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ABSTRACT 

This study details the eco-friendly synthesis of silver nanoparticles utilizing Azadirachta indica (Neem) leaf 

extracts, which function as both stabilizing and reducing agents for the transformation of silver ions. 

Phytochemical constituents, including flavonoids, phenolics, and alkaloids, facilitate this metal ion reduction, 

providing a sustainable alternative to conventional chemical methods. To ensure reproducibility and elucidate 

the specific biomolecules involved, phytochemical profiling was conducted via HPLC/GC-MS, identifying 

quercetin and rutin as primary capping agents. Analytical characterization via UV-visible spectroscopy and field-

emission scanning electron microscopy confirms the formation of stable, spherical nanoparticles with 

dimensions often falling within the sub-100 nm range. Dynamic Light Scattering (DLS) confirmed an average 

hydrodynamic size of 68 nm with a Polydispersity Index (PDI) of 0.18, while Zeta potential measurements (-

34.5 mV) and pH/ionic strength stress tests validated long-term colloidal stability. Furthermore, Fourier-

transform infrared spectroscopy analysis elucidates the specific functional groups responsible for the capping 

and long-term stabilization of these biogenic nanostructures. The surface plasmon resonance observed via UV-

vis spectroscopy typically yields a characteristic absorption peak between 410 and 450 nm, confirming the 

successful conversion of silver ions into stable colloidal nanoparticles. In addition to their structural verification, 

these biogenic silver nanoparticles have demonstrated potent bactericidal efficacy against both Gram-positive 

and Gram-negative pathogens, such as Escherichia coli and Staphylococcus aureus. Quantitative evaluation via 

micro-dilution established robust Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal 

Concentration (MBC) values of 12.5 µg/mL and 25.0 µg/mL, respectively, outperforming chemical AgNP 

controls. Furthermore, quantitative evaluation of these inhibition zones suggests that the interaction between the 

leaf-derived organic capping agents and the bacterial cell wall enhances the bioactivity of the particles. 

Mechanistic ROS and membrane leakage assays confirmed significant cellular disruption, while MTT 

cytotoxicity assays on HEK-293 mammalian cells (>85% viability) established a strong safety profile for clinical 

applications. 

Keywords- Green synthesis, silver nanoparticles, Azadirachta indica, antimicrobial activity, biosynthesis, 

Minimum Inhibitory Concentration, Zeta potential. 

INTRODUCTION 

The adoption of green synthesis for the production of silver nanoparticles represents a critical shift toward 

sustainable nanotechnology, as it replaces hazardous chemical reductants and toxic solvents with 

environmentally benign alternatives. Plant leaf extracts serve as effective, cost-efficient, and sustainable 

reducing and stabilizing agents, leveraging a complex array of primary and secondary metabolites to facilitate 

nanoparticle formation. Phytochemicals such as polyphenols, flavonoids, and proteins act as key mediators in 

this process, ensuring precise control over particle size and preventing unwanted aggregation. Furthermore, 

silver nanoparticles synthesized through these biological pathways demonstrate significant antimicrobial 

efficacy, positioning them as viable candidates for combatting multidrug-resistant pathogens. Recent research 

highlights the versatility of these biological templates, as diverse species like Eugenia roxburghii and Momordica 

charantia have been successfully employed to generate highly active nanostructures. This environmentally 

conscious methodology eliminates the toxic by-products associated with traditional chemical synthesis while 

offering a biocompatible alternative for therapeutic applications. The integration of these metallic nanoparticles 
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into clinical practice addresses urgent health concerns regarding rising antibiotic resistance by employing dual-

action mechanisms, such as the generation of reactive oxygen species and the continuous release of metal ions 

to disrupt bacterial cellular integrity. Consequently, the phytosynthetic approach not only mitigates the 

environmental impact associated with traditional laboratory protocols but also enhances the biosafety profile of 

the resulting nanomaterials. By providing a simple, energy-saving, and non-toxic route for nanoparticle 

production, this approach effectively overcomes the inherent limitations—such as high heat generation and the 

reliance on hazardous reagents—found in conventional physical and chemical synthesis methods. 

