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Abstract 

Silver nanoparticles (AgNPs) were successfully synthesized using Punica granatum peel extract via a 

microwave-assisted biogenic method. This green synthesis approach is rapid, cost-effective, and 

environmentally friendly, avoiding toxic chemicals and harsh reaction conditions. Formation of AgNPs 

was confirmed by a visible color change and a characteristic surface plasmon resonance (SPR) peak at 

410–430 nm in UV–Visible spectra. Synthesis parameters, including microwave irradiation time and 

reactant concentrations, were optimized to enhance nanoparticle yield and stability. Characterization using 

UV–Vis, FTIR, DLS, XRD, TEM exposed well-dispersed, spherical AgNPs with an average size of 8 ± 

2nm, a low polydispersity index (0.224), and a zeta potential of −30.5mV, indicating good colloidal 

stability. Phytochemicals in peel extract acted as reducing as well as stabilizing agents. The synthesized 

AgNPs exhibited significant antibiofilm activity, highlighting their potential for biomedical and 

antimicrobial applications. 

 

1. INTRODUCTION 

Recently, Nanomaterials' exceptional characteristics have created a lot of attention in science and 

technology. They exhibit a wide range of physical, chemical, optical, mechanical, catalytic, electrical, and 

thermal characteristics, which make them highly valuable for numerous applications (1–6). Among these 

materials, metal nanoparticles have gained substantial attention over previous decade due to their 

nanoscale dimensions, high surface-to-volume ratio, or distinctive properties, including distinctive optical 

and electronic behavior, sensing capability, catalytic activity, and antibacterial effects (7–10). 

In particular, AgNPs are among most extensively studied metal nanoparticles because of their broad 

applicability in sensors, optoelectronic devices, renewable energy systems, environmental remediation, 

and medical technologies (11,12). AgNPs are especially recognized for their excellent chemical stability, 

high catalytic efficiency, and strong antimicrobial activity (13). 

Numerous techniques were developed for the synthesis of AgNPs, including thermal decomposition in 

organic solvents, microemulsion techniques, ultrasonic-assisted reduction, photoreduction, and biological 
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approaches (14). However, many conventional synthesis methods are costly, time-consuming, involve the 

usage of toxic chemicals that pose significant environmental as well as health risks. Additionally, these 

processes often generate hazardous byproducts, leading to concerns regarding environmental pollution 

and human safety (15). As a result, Cost-effective, sustainable, and eco-friendly nanoparticle synthesis 

methods are in demand(16). 

Green synthesis was emerged as a promising and sustainable method, utilizing biological resources to 

reduce metal ions into nanoparticles. This method commonly employs microorganisms or plant-derived 

extracts from fruits, leaves, and seeds, which are rich in phytochemicals, namely amino acids, 

polysaccharides, tannins, proteins, polyphenols, ascorbic acid, enzymes, terpenoids, and flavonoids. These 

biomolecules function as natural capping, reducing, and stabilizing agents, while also enhancing 

functional properties of the synthesized nanoparticles (17–22). 

In the current research, extracts from Punica granatum peels were used to create AgNPs. A simple and 

efficient green synthesis route was developed by optimizing the concentrations of Punica granatum peel 

extract and AgNO₃, as well as the microwave irradiation time. The synthesized AgNPs were subsequently 

evaluated for their antibiofilm activity. This eco-friendly synthesis strategy presents promising potential 

for applications in environmental remediation, dye sensing, disease treatment, particularly against drug-

resistant microbial strains. 

 

2. EXPERIMENTS 

2.1 Materials 

In Mahbubnagar, Telangana, India, fresh pomegranates (Punica granatum) were purchased from a local 

market. Congo red dye, crystal violet  and silver nitrate (AgNO3) have been acquired from S. D. Fine 

Chemicals in Mumbai, India. Every chemical utilized in this investigation was analytical grade or didn't 

require any further processing. 

2.2 Preparation of Punica granatum peel extract solution 

The standard procedure described in the earlier study [23] was followed in production of the extract. First, 

double-distilled water (DDW) was used to thoroughly wash the fruits multiple times. The peel was 

removed gently after washing and left to fully dry at room temperature. It was ground into a fine powder 

after drying. After 30 minutes at 60 °C, 0.4 grams of this powder were extracted using 100ml of DDW. 

The mixture was filtered through Whatman filter paper for the aqueous extract. 

