
Int J Biochem Mol Biol 2026;17(3):25-34
www.ijbmb.org /ISSN:2152-4114/IJBMB0170755

https://doi.org/10.62347/SDVI7410

Original Article
Antimicrobial and antifungal efficacy of silver  
nanoparticles synthesized using Xanthium  
strumarium leaf extract

Arun Kumar Kashyap1, Lalit Kumar Sahu1, Priyadarsani Mishra2, Khirabdhi Tanaya3, Durgeshwer Singh3, 
Nikita Kashyap4, Buddhi Prakash Jain2

1Department of Biotechnology, Govt. E Raghavendra Rao PG. Science College, Bilaspur 495006, C.G., India; 
2Gene Expression and Signaling Lab., Department of Zoology, Mahatma Gandhi Central University, Motihari, 
Bihar 845401, India; 3Department of Botany, Mahatma Gandhi Central University, Motihari, Bihar 845401, India; 
4Department of ECE, Guru Ghasidas Vishwavidyalaya, Koni, Bilaspur 495009, C.G., India 

Received December 15, 2025; Accepted August 25, 2026; Epub August 25, 2026; Published August 30, 2026

Abstract: Introduction: Silver nanoparticles (AgNPs) are unique in their physical, chemical, and biological properties. 
AgNPs can be synthesized through several methods including chemical, physical, or biological. Due to eco-friendly 
approach and use of natural reducing agent, biological or green synthesis is more popular. Objective: The aim of the 
study is to synthesize silver nanoparticles (AgNPs) using Xanthium strumarium leaf extract, and explore their antimi-
crobial, and antifungal properties. Methods: UV-Visible spectroscopy and Transmission Electron Microscopy (TEM) 
was used for nanoparticles characterization. Antibacterial and antifungal activities of the synthesized nanoparticles 
were performed. Results: The bioactive compounds in the extract acted as natural reducing and stabilizing agents 
for AgNPs synthesis. The synthesized nanoparticles were confirmed by UV-Visible spectroscopy with a character-
istic absorbance peak at 400-450 nm. Transmission Electron Microscopy (TEM) revealed spherical nanoparticles 
ranging from 10-100 nm with uniform size distribution. The synthesized AgNPs exhibited significant antibacterial 
activity against Staphylococcus aureus and Escherichia coli, as well as antifungal activity against Aspergillus niger 
and Aspergillus fumigatus. Conclusion: The study highlights the dual role of Xanthium strumarium as a synthesiz-
ing agent and a source of therapeutic potential, demonstrating its eco-friendly application in nanotechnology for 
biomedical and agricultural use.
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Introduction

Nanotechnology, which operates at the nano- 
scale (1-100 nm), has revolutionized various 
scientific and industrial fields due to its ability 
to manipulate materials at the atomic and 
molecular levels. Silver nanoparticles (AgNPs) 
are well known for their broad-spectrum antimi-
crobial activity, making them valuable for appli-
cations in medicine, pharmaceuticals, agricul-
ture, and environmental science [1-3]. Nano- 
particles play a significant role in drug delivery, 
tissue engineering, and diagnostics. Owing to 
their excellent optical properties and stability, 
they can be utilized in targeted drug delivery, 
wound dressings, body cements, and implants. 
They are used as imaging agents which help 

them with imaging of different body parts. 
Nanoparticles have the capability to stimulate 
the repair and growth of tissues and organs. 
Various nanoparticles have antimicrobial ability 
and thus, are used in antimicrobial wound 
dressings and medical devices. Nanoparticles 
can also be used in bioremediation to degrade 
pollutants such as heavy metals, dyes, etc. 
They are also used in agriculture as fertilisers 
and for delivery of pesticides, herbicides, etc. 
[4]. The synthesis of AgNPs can be achiev- 
ed through physical, chemical, and biological 
methods. However, biological synthesis, also 
known as green synthesis, has emerged as a 
sustainable and eco-friendly alternative, avoid-
ing the use of toxic chemicals and high energy 
requirements. Green synthesis utilizes natural 
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resources such as plant extracts, microorgan-
isms, or enzymes as reducing and stabilizing 
agents [2, 5]. While usage as a reducing agent, 
the electron in the compounds found in plant 
extract, carries out reduction of metals (M) 
such as Ag, Au, Pt etc. from bulk form (Mx+) to 
electric form (M0). While the plant extract when 
used as a stabilizing agent, stabilizes the na- 
noparticles and protects them from arbitrary 
aggregations. They contain a repulsive force 
which controls the size and shape of the 
nanoparticles [6].

