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 Abstract: The development of innovative green antibacterial agents has been proposed 
as a strategy to combat bacterial resistance and improve wound healing. This research 
explores the synthesis of ZnO/Ag nanocomposites using guava leaf extract and evaluates 
their antibacterial properties. The study focused on optimizing ZnO nanoparticle synthesis 
by adjusting precursor concentrations, followed by Ag modification through variations in 
Ag precursor levels, pH, and reaction times to achieve optimal ZnO/Ag nanocomposites 
properties. The optimized ZnO and ZnO/Ag materials were applied to cotton bandages, 
and both the nanomaterials and the coated bandages were characterized using FTIR, 
SEM, TEM, and UV-vis-NIR, with their antibacterial activity tested against 
Staphylococcus aureus and Escherichia coli. The optimal synthesis conditions were 
identified as 0.60 M ZnO, 1% Ag, 2 h, and pH 12. The characterization results verified 
the successful synthesis of the ZnO/Ag nanocomposite and its effective coating on cotton 
bandages. Antibacterial test revealed that the ZnO/Ag demonstrated significantly greater 
activity than ZnO alone, with inhibition zones measuring 21.35 mm for S. aureus and 
3.85 mm for E. coli. These outcomes highlight the potential of biosynthesized 
nanomaterials for use in clinical wound dressings to promote wound healing. 
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■ INTRODUCTION 

Enhancing hygiene and infection control has 
become increasingly critical, particularly through the 
development of advanced antimicrobial textiles [1]. 
Bacterial infections remain a significant health concern, 
with cotton, commonly used in surgical gowns, lab coats, 
and masks, being highly susceptible to microbial 
contamination. The challenge has been intensified by the 
rise of antibiotic- and antimicrobial-resistant bacteria [2]. 
As reported by Prastiyanto et al. [3], Escherichia coli, 
Klebsiella pneumoniae, and Staphylococcus aureus are the 
most commonly identified pathogens in wound 
infections. The presence of resistant bacteria can delay 
wound healing and contribute to elevated rates of 
morbidity and mortality [4]. In light of these concerns, 
there is an urgent need to develop antimicrobial agents 
that are cost-effective and non-toxic to healthy tissues, while  

also capable of combating bacterial resistance [5]. 
Nanoparticles have found widespread use in 

biomedical research due to their antibacterial, antiviral, 
antioxidant, and anti-inflammatory properties [6]. 
Among the various methods, biosynthesis is favored due 
to its advantages, including greater efficiency, 
cleanliness, non-toxicity, cost-effectiveness, and 
sustainability [7]. Plants are naturally rich in redox-
active phytochemicals, which can be extracted from 
various parts, including leaves, fruits, and seeds [8]. 
These plant extracts function both as reducing and 
capping agents, significantly reducing the reliance on 
harmful chemicals [9]. The process produces 
nanoparticles with consistent stability and uniformity, 
which can be optimized by altering key parameters such 
as pH, reaction time, temperature, and mixing ratios 
[10]. 
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Silver (Ag) nanoparticles are well-known for their 
excellent antibacterial properties, making them a 
preferred material in the production of medical devices 
and textiles [10-11]. However, their performance is highly 
dependent on particle size, and reducing their size often 
leads to aggregation, which can reduce their antimicrobial 
potency. This aggregation is mainly due to their high 
surface energy and the strong attractive forces between 
particles [12]. Thus, Ag nanoparticles can be capped with 
metal oxides, such as zinc oxide (ZnO), creating a 
structure that enhances both surface area and stability. 
Additionally, combining multiple nanomaterials into a 
single hybrid nanocomposite can yield improved 
functionalities. These nanocomposites combine the 
distinct advantages of each component, resulting in 
superior performance compared to individual 
nanoparticles [13]. 

ZnO is widely recognized for its antibacterial 
properties against both pathogenic and non-pathogenic 
bacteria, as well as its chemical stability, large surface area, 
and non-toxic nature to human cells [14]. It plays a 
supportive role in Ag-based systems, where its synergistic 
interaction with Ag significantly enhances the 
antibacterial effectiveness of the combined 
nanocomposite [15]. The high chemical reactivity of ZnO, 
coupled with its large surface-to-volume ratio and 
reactivity, makes it well-suited for wet chemical analysis 
and particle adsorption applications, even at the micron 
scale [16]. Additionally, studies have demonstrated that 
ZnO nanoparticles synthesized through plant-based 
methods exhibit strong antibacterial properties [17]. 

