G RASAYAN J. Chem.

-IR Vol. 18 | No. 3 |1671-1681| July-September | 2025
== ISSN: 0974-1496 | e-ISSN: 0976-0083 | CODEN: RJICABP
RJC http://www.rasayanjournal.com

http://www.rasayanjournal.co.in

ECO FRIENDLY SYNTHESIS OF ZINC OXIDE NANO
PARTICLES USING Causonis trifolia EXTRACT:
CHARACTERIZATION AND EVALUATION OF

ANTIMICROBIAL and ANTIOXIDANT ACTIVITY

Santosi Anusha Buravilli!, Srinivasa Rao Golagani'™, Venkata Ravi Sankar
Ummidi?, Sai Kishore Marothu®, M. Vidya Kalpana‘, A. Hymavathi*

and Ravada Kishore!
"Department of Chemistry, School of Science, GITAM (Deemed to be University,
Visakhapatnam-530045 (Andhra Pradesh), India
2MicGene Lab, Visakhapatnam-530045 (Andhra Pradesh), India
3Sri Chaitanya Junior College, Visakhapatnam-530045 (Andhra Pradesh), India
*Visakha Govt.Degree College for Women(A), Visakhapatnam 530 020, India
MCorresponding author: sgolagan@gitam.edu

ABSTRACT

The synthesis of nanoparticles using plants provides an environmentally friendly and sustainable alternative for
developing multifunctional materials with applications in biomedicine, agriculture, and environmental remediation.
Antibiotic resistance remains a global challenge, affecting healthcare in both developed and developing nations. The
rise of multidrug-resistant infections has significantly impacted current antibacterial therapies, necessitating
alternative strategies such as plant-mediated nanomaterials, which possess bioactive compounds with therapeutic
potential. Zinc oxide nanoparticles (ZnO NPs), known for their semiconducting and antimicrobial activities, are
particularly promising due to their Generally Recognized as Safe (GRAS) status and potent ability to disrupt
microbial membranes via reactive oxygen species (ROS) generation. The present study was intended to synthesize
ZnO NPs derived from leaf, stem, and fruit extracts of Causonis trifolia, an ethnomedicinal plant, and evaluate their
structural, antimicrobial, and antioxidant activities. ZnO NPs were synthesized through a green synthesis route using
aqueous plant extracts as stabilizing and reducing agents. Characterization was carried out by employing UV-
Visible, XRD, SEM, EDX, and FTIR spectroscopic techniques. Antibacterial and antifungal efficacy was assessed
via agar well diffusion against a range of pathogenic Gram-positive and Gram-negative bacteria and fungal strains.
Antioxidant potential was assessed by employing DPPH radical scavenging and Ferric Reducing Antioxidant Power
(FRAP) assays. Spectral and morphological analysis confirmed the successful formation of crystalline ZnO NPs,
with the largest and most crystalline particles obtained from leaf extract (60.91 nm), followed by fruit (45.73 nm)
and stem extracts (11.45 nm). Antibacterial studies revealed that stem-extract ZnO NPs exhibited the strongest
inhibition, particularly against gram-positiveClostridium perfringens (30.0 mm), Staphylococcus aureus (28.0 mm),
and gram-negative Vibrio cholerae, Escherichia coli (28.0 mm each),followed by Pseudomonas aeruoginosa (25.0
mm). Antifungal assays similarly showed maximum activity from stem-derived NPs against Candida albicans (24.0
mm) and Saccharomyces cerevisiae (14.0 mm). Antioxidant evaluation revealed that stem-derived NPs had the
highest DPPH scavenging activity (ICso = 195.28 ug/mL), while fruit-derived NPs showed superior FRAP activity
(ICso = 198.96 pg/mL), highlighting phytochemical influence on bioactivity. In conclusion, Causonis trifolia
extracts effectively mediate the green synthesis of ZnO NPs with promising antimicrobial and antioxidant potential.
These findings support their relevance as alternative therapeutic agents in combating antibiotic-resistant infections
and advancing biomedical nanotechnology.
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INTRODUCTION
Plant-mediated synthesis of nanoparticles (NPs) has emerged as a sustainable option to conventional
techniques, contributing eco-friendly and non-toxic routes with applications in medicine, agriculture, food
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processing, and water treatment'. Unlike chemically synthesized NPs, which may exhibit toxicity and
limited efficacy?, biosynthesized NPs benefit from enhanced stability and biocompatibility, facilitated by
phytochemicals like flavonoids, proteins, and carbohydrates that aid in metal ion reduction through
functional groups such as hydroxyl (-OH).’Since Feynman’s proposal in 1959, nanotechnology has
enabled the fabrication of materials with unique properties, supporting diverse biomedical applications
like drug delivery, imaging, and antimicrobial therapies.*>Among metal oxides, zinc oxide nanoparticles
(ZnO-NPs) are especially valuable because of their wide band gap (~3.37 eV), excellent stability, and
notable antibacterial activity.*”8Green synthesis using plant extracts rich in polyphenols and amino acids
allows ZnO-NPs to function as both reducing and stabilizing agents’, producing biocompatible materials
recognized as GRAS with the ability to disrupt microbial membranes and generate ROS.'°’Amid rising
antimicrobial resistance!'>!3 green synthesis offers a promising route to novel antimicrobials.
Metal-based NPs, especially ZnO-NPs, show potent bactericidal potential due to their nanoscale
dimension and high surface area.!*!* Resistance to antibiotics now affects over 70% of pathogens!'®!”,
prompting the urgent need for alternative agents. ZnO-NPs also demonstrate synergy with antifungal
agents like nystatin and fluconazole, enhancing efficacy while minimizing toxicity.'®!’In the present
study, ZnO-NPs were derived using leaf, stem, and fruit extracts of Causonis trifolia—a medicinal vine
rich in bioactive substances like flavonoids, alkaloids, tannins, squalene, myricetin, and
nimbidin.2*?'HPLC and GC-MS analysis confirmed the presence of key phenolics and 19 phytochemicals
contributing to its antioxidant, anti-inflammatory, antidiabetic, and antimicrobial effects.