In the present study, Xanthium strumarium, 
commonly known as “chota gokhru” or “cockle-
bur”, was employed for the green synthesis  
of silver nanoparticles. Xanthium strumarium 
have diverse therapeutic properties like anti-
inflammation, anti-microbial activity, anti-oxi-
dants etc. The phenolics, flavonoids, and alka-
loids components of the plant act as reducing 
and capping agents for the synthesis of AgNPs. 
They play a crucial role in the reduction of ionic 
form into nano-form of metals such as Ag, Au, 
Pt, etc. [7]. Aerial parts of Xanthium strumari-
um contained many unidentified alkaloids, 
some sesquiterpene lactones such as xan-
thinin, xanthumin, xanthonol, xanthantin, xan-
thostrumarin, xanthonolides, atractyloside, etc. 
[8]. The leaf extract used in the study is known 
to contain approximately 24.7% of limonene 
and 10.6% of borneol. Thus, these compounds 
could have a role as a capping and reducing 
agent in the production of metallic nanoparti-
cles [7]. They enable the environment-friendly 
reduction of silver ions to nanoscale silver with-
out using hazardous chemical reagents [9]. 
This biological method utilizes the natural bio-
active compounds of plants to effectively con-
trol the nucleation and stabilization of the re- 
sulting nanoparticles. Additionally, it may pro-
vide extra biological functions derived from  
the plant material [10]. To determine the size, 
shape, surface properties, crystallinity, and 
stability of AgNPs, various characterization te- 
chniques are employed. The position and sha- 
pe of the peak in UV-Vis Spectroscopy provide 
insights into the size, shape, and aggregation 
of AgNPs. They exhibit a characteristic surface 
plasmon resonance (SPR) peak in the visible 
range, typically between 400 and 450 nm for 
spherical nanoparticles. Transmission Electron 
Microscopy (TEM) offers insights into the mor-
phology, size, and structure of the synthesized 

AgNPs. The anti-bacterial activity of the syn- 
thesized nanoparticles against a range of bac-
terial species can be evaluated by the zone of 
inhibition method. Furthermore, the antifungal 
activity of the silver nanoparticles was also 
evaluated against various fungal strains, dem-
onstrating significant inhibition. The antimicro-
bial mechanism of AgNPs is primarily attribut- 
ed to their ability to release silver ions, which 
interact with microbial cell membranes, disrupt 
cellular components, and inhibit critical meta-
bolic processes, leading to cell death [1, 2].

In the present work, we have synthesized silver 
nanoparticles using Xanthium strumarium leaf 
extract by green synthesis method, physico-
chemical characterization by UV-Visible spec-
trophotometer, and TEM methods, and their 
potent antimicrobial and antifungal properties. 
The AgNPs synthesized from the leaf extract of 
Xanthium strumarium have better stability and 
efficacy against microbes and fungus. The find-
ings underscore the potential of AgNPs as  
eco-friendly and effective antimicrobial agents, 
with further research needed for their applica-
tion in biomedical and environmental domains.

Material and methods

Sample collection and extract preparation

The fresh plant of Xanthium strumarium  
was collected from Khairi (22°05’28.6”N 
81°57’01.1”E) village of Bilaspur district, 
Chhattisgarh. The plant has been verified, and 
its herbarium is preserved in the Department 
of Botany at Govt. E Raghavendra Rao P.G. 
Science College, Bilaspur, Chhattisgarh. After 
the sample collection, it was washed with tap 
water and air dried. The dried leaf sample was 
crushed into powder and stored for further 
experiments at room temperature.

