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Abstract

The biosynthesis of silver nanoparticles (AgNPs) using biological methods has gained increasing attention due to their
broad range of applications. In this study, AgNPs were synthesized via a simple and eco-friendly approach using
Vernonia anthelmintica stem and leaf extract as both a reducing and stabilizing agent. The synthesized nanoparticles
were characterized through UV-Visible spectroscopy, Fourier-transform infrared spectroscopy (FTIR), scanning
electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), and X-ray diffraction (XRD). UV-Vis
analysis revealed a distinct surface plasmon resonance (SPR) peak at 413 nm, confirming the formation of AgNPs.
XRD results indicated a crystalline structure with an average crystallite size of approximately 49 nm, while SEM
analysis revealed an average particle size of around 21 nm, suggesting polydispersity. EDX spectra confirmed the
presence of elemental silver, and FTIR analysis identified functional groups such as alkenes, dicarboxylic amino acids,
and sulfonyl chlorides, indicating their role in the reduction and stabilization of the nanoparticles. The synthesized
AgNPs exhibited notable antibacterial activity against Staphylococcus aureus (Gram-positive) and Citrobacter (Gram-
negative), with inhibition zones of 20 mm and 18 mm, respectively. In contrast, the plant extract alone showed no
antibacterial effect. The AgNPs also demonstrated antifungal activity against Echromonium, Penicillium, and Pythium,
whereas the crude extract was inactive against these fungi. Additionally, antioxidant activity, assessed using the 2,2-
diphenyl- 1-picrylhydrazyl (DPPH) assay, showed significant radical scavenging potential by the extract.
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1. Introduction

The term "nano" is derived from the Greek word nanos, meaning "dwarf," and has become increasingly prevalent in
modern scientific literature [1]. It is now widely used across disciplines, giving rise to terms such as nanometer,
nanoscale, nanoscience, nanotechnology, and nanostructures [2]. Nanotechnology refers to the science and
manipulation of matter at the scale of one billionth of a meter, involving the design, synthesis, and application of
materials at the atomic and molecular level [3]. One of the central aspects of nanotechnology is the production of
nanoparticles with controlled size, shape, composition, and functionality, which opens up numerous possibilities for
technological innovation [4].

Nanotechnology research and development has expanded rapidly in the 21st century, especially in the synthesis of
nanoparticles with dimensions typically below 100 nanometers [5-7]. Nanoparticles exhibit unique and often enhanced
properties compared to their bulk counterparts, including increased surface area, catalytic reactivity, and improved
antimicrobial activity [8,9]. These properties arise from their high surface-to-volume ratio, which enhances their
interaction with biological and chemical environments [10].

Among the various types of nanoparticles, noble metal nanoparticles, especially silver nanoparticles (AgNPs), have
attracted significant interest due to their remarkable physicochemical and biological properties [11]. AgNPs are known
for their electrical conductivity, chemical stability, catalytic potential, and strong antimicrobial activity. Studies have
shown that AgNPs often outperform other metal nanoparticles such as gold, copper, and palladium in biological
applications [12-15].

AgNPs can be synthesized through physical, chemical, or biological (green) methods [16]. While conventional physical
and chemical methods such as laser ablation, pyrolysis, vapor deposition, and sol-gel processes are effective, they often
involve toxic solvents, high energy inputs, and generate hazardous by-products [17]. In contrast, green synthesis offers
an eco-friendly, cost-effective, and scalable alternative that avoids the use of harmful chemicals [18]. Green synthesis
typically utilizes plant extracts, fruits, or microorganisms as natural reducing and stabilizing agents [19]. This method
not only supports sustainable chemistry but also enhances the biocompatibility and biological efficacy of the resulting
nanoparticles [20].