The derived ZnO-NPs were evaluated for antibacterial and antifungal efficacy in opposition to Gram +ve,
Gram -ve, and fungal pathogens. Although ZnO-NPs have shown potential toxicity via ROS and
inflammasome activation in cancer cells?>?**, green synthesis significantly enhances their safety
profile.”>*%?'This study underscores the potential of Causonis trifolia-mediated ZnO-NPs as effective
antimicrobial agents, promoting their application in biomedicine and supporting plant-based nanoparticle
synthesis as a viable, eco-friendly alternative.

EXPERIMENTAL
Collection of Plant Specimens and Reagents
Leaves, stems, and fruits of Causonis trifolia were collected from Machavaram, Andhra Pradesh
(16°51'11.0"N, 81°59'01.2"E). Analytical-grade zinc sulfate pentahydrate (ZnSO,), hydrochloric acid
(35% HCI), and sodium hydroxide (98% NaOH) were obtained from Merck. A 1 x 10-2 M ZnSO, stock
solution was prepared by suspending 2.5 g in 100 mL of deionized water. Microbial cultures were
maintained in appropriate media for further studies.

Aqueous Plant Extract Preparation

Plant specimens were first washed thoroughly with distilled water, then shade-dried at ambient
temperature and finely ground. To prepare the extract, 5 grams of the powdered sample were heated up
toa boil in 100 mL of distilled water using microwave heating for 5 minutes. The resulting solution was
filtered two times by employing Whatman No. 1 filter paper and kept at 4°C for further use.

Green Synthesis of ZnO NPs

ZnO NPs were prepared by combining 50 mL of each plant extract (leaf, stem, and fruit) with 100 mL of
1 x 102 M ZnSO, solution. The pH was makeup to 7.0 using NaOH, and the mixture was refluxed at
70°C for 5 hours under continuous stirring. The appearance of a milky white color indicated nanoparticle
formation. After allowing the reaction to stand for 24 hours, the mixture was subjected to centrifugation,
and the precipitate was cleaned three times with deionized water and once with absolute ethanol.The
purified ZnO nanoparticles were dried for 4 hours at 60°C and kept at 4°C for future use.

Characterization of ZnO NPs Derived via the Green Method
ZnO NPs were synthesized and characterized using different analytical methods to verify and validate
their structure, morphology, and composition as detailed in Table-1.

