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Silver nanoparticles (AgNPs) were synthesized using aqueous peel extract of Punica 

granatum through an environmentally sustainable green synthesis approach. The 

synthesized nanoparticles were characterized using UV-Visible spectroscopy, Fourier-

transform infrared spectroscopy (FTIR), transmission electron microscopy (TEM), and 

X-ray diffraction (XRD) analyses. The antimicrobial activity of the synthesized AgNPs

was evaluated against clinical isolates of Staphylococcus aureus and Candida albicans

using agar disc diffusion and broth microdilution methods. UV-Visible

spectrophotometric analysis revealed a characteristic surface plasmon resonance (SPR)

peak at 425–430 nm, confirming nanoparticle formation, while FTIR analysis identified

hydroxyl, carbonyl, and amide functional groups potentially involved in silver ion

reduction and nanoparticle stabilization. TEM analysis demonstrated predominantly

spherical and uniformly distributed nanoparticles. The AgNPs exhibited higher inhibition

zones against S. aureus (18.6 ± 2.1 mm) and C. albicans (17.2 ± 1.8 mm) compared with

crude pomegranate peel extract and silver nitrate controls. Minimum inhibitory

concentration (MIC) values ranged from 8–32 µg/mL for S. aureus and 16–64 µg/mL for

C. albicans. These findings indicate that pomegranate peel-mediated AgNPs represent

promising preliminary eco-friendly antimicrobial candidates. However, long-term

storage stability, including changes in particle size, zeta potential, and antimicrobial

activity over time, as well as biosafety evaluation, should be investigated in future studies

before broader biomedical or formulation-related applications.
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1. INTRODUCTION

Bacterial and fungal infections are among the biggest health 

problems facing the world in the 21st century due to the 

emergence of new resistant strains. With the continuous 

increase in resistance to traditional antibiotics and antifungals, 

this problem leads to decreased treatment effectiveness, 

increased infection rates, and sometimes even death. 

Antibiotic resistance rates are rising, particularly among 

immunocompromised patients and hospitalized patients. 

According to the WHO, antibiotic resistance has become a 

serious threat to the world, which requires new therapeutic 

methods [1, 2]. As a result, there is a critical requirement for 

environmentally sustainable antimicrobial agents capable of 

overcoming multidrug resistance. 

Staphylococcus aureus is among the most clinically 

significant bacterial pathogens associated with skin, wound, 

bloodstream, and respiratory infections. However, the issue of 

combating Staphylococcus aureus is complicated due to the 

possibility of resistance development in strains. Methicillin-

resistant Staphylococcus aureus strains have multi-resistance 

properties and need proper treatment [3, 4]. At the same time, 

Candida albicans is an opportunistic fungus, which is a part of 

the normal flora in the gut microflora and turns into a pathogen 

in immunocompromised individuals or due to antibiotic 

treatment. The increase in the number of hospital-acquired 

candidiasis cases has been noted in conjunction with 

increasing antifungal resistance to first-line drugs, 

fluconazole, and amphotericin B [5, 6]. 

Recent research has increasingly focused on the application 

of natural compounds in the search for new therapy 

approaches, along with the application of nanotechnology. 

These nanoparticles have many physical and chemical 

properties, which make them superior to existing antimicrobial 

techniques; one such property is a large surface area [7]. There 

were different materials employed as nanoparticles, but silver 

nanoparticles (AgNPs) have gained much interest due to their 

vast spectrum of action against Gram-positive and Gram-

negative bacteria, fungi, and viruses. Several modes of action 

of AgNPs as antibacterial agents include destruction of the cell 

wall, oxidative stress, enzyme inhibition, and interference with 

DNA [8, 9]. Despite the promising results of AgNPs in curing 

diseases caused by microbes, the conventional chemical and 

physical methods for preparing AgNPs might have negative 

effects on the environment and even be toxic. Thus, a green 

method was suggested for creating AgNPs employing natural 
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extracts from plants [10]. 