Psidium guajava, particularly its leaves, is widely 
known for its medical properties, with research 
highlighting the presence of bioactive phytochemicals 
that offer therapeutic potential [18]. The therapeutic 
effects are largely due to polyphenols, including 
quercetin, the most prevalent flavonoid, as well as other 
flavonoids and phenolic acids such as ferulic, caffeic, and 
gallic acid [19]. Various studies have confirmed the 
effective synthesis of nanoparticles using guava leaf 
aqueous extracts, highlighting their diverse applications, 
particularly in antimicrobial and photocatalytic fields 
[18]. Building on this, the present research introduces a 

novel approach by employing an eco-friendly synthesis 
of ZnO/Ag nanocomposite using guava leaf extract, with 
primary focus on evaluating its antibacterial activity and 
exploring its innovative application in cotton bandages 
for enhanced wound healing treatment. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study comprised of 
guava leaves, quercetin (C15H10O7), 2% aluminum chloride 
(AlCl3), 0.12 M potassium acetate (CH3COOK), zinc 
acetate dihydrate (Zn(CH3COO)2⋅2H2O), silver nitrate 
(AgNO3), 2 M sodium hydroxide (NaOH), hydrochloric 
acid (HCl), absolute ethanol (C2H5OH), phosphate-
buffered saline (PBS), nutrient broth (NB), Mueller 
Hinton agar (MHA), universal pH indicator, Whatman 
No. 1, ampicillin antibiotic, S. aureus (ATCC 25923), 
and E. coli (ATCC 25922) bacterial suspension. 

Instrumentation 

Material characterization was carried out using a 
Fourier transform infrared spectrometer (FTIR, Shimadzu 
Prestige 21: Nicolet Avatar 360 IR), X-ray diffractometer 
(XRD, PANalytical), transmission electron microscope 
(TEM, JEOL JEM-1400), UV-visible-NIR 
spectrophotometer (Shimadzu UV 3600i Plus), and 
scanning electron microscope (SEM, JEOL JSM-6510). 
The guava leaf extract was analyzed using FTIR and UV-
vis spectrophotometer (Shimadzu UV-1800) for 
functional groups and phytochemical characterization. 

Procedure 

Preparation of leaf extract 
Fresh leaves were washed with tap water, rinsed 

with distilled water, and air-dried for 1 h, then ground 
into powder. As much as 10 g of the powder were boiled 
in 100 mL of distilled water at 90 °C for 25 min, then 
filtered twice using Whatman No.1 [20], yielding the 
guava leaf extract used in further experimental procedures. 

Determination of total flavonoid content in leaf 
extract 

The determination of total flavonoid content was 
carried out using a UV-vis spectrophotometer with 
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quercetin as the standard. The maximum wavelength was 
determined within the range of 400–800 nm. A standard 
curve for quercetin was prepared using standard solutions 
at concentrations of 10, 20, 30, 40, and 50 ppm. 
Meanwhile, the thick dry leaf extract was diluted in 
ethanol and reacted with 2% AlCl3 and 0.12 M 
CH3COOK. The resulting mixture was then measured at 
a wavelength of 425 nm. 

Green synthesis of ZnO nanoparticles 
The synthesis of ZnO nanoparticles was conducted 

following the procedure by Chauhan et al. [21], with several 
modifications. Firstly, a series of Zn(CH3COO)2⋅2H2O with 
several precursor concentrations (0.30, 0.45, 0.60, 0.75, and 
0.90 M) was made in distilled water and stirred for 30 min. 
The pH was adjusted to 12 to promote precipitation, 
followed by stirring at 50 °C for 30 min. Then, 10 mL of leaf 
extract was added, and the mixture was stirred continuously 
for 2 h. The mixture was filtered using Whatman No. 1, 
and the precipitate was washed with distilled water and 
ethanol. The precipitate was oven-dried at 60 °C for 24 h, 
ground, and calcined at 500 °C for 2 h, producing ZnO 
nanoparticles in the form of a fine white powder. 