Preparation of Nanoparticle Stock Solutions and Microbial Cultures
Stock solutions of ZnO nanoparticles were initially prepared in Dimethyl Sulfoxide (DMSO) at a
concentration of 1 mg/mL, then diluted to working concentrations of 100, 200, and 500 pg/mL for use in
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biological assays. The bacterial and fungal strains employed in the study were sourced from the
‘Microbial Type Culture Collection (MTCC), Institute of Microbial Technology, Chandigarh, India.’
Bacterial strains were cultured on nutrient agar, while fungal strains were maintained on potato dextrose
agar (PDA). All microbial species were identified using standard microbiological techniques.

Table-1: Characterization Techniques Used for Green-Synthesized ZnO Nanoparticles

Technique Purpose Instrument/Method Details Reference(s)
UV-Visible Spectroscopy Confirmation of SHIMADZU UV-2600i; wavelength | Akintelu and Yao?®
nanoparticle formation range: 200-800 nm
FTIR (Fourier Transform Functional groups KBr pellet method; range: 4000-400 Akintelu et al.?®
Infrared Spectroscopy) identification cm™'; resolution: 4 cm™
XRD (X-ray Diffraction Crystalline phase and Bruker D8 Advance; CuKa radiation Sharma et al.>";
Analysis) structure determination (A =1.5406 A); 20 range: 30-70° Jamdade et al.’!
EDX (Energy Dispersive Analysis of elemental Standard EDX detection of element- Noruzi*
X-ray Spectroscopy) composition specific X-ray peaks
SEM (Scanning Electron | Analysis of morphology, JEOL (Japan) SEM Prabhu et al.**
Microscopy) shape, and size

Antimicrobial Assay

Test Organisms

Bacterial strains, including ‘Bacillus subtilis (MTCC 441), Bacillus licheniformis (MTCC 7445),
Clostridium sp. (MTCC 11101), Staphylococcus epidermidis (MTCC 3615), Staphylococcus aureus
(MTCC 2940), Aeromonas sp. (MTCC 4033), Vibrio cholerae (MTCC 3906), Escherichia coli (MTCC
443), Pseudomonas aeruginosa (MTCC 424), and Salmonella paratyphi (MTCC 735), along with fungal
strains Aspergillus niger (MTCC 282), Aspergillus flavus (MTCC 277), Candida albicans (MTCC 227),
Saccharomyces cerevisiae (MTCC 4742) and Phytophthora were collected from the Microbial Type
Culture Collection and Gene Bank (MTCC), Institute of Microbial Technology, Chandigarh, India.’
Standard bacterial and fungal cultures were sub-cultured into freshly prepared nutrient agar and potato
dextrose agar (PDA), respectively, and incubated at 32°C for 24 hours to obtain fresh cultures for
antibacterial and antifungal activity.

Procedure

Fresh microbial (both bacteria and fungi) cultures standardized to 0.5 McFarland were swabbed onto
respective agar plates. Wells (6 mm) were loaded with 50 pL of ZnO NPs, plant extracts (leaf, stem,
fruit), DMSO (-ve control), and standard antibiotics Streptomycin and Fluconazole for bacteria and fungi,
respectively. Inoculated plates were kept for 24 hours at 32°C, and inhibition zones were noted in mm.
The assay was performed in triplicate at three concentrations @ 100, 200, and 500 pg/mL.**3

Antioxidant Activity

DPPH Radical Scavenging Method

Antioxidant potential was measured by employing the DPPH technique. A 0.1 mM DPPH ethanol
solution was combined with sample extracts at concentrations of 200-1000 pg/mL and kept in the dark
for 30 minutes. Absorbance was recorded at 517 nm. Ascorbic acid (20-100 pg/mL) served as the

positive control. The percent inhibition was calculated as:

) o Control — Test/Standard
DPPH scavenging ef fect (%) or Percent Inhibition = x 100

Control
Ferric Reducing Antioxidant Power (FRAP) Assay
The FRAP solution (acetate buffer, TPTZ, FeCl; in a 10:1:1 ratio) was mixed with sample extracts at a
1:30 ratio and kept for 30 min at 37°C. Absorbance was measured at 593 nm. Lower absorbance indicated

higher antioxidant activity. As positive control, Ascorbic acid was employed (20-100 pg/mL). All assays
were conducted three times.