The success of green synthesis depends on multiple factors, including the choice of plant extract, the concentration of
reactants, pH, temperature, and reaction time [21]. Various plant parts such as leaves, stems, seeds, and peels have been
successfully used to synthesize AgNPs with diverse shapes (spherical, rod-shaped, triangular, etc.) and sizes ranging
between 1 and 100 nm [22]. For example, extracts from tamarind, onion, basil, and banana peels have demonstrated
effective synthesis of silver and gold nanoparticles with promising applications [23].

In this context, Vernonia anthelmintica (also known as Centratherum anthelminticum), commonly referred to as Blue
Fleabane emerges as a valuable candidate for green synthesis [24]. This herbaceous plant, belonging to the family
Asteraceae (Compositae), is native to South Asia and widely used in traditional medicine [25]. It grows up to 60-90 cm
in height and is characterized by pubescent stems and dark brown oily seeds [26]. In folk medicine, V. anthelmintica
has been used to treat a wide range of ailments including malaria, fever, worm infestations, inflammation, infections,
cancer, and gastrointestinal disorders [26]. The seeds are also traditionally used as blood purifiers and remedies for
diabetes, toothache, and dysentery [27].

Given the therapeutic potential of V. anthelmintica, its use as a reducing and stabilizing agent for the green synthesis of
silver nanoparticles presents an exciting opportunity. The aim of this study is to synthesize AgNPs using stem and leaf
extracts of V. anthelmintica, characterize the synthesized nanoparticles using various analytical techniques, and evaluate
their antibacterial, antifungal, and antioxidant properties.

2. Materials and Methods

2.1 Chemicals

Silver nitrate (AgNOs) was procured from E. Merck (D-6100 Darmstadt, F.R. Germany). Nutrient agar, Mueller-Hinton
broth, and Mueller-Hinton agar used for bacterial culture and antimicrobial testing were obtained from Merck, Pakistan.
Other materials used in this study included plant extracts, fungal strains, Petri plates, agar media, synthesized AgNPs,
dimethyl sulfoxide (DMSO), an incubator, micropipettes, screw-cap test tubes, an autoclave, Potato Dextrose Agar
(PDA), a magnetic stirrer, and standard antifungal agents (Miconazole and Amphotericin B). The antioxidant assay
utilized 2,2-diphenyl-1-picrylhydrazyl (DPPH).

2.2 Collection and Preservation

Fresh aerial parts of V. anthelmintica at the leafy stage were collected from Shanghai, China. The collected plant
material was thoroughly cleaned, washed with tap water, and shade-dried. Once completely dried, the specimens were
ground into a fine powder using an electric grinder.
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2.3 Preparation of Extract

The aerial parts of V. anthelmintica were ground using an electric grinder to obtain a fine powder with a 60-mesh
particle size. A 500 g portion of the powdered sample was soaked in 1.5 L of 70% methanol for 15 days at room
temperature. After maceration, the extract was filtered using Whatman filter paper No. 1823. The filtrate was then
concentrated using a rotary evaporator at 40°C and stored at 4°C for subsequent use in silver nanoparticle synthesis.

2.4 Preparation of Silver Nitrate Solution

All glassware used in the synthesis process was initially cleaned with aqua regia (a 3:1 mixture of hydrochloric acid and
nitric acid) to remove any potential metal contaminants. Afterward, the glassware was thoroughly rinsed with distilled
water and dried before use to ensure a contamination-free environment. A 1 mM AgNO:s stock solution was prepared by
accurately weighing 0.016986 g of AgNOs and dissolving it in a small volume of deionized water. The solution was
then transferred to a 100 mL volumetric flask and the volume was made up to the mark with deionized water. The
solution was mixed thoroughly and stored in a dark amber bottle to prevent photodegradation until further use in the
biosynthesis of silver nanoparticles.

2.5 Preparation of Extract Solution

To prepare the plant extract solution, 0.5 g of the dried methanolic extract of V. anthelmintica was accurately weighed
using an analytical balance. The weighed extract was first dissolved in a small quantity of deionized water under
continuous stirring to ensure complete solubilization. The solution was then transferred to a 100 mL volumetric flask,
and the volume was made up to the mark with deionized water. The mixture was thoroughly shaken to ensure uniform
dispersion. The final extract solution was stored at 4°C in a sterile, amber-colored container to prevent degradation and
contamination before its use in the biosynthesis of silver nanoparticles.

