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Synthesis and Characterization of Citrate-Reduced Silver Nanoparticles Augmented with Punica granatum Peel Extract


ABSTRACT

Silver nanoparticles are widely studied for biomedical and pharmaceutical applications because of their distinctive physicochemical properties and potential for surface modification. This study aimed to synthesize citrate-reduced silver nanoparticles and augment them with ethanolic extract of Punica granatum peel, followed by physicochemical characterization. Pomegranate peels were washed, dried, powdered, and extracted using ethanol by Soxhlet extraction. The extract was qualitatively screened for major phytochemical groups. Silver nanoparticles were prepared by chemical reduction of silver nitrate using trisodium citrate, and the nanoparticle suspension was subsequently mixed with pomegranate peel extract at three extract levels: 200 mg, 500 mg, and 1000 mg. The prepared nanoparticles were characterized using visual observation, UV–Visible spectrophotometry, Dynamic Light Scattering, and zeta potential analysis. Phytochemical screening confirmed the presence of polyphenols, tannins, flavonoids, terpenoids, and saponins in the ethanolic peel extract. Citrate-reduced silver nanoparticles showed a pale-yellow colour and a characteristic surface plasmon resonance peak around 420 nm. After augmentation with pomegranate peel extract, concentration-dependent spectral shifts were observed, with reported peaks at 360 nm, 370 nm, and 385 nm for the 200 mg, 500 mg, and 1000 mg extract-augmented formulations, respectively. Dynamic Light Scattering showed an increase in hydrodynamic diameter from 59 nm for citrate-reduced silver nanoparticles to 95 nm, 158 nm, and 212 nm after extract augmentation. Zeta potential values also varied with extract level, indicating changes in surface charge and colloidal stability. These findings suggest successful surface interaction between pomegranate peel phytochemicals and citrate-reduced silver nanoparticles.


1. INTRODUCTION 

Nanotechnology is one of the advanced sectors of science and has been implemented across diverse domains including in the biomedical field because of its unique physicochemical properties. Nanoparticles are well suited for drug delivery and helps in protecting drugs from damage, improves bioavailability, maintain their stability, tissue specificity, reduce side effects, and enhance drug safety (Cooper et al., 2014). Silver nanoparticles (AgNPs) are among the most widely used metal nanoparticles. They are particles of silver with sizes typically ranging from 1 to 100 nanometres. Silver nanoparticle shows anti-angiogenic (Gurunathan et al.,2009), anti-oxidant (Padmavathi et al.,2022) and anti-cancerous (Yin et al.,2022) effect.
Pomegranate (Punica granatumL.) is an ancient plant and fruit, originally native to Central Asia. Seeds, peels, leaves and flowers of pomegranate contain phytochemicals like alkaloids, polyphenol, flavonoids, saponins, tannin (Elfalleh et al.,2012). Peel makes up about 50 % of the fruits total weight and is a rich reservoir of bioactive compounds like phenolics, ellagitannins, flavonoids and proanthocyanidins along with vital minerals and complex carbohydrates (Sreekumar et al.,2014). Phytochemicals present in pomegranate shows anti-oxidant, anti-inflammatory, anti-cancerous, anti-microbial and cancer-chemopreventive properties ((Middha et al.,2013; Stefanou et al.,2020; Charoensedtasin et al.,2024; Celiksoy and Heard 2021; Moreira et al.,2017). The bioactive compounds of plants and their extracts show potential in-vitro activity and exhibits low or no significant in-vivo activity because of their poor structural stability, solubility, absorption and bioavailability but this can be overcome by giving plant extract using nanotechnology-based modifications (Gunasekaran et al.,2014).
Augmentation of AgNPs with P. granatum extract can enhance nanoparticle biocompatibility and biological efficacy through synergistic interactions. Therefore, the present study aimed to synthesize silver nanoparticles chemically using sodium citrate and subsequently augment them with P. granatum peel extract for potential biomedical applications.