RESULTS AND DISCUSSION
UV-Visible Spectroscopic Analysis
UV-Vis analysis confirmed the successful synthesis of ZnO nanoparticles from Causonis trifolia extracts.
Absorption peaks between 300—400 nm indicated band gap excitation characteristic of ZnO. Fruit, stem,
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and leaf-derived nanoparticles showed maximum absorbance around 350 nm, with declining trends at
higher wavelengths, reflecting stable dispersion. The presence of phytochemicals like flavonoids and
tannins facilitated reduction and capping, affirming nanoparticle stability (Fig.-1).

[Samples] a7 [Sample-9]

Abrorbance
Absorbancs
ke RrRB2EBE R
Absorbancs
8

k] 400 600 800 000 400 600 800 000 E 400 600 800 000

W cength(nm) Wavdength(nm) Wav cength(nm)

I°]
8

Fig.-1: UV—Vis Absorption Spectra of ZnO NPs Derived from Fruit, Stem, and Leaf Extracts of Causonis trifolia

Energy Dispersive X-ray Spectroscopy (EDS) Assay

EDS analysis of fruit-derived ZnO nanoparticles revealed strong Zn peaks at ~1.0, 8.6, and 9.6 keV, and
an O peak at ~0.5 keV, confirming ZnO formation. Minor peaks for C, K, P, and S suggest the
involvement of phytochemicals in nanoparticle stabilization. The dominance of Zn and O signals affirms
the purity and green synthesis pathway.

XRD Analysis of ZnO NPs Synthesized Using Causonis trifolia Extracts

XRD established the hexagonal Wurtzite construction of ZnO in all samples. Fruit-derived nanoparticles
showed intense peaks, particularly at 26.61°, with a mean crystallite size of 45.73 nm. Stem-derived
particles exhibited broader peaks and a smaller size (11.45 nm), indicating strain and defects. Leaf-
derived particles showed well-defined peaks and the largest crystallite size (60.91 nm), suggesting high
crystallinity. No secondary phases were detected (Fig.-4).

FTIR Spectrum

FTIR spectra illustrate O-H, N-H, C—H, C=0, and C-O functional groups, confirming the presence of
phytochemicals involved in nanoparticle synthesis. Zn—O stretching vibrations appeared below 700 cm™,
validating ZnO formation. Bioactive substances in the extracts performed both reducing and capping
agents (Fig.-3).

Scanning Electron Microscopy Analysis

SEM images revealed mixed spherical and irregular morphologies with varying degrees of agglomeration
across all samples. Leaf-derived particles showed moderate agglomeration; stem-derived ones exhibited
pronounced aggregation; fruit-derived particles presented mixed shapes with partial aggregation. These
differences reflect the influence of phytochemical composition on nanoparticle morphology (Fig.-2).

Antibacterial Potential of ZnO NPs in Opposition to Gram-positive and Gram —ve bacteria

ZnO NPs derived from various parts of Causonis trifolia (stem, leaf, and fruit) exhibited variable
antibacterial ability against both Gram-positive and Gram —ve bacteria. The antibacterial efficacy was
assessed via the well diffusion assay at concentrations of 100, 250, and 500 pg/well. Against Gram-
positive bacteria, stem-derived ZnO NPs showed the highest efficacy, notably inhibiting Clostridium
perfringens (30.0 mm) and Staphylococcus aureus (28.0 mm), followed by moderate activity against
Bacillus licheniformis (23.0 mm) and Staphylococcus epidermidis (11.0 mm). Bacillus subtilis remained
resistant. Leaf-extract ZnO NPs showed moderate activity, while fruit-derived NPs were least effective,
with minimal inhibition zones (7.0-8.0 mm) (Table-2 and Fig.-6). Against Gram-negative bacteria, strong
inhibition was observed for stem-derived NPs against Vibrio cholerae and Escherichia coli (28.0 mm),
with P. aeruginosa (25.0 mm), Salmonella enterica (18.0 mm), and Aeromonas hydrophila (16.0 mm)
showing slightly lower inhibition. Leaf-based NPs exhibited moderate inhibition, while fruit-based NPs
were largely ineffective (Table-3 and Fig.-7). The enhanced antibacterial ability of stem and leaf ZnO
NPs is likely due to their higher phytochemical content, aiding nanoparticle stabilization and bioactivity.
The findings are consistent with previous studies. Al-darwesh et al.*° reported inhibition zones of 10.3
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mm (K. aerogenes) and 3.3 mm (P. aeruginosa). Imade et al.>” demonstrated activity against S. enterica,
K. pneumoniae, and S. aureus using plantain peel ZnO NPs. Kalaba ef al.*® showed nanofluids from
Streptomyces baarnensis were highly effective (36 mm for MRSA).