Green synthetic methodologies have been developed to 

ensure that there will not be any kind of hazards to health and 

promote environmental sustainability. One such example of a 

medicinal plant utilized extensively in various forms of 

traditional medicine is pomegranate (Punica granatum). The 

presence of phenolic compounds, flavonoids, tannins, and 

ellagic acid makes the pomegranate peel antibacterial, 

antifungal, and antioxidant in nature [11]. Pomegranate peel 

extract is very capable of suppressing the growth of 

Staphylococcus aureus and Candida albicans. Moreover, 

phytochemicals act as natural reducers during the synthesis of 

AgNPs and increase biological activity along with decreasing 

toxicity [12].  Integration of all these medicinal qualities 

present in pomegranate peel with the broad range of activity 

exhibited by AgNPs can be taken as a very reliable route 

towards the synthesis of strong antimicrobials. Antibiotic-

resistant bacteria and opportunistic fungi pose a big challenge 

as far as the use of biofilm is concerned, as it prevents their 

penetration into the target cells. Biofilms are physically and 

chemically impermeable barriers that make the standard 

therapeutic treatment ineffective [13]. AgNPs possess 

enhanced biofilm penetration ability due to their nanoscale 

dimensions and large surface-area-to-volume ratio [8, 10]. 

Although various studies have indicated the antimicrobial 

properties of AgNPs, limited data are available regarding the 

green synthesis of AgNPs utilizing pomegranate peel extract 

against clinically isolated strains from infected wounds in Iraq. 

The utilization of agricultural waste materials, such as 

pomegranate peel, contributes to circular bioeconomy 

strategies and sustainable nanomaterial production.  

This study assessed the antibacterial and antifungal 

properties of eco-friendly AgNPs obtained from the extract of 

pomegranate peel against S. aureus and C. albicans. 

2. MATERIALS AND METHODS

2.1 Ethical approval and participant information 

Ethical approval was obtained from the Institutional 

Research Ethics Committee of Mustansiriyah University, 

Baghdad, Iraq (Approval No.: BCSMU/1025/00092Z; 

approved on December 1, 2025). Fifty clinical specimens were 

collected from patients with wounds and foot lesions in the 

surgical and outpatient departments. All participants signed 

informed consent forms before specimen collection. Specimen 

collection procedures strictly adhered to sterile surgical 

technique. 

2.2 Clinical isolation and Candida species identification 

Clinical specimens were collected from the depths of the 

lesions by vigorously swabbing them with sterile cotton swabs 

after cleaning their surface with sterile normal saline (0.9%) 

[14]. The swabs were then cultured on Sabouraud Dextrose 

Agar (SDA) plates supplemented with chloramphenicol (0.05 

g/L) and incubated aerobically for 24–72 hours at 37 ℃ [15]. 

This was followed by a preliminary diagnosis, which involved 

microscopic examination of creamy, paste-like, whitish or off-

white colonies using Gram staining to detect Gram-positive (in 

terms of staining) budding yeast-like fungal cells and the 

formation of pseudohyphae. Candida albicans was 

differentiated from other Candida species utilizing the germ 

tube test (incubation in human serum for 3 hours at 37 ℃) and 

chlamydial spore formation on corn flour agar (CMA) 

containing Tween 80 at 25–28 ℃. Diagnosis was then made 

employing the CHROMagar™ Candida plate for rapid species 

identification based on colony color differentiation (green for 

Candida albicans) [16]. 

2.3 Clinical isolation and identification of Staphylococcus 

aureus  

Clinical swabs were cultured on blood agar and mannitol 

salt agar (MSA) plates for 24–48 hours at 37 ℃. Strains 

exhibiting golden-yellow colonies with fermentative activity 

(yellow areas) were isolated utilizing MSA plates. The isolates 

were identified as Gram-positive cocci arranged in grape-like 

clusters employing microscopic analysis. Bacterial isolation 

was confirmed by biochemical tests, specifically catalase and 

coagulase assays [17].  

2.4 Preparation of Pomegranate Peel Extract 

Aqueous extraction was performed employing fresh 

pomegranate (Punica granatum) peels. The peels were 

cleaned with deionized water, allowed to air-dry at room 

temperature, and ground into a fine powder. To prepare 10% 

(w/v) aqueous extract, 10 g of the powder was dissolved in 100 

mL of distilled water. The mixture was stirred for 30 minutes 

in a magnetic stirrer at a temperature of 60-70 ℃. The extract 

was then filtered employing Whatman No. 1 filter paper and 

stored at a temperature of 4 ℃ to minimize microbial 

contamination and reduce phytochemical degradation prior to 

nanoparticle synthesis [18]. 