2. material and methods 


2.1 Preparation of Ethanolic Extract of Punica granatumPeel: Pomegranate peels were washed, shade-dried (10 days), oven-dried at 40°C (24 h), and powdered. The powder was subjected to Soxhlet extraction using ethanol at 55°C. The extract was filtered, concentrated at 50°C, and dried. The yield obtained was 30% (w/w) and stored at 4°C.
2.2 Phytochemical Screening: The ethanolic extract was qualitatively screened for phenolics, tannins, flavonoids, terpenoids, and saponins using standard biochemical tests such as ferric chloride, ellagic acid, lead acetate, zinc-HCl reduction, Salkowski, and foam tests.
2.3 Synthesis and Characterization of Silver Nanoparticles (AgNPs): A 100 mL solution of 0.001 M silver nitrate (AgNO₃) was heated to boiling. Subsequently, 5 mL of 1% trisodium citrate solution was added dropwise under continuous vigorous stirring. The reaction mixture was maintained at boiling temperature with constant stirring using a magnetic stirrer until a visible color change from colorless to pale yellow was observed, indicating the formation of silver nanoparticles. Heating was then discontinued, and the solution was allowed to cool to room temperature while stirring continuously. The synthesized silver nanoparticles were subsequently subjected to characterization studies.The synthesized AgNP suspension was mixed with 200 mg, 500 mg and 1000 mg concentration of P. granatum peel extract at under magnetic stirring at room temperature. Following surface functionalization with pomegranate peel extract (i.e. adding pomegranate peel extract so that its bioactive compounds could attach to or coat the surface of the silver nanoparticles), the modified nanoparticles (PPE-AgNPs) were re-characterized to confirm successful conjugation and changes in physicochemical properties. The solution was centrifuged, washed, and dried. Characterization was performed using UV-Visible spectrophotometry, Dynamic Light Scattering (DLS) for particle size, and zeta potential analysis for stability.


3. results and discussion

3.1 Qualitative Phytochemical Screening of Ethanolic Extract of Pomegranate Peel: Qualitative Phytochemical Screening showed presence of polyphenols, tannins, flavonoids, terpenoids and saponins in ethanolic extract of pomegranate peel (Fig.1). Qualitative phytochemical screening of the ethanolic extract of Punica granatumpeel confirmed the presence of polyphenols, tannins, flavonoids, terpenoids, and saponins. These are in accordance with findings of Bhandary et al.(2012), Marka et al. (2013) and Pinnamaneni, 2018.These phytoconstituents are known for their antioxidant and biological properties and can interact with nanoparticle surfaces through adsorption and surface coating.
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Fig.1 Phytochemical Profile of Ethanolic Extract of Punica granatum Peel


3.2 Synthesis and Characterization of Silver Nanoparticles:
3.2.1. Visual Observation: The AgNPs were successfully synthesized by chemical reduction method of nanoparticles synthesis. AgNO3 solution (colorless) turns to pale yellow, which indicated the formation of AgNPs. This color transformation is characteristic of silver nanoparticle formation. These observations are consistent with the findings reported by Rashid et al. (2013) and El-Magid et al. (2023)
3.2.2 UV-VIS Spectrophotometry Using Nanodrop: The spectra obtained using a NanoDrop instrument in the wavelength range of approximately 200–750 nm represents the UV–Visible spectrophotometric analysis of silver nanoparticles (AgNPs) and pomegranate extract–augmented silver nanoparticles (Fig.2, a-d). A distinct absorption band is observed in the UV–visible region, with a characteristic surface plasmon resonance (SPR) peak appearing in region of 400–450 nm (approx..420 nm). UV–Vis spectrophotometric analysis of pomegranate peel extract–augmented silver nanoparticles (PPE-AgNPs) at different extract concentrations recorded spectra displayed a distinct SPR band characteristic of silver nanoparticles within the 350–400 nm region. A concentration-dependent shift in the SPR peak was observed, with pomegranate peel extract–augmented silver nanoparticles synthesized using 200 mg, 500 mg, and 1000 mg of pomegranate peel extract exhibiting SPR maxima at 360 nm, 370 nm, and 385 nm, respectively. Such spectral shifts indicate modifications in the local dielectric environment surrounding the nanoparticles and suggest successful interaction between the phytochemicals and the nanoparticle surface. The gradual shift in peak position may also reflect changes in particle size and surface characteristics following extract augmentation. The present findings are in good agreement with earlier studies reported by Agnihotri et al. (2014); Abdelmigid et al. (2021); Nosrati et al. (2025) and Burle et al. (2025).
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Fig.2(a-d):UV-VIS Spectrophotometry of AgNPs (a), Punica granatumPeel Extract (200 mg) + AgNPs (b), Punica granatumPeel Extract (500 mg) + AgNPs (c) and Punica granatumPeel Extract (1000 mg) + AgNPs