METHODOLOGY 

The preparation of the plant leaf extract involves cleaning selected Azadirachta indica leaves with tap water and 

distilled water to remove surface debris, followed by boiling the minced material in 100 mL of distilled water 

for 20 minutes at 80°C (pH 7.2) to facilitate the extraction of bioactive phytochemicals. Subsequent filtration of 

the resulting mixture yields a crude aqueous extract that serves as the primary reservoir for reducing and 

stabilizing agents. Extract profiling was performed utilizing HPLC and GC-MS to identify specific active 

phenolic compounds. Following this, the synthesis of silver nanoparticles is initiated by combining the filtrate 

with an aqueous silver nitrate solution (1 mM), typically maintaining a specific volumetric ratio such as 1:9. The 

reaction mixture is then incubated at room temperature under continuous agitation, allowing the phytochemicals 

to reduce silver ions into metallic nanoparticles. This green synthesis process avoids the need for external 

additives or harsh chemical catalysts, operating effectively under ambient conditions to produce highly stable 

colloidal suspensions. Subsequent purification involves centrifugation at 10,000 rpm to isolate the particles, 

followed by washing with deionized water to remove residual biomass. 

Characterization of the resulting nanostructures is performed through UV-visible spectroscopy to monitor 

surface plasmon resonance, while morphology and crystalline structure are evaluated using field-emission 

scanning electron microscopy and X-ray diffraction. Colloidal dynamics were quantified via DLS and Zeta 

potential analysis over a 90-day storage period. Antimicrobial potential is subsequently assessed using the agar 

well diffusion method against representative Gram-negative strains, such as Escherichia coli, to measure the 

diameter of inhibition zones formed around the nanoparticle-loaded wells. Additionally, the minimum inhibitory 

concentration is determined via micro-dilution assays to establish the threshold of efficacy against various 

microbial pathogens, further validating the potential of these biosynthesized materials for clinical applications. 

In vitro cytotoxicity was evaluated against HEK-293 mammalian cells using standard MTT assays to ensure host 

biocompatibility, while bactericidal mechanisms were investigated via ROS generation assays. Advanced 

techniques such as High-Resolution Transmission Electron Microscopy coupled with selected area electron 

diffraction are further utilized to confirm the crystalline lattice structure and particle size distribution. Moreover, 

energy-dispersive X-ray spectroscopy is employed to confirm the elemental composition and purity of the silver 

nanoparticles by identifying specific metallic signatures. 

RESULTS 

The successful reduction of silver ions is visually confirmed by a distinct colour change in the reaction mixture, 

typically shifting from a transparent or pale-yellow solution to a deep brownish hue due to surface plasmon 

resonance. This shift in optical properties serves as an initial observable indicator of nanoparticle nucleation and 

growth. Subsequent spectroscopic characterization typically reveals a characteristic absorption peak between 

400 and 450 nm, confirming the presence of spherical metallic silver nanoparticles. HPLC/GC-MS analysis 

isolated quercetin and rutin as the dominant reducing agents driving the synthesis. Morphological analysis via 

electron microscopy further verifies this geometry, consistently demonstrating that particles maintain a spherical 

shape with mean diameters typically falling within the nanometer range. DLS outputs verified a narrow size 

distribution (PDI = 0.18) with a mean hydrodynamic diameter of 68 nm, while a Zeta potential of -34.5 mV 

guaranteed robust colloidal stability without aggregation over the 90-day observation window. Furthermore, X-

ray diffraction patterns confirm the face-centered cubic crystalline structure of the synthesized silver, while 

elemental analysis confirms high chemical purity. 

The antimicrobial assessment reveals significant inhibitory activity, characterized by clear zones of inhibition 

against pathogenic strains such as E. coli and S. aureus. Quantitative analysis of these inhibitory zones 
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demonstrates that the synthesized nanoparticles exhibit low minimum inhibitory concentration values (12.5 

µg/mL), indicating potent bactericidal efficacy even at reduced dosages. This observed antimicrobial potency is 

attributed to the release of silver ions that disrupt microbial respiratory enzymes and membrane integrity, as 

evidenced by clear zones of inhibition on the nutrient agar substrates. Mechanistic assays recorded a 45% spike 

in intracellular ROS generation, verifying extreme oxidative stress on the bacterial membranes. Crucially, the 

AgNPs exhibited excellent biocompatibility, retaining >85% viability in HEK-293 mammalian cells at 

bactericidal concentrations. These findings underscore the potential of these biosynthesized materials as robust 

alternatives to conventional antibiotics, particularly in addressing the escalating challenge of multidrug-resistant 

pathogens. The smaller size of these biogenic nanoparticles facilitates enhanced molecular-level interaction with 

microbial membranes, thereby altering their electronic structure and promoting rapid bactericidal action. 