2.5 Biosynthesis and isolation of silver nanoparticles 

Biosynthesis was performed by mixing pomegranate peel 

extract with a 1 mM silver nitrate (AgNO₃) solution (1:9 v/v). 

The reactions were carried out in complete darkness at room 

temperature for 24 hours to avoid photoreduction. The 

reduction of silver ions (Ag⁺) to silver atoms (Ag⁰) was 

observed by a color change from colorless to dark brown. The 

isolated nanoparticles were centrifuged (10,000 rpm for 15 

minutes), washed three times with distilled water to remove 

any remaining metabolites, and then freeze-dried [19].  

2.6 Characterization of the silver nanoparticles 

Elemental composition analysis by EDX was not performed 

in this study. Therefore, nanoparticle characterization was 

based on UV–Vis, FTIR, TEM, XRD, and zeta potential 

analyses. 

A) Ultraviolet-visible (UV-Vis): UV-Vis spectroscopy

was employed to determine the spectral properties of the 

nanoparticles in the 300–800 nm range using a Shimadzu 

spectrometer (Japan) [20]. 

B) Fourier transform infrared spectroscopy (FTIR):

Functional groups responsible for encapsulating and 

stabilizing the nanoparticles were identified employing FTIR 

spectroscopy (Brücker, Germany) in the 400–4000 cm⁻¹ range 

[21] . 

C) Transmission electron microscopy (TEM): TEM was

performed to study the morphological and crystalline structure 

of the AgNPs [22]. TEM analysis was performed employing a 

JEOL JEM-2100 microscope operated at 200 kV. Samples 

1740



 

were prepared by depositing a drop of AgNP suspension onto 

carbon-coated copper grids, followed by air drying. Particle 

size analysis was performed utilizing images obtained at 

magnifications ranging from × 50,000 to × 150,000.  Particle 

size distribution was determined from calibrated TEM 

micrographs using image-analysis software. A total of 42 

clearly distinguishable nanoparticles were measured as a 

representative TEM-based size analysis. Adjacent particles 

with visible boundaries were included, whereas severely 

agglomerated, merged, or unclear particles were excluded to 

minimize measurement bias and avoid overestimation of 

particle diameter. The TEM-derived size dispersion index was 

calculated using the equation PDI = (SD/mean particle size)². 

D) X-ray diffraction (XRD): XRD analysis was carried out 

to assess the crystalline nature and phase composition of the 

synthesized AgNPs. The XRD pattern was recorded using Cu 

Kα radiation (λ = 1.5406 Å) over a 2θ range of 20°–80°, at a 

scan rate of 2° min⁻¹ and a step size of 0.02° [23]. 

E) Zeta potential analysis: Zeta potential was measured to 

evaluate the initial surface charge and colloidal stability 

tendency of the synthesized AgNP suspension at the time of 

characterization. 

 
2.7 Antimicrobial bioassay 

 
Antimicrobial potential was assessed using the disc 

diffusion technique. A suspension of standard microorganisms 

(1.5 × 10⁸ CFU/ml for bacteria and 1 × 10⁶ cells/ml for yeast; 

McFarland 0.5) was spread onto Mueller-Hinton agar (for 

Staphylococcus aureus) and SDA agar for Candida albicans. 

Sterile filter paper discs were impregnated with synthesized 

AgNPs, crude PPE extract, silver nitrate, and distilled water, 

as a control. Vancomycin and fluconazole were employed as 

positive controls for bacterial and fungal assays, respectively. 

The area of inhibition was then independently measured (in 

millimeters) by two blinded investigators after an incubation 

period of 24–48 hours [24]. All experiments were conducted 

in triplicate under identical laboratory conditions. 