2.6 Synthesis of Silver Nanoparticles

The biosynthesis of AgNPs was carried out by mixing the prepared V. anthelmintica extract solution with a I mM
aqueous solution of AgNOs in various volume ratios (1:2, 1:4, 1:6, and 1:8). For each reaction, the plant extract was
added dropwise into the silver nitrate solution under constant magnetic stirring to ensure uniform mixing and effective
interaction between the phytochemicals and silver ions. The reaction mixtures were stirred continuously at room
temperature for a period of 4 hours. A gradual color change from pale yellow to dark brown was observed during the
course of the reaction, indicating the formation of silver nanoparticles. This visible color transformation is attributed to
the excitation of Surface Plasmon Resonance (SPR), which serves as the primary and preliminary confirmation of
nanoparticle synthesis. The reaction mixtures were further monitored and stored for subsequent characterization.

3. Results and Discussion

3.1 Synthesis of Silver Nanoparticles

This study focuses on the environmentally friendly biosynthesis of AgNPs using the aerial part extract of V.
anthelmintica as both a reducing and capping agent. The biosynthesis process involves mixing the plant extract with a 1
mM AgNOs solution in various volume ratios. The reaction mixture was kept under continuous magnetic stirring to
ensure proper interaction between the plant extract and the silver ions. As the reaction progressed, a visible color
change from pale yellow to brown occurred, which marks the initial formation of silver nanoparticles. This color shift is
attributed to the phenomenon known as SPR [28]. When electromagnetic radiation falls on the surface of metal
nanoparticles, it induces oscillation of free electrons at the surface, particularly when the size of the nanoparticle is
below 60 nm. The energy absorbed during this oscillation leads to the distinctive color change, providing a clear
indication of nanoparticle formation [29]. The biomolecules present in the Vernonia anthelmintica aerial extract play a
crucial role in stabilizing and reducing the silver ions (Ag") to their metallic form (Ag®) [22]. These biomolecules cap
the surface of the AgNPs, preventing their aggregation and helping control their size. The synthesized AgNPs exhibit a
characteristic absorbance peak in the range of 400-500 nm, which is typically associated with the SPR of AgNPs [22].

3.2 Optimization of Silver/Extract Ratio for Silver Nanoparticles

To optimize the synthesis of AgNPs and identify the optimal ratio of plant extract to silver nitrate solution that yields
the maximum absorbance, various ratios were tested. The ratios examined were 1:2, 1:4, 1:6, and 1:8 (plant extract to
silver nitrate solution, by volume) (Figure 1). These ratios were chosen to evaluate the impact of different extract
concentrations on the synthesis process and the properties of the resulting AgNPs. All ratios produced an absorbance
peak within the typical range of 400-500 nm, which is characteristic of the SPR of AgNPs. The SPR peak in this range
is a clear indication of nanoparticle formation and is commonly observed in AgNPs due to their strong interaction with
light [30,31]. Among the tested ratios, the 1:2 ratio of plant extract to silver nitrate solution exhibited the sharpest and
most prominent SPR peak, demonstrating the highest absorbance. This suggests that the 1:2 ratio is the most effective
for synthesizing silver nanoparticles with optimal size and stability. At this ratio, the silver ions were more efficiently
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reduced by the plant extract, leading to the formation of nanoparticles with enhanced optical properties. The results of
this optimization study highlight that while all ratios successfully generated AgNPs, the 1:2 ratio provides the best
conditions for maximizing the synthesis of AgNPs with improved characteristics. This optimized ratio will be used in
subsequent experiments for further analysis of the nanoparticles' properties and their potential applications.
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Figure 1. Absorbance at different ratio of Silver and Extract solution.
3.3 Optimization of Time for Silver Nanoparticles