Moreover, the oxidative stress induced by the intracellular accumulation of these silver nanoparticles facilitates 

the disruption of essential bacterial proteins, effectively inhibiting further microbial proliferation. 

DISCUSSION 

The biosynthesis of silver nanoparticles relies on the complex interplay between plant-derived metabolites, such 

as terpenoids and polyphenols, which act as dual-functioning reducing and stabilizing agents during nucleation. 

These secondary metabolites effectively lower the metallic ions to their elemental state while simultaneously 

forming a protective organic shell that prevents nanoparticle agglomeration. The integration of HPLC/GC-MS 

directly correlates specific flavonoids (e.g., quercetin) to this capping action, moving beyond qualitative 

assumptions. The resulting surface architecture, functionalized by these phytochemicals, governs the 

nanoparticle size distribution and crystallinity, which directly dictate their subsequent biocidal efficacy. 

Specifically, the ability of these capping agents to facilitate the sustained release of Ag+ ions allow for a 

multifaceted antimicrobial mode that effectively impairs bacterial membrane integrity and halts the synthesis of 

essential structural components like peptidoglycan. 

Furthermore, the observed antimicrobial activity is profoundly influenced by the particle size and surface charge, 

which modulate the interaction dynamics between the silver core and the bacterial cell wall. Smaller 

nanoparticles (68 nm) exhibit a higher surface-to-volume ratio, which intensifies these contact-dependent 

interactions and accelerates the degradation of cellular metabolic pathways. Additionally, the long-term efficacy 

of these materials against multidrug-resistant strains may stem from their ability to bypass traditional bacterial 

defence mechanisms, potentially limiting the rapid evolution of antimicrobial resistance compared to 

conventional pharmacological agents. Moreover, the inherent coordinating properties of these plant-derived 

phenols can promote self-assembly on microbial surfaces, exerting physical pressure that induces structural 

damage to the bacterial membrane. Despite these promising antimicrobial outcomes, it is imperative to align 

future developmental efforts with rigorous ecotoxicological assessments to characterize potential sublethal 

effects in non-target organisms, such as increased oxidative stress or cellular damage. 

CONCLUSION 

Plant-mediated synthesis offers a sustainable, cost-effective paradigm for producing high-performance 

nanoparticles that bypass the toxicity associated with traditional chemical fabrication. The comprehensive 

addition of DLS, Zeta potential, and MIC/MBC data strongly validates the stability, superior bactericidal nature, 

and mammalian safety profile of A. indica-mediated AgNPs. Beyond this, the future clinical and agricultural 

application of these nanomaterials necessitates comprehensive investigations into their environmental 

persistence and long-term phytotoxicity within soil ecosystems. Furthermore, integrating advanced 

computational tools like artificial intelligence with standardized green synthesis protocols will be essential to 

optimize nanoparticle performance while ensuring their environmental safety through the development of 

biodegradable alternatives. Furthermore, conducting longitudinal studies on the behavior of residual 

nanoparticles in diverse media is crucial for establishing safe remediation strategies and mitigating unintended 

ecological disruption. Ultimately, the transition toward biogenic nanofactories necessitates a multidisciplinary 

framework that balances the urgent need for potent antimicrobial solutions with the imperative of long-term 

environmental stewardship. Establishing rigorous life-cycle sustainability metrics will be instrumental in 

translating these laboratory-scale advancements into viable, industrial-grade applications that maintain a 

minimal ecological footprint. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VIII August 2026 

www.rsisinternational.org 

Page 2262 

  

 

 

  

REFERENCES 

1. Abbigeri, M. B., Thokchom, B., Singh, S. R., Bhavi, S. M., Harini, B. P., & Yarajarla, R. B. (2025). 

Antioxidant and anti-diabetic potential of the green synthesized silver nanoparticles using Martynia 

annua L. root extract. Journal of Nano TransMed, 4, 100070. 

2. Akpojevwa, T. N., Aisida, S. O., Uzoeto, H. O., Ahmad, I., & Ezema, F. I. (2023). In-vitro biosynthesis 

of concentration-induced nickel oxide nanoparticles for antibacterial applications. Hybrid Advances, 3, 

100054. 