In order to prepare leaf extract, the dried leaves 
were subjected to Soxhlet extraction by using 
methanol as a solvent. After extraction metha-
nol was removed from the extract by using rota 
evaporator. The extract prepared was used for 
further analysis.

Silver nanoparticles synthesis

To prepare the stock solution, 10 mM solution 
of silver nitrate (AgNO3 SRL, India) was made by 
dissolving 0.169 g of AgNO3 in 100 mL of dis-
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tilled water, ensuring thorough mixing for com-
plete dissolution. From this stock solution, 1 
mM AgNO3 solution was used for the synthesis 
of silver nanoparticles. Additionally, a 5% w/v  
of Xanthium dried leaf extract and distilled 
water was prepared by adding 10 g of dried 
Xanthium leaf powder to 200 mL of distilled 
water in a reagent bottle. The plant sample was 
treated at 60°C for 30 minutes. After cooling, 
the mixture was filtered through a Millipore fil-
tration assembly to obtain a clear solution, and 
the final volume was adjusted to 200 mL. For 
synthesizing silver nanoparticles, reaction mix-
tures were put down into 40 mL dark bottles at 
various ratios of the 1 mM AgNO3 solution and 
the 5% Xanthium plant extract, as tabulated in 
Table 1. The procedure requires combining the 
given volumes of the reagents in the dark bot-
tles, and ensuring filling the bottles to the top 
for reduction and minimisation of air exposure. 
The prepared samples were heated at 60°C  
for 15 minutes. The bottles were then incubat-
ed at room temperature in darkness for 3-5 
days to facilitate the synthesis of silver nano- 
particles [11, 12]. The change of color may pri-
marily indicate the formation of nanoparticles. 
Secondarily, the UV- Vis Spectrophotometer 
reading showing a peak in between 420-450 
confirms the formation of nanoparticles. 

UV-Vis spectrophotometry

The formation of silver nanoparticles was con-
firmed using UV-Vis spectrophotometry (Shi- 
madzu UV-2600 240V EN Spectrophotometer 
(Shimadzu Corporation, Kyoto, Japan)). A spec-
trum scan was performed in the wavelength 
range of 350-700 nm. The characteristic sur-
face plasmon resonance (SPR) peak in the 
range of 420-480 nm indicated the presence 
of silver nanoparticles [13, 14].

the nanoparticle suspension was drop-cast 
onto a carbon-coated copper grid and allowed 
to air-dry under ambient conditions before 
imaging. The grid was then loaded into the TEM 
instrument, and images were captured at vari-
ous magnifications to study particle size, mor-
phology, and aggregation patterns. High-re- 
solution imaging was employed to analyze indi-
vidual particle morphology, size and identify the 
degree of polydispersity in the sample [15].

Anti-bacterial activity

The bacterial culture of Escherichia coli (MTC- 
C443) and Staphylococcus aureus (MTCC737) 
were obtained from the Department of Micro- 
biology, D.L.S. PG. College, Bilaspur (C.G.). The 
culture was maintained on nutrient agar and 
refrigerated until further use. The bacterial cul-
tures were recultured in nutrient broth media. 
Serial dilution was performed, 1 mL of the re- 
cultured nutrient media was added to 10 mL 
sterile distilled water and this method was car-
ried out three times. The serially diluted sam- 
ple was now at 10-3 dilution.

The Antimicrobial activity was tested using the 
Disc Diffusion Method, which operates on the 
principle of diffusion of antimicrobial agents 
from impregnated discs into an agar medium 
inoculated with bacterial strains. The 6 mm 
diameter discs were prepared from sterile filter 
paper infused with 100 ppm of silver nanopar-
ticles (AgNPs). 1 mL of the serially diluted (10-3) 
bacterial strains Escherichia coli (MTCC443) 
and Staphylococcus aureus (MTCC737) were 
inoculated on nutrient agar plates with the help 
of a spreader. The sterile filter paper discs 
soaked in known concentration of silver nano- 
particle solution were placed on the surface, 
followed by incubation at 35°±2°C for 24 hours. 