UV-Vis spectroscopy is a crucial technique for characterizing metal nanoparticles, as it allows for the identification of
the Surface SPR peak, which is a result of the collective oscillation of free electrons on the metal nanoparticle's surface
(Figure 2). These free electrons resonate with incident light waves, producing a characteristic absorption band, typically
observed in the range of 400-500 nm for AgNPs. The formation of AgNPs was visually confirmed after mixing the V.
anthelmintica aerial part extract with the silver nitrate solution. A noticeable change in the color of the solution, from
pale yellow to dark brown, served as the initial indication of AgNPs formation. To further confirm the formation of
nanoparticles and to optimize the reaction time, UV-Vis spectroscopy was employed. The same ratio of plant extract to
silver solution was stirred for varying time intervals, ranging from 15 minutes to 195 minutes, in increments of 15
minutes (i.e., 15, 30, 45, 60, 75, 90, 105, 120, 135, 150, 165, 180, and 195 minutes) (Figure 2). The UV-Vis spectral
data revealed that significant nanoparticle formation occurred after 165 minutes of reaction, as evidenced by the
appearance of a distinct SPR peak at 413 nm (Figure 2). This broad absorption spectrum indicated the formation of
larger-sized nanoparticles, which corresponds with the typical behavior of AgNPs as the reaction progresses. The SPR
peak observed at 413 nm is consistent with results reported in previous studies. For example, Rao et al. [32] synthesized
AgNPs from Couroupita guianensis leaf extract, observing a SPR peak in the range of 415-425 nm. Similarly, Saikia et
al. [33] synthesized AgNPs from Couroupita guianensis flower petal extract, which exhibited a SPR peak at 418-424
nm. The consistency of these findings with our own UV-Vis results, showing a peak at 413 nm, strongly suggests that
the silver nanoparticles synthesized using V. anthelmintica extract exhibit properties similar to those of silver
nanoparticles synthesized using other plant extracts. This further supports the effectiveness of V. anthelmintica as a
reducing and stabilizing agent in the green synthesis of AgNPs.
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Figure 2. Time (min) Optimization of AgNPs of leaf and stem extract.
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3.4 X-Rays Diffration Analysis (XRD)

X-ray Diffraction (XRD) analysis was employed to investigate the crystalline nature of the synthesized AgNPs. The
XRD patterns presented in Table 1. provide evidence of the formation of silver nanoparticles using the aerial part of V.
anthelmintica. The XRD spectra revealed several size-dependent features, including variations in peak position, height,
and width, which are indicative of the formation of nanoparticles with different sizes and crystalline structures. Upon
the complete reduction of silver ions (Ag") to metallic silver (Ag°®), several Bragg reflections were observed in the XRD
pattern. These reflections can be indexed based on the cubic crystal structure of silver (Ag®), with diffraction peaks at 20
values of 27.95° (151), 32.35° (156), and 46.30° (107), which are consistent with those reported for standard silver
metal (Ag®) [80]. These peaks confirm that the synthesized silver nanoparticles are crystalline in nature. The most
intense diffraction peak was observed at 32.35° (156), indicating a dominant crystallographic plane in the nanoparticles.
This high intensity suggests a well-ordered arrangement of silver atoms within the nanoparticle structure. The average
particle size of the silver nanoparticles was calculated using the Debye-Scherrer equation, based on the width of the
(156) Bragg reflection. The calculated particle size was approximately 49 nm, which is consistent with the typical range
of silver nanoparticles synthesized via green synthesis methods. These results align with earlier studies. For example,
Ramesh et al. [34] synthesized silver nanoparticles using the leaf extracts of Ocimum tenuiflorum (AgNP1) and
Catharanthus roseus (AgNP2). In their study, AgNP1 exhibited three distinct diffraction peaks at 27.1°, 32.2°, and 46.2°,
corresponding to the (226), (264), and (200) planes of the cubic face-centered silver structure (Table 1). In contrast,
AgNP2 showed four peaks at 27.1°,32°, 39.2°, and 44.8°, indexed to the reflection planes (226), (264), (111), and (200)
of silver. These findings are consistent with the results of the XRD analysis of V. anthelmintica-derived AgNPs, further
confirming that the nanoparticles synthesized in this study exhibit characteristics similar to those observed in other
plant-based green synthesis methods.