2.3 Synthesis of silver nanoparticles 

AgNO3 solution (3mL) was mixed with PG fruit peel extract solution (4mL) at different concentrations. 

After that, this mixture has been exposed to 650W of microwave radiation for four minutes. The reaction 

mixture turned yellowish-brown, demonstrating synthesis of AgNPs. The solution has then been 

centrifuged to eliminate any excess molecules and unreacted ions attached to AgNPs [24, 25]. 

2.4 Antibiofilm Studies 

The antibiofilm activity of biosynthesized AgNPs has been assessed utilizing the Congo red assay, which 

detects biofilm formation based on Congo red binding to bacterial exopolysaccharides(26). Red colonies 
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indicate biofilm inhibition, while black colonies signify active biofilm formation(27). Bacillus cereus and 

Klebsiella pneumoniae treated with AgNPs showed red colonies, demonstrating reduced biofilm 

formation, whereas untreated controls displayed black colonies(28). These results are consistent with 

previous studies reporting effective biofilm inhibition by biosynthesized AgNPs. 

2.5 Characterization techniques 

The crystal structure and phase purity of as-prepared samples were examined by powder X-ray diffraction 

(XRD) utilizing a Rigaku Miniflex 600 X-ray diffractometer with Cu-Kα radiation (λ = 0.15406nm) over 

a 2θ range of 10–80°. A UV–visible spectrophotometer (UV-2600, Shimadzu) was used for optical 

absorption investigations. To determine functional groups and bonding interactions, the samples' “Fourier 

transform infrared (FTIR)” spectra have been recorded utilizing a Shimadzu IR Prestige-21 

spectrophotometer. Transmission electron microscopy (TEM) was employed to analyze size as well as 

shape of produced products using a JEOL JEM 2100 running at a 200kV accelerating voltage. 

Additionally, Dynamic light scattering(DLS) has been employed to assess the nanoparticles' zeta potential 

(DLS; Malvern Instruments Ltd., Malvern, UK). 

 

3. RESULTS AND DISCUSSION 

Punica granatum (PG) aqueous peel extract was used in this study as a reducing and stabilizing agent in 

the microwave-assisted green synthesis of AgNPs. As active reaction centers that aid in the reduction of 

Ag⁺ to Ag⁰, Punica granatum's abundant phytochemical content also acts as a capping and stabilizing 

agent for the biosynthesized AgNPs. A brown coloration was seen when the PG peel extract and AgNO₃ 

solution were mixed; this indicates the creation of AgNPs, which is consistent with their surface plasmon 

resonance (SPR) characteristics [22,33]. Additionally, a systematic evaluation of the effects of reaction 

time, AgNO₃ concentration, and Punica granatum peel concentration on AgNP production was conducted. 

The synthesized AgNPs demonstrated strong antibiofilm activity, highlighting their potential for 

antimicrobial applications 

3.1 UV-Visible 

UV-visible absorption spectroscopy was main method employed to monitor production of AgNPs. UV–

Vis absorption spectrum of as-synthesised AgNPs is illustrated in Fig. 1 and illustrates a distinctive 

maximum absorption in 400–420nm region, which corresponds to AgNPs' SPR band. While maintaining 

a constant AgNO₃ concentration and reaction time, various extract concentrations (0.1–0.7%) were 

examined to investigate the impact of Punica granatum (PG) peel extract concentration on AgNP 

production. As illustrated in Figure 1a, the SPR peak intensity increases as the peel extract concentration 

increases from 0.1-0.6%, suggesting a greater production of AgNPs. However, a slight decrease in peak 

intensity was observed at 0.7% extract concentration, suggesting that 0.6% is the optimal concentration 

for efficient AgNP synthesis. 

Furthermore, the effect of AgNO₃ concentration on AgNP formation was evaluated by varying AgNO₃ 

concentration while maintaining constant extract concentration and reaction time. The corresponding UV–

Vis absorption spectra are shown in Figure 1b. The SPR peak intensity increased steadily as the AgNO₃ 
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concentration was raised from 0.1 to 1 mM, beyond which only marginal changes were observed. This 

trend indicates that higher availability of Ag⁺ ions in reaction mixture favors AgNP formation under 

optimized synthesis conditions. 

 
FIGURE 1.  “UV-Vis absorption spectra of AgNPs synthesized with different percentages of  PG 

extract (a) , different concentrations of AgNO3 solution (b). 

