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Abstract

Silver nanoparticles (AgNPs) have gained significant attention due to their antimicrobial, antibacterial, antifungal, and
anti-inflammatory properties. Among various synthesis approaches, green synthesis utilizing plant extracts is
considered a sustainable and eco-friendly alternative to conventional physical and chemical methods. Phytochemicals,
particularly flavonoids, proteins, and secondary metabolites, play crucial roles as reducing and stabilizing agents in
AgNPs biosynthesis. The exact mechanism of phytochemical-mediated AgNPs formation remains under investigation,
with functional groups such as hydroxyl and carbonyl contributing to the bioreduction process. Characterization
techniques like UV-Vis spectroscopy and Transmission Electron Microscopy (TEM) are essential for evaluating AgNPs'
size, morphology, and stability. This review highlights the potential of green synthesis in nanoparticle fabrication,
emphasizing the need for further research to optimize biosynthetic pathways and scale-up production for biomedical
and industrial applications.
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1. Introduction

Nanoparticles are units that have a very small size, ranging from 1-100 nm [1]. Among the various types of nano
materials, silver nanoparticles (AgNPs) have received global attention because they have less toxic properties and
higher antimicrobial, antibacterial, antifungal, and anti-inflammatory potential [2]. The synthesis of silver nanoparticles
can be carried out through several methods, namely physical, chemical, and biological methods [3, 4, 5]. However,
physical and chemical methods tend to be considered less effective because of the use of toxic chemicals as reducing
agents and/or stabilizers, requiring high technology, and high operating costs [6].

Therefore, biological synthesis methods are considered better because of their low-cost, environmentally friendly
approach and high thermal stability [7]. One method of biological silver nanoparticle synthesis is by utilizing secondary
plant metabolite compounds such as flavonoids. Flavonoids will act as reducing agents of Ag+ into Ag0 metallic
nanoparticles with very low toxicity and as capping agents [8]. Electrostatic interactions and charge transfer between
the -OH groups of flavonoids and Ag+ are responsible for the biochemical interactions leading to bio-reduction [9]. After
the silver nanoparticles are formed, flavonoids that act as reducing agents will also stick to the surface of the silver
nanoparticles as capping agents to prevent particle aggregation [8].

2. Green synthesis of silver nanoparticles

Green synthesis refers to the utilization of plant extracts as sources of reducing and capping agents in the fabrication of
AgNPs. Plant-derived biomolecules, including secondary metabolites such as vitamins, polysaccharides, amino acids,
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proteins, enzymes, polyphenols, flavonoids, and other phytochemicals, play crucial roles in the reduction of Ag ions to
AgNPs [10]. Protein molecules within plant extracts also contribute significantly to AgNPs formation by acting as
reducing agents and controlling nanoparticle size. Functional groups such as carboxylate (-COOH) from glutamine and
aspartic acid residues, as well as hydroxyl (-OH) groups from tyrosine residues, stabilize Ag ions and promote the
formation of small, monodisperse AgNPs [11].

The biochemical composition of plant extracts varies significantly among species and plant parts, affecting AgNPs
synthesis. Despite extensive research on phytochemicals involved in biosynthesis, no single study has conclusively
identified the specific biomolecules responsible for Ag+ reduction [9]. Jha and Prasad (2010) suggested that certain
metabolites initiate the bioreduction process through redox activity involving dehydroascorbic acid/ascorbic acid,
flavonoids, and other metabolites. Functional groups such as carbonyl and hydroxyl in flavonoids, terpenoids,
carbohydrates, and phenolic compounds serve as reducing agents, facilitating AgNPs formation [8]. Additionally,
proteins and peptides exhibit strong binding affinities to Ag0, forming stabilizing layers around AgNPs to enhance
colloidal stability [12].

Several studies have explored the mechanism of bioreduction. Trouillas et al. (2006) employed density-functional
theory (DFT) to investigate the interaction of phytochemicals with silver ions, revealing that catechol hydroxyl groups
in flavonoids possess lower dissociation energy than other hydroxyl groups, enhancing their reducing ability. Similarly,
Bose and Chatterjee (2016) demonstrated that flavonoid-derived carbonyl and hydroxyl groups play a crucial role in
metal chelation during AgNPs biosynthesis using Psidium guajava leaf extract. Recent studies have identified specific
flavonoids, such as flavan-3-ol, flavan-3,4-diol, and flavan-4-ol, as reducing and capping agents in the synthesis of AgNPs
using Shorea robusta leaf extract [9]. The bio-reduction mechanism involves tautomeric transformation of flavonoids
into flavones and/or flavonols, wherein reactive hydrogen atoms from hydroxyl-containing groups (flavan, flavanonol,
and flavonol) participate in Ag+ reduction.

Figure 1 The role of phytochemicals Flavan-3-ol, Flavan-3,4-diol, and Flavan-4-ol in AgNPs biosynthesis [9]

3. Characterization of silver nanoparticles

The physicochemical properties of AgNPs, such as size, morphology, stability, and optical behavior, influence their
biological activity and potential applications. Characterization techniques such as UV-Vis spectroscopy and
Transmission Electron Microscopy (TEM) are widely employed to assess these properties [13].

UV-Vis spectrophotometry is a fundamental technique for analyzing nanoparticle synthesis. This method measures the
absorbance of light transmitted, reflected, or emitted as a function of wavelength, typically within the 200-900 nm range
[14]. A typical UV-Vis spectrophotometer consists of a light source, collimator, prism or grating for light selection, a
cuvette for sample placement, a blank reference, and a photodetector [15].