Fig.-2: SEM Images of ZnO NPs Derived from Leaf, Fruit, and Stem Extracts of Causonis trifolia
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Fig.-3: FTIR Spectra of ZnO NPs Derived from Leaf (A), Fruit (B), and Stem (C) Extracts of Causonis trifolia
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Fig.-4: XRD Spectra of ZnO NPs Derived from Leaf (A), Stem (B), and Fruit (C) Extracts of Causonis trifolia

Table-2: Antibacterial Potential of ZnO NP Synthesized from DifferentParts of Causonis trifolia against Gram-
Positive Bacteria

. Baczl.h.ts Bacillus Clostridium | Staphylococcus | Staphylococcus
Concentration subtilis . . . . . S
Plant £ 700 NP MTCC licheniformis perfringens epidermidis aureus
parts ° MTCC 7445 MTCC 11101 MTCC 3615 MTCC 2940
(ng/well) 441
Diameter of Inhibition zone (mm)

7 100 -- 15.0 25.0 7.0 20.0
NIIJI 250 -- 20.0 22.0 8.0 21.0
fI‘OIfl 500 -- 23.0 30.0 11.0 28.0
Stem Positive control 15.0 12.0 29.0 10.0 17.0

extract Negative - - N - -
control

Zn 100 -- 8.0 16.0 - 12.0
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NPs 250 -- 14.0 18.0 8.0 15.0
from 500 -- 20.0 24.0 9.0 24.0
Leaf Positive control 14.0 12.0 29.0 11.0 17.0
extract Negative -- -- -- -- --
control
100 - -- -- -- --
Zn 250 - -- -- -- --
NPs
from 500 7.0 -- -- 8.0 -
Fruit Positive control 19.0 12.0 28.0 12.0 18.0
Extract Negative - - - -- -
control

‘--” indicates Resistance

ZnO NPs typically show greater activity against Gram-negative bacteria due to their thinner
peptidoglycan layer and negatively charged lipopolysaccharides, which promote nanoparticle adhesion
and membrane disruption (Fig.-5). In conclusion, stem- and leaf-derived ZnO NPs from C. trifolia
possess strong antibacterial ability, especially opposed to S. aureus, C. perfringens, E. coli, and V.
cholerae. The lower efficacy of fruit-based NPs highlights the role of phytochemical composition in
nanoparticle bioactivity. Literature comparisons affirm the suitability of eco-friendly synthesized ZnO
NPs for antimicrobial applications.

Table-3: Antibacterial Activity of ZnO NP Synthesized from DifferentParts of Causonis trifoliaAgainst Gram-
Negative Bacteria

Plant Concentration IZ;ZZZZ?; Vibrio cholera E. Coli P. aeruginosa Sael;nt(;}ifieclla
parts of ZnO NP MTCC 4033 MTCC 3906 MTCC 443 MTCC 424 MTCC 735
(ng/well) Diameter of Inhibition zone (mm)
100 10.0 20.0 20.0 10.0 14.0
Zn 250 15.0 21.0 22.0 18.0 16.0
NPs 500 16.0 28.0 28.0 25.0 18.0
from Positive 20.0 20.0 15.0 19.0 13.0
Stem control
extract Negative - - - — -
control
100 -- -- 9.0 10.0 7.0
Zn 250 -- 17.0 18.0 14.0 13.0
NPs 500 16.0 19.0 21.0 18.0 14.0
from Positive 18.0 21.0 15.0 20.0 15.0
Leaf control
extract Negative -- -- -- -- --
control
100 -- -- -- -- --
Zn 250 -- -- -- -- --
NPs 500 -- -- 12.0 -- --
from Positive 19.0 19.0 15.0 20.0 14.0
Fruit control
Extract Negative - - - - -
control