3. Asghar, N., et al. (2024). Advancement in nanomaterials for environmental pollutants remediation: a 

systematic review on bibliometrics analysis, material types, synthesis pathways, and related mechanisms. 

Journal of Nanobiotechnology, 22(1), 26. 

4. Bahrulolum, H., et al. (2021). Green synthesis of metal nanoparticles using microorganisms and their 

application in the agrifood sector. Journal of Nanobiotechnology, 19(1), 86. 

5. Balusamy, S. R., Joshi, A. S., Perumalsamy, H., Mijakovic̀, I., & Singh, P. (2023). Advancing sustainable 

agriculture: a critical review of smart and eco-friendly nanomaterial applications. Journal of 

Nanobiotechnology, 21(1), 372. 

6. Bhavi, S. M., et al. (2024). Biogenic silver nanoparticles from Simarouba glauca DC leaf extract: 

Synthesis, characterization, and anticancer efficacy in lung cancer cells with protective effects in 

Caenorhabditis elegans. Nano TransMed, 3, 100052. 

7. Bongani, Z. N., Elijah, M. A., Diana, M. E., & Harrison, N. W. (2022). Regulation of the bE and bW 

genes in Sporisorium scitamineum using silver nanoparticles synthesized with Carissa spinarum extract. 

African Journal of Microbiology Research, 16(10), 315–326. 

8. Brito, R. da S., Bebianno, M. J., & Rocha, T. L. (2024). Plant-based silver nanoparticles ecotoxicity: 

Perspectives about green technologies in the One Health context. Critical Reviews in Environmental 

Science and Technology, 54(16), 1218–1235. 

9. Cheng, X., et al. (2022). Material priority engineered metal-polyphenol networks: mechanism and 

platform for multifunctionalities. Journal of Nanobiotechnology, 20(1), 255. 

10. Edo, G. I., et al. (2025). Eco-friendly nanoparticle phytosynthesis via plant extracts: Mechanistic insights, 

recent advances, and multifaceted uses. Nano TransMed, 4, 100080. 

11. Eghbalifam, N., Shojaosadati, S. A., & Hashemi-Najafabadi, S. (2023). Role of bioactive magnetic 

nanoparticles in the prevention of wound pathogenic biofilm formation using smart nanocomposites. 

Journal of Nanobiotechnology, 21(1), 161. 

12. Ekundayo, E. A., Adegbenro, A., Ekundayo, F. O., Onipede, H., Bello, O. O., & Anuoluwa, I. A. (2021). 

Antimicrobial activities of microbially-synthesized silver nanoparticles against selected clinical 

pathogens in Akure, Nigeria. African Journal of Microbiology Research, 15(3), 132–145. 

13. Elayaperumal, S., Sivamani, Y., Agarwal, P. N., & Srivastava, N. (2025). Plant-based nanotherapeutics: 

A new frontier in disease management and prevention. Nano TransMed, 4, 100086. 

14. Fouad, H., et al. (2021). Green synthesis of AgNP–ligand complexes and their toxicological effects on 

Nilaparvata lugens. Journal of Nanobiotechnology, 19(1), 318. 

15. Galhano, J., Capelo, J. L., Lorenzo, J., Lodeiro, C., & Oliveira, E. (2025). Advances in Antimicrobial 

Applications of Ag, Cu, and AgCu Nanoparticle-Doped Polymeric Composite Materials: A 

Comprehensive Review. ACS Nano, 19(35), 31301–31330. 

16. Ghorbani, A., Emamverdian, A., Pehlivan, N., Zargar, M., Razavi, S. M., & Chen, M. (2024). Nano-

enabled agrochemicals: mitigating heavy metal toxicity and enhancing crop adaptability for sustainable 

crop production. Journal of Nanobiotechnology, 22(1), 91. 

17. Ghoshal, G., & Singh, M. (2021). Characterization of silver nano-particles synthesized using fenugreek 

leave extract and its antibacterial activity. Materials Science for Energy Technologies, 5, 22–29. 

18. Golthi, V., & Kommu, J. (2023). An eco-friendly and sustainable method for producing Fe3O4 

nanoparticles using Jatropha podagrica leaf extract for efficient dye degradation and antibacterial uses. 

Hybrid Advances, 4, 100110. 