Green synthesis of ZnO/Ag nanocomposite 
The synthesis of ZnO/Ag nanocomposites was also 

conducted with modifications to the procedure by 
Chauhan et al. [21]. Based on the previous stage, a 0.60 M 
solution of Zn(CH3COO)2 was prepared. A 1% AgNO3 
solution was added while maintaining the temperature at 
50 °C for 10 min. The pH was adjusted to 12, and the 
mixture was stirred for 50 min. Then, 10 mL of leaf 
extract was added, and the reaction proceeded for 2 h. The 
mixture was filtered using Whatman No. 1, washed, oven-
dried at 60 °C for 24 h, ground, and calcined at 500 °C for 
2 h. To examine the effects of synthesis parameters, the 
procedure was repeated using different AgNO3 
concentrations (3 and 5%), reaction times (90 and 
150 min), and neutral pH conditions to identify the 
optimal parameters. All materials were obtained as fine 
black ZnO/Ag nanocomposite (ZnO/Ag NCs) powders. 

Application of ZnO and ZnO/Ag to cotton bandages 
The coating of cotton bandages was performed 

using the ultrasonication method [22]. Here, 0.3 g ZnO 

and ZnO/Ag were dispersed in 30 mL of deionized water 
and subjected to ultrasonication for 10 min. A 1% 
NH4OH solution was added dropwise until the pH 
reached 8, followed by an additional 10 min of 
ultrasonication. Cotton bandages were immersed in the 
prepared solution and further sonicated for 30 min. The 
coated cotton bandages were dried in an oven at 60 °C. 

Antibacterial activity test 
The antibacterial activity of ZnO, ZnO/Ag, and 

coated cotton bandages was evaluated using disk 
diffusion methods against S. aureus and E. coli. Initially, 
pure cultures of S. aureus and E. coli were taken and 
inoculated into conical tubes containing NB media. The 
cultures were then incubated at 37 °C for 24 h. MHA was 
poured into Petri dishes and left to solidify for several 
minutes. The incubated S. aureus and E. coli cultures 
were then evenly spread onto the surface of the MHA 
medium. Sterile paper discs were immersed in the 
50 mg/mL samples suspension, positive control 
(ampicillin antibiotic), and negative control (PBS). 
These discs were then placed onto the surface of the 
MHA medium. It should be noted that for the sample of 
ZnO-coated cotton bandages, ZnO/Ag-coated cotton 
bandages, and uncoated cotton bandages were directly 
placed onto the MHA media without using paper discs. 
All petri dishes were incubated at 37 °C for 24 h, and the 
resulting inhibition zones were measured using a digital 
caliper. 

■ RESULTS AND DISCUSSION 

Guava leaves were chosen for this study owing to 
their therapeutic properties, primarily attributed to their 
high concentration of bioactive compounds. Bioactive 
compounds act as both reducing and capping agents, 
minimizing toxic by-products. In this case, bioactive 
compounds, such as polyphenols, characterized by 
hydroxyl groups in ortho or para positions on aromatic 
rings, readily oxidize to quinone while donating 
electrons to metal ions. The electron-rich atoms in the 
leaf extract facilitate the formation of ZnO from Zn2+ 
through controlled nucleation and subsequently reduce 
Ag+ ions on ZnO nanoparticle surfaces to metallic Ag0, 
while the oxidized quinone structures adsorb onto the 
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nanoparticle surface through hydrogen bonding and π–π 
interactions. This adsorbed layer acts as a capping layer, 
aiding in the stabilization and size regulation of the 
ZnO/Ag nanocomposite [23]. This selection was 
validated by an analysis of total flavonoid content, which 
revealed that the extract contained 84.28 mg QE/g. 

Fig. 1 presents the FTIR spectra of ZnO and ZnO/Ag 
materials synthesized using Ag precursor concentrations 
of 1, 3, and 5%. A broad absorption band observed between 
3500 and 3400 cm−1 in all samples is attributed to O–H 
stretching vibrations, indicating the presence of adsorbed 
water molecules and residual organic matter on the surface 
[12]. As the concentration of the Ag precursor increases, 
a noticeable shift to higher wavelengths is observed, 
suggesting the formation of stronger hydrogen bonds. The 
absorption peaks at 2924 and 1381 cm−1, corresponding to 
C–H stretching and O–H bending modes, respectively, 
indicate the presence of organic residues from the guava 
leaf extract, further highlighting the role of plant-derived 
bioactive compounds in the green synthesis. The band 
around 439 cm−1 is characteristic of Zn–O bond 
vibrations, with slight shifts likely caused by the presence 
of Ag+ ions in the ZnO structure. 