3.2.3 Dynamic Light Scattering Spectroscopy (DLS): In Dynamic Light Scattering (DLS), the intensity-based size distribution profile revealed a dominant and sharp peak with an average particle size of about 59 nm, indicating that the majority of AgNPs were present within this nanoscale range. Average hydrodynamic diameters of approximately 95 nm with 200 mg of extract, 158 nm with 500 mg of extract, and 212 nm with 1000 mg of extract noted (Fig.3, a-d). Following augmentation with pomegranate peel extract at increasing concentration, the particle size increased progressively indicative of successful surface coating of the nanoparticles by bioactive compounds present in the extract. The increase in particle size may be attributed to the formation of a phytochemical coating on the nanoparticle surface following augmentation with Punica granatumpeel extract. Similar increases in hydrodynamic diameter following plant extract conjugation have been reported in previous nanoparticle studies of Skandalis et al. (2017), Vinay et al. (2018), Fatimah and Aftrid, (2019), Mankad et al. (2020), and Vanlalveni et al. (2021).
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Fig.3(a-d): Dynamic Light Scattering Spectroscopy of AgNPs(a), Punica granatum Peel Extract (200 mg) + AgNPs (b), Punica granatum Peel Extract (500 mg) + AgNPs (c) and Punica granatum Peel Extract (1000 mg) + AgNPs

3.2.4 Zeta Potential Measurement: The zeta potential of the synthesized silver nanoparticles was −25.4 mV. Upon augmentation with pomegranate peel extract, the zeta potential values varied with extract concentration, measuring −10.7 mV, −20.4 mV, and −31.1 mV at 200 mg, 500 mg, and 1000 mg extract concentrations, respectively (Fig.4, a-d). Zeta potential measurements provided insight into the colloidal stability of the synthesized nanoparticles. The citrate-reduced AgNPs exhibited a zeta potential of −25.4 mV, indicating moderate colloidal stability due to electrostatic repulsion between particles. Following augmentation with pomegranate peel extract, the zeta potential values varied according to extract concentration. The 200 mg extract-augmented nanoparticles exhibited a lower negative charge, suggesting comparatively reduced stability. However, nanoparticles augmented with 500 mg and 1000 mg extract showed increasingly negative zeta potential values. The highly negative zeta potential observed at the highest extract concentration indicates enhanced colloidal stability and reduced tendency for aggregation. This increase in surface charge is likely due to the adsorption of negatively charged polyphenolic compounds onto the nanoparticle surface. These findings are similar to findings of Mostafa et al. (2024); Vinay et al. (2018) and Saad et al. (2021).
Collectively, the UV–Visible, DLS, and zeta potential analyses demonstrate that pomegranate peel extract successfully interacted with citrate-reduced silver nanoparticles, resulting in changes in optical properties, particle size, and surface charge. The enhanced stability observed at higher extract concentrations suggests effective surface functionalization by phytochemicals present in the peel extract. Such functionalized nanoparticles may possess improved biological properties owing to the combined effects of silver nanoparticles and pomegranate-derived bioactive compounds.
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Fig.4(a-d): Zeta potential of AgNPs(a), Punica granatum Peel Extract (200 mg) + AgNPs (b), Punica granatum Peel Extract (500 mg) + AgNPs (c) and Punica granatum Peel Extract (1000 mg) + AgNPs

Conclusions
Citrate-reduced silver nanoparticles were successfully synthesized using silver nitrate and trisodium citrate, as indicated by visual colour change and UV–Visible spectrophotometric findings. The ethanolic extract of Punica granatum peel contained major phytochemical groups, including polyphenols, tannins, flavonoids, terpenoids, and saponins. Augmentation of the synthesized silver nanoparticles with pomegranate peel extract produced measurable changes in optical properties, hydrodynamic diameter, and zeta potential. The increase in particle size with increasing extract amount suggests surface interaction or coating by peel-derived phytochemicals. Zeta potential values showed that surface charge varied according to extract level, with the highest extract amount producing the most negative value among the augmented formulations. Overall, the findings indicate that pomegranate peel extract can modify the physicochemical characteristics of citrate-reduced silver nanoparticles. However, further studies are required to evaluate particle morphology, polydispersity, chemical bonding, storage stability, biological activity, cytotoxicity, and safety before biomedical or pharmaceutical relevance can be confirmed.
Limitations
This study was limited to synthesis and basic physicochemical characterization of citrate-reduced silver nanoparticles augmented with Punica granatum peel extract. The work did not include detailed morphological analysis by electron microscopy, Fourier-transform infrared spectroscopy, X-ray diffraction, polydispersity index reporting, or statistical comparison of replicate measurements. Biological activity, antimicrobial efficacy, cytotoxicity, biocompatibility, and in-vivo safety were not evaluated. Therefore, the findings support surface modification and preliminary stability assessment only. Claims regarding biomedical or pharmaceutical application should be considered preliminary until supported by additional functional and safety studies.
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