Table 1. XRD analysis of AgNPs of V. anthelmenthica.

SNo 20 (degree) FWHM (degrees) B =FWHM x (r/ 180) D =k A/ B Cos 6 (nm)
1 27.95 28.00 0.00819 38nm
2 32.35 35.25 0.00610 53nm
3 46.30 46.11 0.00706 56nm

3.5 Scanning Electron Microscopy (SEM)

The size and morphology of the synthesized AgNPs were investigated using Scanning Electron Microscopy (SEM)
(Figure 3). The SEM images revealed that the AgNPs exhibited a spherical shape and were uniform in size. The average
particle size was calculated to be approximately 21 nm, as shown in Figure 3. This finding is consistent with the typical
morphology of silver nanoparticles synthesized through green synthesis methods. Similar results have been reported in
earlier studies. For example, Rajasekar et al. [35] used plant extracts of Azadirachta indica, Tridax procumbens, and
Aegle marmelos for silver nanoparticle synthesis, and their SEM images showed spherical nanoparticles with sizes
ranging from 35 to 65 nm, well-distributed without aggregation [7,8]. Similarly, Gavade et al. [36] synthesized AgNPs
using Averrhoa carambola fruit extract, and their SEM analysis revealed uniform nanoparticles with sizes ranging from
40 to 50 nm. In conclusion, the SEM analysis of the synthesized AgNPs in this study is in agreement with the findings
of previous research, confirming that the V. anthelmintica-synthesized AgNPs exhibit uniform spherical morphology
with a particle size of around 21 nm. In addition to morphological evaluation, SEM analysis supports the understanding
of the structure-property relationships of the AgNPs. The smooth, compact surface and uniform size suggest good
adhesion potential when interacting with bacterial membranes or embedding within composite materials. The absence
of cracks or fractured particles further indicates strong structural stability, reducing the chances of breakage or pull-out
during application. These features are essential for maintaining the functional performance of the AgNPs, particularly in
biomedical or environmental systems where mechanical and surface integrity are critical.

Figure 3. SEM analysis of silver nanoparticles of V. anthelmintica.
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3.6 Energy Dispersive X-ray Analysis

The Energy Dispersive X-ray (EDX) analysis of the synthesized AgNPs provides valuable insights into the elemental
composition of the particles (Figure 4). The EDX spectrum of the silver nanoparticles exhibited a strong signal for
silver (Ag) atoms, confirming the presence of pure silver at the 2.5 KeV energy level, which corresponds to the Surface
Plasmon Resonance (SPR) band, as shown in Figure 4. This characteristic signal is a clear indicator of silver
nanoparticles’ successful synthesis. The EDX spectrum also revealed the presence of chlorine (Cl) and silicon (Si),
which can be attributed to the plant extract used in the synthesis process. Furthermore, the signals for carbon (C),
fluorine (F), and oxygen (O) in the spectrum suggest that biomolecules from the V. anthelmintica aerial part extract are
bound to the surface of the AgNPs. These biomolecules likely act as stabilizing agents, preventing the nanoparticles
from aggregation and enhancing their bioactivity. The EDX analysis strongly supports the conclusion that AgNPs were
successfully synthesized using the aerial part extract of V. anthelmintica in this study. Similar results have been reported
in previous studies. For example, Kotakadi et al. [37] utilized Abutilon indicum leaf extract for the biogenic synthesis of
silver nanoparticles, and their EDX analysis also showed a strong silver signal. These findings are consistent with the
results obtained in this study, confirming that the EDX analysis of the AgNPs synthesized from the aerial part extract of
V. anthelmintica aligns with previous research on plant-mediated synthesis of AgNPs.
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Figure 4. EDX analysis of AgNPs of V. anthelmintica.
3.7 Antibacterial Activity