Table 1. Optimization of AgNPs synthesis using different concen-
trations of Xanthium leaf extract and silver nitrate solution
Sample 
Name

AgNO3  
Concentration (%)

Volume of  
AgNO3 (mL)

Xanthium Extract  
Concentration (%)

Volume of  
Extract (mL)

XC1 0 0 100 40
XS1 10 4 90 36 
XS2 20 8 80 32 
XS3 30 12 70 28
XS4 40 16 60 24 
XS5 50 20 50 20 

Transmission electron micros-
copy (TEM)

The morphological and struc-
tural characterization of the 
synthesized nanoparticles was 
conducted using Transmission 
Electron Microscopy (TEM). 
The TEM analysis was perfor- 
med at the Center for Advan- 
ced Research, Dr. Harisingh 
Gour Central University, Sag- 
ar, India. A small amount of 
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The experiment was performed on six different 
plates. Silver nanoparticles inhibit the growth 
of bacterial cells and form clear zones of inhi- 
bition around the discs. The experiment was 
performed on six replicates. The antimicrobial 
efficacy is directly proportional to the size of  
the inhibition zone against the tested bacteria.

Anti-fungal activity

39 g/L of Potato Dextrose Agar (PDA, SRL India) 
powder was dissolved in distilled water and 
then autoclaved. The antifungal effects of the 
synthesized silver nanoparticles (AgNPs) were 
evaluated on PDA plates with nutrient rich 
medium [16]. The plates were mixed with 500 
µL of pre-prepared AgNPs solution and spread 
evenly on the plates. Fungal spores of strains 
(Aspergillus sps) were spread on the medium, 
and incubated at 25-28°C for 3-5 days to pro-
mote visible colony formation [17]. Different 
fungal strains were tested on the separate 
plates to avoid cross-contamination. After in- 
cubation at 25-28°C, the fungal growth were 
observed for 3 days [18].

Statistical analysis

The results obtained from carrying out the an- 
tibacterial activity were statistically analysed 
using GraphPad Prism (Version 8.0.2 (263)). 
The experimental value from six independent 

sets were taken as input, and analysed Sha- 
piro-Wilk test to test the normal distribution of 
data. Kruskal-Wallis test was applied on non-
normal distributed datasets. Further, post hoc 
test (Dunn’s Multiple Comparison Test) was 
applied to show which group differs. Data were 
represented as median (range) for each group. 
The p value significance was obtained for 
Kruskal-Wallis test. All data were analysed by 
non-parametric methods. P value < 0.05 was 
considered statistically significant.

Results

Biological synthesis and characterization of 
Silver Nanoparticles using Xanthium leaf ex-
tract

Silver nanoparticles are synthesized using leaf 
extract from Xanthium as a reducing agent. A 
color change from pale yellow to muddy brown 
in the solution indicates the formation of silver 
nanoparticles in samples XS3, XS4 and XS5. 
This change is caused by the reduction of sil- 
ver ions, which leads to the creation of silver 
nanoparticles. The formation of the silver na- 
noparticles was determined using UV-Vis ab- 
sorption spectroscopy. The absorption spectra 
of silver nanoparticle samples XS3, XS4 and 
XS5 were analyzed to confirm nanoparticle syn-
thesis and evaluate their properties. All nano- 
particle samples displayed distinct absorbance 
peaks between 420 and 450 nm (Figure 1), a 
characteristic feature of silver nanoparticles. 
No absorbance was shown by control sample, 
which confirm the absence of any nanoparti-
cles in the control samples. The sample num-
ber XS5 showed the highest absorbance peaks 
at approximately 440-460 nm, while XS3 ex- 
hibited lower peaks. The difference in the ab- 
sorbance is due to differences in nanoparticle 
concentration or size.