‘--” indicates Resistance

Antifungal Activity of ZnO NPs Derived from Various Parts of Causonis trifolia

ZnO nanoparticles synthesized from the stem, leaf, and fruit extracts of Causonis trifolia were tested
against A. niger, A. flavus, C. albicans, Saccharomyces cerevisiae, and Phytophthora spp. Using the well
diffusion method at 100, 250, and 500 pg/well (Table-4 andFig.-8).Stem-derived ZnO NPs exhibited the
strongest antifungal activity, particularly against C. albicans (24.0 mm at 500 pg/well) and S. cerevisiae
(up to 14.0 mm), with moderate inhibition of 4. flavus and minimal effect on A. niger, Phytophthora
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showed complete resistance. Leaf-derived NPs showed moderate inhibition against C. albicans (18.0 mm)
and S. cerevisiae (16.0 mm), while other strains were largely unaffected.
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Fig.-5: Mechanism of Action of ZnO NP’s on Gram +ve and Gram ve organisms (Singh et al.,’%)

Fruit-derived NPs were least effective, displaying weak inhibition only against A. niger, C. albicans, and
Phytophthora (7.0 mm each), with no activity against 4. flavus or S. cerevisiae.Positive controls showed
significant inhibition across all strains (17.0-32.0 mm), confirming the antifungal efficiency of the
synthesized NPs. The superior performance of stem-based NPs is attributed to higher phytochemical
content, influencing nanoparticle characteristics and antifungal potency. These results are in line with
prior studies. Abomuti et al.*’ reported that biogenic ZnO NPs significantly inhibited C. albicans isolates
with MICs between 1.95 to 7.81 pg/mL, suggesting mechanisms involving ergosterol biosynthesis
inhibition and membrane damage. Similarly, Yassin ef al*' demonstrated strong antifungal activity of
ZnO NPs derived from pomegranate peel, with inhibition zones of 18.68-23.12 mm against Candida spp.
Igbal et al.** also confirmed the antifungal effects of ZnO NPs synthesized from Elaeagnus angustifolia
against fungi such as A. flavus, A. niger, and C. albicans, with effective inhibition observed at
concentrations between 37.5 and 1200 pg/mL. Overall, C. trifolia stem-based ZnO NPs show
considerable promise for antifungal applications, particularly in treating opportunistic yeast infections.
Further mechanistic studies and formulation optimization are recommended for clinical and agricultural
applications.
Table-4: Antifungal Activity of ZnO NP Synthesized from Different Parts of Causonis Trifolia Against Various
Fungal Strains

‘A. Niger ‘Aspergillus 4 lblS;l}’lS ‘Saccharomyces
Plant Concentration of MTCC flavus MTCC cerevisiae Phytophthora
parts ZuO NP (ng) 282’ MTCC 277’ 297 MTCC 4742’
Diameter of Inhibition zone (mm)

Zn 100 - -- 15.0 8.0 -
NPs 250 -- 10.0 20.0 11.0 -
from 500 6.0 12.0 24.0 14.0 -
Stem Positive control 32.0 31.0 19.0 19.0 29.0

extract | Negative control -- -- -- -- --
7n 100 - - -- -- -
NPs 250 - - 14.0 11.0 -
from 500 6.0 - 18.0 16.0 --
Leaf Positive control 30.0 29.0 20.0 17.0 27.0
extract | Negative control - - - - -
7n 100 - - -- -- -

NPs 250 - - - - -
from 500 7.0 -- 7.0 -- 7.0
Fruit Positive control 31.0 30.0 19.0 20.0 29.0

Extract | Negative control -- -- -- - -
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Antioxidant Activity of ZnO Nanoparticles Synthesized from Causonis Trifolica Extracts