XRD analysis was performed on ZnO and ZnO/Ag 
synthesized under varying precursor concentrations, 
reaction times, and pH conditions, as it was selected as the 
primary analysis to determine the optimal synthesis 
conditions for this study. The ZnO diffraction peaks, 
shown in Fig. 2(a), appeared at 2θ values of 31.70°, 34.35°, 
36.18°, 47.49°, 56.55°, 62.82°, 66.38°, 67.92°, and 69.04°, 
corresponding to the (100), (002), (101), (102), (110), (103),  
 

(200), (112), and (201) planes of a hexagonal wurtzite 
structure (COD No. 00-900-4181). The average crystal 
size of ZnO nanoparticles for precursor concentrations 
of 0.30, 0.45, 0.60, 0.75, and 0.90 M was 20.17, 19.07, 
18.44, 20.98, and 20.67 nm, respectively, with 0.60 M 
identified as the optimal. A smaller crystallite size can 
provide a larger surface area, which may contribute to its 
improved antibacterial activity [24]. However, higher 
precursor concentrations can promote larger formation 
by increasing monomer supply and reducing diffusion 
distance [9]. 

The XRD analysis of ZnO/Ag nanocomposite (Fig. 
2(b)) confirms the hexagonal structure of ZnO and the 
presence of Ag through distinct peaks at 2θ = 38.05°, 
44.23°, and 64.40°, corresponding to the (111), (200), and 
(220) planes of Ag (COD No. 00-900-8459). The absence 
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Fig 1. FTIR spectra of material (a) ZnO NPs, (b) 
ZnO/Ag NCs 1%, (c) ZnO/Ag NCs 3%, and ZnO/Ag 
NCs 5% 
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Fig 2. XRD pattern of (a) ZnO NPs in precursor concentration variation, (b) ZnO/Ag NCs in precursor concentration 
variation, (c) ZnO/Ag NCs in reaction time variation, and (d) ZnO/Ag NCs in pH variation 
 
of notable peak shifts between pure ZnO and ZnO/Ag 
aligns with the observations of Alharthi et al. [25], 
suggesting that Ag is deposited on the ZnO surface rather 
than incorporated into its lattice, which can be attributed 
to the larger ionic radius of Ag+ (1.22 Å) compared to Zn2+ 
(0.74 Å), which then hinders substitution. The average 
crystal sizes at 1, 3, and 5% Ag precursor concentrations 
were 20.07, 22.75, and 25.44 nm, respectively, indicating 
that 1% is the optimal level. In this case, the gradual 
increase in crystal size with higher Ag concentrations 
suggests that more Ag attaches to the ZnO surface, 
enhancing nucleation and surface energy during 
synthesis, which in turn promotes particle growth and 
leads to larger crystallite formation [26]. 

Fig. 2(c) displays the diffractogram of ZnO/Ag 
nanocomposites synthesized at reaction times of 90, 120, 
and 150 min, yielding average crystallite sizes of 22.05, 
20.13, and 23.11 nm, respectively, which means that 
120 min is the optimal duration. Longer reaction times 
can improve crystal uniformity and reduce agglomeration 
[27]. However, extended durations also reduce the free 
space between metal ions, increasing van der Waals 
interactions and causing particle clustering, which can 
lead to excessive growth and aggregation [9]. Moreover, 
Fig. 2(d) presents the diffraction patterns of ZnO/Ag 
nanocomposites synthesized at pH 7 and pH 12, with 
NaOH and HCl used to adjust pH. The absence of Ag 
peaks at pH 7 indicates Ag does not form in the ZnO 
structure under neutral conditions. This can be caused by 

the reactivity of plant-derived bioactive compounds, 
such as flavonoids, which varies with pH [28]. Under 
alkaline conditions, the higher abundance of phenolic 
functional groups enhances silver ion binding, 
promoting greater nanoparticle formation [29]. From all 
XRD results, the optimal ZnO/Ag nanocomposite 
synthesis conditions were established at 0.60 M ZnO 
precursor, 1% Ag precursor, 120 min reaction time, and 
pH 12, with the corresponding optimized nanocomposite 
subjected to further analyses. 