Size determination of silver nanoparticles

The TEM analysis of nanoparticles, which was 
synthesized by using Xanthium strumarium 
(XS5) extract displayed explicit structural and 
morphological characteristics. At lower mag- 
nifications (200 nm scales), the nanoparticles 
predominantly showed agglomerated clusters, 
establishing branched and irregularly shaped 
assemblies. This aggregation results strong 
inter-particle interactions, that happens poten-

Figure 1. Absorbance of silver nanoparticles using 
UV-Vis spectroscopy: Absorbance vs Wavelength 
graph of samples (XS3, XS4 and XS5).
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tially due to van der Waals forces or insufficient 
stabilization during the synthesis process. The 
elaborated visualization at higher magnifica-
tion (10 nm, 50 nm, and 100 nm scales) dis-
played primarily spherical morphology (Figure 
2A). The image confers a histogram depicting 
the particle size distribution derived from TEM 
data as shown in Figure 2B. In further analysis 
of the images, it was observed that approxi-
mately 52% of the particles are smaller than  
10 nm, whereas less than 1% while less than 
1% fall within the 41-50 nm range. This data 
shows a clear preference for smaller particle 
sizes, with approximately 88% of the particles 
measuring below 20 nm. Such size distribution 
confirms that the synthesis of AgNPs was char-
acterized by controlled nucleation and growth.

Anti-bacterial activity of synthesised silver 
nanoparticles

The Antimicrobial efficiency of silver nanopar- 
ticles synthesised from Xanthium plant extract 
was evaluated using the Disc Diffusion meth-
od. The zone of inhibition was measured. The 

cultures of Escherichia coli and Staphyloco- 
ccus aureus were used as test organisms. 
Nanoparticles were synthesised in three vari-
ants: XS3, XS4, and XS5. The Sample XS3 
exhibited broader peaks, and XS4, XS5 show- 
ed a narrower peak. Thus, the samples XS4 
and XS5 were chosen for testing the antibacte-
rial activity of the sample. No positive control 
(antibiotic) was used as the antibacterial pro- 
perties of silver nanoparticles are well known 
and have been extensively reported. The nega-
tive control, which contained no nanoparticles, 
was used. The Zone of Inhibition was measur- 
ed for XS4 and XS5 samples. Zone of inhibi-
tion (in mm) upon silver nanoparticle treat- 
ment against Staphylococcus aureus and 
Escherichia coli is shown is Supplementary 
Table 1. In the case of Escherichia coli, both 
samples XS4 and XS5 showed a zone of inhibi-
tion of 13 (12-16) mm and 15 (14-16) mm, 
respectively. In the case of Staphylococcus 
aureus, both XS4 and XS5 showed a zone of 
inhibition of 11 (8-12) mm and 13 (10-16) mm, 
respectively (Table 2). Values are represented 
as median (range). The control sample, lacking 
nanoparticles, showed no antibacterial effects, 
confirming that the observed inhibition zones  
in the nanoparticle samples were due to the 
presence of AgNPs (Figure 3). The silver nano- 
particles produced showed slightly better anti-
microbial properties towards Gram-negative 
Escherichia coli than Gram-positive Staphylo- 
coccus aureus. The results were statistically 
analysed and the p-value significance was ob- 
tained. For, the test of normality against the 

Figure 2. Morphological and size distribution analysis of synthesized silver nanoparticles. A. TEM Image; B. Particle 
Size Histogram.

Table 2. Zone of inhibition test for Staphylo-
coccus aureus and Escherichia coli

Sample
Zone of Inhibition (in mm)

Staphylococcus aureus Escherichia coli
Control 0 0
XS4 11 (8-12) 13 (12-16)
XS5 13 (10-16) 15 (14-16)
Values are represented as Median (range).
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Figure 3. Zone of inhibition of gram-positive bacteria and gram-negative bacteria.

Figure 4. Antifungal activity of XS5 towards two fungal strains, Aspergillus 
niger (Strain 1) and Aspergillus fumigatus (Strain 2). (A) Aspergillus niger 
and (B) Aspergillus fumigatus. Left: Control; Right: XS5 treatment.