The antioxidant potential of ZnO NPs derived from stem, leaf, and fruit extracts of Causonis trifolia was
evaluated through two standard analyses: DPPH radical scavenging and FRAP. As shown in Table-5 and
6, both methods demonstrated a clear dose-dependent response within the tested concentration range of
62.5 to 1000 pg/mL.ZnO NPs derived from stem extract exhibited the strongest DPPH radical scavenging
ability, with an IC50 of 195.28 pg/mL (Table-5). This suggests effective electron or hydrogen donation
capability, likely due to the stem extract’s richness in reducing and capping agents that enhance
nanoparticle surface activity. Interestingly, fruit-derived ZnO NPs demonstrated the highest FRAP
activity (IC50 = 198.96 pg/mL), indicating superior ferric-reducing potential (Table-6). The observed
activity could be attributed to a higher concentration of electron-donating phytochemicals in the fruit
extract. These results highlight the influence of phytochemical diversity among different plant parts on
the antioxidant behaviour of synthesized nanoparticles. Stem-based ZnO NPs were more effective in free
radical neutralization (DPPH), while fruit-based ZnO NPs were superior in ferric ion reduction (FRAP),
suggesting part-specific bioactivity profiles.Zinc's known role in cellular antioxidant defence is likely
enhanced by bioactive plant molecules capping the green-synthesized ZnO NPs. Literature supports these
findings: Arumugam et al*® demonstrated that ZnO NPs from Syzygium cumini leaves effectively
scavenged DPPH radicals, with an IC50 of 70.85 pg/mL. Igbal et al.** reported 93.51% DPPH scavenging
for ZnO NPs synthesized using Elaeagnus angustifolia, affirming the strong antioxidant potential of
green-synthesized nanoparticles.In conclusion, ZnO NPs synthesized from C. frifolia stem and fruit
extracts exhibit significant antioxidant properties, reinforcing their potential in developing antioxidant
formulations for biomedical, pharmaceutical, and nutraceutical applications. Additional research is
necessary to discover the precise phytoconstituents involved and to validate these findings through in
vivo models.

Table-5: DPPH Free Radical Scavenging Activity

Concentration (ig) Stem extract ZnO NP | Leaf extract ZnO NP | Fruit extract ZnO NP
Per cent Inhibition (%)
62.5 21.48 26.51 27.85
125 26.85 31.54 31.88
250 45.64 38.59 34.56
500 61.41 54.03 55.70
1000 66.78 71.14 69.80
ICso 195.28 ng 364.92 ug 379.36 ug

Fig.-6: ZnO NPs Synthesized from Stem Extract Demonstrated the Highest Antibacterial Activity, Notably Against
Gram +ve Clostridium perfringens (30.0 mm) and Staphylococcus aureus (28.0 mm)

Table-6: FRAP (Ferric Reducing Antioxidant Power) Activity

Concentration (j1g) Stem extract ZnO NP | Leaf extract ZnO NP | Fruit extract ZnO NP

Per cent inhibition (%)

62.5 21.90 16.99 25.18

125 37.19 30.09 44.84

250 48.66 50.85 53.03

500 60.68 54.12 62.32

1000 63.95 62.32 71.05

ICso 249.66 pg 27591 pg 198.96 pg
1678
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Fig.-7: Stem-extract ZnO NPs showed the Strongest Antibacterial Ability in Opposition to Gram —ve Vibrio
cholerae and E. coli (28.0 mm each), next by Pseudomonas aeruginosa (25.0 mm)

Fig.-8: Stem-derived ZnO Nanoparticles Exhibited Notable Antifungal Activity against Candida albicans (24.0 mm)
and S. cerevisiae (14.0 mm)

CONCLUSION

The present study explored the eco-friendly synthesis of ZnO NPs derived from leaf, stem, and fruit
extracts of Causonis trifolia, aiming to assess their structural, antimicrobial, and antioxidant properties.
Characterization techniques confirmed the successful synthesis of ZnO NPs with a hexagonal Wurtzite
model, phytochemical-assisted stabilization, and varied morphologies. Among the synthesized variants,
stem-derived ZnO NPs demonstrated the most significant antibacterial and antifungal activity, particularly
in opposition to S. aureus, Clostridium perfringens, E. coli, Vibrio cholerae, and C. albicans. These
nanoparticles also showed the highest DPPH radical scavenging ability, indicating strong antioxidant
potential. While leaf-derived NPs exhibited moderate bioactivity, fruit-derived NPs were less effective,
except for their relatively high ferric-reducing capacity. The findings highlight the influence of plant part-
specific phytochemical profiles on nanoparticle biofunctionality and support the application of C. trifolia-
mediated ZnO NPs as sustainable, multifunctional agents in antimicrobial and antioxidant therapies.
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