Fig. 3(a–g) shows the SEM, EDX, and elemental 
mapping analyses of ZnO and ZnO/Ag samples. SEM 
observations reveal that Ag particles are not incorporated 
into the ZnO lattice but are instead deposited on the 
ZnO surface. This surface deposition results in 
morphological similarities between ZnO and Ag, making 
them visually distinguishable. The EDX spectrum of the 
ZnO material shows the presence of Zn and O, while the 
EDX spectrum of ZnO/Ag material confirms the presence 
of Zn, O, and Ag, verifying the successful synthesis of 
ZnO/Ag. Moreover, the lower Zn mass percentage in 
ZnO/Ag compared to pure ZnO suggests the presence of 
Ag in the ZnO structure. Mapping analysis of ZnO/Ag 
material shows a uniform distribution of Zn (light 
green), O (red), and Ag (dark green), confirming 
successful dispersion of Ag on the ZnO surface. 

Additionally, Fig. 3(h–o) presents the SEM, EDX, 
and mapping characterization of the coated cotton 
bandages.  The   deposited  particles   exhibit  rough  and  
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Fig 3. (a–b) SEM images and EDX of ZnO NPs, (c–g) SEM images, EDX, and mapping of ZnO/Ag NCs, (h–i) SEM 
images, and EDX of ZnO NPs-cotton, (j–o) SEM images, EDX, and mapping of ZnO/Ag NCs-cotton 
 
irregular surface morphologies with slight agglomeration, 
likely due to excessive material deposition. 
Agglomeration is more pronounced in the ZnO-treated 
cotton bandages, while the ZnO/Ag-coated samples show 
a more uniform distribution of particles across the fiber 
surfaces. In addition to Zn, O, and Ag, the EDX spectrum 
also indicates the presence of C atoms from cellulose in 
the cotton fibers. Mapping analysis confirms the presence 
of Zn (light green), O (red), Ag (dark green), and C (blue), 
with minimal carbon intensity, indicating effective and 
uniform coating of the cotton bandages with the material. 

The TEM image of ZnO nanoparticles, shown in 
Fig. 4(a), reveals predominantly hexagonal structures, 
along with some spherical, consistent with XRD and SEM 
results. Some aggregation is observed in ZnO material, 
likely due to polarity, electrostatic interactions, high 
surface energy, and particle compaction [30]. Moreover, 
calcination can also promote agglomeration by inducing 
a sintering effect during the synthesis process [31]. In Fig. 
4(b), the ZnO/Ag material shows spherical Ag distributed 
on the ZnO surface. The nanocomposite consists 
primarily of hexagonal and spherical ZnO shapes, with 
some appearing ellipsoidal. Compared to pure ZnO, 
ZnO/Ag exhibits a more uniform particle distribution, as 
supported by SEM analysis. Additionally, the TEM 

histogram in Fig. 4(c–e) shows an average particle size of 
72.54 nm for ZnO, 71.40 nm for ZnO in ZnO/Ag, and 
17.75 nm for Ag. The reduced ZnO size in ZnO/Ag can 
be attributed to strong Ag+ and ZnO interaction that 
influences nucleation and growth of particles [32]. The 
smaller ZnO particle size, more uniform distribution, and 
increased surface area resulting from Ag addition are 
expected to enhance antibacterial activity by providing 
more active sites for interaction with bacterial cells. 

The optical properties of ZnO and ZnO/Ag were 
further investigated using UV-vis-NIR spectroscopy, 
with particular attention to their absorption spectra and 
estimated bandgap energy (Eg), as shown in Fig. 5(a–b). 
The result of the analysis reveals that ZnO shows a clear 
absorption peak at 361 nm, while the ZnO/Ag exhibits a 
noticeable redshift to 367 nm due to Ag deposition on 
the ZnO surface, which facilitates enhanced electron 
transitions from the valence to the conduction band [33-
34]. This also corresponds to the Eg reduction from ZnO 
(3.02 eV) to ZnO/Ag (2.75 eV), which can be explained 
by the surface plasmon effect of Ag that enhances light 
absorption and electron excitation at the ZnO/Ag 
interface, leading to an apparent narrowing of the 
bandgap [35]. This enhanced photoexcitation, together 
with the  difference  in  ionic  radii  between  Ag and Zn,  

 



Indones. J. Chem., 2026, 26 (2), 560 - 571    

 

Yasmin Hasna Khairunnisa et al. 
 