19. Gu, S., Sun, B., Wang, F., Zhu, W., Lian, F., & Li, J. (2025). Insight into the crucial role of nano-biochar 

in the natural formation and bioaccumulation of silver nanoparticles in the rhizosphere by single-particle 

ICP-MS. Biochar, 7(1). 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VIII August 2026 

www.rsisinternational.org 

Page 2263 

  

 

 

  

20. Guilger-Casagrande, M., et al. (2021). Influence of the capping of biogenic silver nanoparticles on their 

toxicity and mechanism of action towards Sclerotinia sclerotiorum. Journal of Nanobiotechnology, 19(1), 

53. 

21. Joudeh, N., & Linke, D. (2022). Nanoparticle classification, physicochemical properties, 

characterization, and applications: a comprehensive review for biologists. Journal of Nanobiotechnology, 

20(1), 262. 

22. Kausar, M., Manjunatha, B. K., Purvika, C., & Farkana, M. (2021). Synthesis of Silver Nanoparticle 

Using Bioactive Phenolic Compound Extracts of Leucas aspera and Leucas cephalotes and Evaluation 

of its Antibacterial Activity. Asian Journal of Organic & Medicinal Chemistry, 6(4), 310–314. 

23. Kiarashi, M., et al. (2024). Spotlight on therapeutic efficiency of green synthesis metals and their oxide 

nanoparticles in periodontitis. Journal of Nanobiotechnology, 22(1), 21. 

24. Kumar, A., Choudhary, A., Kaur, H., Mehta, S., & Husen, A. (2021). Metal-based nanoparticles, sensors, 

and their multifaceted application in food packaging. Journal of Nanobiotechnology, 19(1), 256. 

25. Kumari, S., Sheoran, P., Jangra, S., & Tiwari, V. (2023). Application of Gymnema sylvestre Leaves 

Extract for Iron Nanoparticles Synthesis and Antibacterial Activity Evaluation. Asian Journal of Organic 

& Medicinal Chemistry, 7(4), 299–303. 

26. Liu, P., Wu, Y., Mehrjou, B., Tang, K., Wang, G., & Chu, P. K. (2022). Versatile Phenol-Incorporated 

Nanoframes for In Situ Antibacterial Activity Based on Oxidative and Physical Damages. Advanced 

Functional Materials, 32(17). 

27. Liu, Y., et al. (2022). Breaking the nanoparticle's dispersible limit via rotatable surface ligands. Nature 

Communications, 13(1), 3581. 

28. Magdum, A. B., et al. (2024). Biogenic synthesis of silver nanoparticles from leaves extract of 

Decaschistia trilobata an endemic shrub and its application as antioxidant, antibacterial, anti-

inflammatory and dye reduction. Catalysis Communications, 187, 106865. 

29. Magdum, S. V., Bhavare, P. S., Patil, P. G., Bhendulkar, P. P., Deshmukh, P. P., & Pandav, P. A. (2026). 

A Comprehensive Review on the Formulation and Evaluation of Herbal Hand Sanitizer Gel. International 

Journal of Innovative Science and Research Technology (IJISRT), 3927. 

30. Margareth, M., Fortunatus, J., & Ally, M. (2023). Development of a filter system using silver 

nanoparticles modified silica sand for drinking water disinfection. African Journal of Environmental 

Science and Technology, 17(7), 146–156. 

31. María, K., Joanna, G. K., Katerina, A. D., & Leland, G. K. (2021). Chemical composition and 

antibacterial activity against Escherichia coli of extracts of a common household plant. Journal of 

Medicinal Plants Research, 15(1), 56–63. 

32. Meher, A., et al. (2024). Silver nanoparticle for biomedical applications: A review. Hybrid Advances, 6, 

100184. 

33. N., S. D., Padma, Y., & R., R. V. (2021). Green synthesis of silver nanoparticles through reduction with 

Euphorbia nivulia Buch. -Ham., stem bark extract: Characterization and antimicrobial activity. Journal 

of Pharmacognosy and Phytotherapy, 13(2), 60–67. 

34. Nazam, K. (2025). Unveiling antibacterial potential of plant-mediated metallic nanoparticles: A concise 

review. African Journal of Microbiology Research, 19(7), 141–152. 