The results of the antibacterial assay, as presented in Table 2, demonstrated that the synthesized AgNPs exhibited strong
antibacterial activity against drug-resistant strains of Staphylococcus aureus and Citrobacter. In contrast, the crude
plant extract of V. anthelmintica showed no observable antibacterial effect against either Gram-positive or Gram-
negative bacteria. While plant extracts are often reported to be more effective against Gram-positive bacteria than
Gram-negative ones due to differences in cell wall structure, in the case of V. anthelmintica, the extract did not produce
any zone of inhibition [38]. Interestingly, the synthesized AgNPs followed a similar trend, showing stronger
antibacterial activity against Gram-positive bacteria than against Gram-negative ones. A concentration-dependent
increase in antibacterial activity was observed, with higher concentrations of AgNPs producing larger zones of
inhibition. The zone of inhibition measured for S. aureus (Gram-positive) was 18 mm, while for Citrobacter (Gram-
negative), it was 19 mm, indicating effective antimicrobial action, though with slightly higher efficacy against the
Gram-positive strain. The antibacterial mechanism of silver nanoparticles is primarily attributed to the interaction
between silver ions and the thiol groups of essential bacterial enzymes, leading to enzyme inactivation [39]. Initially,
AgNPs adhere to the bacterial cell wall through electrostatic interactions, disrupting membrane integrity and cellular
respiration. This interference compromises cell permeability, eventually resulting in the loss of viability and bacterial
cell death [40]. The findings from this study confirm the efficacy of green-synthesized AgNPs as potent antibacterial
agents. The antibacterial effects of the synthesized AgNPs were found to be comparable to those of standard antibiotics
such as Vancomycin and Ciprofloxacin, as shown in Table 2. The percent inhibition was calculated in comparison to
the standard antibiotics using the following formula:

% Zone of Inhibition = (Zone of inhibition of sample / Zone of inhibition of standard) x 100.
For plant extract: % Zone of inhibition = 0%
For AgNPs: % Zone of inhibition = 81.8%

These results support the potential application of green-synthesized silver nanoparticles as effective alternatives to
conventional antibiotics, particularly in combating drug-resistant bacterial strains.
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Table 2. Antibacterial activity of AgNPs of V.anthemintica.

Zone of Inhibition (mm)

Name of Bacteria

Extract AgNPs Antibiotics
S. aureus Nil 20+£0.5 22+0.4
Citrobacter Nil 18+0.6 19+£0.5

3.8 Antifungal Activity

The results of the antifungal activity assay revealed that the synthesized AgNPs exhibited good antifungal activity
against Echromonium, Penicillium, and Pythium, while the methanolic plant extract of V. anthelmintica demonstrated
moderate antifungal activity against the same fungal species. The antifungal efficacy of AgNPs increased with higher
concentrations, indicating a dose-dependent response. In the control group (without any treatment), the fungal growth
on a 10 cm slant in test tubes reached the full length of 10 cm for all three fungal species. When treated with the
methanolic plant extract, the linear fungal growth was reduced to 9 cm for Echromonium, 8 cm for Penicillium, and 7
cm for Pythium. In contrast, the treatment with AgNPs significantly reduced the growth to 7 cm, 7 cm, and 6 cm
respectively for Echromonium, Penicillium, and Pythium. This clearly indicates that AgNPs are more effective
antifungal agents compared to the plant extract. Antifungal activity of the synthesized AgNPs was also found to be
comparable to that of standard antifungal agents, as shown in Table 3. The percent inhibition was calculated in
comparison with the positive control using the following formula:

% Inhibition = [(Linear growth in control - Linear growth in test) / Linear growth in control] x 100
Based on this calculation:
For methanolic extract:
Echromonium: [(10 - 9)/10] x 100 = 10%
Penicillium: [(10 - 8)/10] x 100 =20%
Pythium: [(10 - 7)/10] x 100 = 30%
For AgNPs:
Echromonium: [(10 - 7)/10] x 100 = 30%
Penicillium: [(10 - 7)/10] x 100 = 30%
Pythium: [(10 - 6)/10] x 100 = 40%

These results confirm the enhanced antifungal activity of green-synthesized AgNPs over the methanolic plant extract,
supporting their potential application as antifungal agents.