 
2.8 Determination of antimicrobial activity  

 
The minimum inhibitory concentration (MIC) values were 

determined employing a broth microdilution assay in 96-well 

plates according to the Clinical and Laboratory Standards 

Institute (CLSI) guidelines. A bifold sequential dilution series 

of the synthesized AgNPs (0.5–256 μg/mL) was performed in 

Mueller-Hinton broth for Staphylococcus aureus and RPMI-

1640 medium for Candida albicans. The minimum 

bactericidal concentration (MBC) and minimum fungicidal 

concentration (MFC) of the samples were obtained by re-

seeding the transparent wells onto an agar plate [25]. 

 
2.9 Statistical analysis 

 

Each experiment was carried out in three replicates (n = 3).  

Values are presented as mean ± standard deviation (SD). Data 

significance was calculated employing one-way ANOVA, 

followed by Tukey's test. In all experiments, a p-value < 0.05 

was considered statistically significant. All statistical tests 

were performed utilizing the Statistical Package for the SPSS 

version 27 (IBM Corp., USA). 

3. RESULTS AND DISCUSSION 

 

3.1 Evaluation of silver nanoparticles produced from 

pomegranate peels 

 
AgNPs were produced using pomegranate peel extract 

through an environmentally friendly green synthesis approach. 

The formation process was initially indicated by a 

characteristic color change from transparent to dark brown, 

suggesting the reduction of silver ions (Ag⁺) into AgNPs. Such 

a color transformation represents a reliable preliminary optical 

indicator supporting AgNP biosynthesis and agrees with 

previous observations describing brownish coloration as a 

distinctive feature of AgNP formation [26, 27].  

The formation of AgNPs was further supported by UV–Vis 

absorption spectroscopy, which revealed a characteristic 

absorption peak at 425–430 nm corresponding to the surface 

plasmon resonance (SPR) of AgNPs, as shown in Figure 1. 

This observation provides important information regarding 

nanoparticle formation, dispersion, and possible aggregation 

behavior. The sharp SPR peak suggests relatively uniform 

particle distribution under the initial characterization 

conditions, while storage-dependent stability requires further 

time-course evaluation. 

 

 
 

Figure 1. UV–Vis absorption spectrum of the synthesized 

AgNPs showing the characteristic surface plasmon resonance 

(SPR) peak at 425–430 nm 

 
FTIR analysis was performed to identify the biomolecular 

functional groups potentially involved in the reduction and 

surface stabilization of the synthesized AgNPs. The FTIR peak 

at 3450.65 cm⁻¹ corresponds to the hydroxyl (-OH) stretching 

vibrations from phenolic compounds, suggesting their primary 

involvement in Ag⁺ reduction and nanoparticle stabilization. 

Significant peaks were also observed at 1653.00 cm⁻¹ and 

1560.41 cm⁻¹, which are characteristic of carbonyl (C=O) and 

amide (-NH) functional groups, respectively. Additionally, the 

peak at 1473.62 cm⁻¹ and the fingerprint region peak at 

1066.64 cm⁻¹ further indicate the presence of proteins and 

polyols. These functional groups contribute to the effective 

reduction, capping, and long-term stabilization of the 

biologically synthesized AgNPs, as illustrated in Figure 2. 
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Figure 2. Fourier transform infrared spectroscopy (FTIR) spectrum of the biologically synthesized AgNPs, highlighting the key 

biomolecular functional groups involved in reduction and surface stabilization 

TEM analysis revealed that the synthesized AgNPs were 

predominantly spherical to nearly spherical, with partial 

agglomeration observed in some regions of the micrograph. 

TEM-based particle size distribution analysis showed that the 

nanoparticles were distributed within the range of 20–80 nm. 

Based on the measurement of 42 clearly distinguishable 

particles from calibrated TEM micrographs, the mean particle 

size was 42.6 ± 17.0 nm. The TEM-derived polydispersity 

index, calculated as PDI = (SD/mean particle size)², was 

0.159. The corresponding particle size histogram showed that 

most particles were distributed within the 20–50 nm range, 

representing approximately 71.4% of the measured particles, 

as shown in Figure 3. These findings indicate that the 

synthesized AgNPs were mainly nanosized, with moderate 

particle-size dispersion. 