 

UV–visible absorption spectra of AgNPs synthesized under diverse microwave irradiation times are 

shown in Figure 2. The duration of microwave irradiation plays a crucial role in AgNP formation. As 

illustrated in Figure 2, a weak and broad SPR band has been noted after 1 minute of irradiation, indicating 

limited AgNP synthesis. The intensity of SPR peak improved gradually with increasing irradiation time 

up to 5minutes, beyond which no significant change was observed. These results indicate that the optimal 

conditions for producing homogeneous AgNPs are a 0.6% extract concentration, 1mM AgNO₃ 

concentration, and 5minutes of microwave irradiation”. 

 

 
FIGURE 2. UV-Vis absorption spectra of AgNPs synthesized at varying microwave irradiation 

times 

 

3.2   FTIR 

The biomolecules responsible for the reduction of Ag⁺ ions to AgNPs by the PG fruit peel extract have 

been identified using FTIR analysis. The significant absorption band between 3200 and 3500 cm⁻¹ in Fig. 

3 indicates O–H stretching vibrations of phenolic groups.The extract's aromatic C=C stretching vibrations 
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cause peaks at 1726, 1610, and 1442 cm⁻¹ [23, 26]. The absorption band at 2920cm⁻¹ is associated with 

“alkyl C–H stretching vibrations. Peaks appearing at 1452,1379,1332cm⁻¹ have been assigned to C–O–O 

stretching vibrations, while those at 1142 and 1020cm⁻¹ correspond to C–C stretching vibrations. 

Additionally, the band at 794cm⁻¹ is attributed to acetylenic C–H bending vibrations” [27–29]. Compared 

with “FTIR spectrum of the PG peel extract, the PG-capped AgNPs” exhibited changes in peak intensities, 

with some bands increasing and others decreasing. These variations suggest that functional groups exist 

in PG peel extract participate in reduction process and contribute to the stabilization of synthesized 

AgNPs. 

 
FIGURE 3. FTIR spectra of the PG peel extract and the AgNPs capped with PG peel extract were 

analyzed. 

  

3.3 XRD 

“The lattice and crystalline structure of the produced AgNPs were examined using XRD. Figure 4 shows 

the ideal AgNPs XRD pattern. AgNPs' face-centered cubic (FCC) structure has distinct diffraction peaks 

at 38.33°, 44.28°, 64.42°, and 77.60°, corresponding to the (111), (200), (220), and (311) crystallographic 

planes”. The good agreement between these diffraction peaks and the standard JCPDS file confirms the 

successful creation of crystalline AgNPs. 42-0783 [30]. These findings are consistent with past reports in 

the literature [31]. 

 
FIGURE 4. The “XRD pattern of AgNPs capped with PG peel extract was examined. 
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3.4 TEM 

Figure 5 presents TEM analysis of AgNPs under optimal conditions”. TEM pictures show that synthesized 

AgNPs are spherical and well-monodispersed. The as-synthesized nanoparticles exhibit a very small 

average size of 8 ± 2 nm. Furthermore, high-resolution TEM (HRTEM) micrographs (Figure 5b) were 

used to examine the crystalline nature of individual nanoparticles. These pictures show distinct lattice 

fringes that align with previously reported findings [32, 33] and have an interplanar spacing of 0.236nm, 

corresponding to the silver's (111) plane. 

 

 
FIGURE 5 .TEM (a) and HRTEM (b) images of PG peel extract–capped AgNPs. 

 

3.5   DLS 

One of the most practical and versatile methods for figuring average particle size as well as zeta potential 

is DLS. The distributed AgNPs “were capped with negatively charged functional groups, indicating great 

stability, as indicated by a zeta potential value of −30.5mV (Fig. 6a). The average particle size of generated 

AgNPs was approximately 12.52nm (Fig. 6b”). 

 

 
FIGURE 6. Zeta potential (a) and particle size distribution (b) of PG peel extract–capped AgNPs. 

