.000 0.000 

25 22.753 20.729 15.625 12.500 

50 31.741 32.227 37.500 31.250 

100 41.619 44.372 46.875 50.000 

 

 Antioxidant activity: In ZONPs, zinc exists in the stable 

+2 oxidation state and does not directly participate in redox 

reactions with free radicals; however, surface-bound phyto-

chemicals such as flavonoids and polyphenols containing 

hydroxyl, carboxyl and aromatic groups can donate hydrogen 

atoms or electrons to neutralize radicals. Moreover, oxygen 

vacancies and the semiconductor nature of ZnO further contri-

bute to the antioxidant activity of the ZONPs. The scavenging 

activity was measured for concentrations 20, 30 and 40 g/ 

mL. The ZONP1 has its maximum ABTS scavenging at 40 

g/mL (57%) and minimum at 20 g/mL (11%) (Table-2). 

For the second sample the highest concentration gave a 52% 

scavenging activity whereas 14% was observed at its lowest 

concentration. The ABTS scavenging activity of these nano-

particles showed a dose dependent increase. Thus, the sample 

ZONP1 is having greater antioxidant activity with an IC50  

 
TABLE-2 

ANTIOXIDANT ACTIVITY  

(ABTS SCAVENGING) OF ZONP1 AND ZONP2 

Conc. 

(µg/mL) 

Inhibition (%) of ABTS scavenging 

ZONP1 ZONP2 
Standard 

(ascorbic acid) 

20 11.145 ± 0.156 14.031 ± 0.079 34.892 ± 0.018 

30 32.152 ± 0.064 27.576 ± 0.024 43.317 ± 0.015 

40 56.597 ± 0.024 52.431 ± 0.214 65.889 ± 0.515 

IC50 value 37.3493 40.944 31.269 

value of 37.3493 g/mL, than the ZONP2 because of its com-

paratively larger surface area [55]. 

 Antibacterial activity: The antimicrobial activity of 

ZONPs was evaluated by the disc diffusion method using B. 

cereus (MTCC 430) and S. aureus (MTCC 3160) as Gram-

positive strains, and K. pneumoniae (MTCC 109) and V. 

cholerae (MTCC 3906) as Gram-negative strains, with cipro-

floxacin (5 µg) used as the positive control. The values were 

tabulated in Table-3. The negative control showed no inhibi-

tion zone, while ZONP1 exhibited broad-spectrum antibacterial 

activity against both Gram-positive and Gram-negative strains 

with a dose-dependent increase. In contrast, ZONP2 showed 

dose-dependent activity primarily against Gram-positive B. 

cereus, with a maximum inhibition zone of 25 mm, which 

may be attributed to oxygen vacancies enhancing ROS gener-

ation; the improved biological activity compared to chemi-

cally synthesized ZnO nanoparticles is mainly due to surface-

bound biomolecules that damage microbial cell walls and 

lead to cell death [50,56-58]. 

Conclusion 

 In summary, zinc oxide nanoparticles were successfully 

synthesized using A. altilis plant extracts and exhibited effec-

tive antimicrobial activity at higher concentrations. The for-

mation of crystalline, biomolecule-capped nanoparticles was 

confirmed by XRD, FTIR and UV-Vis analyses, while SEM 

revealed agglomerated morphology and EDS verified elem-

ental composition. The nanoparticles showed appreciable 

surface area and pore size, along with moderate to good 

antibacterial, anti-inflammatory, and antioxidant activities, 

attributed to bioactive capping agents that stabilize ROS and 

enhance functional performance. Further studies involving 

metal or non-metal doping, particle size distribution analysis, 

and cytotoxicity evaluation on normal cells are recommended 

to improve the properties, applicability, and safety of these 

green-synthesized nanoparticles.  
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TABLE-3 

ANTIBACTERIAL ACTIVITY OF ZONP1 AND ZONP2 

Concentration 

Inhibition zone diameter (mm) 

Gram-positive Gram-negative 

B. cereus S. aureus K. pneumoniae V. cholerae 

ZONP1 ZONP2 ZONP1 ZONP2 ZONP1 ZONP2 ZONP1 ZONP2 

250 µg/mL 11 17 7 9 9 8 9 8 

500 µg/mL 16 20 10 11 11 10 14 11 

1 mg/mL 17 25 12 13 16 13 16 14 

PC 33 32 22 22 30 30 25 19 

NC – – – – – – – – 
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