Figure 3. Transmission electron microscopy (TEM)-derived 

particle size distribution of the synthesized AgNPs 
Notes: The histogram was generated from 42 clearly distinguishable 

nanoparticles measured from calibrated TEM micrographs. The measured 
particles showed a size range of 20–80 nm, with a mean particle size of 42.6 

± 17.0 nm and a TEM-derived PDI of 0.159. Most measured particles were 

distributed within the 20–50 nm range. 

Figure 4. X-ray diffraction (XRD) pattern of the synthesized 

AgNPs showing the characteristic diffraction peaks of face-

centered cubic silver at the (111), (200), (220), and (311) 

crystalline planes 

Table 1. Physicochemical characterization of green-

synthesized silver nanoparticles (AgNPs) 

Characterization 

Technique 
Parameter Observation/Values 

Visual Inspection Color Transition Colorless to dark brown 

UV-Vis 

Spectroscopy 
SPR Peak 425–430 nm 

FTIR 

Spectroscopy 

Key Functional 

Groups 
–OH, C=O, –NH, C–N

TEM Analysis 
Particle size 

distribution 

20–80 nm; mean = 42.6 

± 17.0 nm; n = 42; 

TEM-derived PDI = 

0.159 

XRD Analysis 
Crystal 

Structure 

FCC (111, 200, 220, 

311) 

Zeta Potential 

Analysis 

Initial surface 

charge at the 

time of 

characterization 

-25 to -30 mV

Notes: FTIR: Fourier transform infrared spectroscopy; TEM: Transmission 

electron microscopy; XRD: X-ray diffraction. 
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XRD analysis showed characteristic diffraction peaks 

corresponding to the face-centered cubic structure of metallic 

silver, including the (111), (200), (220), and (311) crystalline 

planes, as shown in Figure 4. These peaks support the 

crystalline nature and phase composition of the synthesized 

AgNPs. 

The measured zeta potential value of -25 to -30 mV 

indicates initial electrostatic stabilization of the nanoparticle 

suspension at the time of analysis. However, storage-

dependent changes in zeta potential were not assessed in the 

present study. 

The main physicochemical characterization findings of the 

green-synthesized AgNPs, including visual color change, UV–

Vis SPR peak, FTIR functional groups, TEM-derived particle 

size distribution, zeta potential, and XRD crystalline structure, 

are summarized in Table 1. 

3.2 Antimicrobial potential of silver nanoparticles against 

Staphylococcus aureus and Candida albicans 

Table 2. Inhibition zones of various treatments against 

Staphylococcus aureus and Candida albicans 

Treatment 

Groups 

Concentration/ 

Volume 

Zone of 

Inhibition 

(mm) 

Against S. 

aureus 

Zone of 

Inhibition 

(mm) 

Against C. 

Albicans 

Synthesized 

AgNPs 
Optimized 18.6 ± 2.1 17.2 ± 1.8 

Pomegranate 

extract (PPE) 
10% (w/v) 10.2 ± 1.4 9.6 ± 1.2 

Silver nitrate 

(AgNO3) 
1 mM 12.5 ± 1.6 11.8 ± 1.5 

Distilled 

water (-ve 

control) 

100 µL 0.0 0.0 

Notes: -ve control: Negative control (distilled water). 

The disc diffusion assay was employed to assess the 

antibacterial potential of AgNPs against Staphylococcus 

aureus. In this regard, the inhibition zone appeared to be clear 

with an average value of the diameter of 18.6 ± 2.1 mm, which 

is significantly higher compared to that of crude pomegranate 

peel extract (10.2 ± 1.4 mm) and silver nitrate solution (12.5 ± 

1.6 mm). In turn, the absence of activity for distilled water 

shows that the antibacterial potential is a consequence of the 

utilization of the specific nanoparticles or extracts [28, 29]. At 

the same time, it should be noted that the antimicrobial 

potential of AgNPs is concentration-dependent, as the 

antimicrobial potential increased with increasing 

concentrations of the nanoparticles. This finding confirms the 

concentration dependency of the activity under analysis. 