567 

 
Fig 4. (a–b) TEM images of ZnO NPs and ZnO/Ag NCs, (c–d) particle distribution of ZnO NPs, ZnO in ZnO/Ag NCs, 
and Ag 
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Fig 5. (a) UV-vis absorbance spectra and (b) Tauc plots for band gap quantification 

 
improves charge separation, helps suppress electron-hole 
recombination, promotes free radical production, and 
ultimately boosts the antibacterial performance of the 
ZnO/Ag nanocomposite [33]. 

Antibacterial testing was conducted on ZnO 
nanoparticles, ZnO/Ag nanocomposites, and treated 
cotton bandages using the agar disk diffusion method. In 
this research, E. coli (Gram-negative bacteria) and S. 
aureus (Gram-positive bacteria) were selected as 

representative bacterial strains, with ampicillin as a 
positive control. Meanwhile, PBS and uncoated cotton 
bandages (for antibacterial testing of cotton bandages) 
served as negative controls. The antibacterial activity of 
ZnO and ZnO/Ag materials was assessed, with results 
summarized in Table 1. From the result, ZnO/Ag material 
showed stronger inhibition zones, particularly against S. 
aureus, while ZnO material exhibited no activity against 
E. coli, likely due to the concentration being too low and  
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Table 1. Inhibition zone of ZnO and ZnO/Ag material 

Material 
Inhibition zone (mm) 

Control − Control + Sample Control − Control + Sample 
ZnO - 25.90 14.55 - 5.90 - 
ZnO/Ag - 24.02 21.35 - 6.04 3.85 
ZnO-cotton - - 14.30 - - - 
ZnO/Ag-cotton - - 16.63 - - 3.37 

 
the higher resistance of gram-negative bacteria. This 
antibacterial activity is also connected to the size of the 
ZnO particle [36]. It can be seen from TEM results that 
ZnO in the ZnO/Ag is smaller than pure ZnO, and the 
presence of Ag particles further increases the surface area, 
which significantly enhances the antibacterial activity. 
These results are consistent across both direct material 
testing and coated cotton bandages, where ZnO/Ag-
coated samples demonstrated superior antibacterial 
performance. 

The absence of an inhibition zone for ZnO against 
E. coli implies that ZnO may have limited antibacterial 
efficacy toward this bacterium. Although this result 
contrasts with several studies reporting the performance 
of ZnO nanoparticles against E. coli [12,36], it is in 
agreement with other findings where ZnO showed no 
inhibitory effect on this bacterium [37-38]. This 
antibacterial activity can also be explained by the 
structural differences of bacterial cell walls, as their 
interaction with bacteria depends on the composition of 
the cell membrane [24]. According to a study by El-Habib 
et al. [39], S. aureus is more susceptible to ZnO 
nanoparticles compared to E. coli. This is because Gram-
negative bacteria possess an outer membrane that shields 
their thin peptidoglycan layer, providing added 
protection. In contrast, Gram-positive bacteria have no 
outer membrane, leaving them more susceptible to 
membrane disruption and cell death. In addition, the 
observed reduction in inhibition zone diameter for coated 
cotton bandages compared to the material alone may be 
attributed to the strong chemical interactions between the 
material and cotton fibers, which can restrict mobility and 
slow release, thereby limiting direct interaction with the 
bacterial medium. Finally, the antibacterial test results, 
particularly coated cotton bandages with ZnO/Ag 
nanocomposite, highlight its potential for enhancing 

wound healing and support growing research on 
biosynthesized nanoparticles for clinical applications. 

■ CONCLUSION 

ZnO was successfully modified with Ag to 
synthesize a ZnO/Ag nanocomposite using guava leaf 
extract as a reducing and capping agent. The presence of 
phytochemical compounds facilitated the green synthesis 
process, demonstrating an environmentally friendly and 
sustainable approach. Characterization results confirm 
the successful formation of the ZnO/Ag nanocomposite, 
which exhibited enhanced antibacterial activity 
compared to pure ZnO. Antibacterial test of coated 
cotton bandages revealed their promising potential for 
biomedical applications. Specifically, ZnO/Ag-cotton 
showed superior antibacterial efficacy, with inhibition 
zones of 16.63 mm against S. aureus and 3.37 mm 
against E. coli. These findings highlight the potential of 
biosynthesized ZnO/Ag nanocomposites as effective 
materials for advanced wound dressing applications. 
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