Shapiro-Wilk test, p-value for XS4 and XS5 for 
Staphylococcus aureus 0.0911 and 0.1911 
respectively, while for Escherichia coli it was 
0.0347 and 0.004 respectively (Supplemen- 
tary Table 2). Since some of the data signifi-
cantly deviated from normality; therefore, non-
parametric test (Kruskal-Wallis) was employed. 
As shown in Supplementary Table 3, p value  
is less than 0.05 (0.0004), the Kruskal-Wallis 
test showed significant differences among 
groups. Further Dunn’s multiple comparisons 
test was applied for pairwise comparison.  
The results are represented in Supplementary 
Table 4. 

Anti-fungal activity of synthesised silver 
nanoparticles

The antifungal activity of XS5 silver nanoparti-
cles (AgNPs) was evaluated against two fungal 
strains, Aspergillus niger (Strain 1) and As- 
pergillus fumigatus (Strain 2), by spreading the 
nanoparticles evenly across Potato Dextrose 
Agar (PDA) plates. In the control plates, where 
no AgNPs were applied, both fungal strains 
exhibited normal growth. For Aspergillus niger, 
significant inhibition of growth was observed  

on the AgNP-treated plates, 
indicating the effective anti- 
fungal properties of the nano- 
particles. Similarly, Aspergillus 
fumigatus (Figure 4) showed 
minimal or no growth on the 
AgNP-treated plates, while the 
control plates allowed unre-
stricted fungal growth, confir- 
ming the inhibitory effect of 
XS5 AgNPs.

Shelf-life evaluation of silver nanoparticles

The UV-Vis spectrophotometric technique was 
applied to confirm the stability of silver nano- 
particles. The absorption spectrum of the silver 
nanoparticle samples stored for 6 and 12 
months was recorded (Figure 5). The UV-Vis 
analysis of the silver nanoparticles (0 day) 
shows an absorption band around 420 nm, 
which corresponds to the surface plasmon res-
onance absorption band of silver nanoparti-
cles. The UV-Vis absorption spectra of the  
silver nanoparticles samples taken after 6 
months of storage show the absorption maxima 
at 430 nm, which is very close to the initial 
peak position indicating no agglomeration of 
silver nanoparticles. Absorption spectra of the 
samples measured after storage for 12 months 
also show no significant change in the spectral 
shape or the intensity, indicating that the silver 
nanoparticles are stable over a period of 12 
months. The absorption spectra of the silver 
nanoparticles, recorded immediately after the 
preparation and up to 12 months confirmed  
the very good stability of the samples. The 
unchanged peak shape and position indicate 
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no change in the size of the particles, or an 
occurrence of their agglomeration. 

Discussion

The SPR peak between 400 to 450 nm in 
UV-Vis spectra highlighted the successful for-
mation of silver nanoparticles [19]. The varia-
tions in peak intensity and position among the 
samples occurs due to differences in the con-
centration, size, and nanoparticles distribution, 
and also influenced by the different synthesis 
conditions. The distinct absorbance peaks for 
XS5 is due to higher concentration, well-dis-
persed, and spherical shape of AgNPs, while 
the lower peaks for XS3 might be due to a low 
concentration, incomplete synthesis, aggrega-
tion and possible impurities [1]. Nanoparticle 
properties are dependent on the synthesis con-
ditions and precise control leads to the desired 
nanoparticle characteristics [20].

TEM was used to verify the morphology and 
size characteristics of the AgNPs. The TEM 
micrographs indicated that the silver nanopar-
ticles in the present study are spherical in 
shape. Around 88% of the particles are smaller 
than 20 nm as evident in the TEM images. 
Some aggregation is observed at lower magni- 
fications. The possible reasons for aggregation 
during green synthesis approach are inade-
quate capping agents, surface energy minimi-
zation, change in pH, temperature, ionic str- 
ength etc. [21]. Additional stabilizing agents 
could significantly reduce aggregation and en- 
hance the colloidal stability of the nanoparti-
cles [22]. Further refinement in the size and  
distributions in the nanoparticles are required 

for potential applications in areas such as 
catalysis, biomedicine, and environmental re- 
mediation [23, 24].