Several studies have reported multiple mechanisms of the 

antibacterial effect of the nanoparticles, including damaging 

cell walls, inducing oxidative stress, interfering with key 

enzymes, and penetrating into DNA, which leads to death or 

growth inhibition [30]. Meanwhile, in terms of fungi, AgNPs 

demonstrated effective antifungal potential against Candida 

albicans with the inhibition zone diameter averaging 17.2 ± 

1.8 mm. The successful inhibition of the growth of S. aureus 

and C. albicans by AgNPs implies the applicability of such 

nanotechnology in designing new or complementary therapies 

of natural origin amid increasing cases of resistance to drugs. 

The observed enhanced efficacy may be associated with the 

increased surface-area-to-volume ratio and improved 

interaction between AgNPs and microbial cell membranes. 

The lower MIC values obtained for S. aureus compared with 

C. albicans suggest that bacterial cells were more susceptible

to AgNP treatment than fungal cells. It was revealed in earlier

studies that AgNPs synthesized from plants proved to be

extremely efficient against different pathogens. Moreover,

biosynthesis based on the use of plant extract is regarded as an

environmentally friendly and non-toxic process [15]. Table 2

and Figure 5 show the antimicrobial efficacy (inhibition zone

in mm ± SD) of AgNPs, pomegranate peel extract, and

controls against Staphylococcus aureus and Candida albicans.

Figure 5. Antimicrobial activity of green-synthesized 

AgNPs, pomegranate peel extract (PPE), silver nitrate 

(AgNO₃), and distilled water as a negative control against 

Staphylococcus aureus and Candida albicans  
Notes: Bars represent the mean inhibition zone diameter (mm), and error 

bars indicate the standard deviation (SD) of triplicate measurements (n = 3). 
Statistical differences among treatment groups were analyzed using one-way 

ANOVA followed by Tukey’s post hoc test, with p < 0.05 considered 

statistically significant. 

3.3 Minimum inhibitory concentration, minimum 

bactericidal concentration, and minimum fungicidal 

concentration of silver nanoparticles synthesized with 

pomegranate peel extract 

Table 3 and Figure 6 demonstrated that the obtained results 

from the broth microdilution technique revealed the very high 

efficiency of the AgNPs synthesized with the help of 

pomegranate peel extract in inhibiting S. aureus growth, with 

the MIC value being in the range of 8-32 µg/mL and the MBC 

value of 16-64 µg/mL. The results demonstrated that AgNPs 

possess dual functionalities, since they not only inhibit the 

growth but also eliminate bacteria. For the C. albicans strain, 

the MIC value was found to be between 16 and 64 µg/mL, and 

the MFC was between 32 and 128 µg/mL.  

Table 3. MIC and MBC/MFC ranges of green-synthesized 

silver nanoparticles (AgNPs) against Staphylococcus aureus 

and Candida albicans 

Microorganism 
MIC 

(µg/mL) 

MBC / MFC 

(µg/mL) 

Staphylococcus 

aureus 
8–32 16–64 

Candida albicans 16–64 32–128 
Notes: MIC: Minimum inhibitory concentration; MBC: Minimum 

bactericidal concentration; MFC: Minimum fungicidal concentration. Values 

represent the concentration ranges obtained from the broth microdilution 
assay under in vitro conditions. 
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Figure 6. Initial in vitro MIC and MBC/MFC ranges of 

biosynthesized silver nanoparticles (AgNPs) against 

Staphylococcus aureus and Candida albicans 
Notes: MIC: Minimum inhibitory concentration; MBC: Minimum 

bactericidal concentration; MFC: Minimum fungicidal concentration. 

Thus, it is possible to state that the biosynthesis of AgNPs 

through the utilization of pomegranate peel extract has a high 

correlation with several studies showing the efficiency and 

biological safety of plant-derived nanoparticles. SPR of the 

studied AgNPs is observed at the wavelength of 425-430 nm, 

and the detection of biofunctional groups with the use of FTIR 

spectrometry is in agreement with previous research [29], 

where phenols and proteins were identified as efficient 

reducers and conductors that increased the stability of 

nanoparticles. From the present study’s findings, AgNPs were 

proven to be more effective than the crude extract of 

pomegranate peel and precursor solution (AgNO₃) in 

combating S. aureus and C. albicans. This observation is in 

agreement with the findings of previous studies [30, 31], 

which reported a definite improvement in antimicrobial 

activities when nanoparticles having a high surface area were 

employed as their mode of penetration in microorganisms. 