Table 3. Antifungal activity of AgNPs of V.anthelmintica.

Zone of Inhibition (cm)

Name of Fungal

Extract AgNPs Antibiotics
Echromonium Nil 7 10
Pencillium Nil 8 10
Pythium Nil 9 10

3.9 Antioxident Activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging method was employed to evaluate the antioxidant
properties of the aerial part extract of Vernonia anthelmintica. This assay is one of the most commonly used methods
for assessing the antioxidant potential of plant extracts. It relies on the reduction of the stable DPPH radical, which
exhibits a deep purple color with an absorption maximum at 517 nm (Table 4). When antioxidants donate a hydrogen
atom or an electron to DPPH, it is converted to the reduced form (DPPH-H), resulting in a decrease in absorbance and a
corresponding color change from purple to yellow. The antioxidant activity is indicative of the extract’s hydrogen-
donating capacity, which neutralizes the free radicals. The general scavenging reaction can be represented as:

DPPHe + (H-A) — DPPH-H + (A*)

Here, (H-A) represents the antioxidant molecule, and the degree of discoloration reflects the scavenging efficiency. The
methanolic extract of V. anthelmintica was tested at various concentrations (10 ppm, 20 ppm, 40 ppm, 60 ppm, 80 ppm,
and 100 ppm). The results demonstrated that the antioxidant activity increased with increasing extract concentration,
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indicating a dose-dependent response. This enhanced activity is likely due to the presence of secondary metabolites
such as polyphenols and flavonoids known for their free radical scavenging capabilities (Table 4).

The DPPH radical scavenging activity was calculated using the following formula:
Inhibition (%) = [(A_control - A_test) / A_control] x 100

Where A_control is the absorbance of the DPPH solution without extract and A_test is the absorbance in the presence
of the extract.

Table 4. Antioxidant activity of AgNPs of V.anthelmintica.

Conc  Absorbance of Absorbance of Absorbance of % DPPH radical % DPPH radical
ppm  Extractat517nm AgNPsat517nm  Control at 517 nm  scavenging of Extract  scavenging of AgNPs
10 0.883 0.767 0.885 0.225 13.33

20 0.677 0.761 0.885 23.50 26.01

40 0.588 0.677 0.885 33.55 37.50

60 0.542 0.549 0.885 38.75 40.96

80 0.529 0.510 0.885 40.22 42.37

100 0.474 0.440 0.885 46.43 50.28

4. Conclusion

This study successfully demonstrated the green synthesis of AgNPs using stem and leaf extracts of V. anthelmintica.
The biosynthesized AgNPs, with an average particle size of approximately 21 nm, were thoroughly characterized using
UV-Vis spectroscopy, XRD, SEM, EDX, and Fourier-transform infrared spectroscopy (FTIR), confirming their
formation, crystalline structure, elemental composition, and the functional groups responsible for their reduction and
stabilization. The environmentally friendly and cost-effective synthesis approach highlights the potential of V.
anthelmintica phytochemicals as effective reducing and capping agents. The AgNPs exhibited significant antibacterial
and antifungal activity against drug-resistant microbial strains and demonstrated strong antioxidant potential. In contrast,
the crude plant extracts displayed minimal or no bioactivity. These findings indicate that V. anthelmintica-mediated
AgNPs hold great promise as candidates for the development of novel antimicrobial and antioxidant agents, supporting
their potential future applications in biomedicine and sustainable nanotechnology.
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