The synthesized nanoparticles showed signifi-
cant antibacterial as well as anti-fungal proper-
ties. Since no zone of inhibition was observed 
during anti-bacterial assay, which confirm the 
efficacy and activities of the nanoparticles 
against bacterial strains. The variation in the 
size of zone of inhibition with different sam- 
ples of nanoparticles are due to their different 
size, concentration, and surface properties, 
which influence their interaction with bacterial 
cells [2, 25, 26]. Among the different nanopar-
ticle samples, XS5 showed a strong antibacte-
rial effect on Staphylococcus aureus and 
Escherichia coli, which may be due to its higher 
nanoparticle concentration or optimal size  
distribution. Conversely, XS4 weaker activity 
results from a lower concentration or less 
effective nanoparticle structure. These results 
indicate a higher concentration of AgNO3 sh- 
owed the presence of a higher concentration  
of nanoparticles than other lower concentra-
tions and thus, showed better antibacterial 
activity. The comparable effectiveness of XS4 
and XS5 against different strains of bacteria 
highlights the reproducibility of the synthesis 
conditions for achieving potent antibacterial 
properties [27-29]. Silver nanoparticles (AgNPs) 
are known to exhibit antibacterial activity ag- 
ainst both Gram-negative and Gram-positive 
bacteria [1, 27]. However, Gram-negative bac-
teria (E. coli), which have a thinner peptidogly-
can layer and an outer membrane, have grea- 
ter susceptibility to AgNPs compared to Gram-
positive bacteria (S. aureus), which have thick-
er peptidoglycan layers. The increased effec-
tiveness against Gram-negative bacteria ma- 
kes AgNPs promising for treating multidrug-
resistant infections caused by pathogens like 
E. coli and P. aeruginosa, whereas higher con-
centrations are usually necessary for similar 
inhibition of Gram-positive species such as S. 
aureus. Crisan et al. 2024 carried out the anti-
bacterial activity of silver nanoparticles in two 
different concentrations (10 µg/ml and 100 
µg/ml) against S. aureus and E. coli via well  
diffusion method. They found that 10 µg/ml 
showed a zone of inhibition (ZOI) of 9.3±1.034 
mm and 100 µg/ml showed a ZOI of 14±1.577 
mm in case of S. aureus whereas 10 µg/ml 
showed a zone of inhibition (ZOI) of 11±0.00 

Figure 5. UV-Vis spectra of synthesized AgNPs stored 
over time.



Silver Nanoparticles of Xanthium strumarium

32	 Int J Biochem Mol Biol 2026;17(3):25-34

mm and 100 µg/ml showed a ZOI of 12.57± 
0.88 mm in case of E. coli. This data shows a 
similar trend when compared to our results 
[30]. Tessema et al. 2024 evaluated the anti-
bacterial activity of silver nanoparticles (AgNPs) 
and modified silica gel containing AgNPs. They 
found the maximum zone of inhibition among 
various concentrations of AgNPs against E. coli 
and S. aureus to be 12.80 mm and 14.30 mm 
respectively which aligns with the results found 
in this study [31]. In another study the antibac-
terial activity of AgNPs against E. coli was eval-
uated and found results that align with the 
study. He found that E. coli showed a zone of 
inhibition of 14.5±1.1 mm, which was the range 
found in this study [32]. 