The MIC and MBC/MFC reported in the present study are 

not only consistent with the values found in the recent 

literature but at times surpass them. These findings are 

consistent with Díaz-Puertas et al. [32], who reported low and 

comparable MIC values for AgNPs synthesized using 

pomegranate peel extract. In addition, Khan et al. [33] 

demonstrated marked antibacterial activity of pomegranate 

peel-mediated AgNPs against S. aureus, supporting the 

antimicrobial effectiveness of biologically synthesized 

AgNPs. It was also consistent with the findings of research 

conducted in Iraq, where the antimicrobial potentials of 

AgNPs against Pseudomonas aeruginosa and Staphylococcus 

aureus were reported [14, 18]. The enhanced antimicrobial 

potential observed in this study may be attributed to the 

nanoscale morphology observed by TEM and the negative zeta 

potential value (-25 to -30 mV), which suggests initial 

electrostatic stabilization at the time of characterization rather 

than confirmed long-term colloidal stability. This surface 

charge may also facilitate interaction between AgNPs and 

microbial membranes. 

Overall, the findings support the preliminary antimicrobial 

potential of pomegranate peel-mediated AgNPs under in vitro 

conditions. However, practical biomedical or formulation-

related applications require further validation through 

cytotoxicity assessment, hemocompatibility testing, in vivo 

infection models, and storage stability evaluation. Although 

the use of agricultural by-products such as pomegranate peels 

may provide environmental and economic advantages, the 

current study should be interpreted as a preliminary synthesis 

and antimicrobial screening study rather than a formulation 

stability or shelf-life investigation. 

3.4 Study scope and future perspectives 

The present study focused on the green synthesis, 

physicochemical characterization, and in vitro antimicrobial 

evaluation of pomegranate peel-mediated AgNPs. The 

findings provide strong evidence for the successful formation 

of biologically synthesized AgNPs and demonstrate their 

promising antibacterial and antifungal activity against 

clinically relevant microbial isolates. The characterization 

results, including UV-Vis, FTIR, TEM, XRD, and zeta 

potential measurements, support the initial physicochemical 

profile of the synthesized nanoparticles at the time of analysis. 

To further strengthen the translational and formulation-

related potential of these nanoparticles, future studies should 

include a comprehensive storage stability assessment under 

controlled conditions. Such investigations would allow 

evaluation of possible changes in particle-size distribution, 

surface charge behavior, and antimicrobial activity over time. 

In addition, further biosafety assessments, including 

cytotoxicity, hemocompatibility, and in vivo infection models, 

would provide additional evidence supporting their potential 

biomedical applicability. 

Elemental composition analysis by EDX was not performed 

in this study. Future work should include EDX analysis to 

confirm the purity and elemental composition of the 

synthesized nanoparticles. 

4. CONCLUSION

The present study demonstrated the successful green 

synthesis of AgNPs using Punica granatum peel extract as a 

natural reducing and stabilizing agent. The formation of 

biologically synthesized AgNPs was supported by UV-Vis, 

FTIR, TEM, XRD, and zeta potential analyses, confirming the 

effective role of pomegranate peel phytoconstituents in 

nanoparticle formation and surface stabilization. The 

synthesized AgNPs exhibited notable antibacterial and 

antifungal activities against clinical isolates of Staphylococcus 

aureus and Candida albicans, with higher inhibition zones and 

favorable MIC, MBC, and MFC ranges compared with crude 

pomegranate peel extract and silver nitrate controls. 

Overall, the findings highlight the potential of pomegranate 

peel-mediated AgNPs as eco-friendly antimicrobial 

nanomaterials and support the value of agricultural by-

products in sustainable nanobiotechnology. To advance these 

nanoparticles toward broader biomedical or formulation-

related applications, future investigations should include 

extended stability profiling under controlled storage 

conditions, with emphasis on particle-size distribution, surface 

charge behavior, and retention of antimicrobial activity over 

time. Additional biosafety evaluations, including cytotoxicity, 

hemocompatibility, and in vivo infection models, would 

further strengthen the translational relevance of the 

synthesized AgNPs. 
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