 

3.6 Proposed mechanism involved in the formation of silver nanoparticles 

According to most previous studies, AgNPs are formed and stabilized by various phytochemicals present 

in plant extracts [26–29]. In this work, PG fruit peel extract was used to create AgNPs utilizing a green 

synthesis method. Many carboxylic, hydroxyl, and aromatic functional groups found in this extract can 

interact with Ag⁺ ions, convert them to Ag⁰, and then stabilize AgNPs that are produced [23]. The use of 

PG fruit peel extract in various approaches for production of AgNPs has also been reported in the past. 
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3.7   Antibiofilm Studies 

As explained by Freeman and coworkers [25], the Congo red agar (CRA) method has been employed to 

evaluate biofilm inhibition activity of AgNPs. “Luria-Bertani (LB)” broth has been employed to cultivate 

cultures of Bacillus cereus and Klebsiella pneumoniae, which were then incubated for “24h at 37 °C. A 

brain heart infusion (BHI) agar medium was made using 0.08% (w/v) Congo red dye and 5% (w/v) 

sucrose. Except Congo red, which had been sterilized separately then added to the medium at 55 °C, all 

medium components were autoclaved together. Distilled water was used to generate AgNP suspensions at 

concentrations of 5, 10, 20, 40, 80, 100µg/mL. These suspensions have then been placed across different 

solidified agar plates and allowed to diffuse for six to ten minutes. The bacterial strains were cultured 

aerobically at 37 °C for 24 hours after being streaked in two directions. Black colonies were formed by 

bacteria that created biofilms, while red colonies were formed by bacteria that inhibited biofilms. 

To further quantify biofilm inhibition, the biosynthesized AgNPs were tested against Bacillus cereus and 

Klebsiella pneumoniae by utilizing a crystal violet assay. Bacterial cultures grown for 12to14h have been 

diluted 1:100(v/v) in fresh medium, and 200µL aliquots had been transferred to wells of a 96-well tissue 

culture plate (TCP), which had been incubated at 37 °C for 16 hrs without shaking. Each well was treated 

with 10 µL of AgNP suspension at concentrations of 100,50,25, and 12.5µg/mL. Following the 

measurement of the optical density at 600 nm (OD₆₀₀), planktonic cells were extracted, and non-adherent 

cells were gently washed out of wells utilizing 200µL of phosphate-buffered saline (PBS, pH 7.2). To 

stain adherent biofilm, 200µL of 0.1% (w/v) crystal violet solution has been added to every well of plates” 

after they had been air-dried for ten minutes. The plates were then incubated for ten minutes. 95% ethanol 

was used to dissolve the bound color after excess stain was removed with deionized water. An ELISA 

plate reader has been employed to quantify absorbance at 595nm, and treatment and control wells were 

compared to regulate percentage of biofilm inhibition. The basic controls used to measure the suppression 

of biofilm formation were 200 µL of ethanol and 200 µL of crystal violet. 

 

 
FIGURE  7 Assessment of antibiofilm activity of AgNPs by CRA plate method. Biofilm 

development is shown by black colonies (A, C), whereas black colony formation is suppressed by 

AgNP treatment. Bacillus cereus (A, B); Klebsiella pneumoniae (C, D). 
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Furthermore, crystal violet staining has been employed to assess biofilm inhibition efficiency of AgNPs 

(Figure 8). The results demonstrated that bacterial strains treated with AgNPs exhibited significantly 

reduced biofilm formation. This inhibition was clearly indicated by the decreased intensity of crystal violet 

staining in biofilm-forming bacteria (Figure 8A). The extent of biofilm inhibition increased as AgNP 

concentration has been raised from 12.5 to100µg/mL (Figure 8B). In addition, Bacillus cereus showed 

greater susceptibility to biofilm inhibition at higher AgNP concentrations compared to Klebsiella 

pneumoniae. Overall, these outcomes recommend that biosynthesized AgNPs effectively inhibit biofilm 

formation and demonstrate antibacterial activity against Gram-positive as well as Gram-negative bacterial 

strains. 

 
FIGURE  8. AgNPs' antibiofilm activity has been assessed using crystal violet assay. (A) Bacillus cereus 

and Klebsiella pneumoniae are represented by rows a and b, correspondingly, with increasing AgNPs 

concentrations(12.5to100µg/mL) indicated as 1-4. (B) Quantitative depiction of antibiofilm activity. 

The suppression of biofilms has been dose-dependent. 

  

4. CONCLUSION 

In this study, Punica granatum peel extract was successfully utilized as a reducing or stabilizing agent for 

green synthesis of AgNPs. The synthesized AgNPs exhibited a spherical morphology with a face-centered 

cubic crystal structure or an average particle size of 8 ± 2nm. Furthermore, the AgNPs demonstrated 

significant antibiofilm activity, indicating their potential application in textiles, food packaging, sensing 

devices, biomaterials, water purification systems. Owing to their strong antimicrobial properties, these 

nanoparticles may also be promising candidates for biomedical applications, including wound dressings 

and catheter coatings. 
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