Nanoparticles synthesis conditions, size and 
their activity against specific bacterial strains 
for better efficacy can be explored in further 
analysis [29]. Sample XS5 exhibited strong 
anti-fungal properties against the known stra- 
in of Aspergillus niger and Aspergillus fumiga-
tus. Decreased fungal growth upon treatment 
with synthesized nanoparticles in comparison 
to the control plates features the nanopar- 
ticles’ ability to interfere with fungal cell struc-
tures and metabolic functions. AgNPs cause 
disruption to the fungal cell membranes, ham-
per the intracellular components, and generate 
reactive oxygen species (ROS), which are col-
lectively responsible for inhibiting the fungal 
growth [33, 34]. The significant inhibition of 
Aspergillus niger suggests that XS5 AgNPs tar-
gets the mechanisms that are involved in the 
growth of the organism and almost complete 
inhibition of Aspergillus fumigatus demonstra- 
tes the broad-spectrum inhibitory potential of 
the nanoparticles [34]. The unhindered growth 
on the control plates’ confirms the inhibitory 
effects are because of the presence of AgNPs. 
AgNPs are uniformly distributed across the 
growth medium, which enhances the antifungal 
effectiveness by ensuring thorough contact 
between the nanoparticles and fungal spores 
or mycelia [10, 33]. The study confirms the 
potentiality of XS5 AgNPs as an effective anti-
fungal agent against pathogenic strains such 
as A. niger and A. fumigatus. Future work could 
involve optimizing the nanoparticle concentra-
tion and exploring the mechanism of action in 
detail to further enhance their antifungal effi-
cacy for applications in agriculture, healthcare, 
and food preservation [34, 35].

Conclusion

This study demonstrates the successful green 
synthesis of silver nanoparticles (AgNPs) us- 
ing Xanthium strumarium leaf extract. The syn-
thesized AgNPs were initially characterized by 
UV-Vis spectroscopy, and then Transmission 
Electron Microscopy (TEM) was used to confirm 
their formation, size distribution, and morphol-
ogy. The synthesized nanoparticles showed  
significant antimicrobial activity against Gram-
positive and Gram-negative bacteria, along- 
side promising antifungal properties. The eco-
friendly synthesis approach employed in this 
study underscores the potential of plant-based 
methods for producing biocompatible and cost-
effective silver nanoparticles. The synthesized 
nanoparticles from Xanthium strumarium after 
further characterization and additional experi-
mentation, can be used as potent antimicrobial 
and antifungal agents. Further optimization of 
the synthesis process and detailed mechanis-
tic studies can enhance the stability and effi-
cacy of these nanoparticles, contributing to the 
development of sustainable nanotechnology-
based solutions for global challenges.
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Supplementary Table 1. Zone of inhibition (in mm) upon silver nanoparticle treatment against 
Staphylococcus aureus and Escherichia coli

Control
Staphylococcus aureus Escherichia coli

XS4 XS5 XS4 XS5
0 12 16 14 16
0 12 16 16 16
0 12 14 16 16
0 10 12 12 14
0 10 10 12 14
0 8 10 12 14

Supplementary Table 2. Test for normal distribution: Shapiro-Wilk test

Control Input
Staphylococcus aureus Escherichia coli

XS4 XS5 XS4 XS5
W  0.8216 0.8606 0.7752 0.6827
P value 0.0911 0.1912 0.0347 0.004
Passed normality test (alpha=0.05)? Yes Yes No No
P value summary ns ns * **
Number of values 6 6 6 6 6
ns, not significant; *, P < 0.05; **, P < 0.01.

Supplementary Table 3. Kruskal wallis test
Kruskal wallis test
P value 0.0004
Exact or approximate P value? Approximate
P value summary ***
Do the medians vary signif. (P < 0.05)? Yes
Number of groups 5
Kruskal-Wallis statistic 20.72
***, P < 0.001.

Supplementary Table 4. Dunn’s multiple comparisons test
Dunn’s multiple comparisons test Mean rank diff. Significant? Summary Adjusted P Value
control vs. XS4 E -16.5 Yes ** 0.0093
control vs. XS4 S -8.333 No ns 0.9436
control vs. XS5 E -20.5 Yes *** 0.0004
control vs. XS5 S -14.67 Yes * 0.0324
XS4 E vs. XS4 S 8.167 No ns >0.9999
XS4 E vs. XS5 E -4 No ns >0.9999
XS4 E vs. XS5 S 1.833 No ns >0.9999
XS4 S vs. XS5 E -12.17 No ns 0.1459
XS4 S vs. XS5 S -6.333 No ns >0.9999
XS5 E vs. XS5 S 5.833 No ns >0.9999
ns, not significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001.