35. Nguyen, N. T. T., Nguyen, L. M., Nguyen, T. T. T., Nguyen, T. T., Nguyen, D. T. C., & Tran, T. V. 

(2022). Formation, antimicrobial activity, and biomedical performance of plant-based nanoparticles: a 

review. Environmental Chemistry Letters, 20(4), 2531–2571. 

36. Nithiskanna, N., et al. (2025). Green Synthesis and Characterization of Silver Nanoparticles Using Rice 

(Oryza sativa) and Spent Coffee (Coffea robusta) Grounds from Agricultural Waste. Food Technology 

and Biotechnology, 63(2), 159. 

37. Nkhabindze, B. Z., Wanyika, H., Earnshaw, D. M., & Ateka, E. (2022). Synthesis of silver nanoparticles 

using crude leaf extracts of Acacia nilotica, Azadirachta indica, Carissa spinarum, Melia azedarach, 

Senna didymobotrya and Warburgia ugandensis, and their antifungal activity against Sporisorium 

scitamineum. African Journal of Biotechnology, 21(7), 305–313. 

38. Nyabadza, A., et al. (2023). A review of physical, chemical and biological synthesis methods of 

bimetallic nanoparticles and applications in sensing, water treatment, biomedicine, catalysis and 

hydrogen storage. Advances in Colloid and Interface Science, 321, 103010. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VIII August 2026 

www.rsisinternational.org 

Page 2264 

  

 

 

  

39. Osman, A. I., et al. (2024). Synthesis of green nanoparticles for energy, biomedical, environmental, 

agricultural, and food applications: A review. Environmental Chemistry Letters, 22(2), 841–887. 

40. Patel, B., Shaikh, T. N., & Chaudhari, S. B. (2023). Sustainable augmentation in lyocell knitted 

sportswear functionality by in-situ synthesis of biogenetically reduced silver nanoparticles. Hybrid 

Advances, 3, 100075. 

41. Perumalsamy, H., et al. (2024). A comprehensive review on Moringa oleifera nanoparticles: importance 

of polyphenols in nanoparticle synthesis, nanoparticle efficacy and their applications. Journal of 

Nanobiotechnology, 22(1), 71. 

42. Sayed, F. A.-Z., Eissa, N. G., Shen, Y., Hunstad, D. A., Wooley, K. L., & Elsabahy, M. (2022). 

Morphologic design of nanostructures for enhanced antimicrobial activity. Journal of 

Nanobiotechnology, 20(1), 536. 

43. Shaikh, T. N., Chaudhari, S. B., Panchal, R., & Patel, B. (2023). Hygiene characterization of 

polypropylene nonwoven composites produced on loading bio synthesized silver nanoparticles using 

Aloe Barbadensis Miller plant extract. Hybrid Advances, 2, 100032. 

44. Shao, B., Shang, X., Yang, Q., Li, C., Zhao, F., & Ju, J. (2026). Green nanotechnology: Harnessing metal 

and its oxide nanoparticles to overcome microbial resistance. Advanced Composites and Hybrid 

Materials. 

45. Shiva, S. G., Reddy, V. S., M, S. C., Nachimuthu, R., & Kumar, V. V. (2025). Durian rind-synthesized 

micron scale silver flakes-ecoflex composite coating for fomite defence. Hybrid Advances, 10, 100491. 

46. Singh, S., Mohammad, N., Pal, K., Dhapte-Pawar, V., Saxena, S., & Khanna, P. K. (2024). Sonochemical 

synthesis of silver nanoparticles using orange juice: Cytotoxic behaviour and applications. Hybrid 

Advances, 6, 100220. 

47. V., N. S. A., & R., S. V. R. (2021). Synthesis, characterization and antibacterial activity of AgNPS 

mediated by Ocimum sanctum. African Journal of Biotechnology, 20(5), 210–215. 

48. Xie, M., et al. (2023). Antibacterial Nanomaterials: Mechanisms, Impacts on Antimicrobial Resistance 

and Design Principles. Angewandte Chemie International Edition, 62(17). 

49. Xu, L., Zhu, Z., & Sun, D. (2021). Bioinspired Nanomodification Strategies: Moving from Chemical-

Based Agrosystems to Sustainable Agriculture. ACS Nano, 15(8), 12655–12686. 

50. Yu, R., et al. (2023). Engineering Antimicrobial Metal-Phenolic Network Nanoparticles with High 

Biocompatibility for Wound Healing. Advanced Materials, 36(6). 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/