UV-Vis spectroscopy provides qualitative and quantitative information on AgNPs synthesis. The maximum absorbance
wavelength (Amax) is indicative of nanoparticle size, with larger AgNPs exhibiting red-shifted Amax values. Additionally,
the phenomenon of Surface Plasmon Resonance (SPR) contributes to the distinct coloration of AgNPs solutions. Changes
in SPR indicate particle aggregation, dissolution, or morphological alterations [16].
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TEM is a high-resolution imaging technique used to determine the size, shape, and structural characteristics of
nanoparticles. Unlike conventional optical microscopes, TEM employs electron beams instead of light waves and uses
electromagnetic fields to focus electrons onto the sample surface. This results in highly magnified images, making TEM
a crucial tool in nanomaterial research [15, 16]. TEM operates with multiple lenses, including Objective lens, Primary
focusing lens responsible for high-resolution imaging. Intermediate lens, Corrects spherical aberrations from the
objective lens. Projector lens, Magnifies the image for viewing. Additionally, Scanning Electron Microscopy (SEM) is
used to analyze nanoparticle surface morphology in three-dimensional detail.

4. Conclusion

Green synthesis of AgNPs presents a sustainable and eco-friendly approach to nanoparticle fabrication. Plant extracts
act as natural reducing and stabilizing agents, with flavonoids, proteins, and secondary metabolites playing a critical
role in the biosynthesis process. Despite advances in understanding phytochemical interactions, the exact mechanism
of AgNPs formation remains elusive. Characterization techniques such as UV-Vis spectroscopy and TEM provide
essential insights into nanoparticle properties, ensuring their effective application in biomedical and industrial fields.
Future research should focus on elucidating the precise roles of phytochemicals in AgNPs biosynthesis and optimizing
green synthesis methodologies for large-scale production.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1] Mondal A, Hajra A, Shaikh W. (2019) Synthesis of silver nanoparticle with Colocasia esculenta (L.) stem and its
larvicidal activity against Culex quinquefasciatus and Chironomus sp. Asian Pac ] Trop Biomed 9:510-517.

[2] Ali, M., Kim, B,, Belfield, K.D., Norman, D., Brennan, M. and Alj, G.S. (2016). Green synthesis and characterization
of silver nanoparticles using Artemisia absinthium aqueous extract—A comprehensive study. Materials Science
and Engineering: C, 58, pp.359-365.

[3] Hebbalaly, D., Lalley, ], Nadagouda, M.N. and Varma, R.S. (2013). Greener techniques for the synthesis of silver
nanoparticles using plant extracts, enzymes, bacteria, biodegradable polymers, and microwaves. ACS Sustainable
Chemistry & Engineering, 1(7), pp.703-712.

[4] Nadagouda, M.N., Iyanna, N., Lalley, ]., Han, C., Dionysiou, D.D. and Varma, R.S. (2014). Synthesis of silver and gold
nanoparticles using antioxidants from blackberry, blueberry, pomegranate, and turmeric extracts. ACS
Sustainable Chemistry & Engineering, 2(7), pp.-1717-1723.

[5] Varma, R.S. (2012). Greener approach to nanomaterials and their sustainable applications. Current Opinion in
Chemical Engineering, 1(2), pp.123- 128.

[6]  Shaikh, W.A. and Sukalyan, C. (2018). UV-assisted photo-catalytic degradation of anionic dye (Congo red) using
biosynthesized silver nanoparticles: a green catalysis. Desalination and Water Treatment, 130, pp.232-242.

[7]  Almalki, M. A, & Khalifa, A. Y. Z. (2020). Silver nanoparticles synthesis from Bacillus Sp KFU36 and its anticancer
effect in breast cancer MCF-7 cells via induction of apoptotic mechanism. Journal of Photochemistry and
Photobiology B: Biology, 204, 111786

[8] Adur, A.].,, Nandini, N., Shilpashree Mayachar, K., Ramya, R., & Srinatha, N. (2018). Bio-synthesis and antimicrobial
activity of silver nanoparticles using anaerobically digested parthenium slurry. Journal of Photochemistry and
Photobiology B: Biology, 183, 30-34.

[9]  Shaikh, W.A, Chakraborty, S., Owens, G. and Islam, R.U. (2021). A review of the phytochemical mediated synthesis
of AgNPs (silver nanoparticle): The wonder particle of the past decade. Applied Nanoscience, 11(11), pp.2625-
2660.

[10] Goswami, T., Bheemaraju, A., Sharma, A.K. and Bhandari, S. (2021). Perylenetetracarboxylic acid-incorporated
silver nanocluster for cost- effective visible-light-driven photocatalysis and catalytic reduction. Colloid and
Polymer Science, 299, pp.925-936.

1672



[11]

[12]

[13]

[14]

[15]

[16]

International Journal of Science and Research Archive, 2025, 14(03), 1670-1673

Verma, D., Mudgal, B., Chaudhary, P., Mahakur, B., Mitra, D., Pant, K., Mohapatra, P.K.D., Thapliyal, A. and Janmeda,
P. (2020). Medicinal plant of Uttarakhand (India) and their benefits in the treatment of tuberculosis: current
perspectives. Global Journal of Bio-Science and Biotechnology, 9(3), pp.75-85.

Karthik R, Govindasamy M, Chen SM. (2017). Biosynthesis of silver nanoparticles by using Camellia japonica leaf
extract for the electrocatalytic reduction of nitrobenzene and photocatalytic degradation of Eosin-Y. ] Photochem
Photobiol B Biol 170:164-172

Zhang, X.F,, Liu, Z.G.,, Shen, W. and Gurunathan, S. (2016). Silver nanoparticles: synthesis, characterization,
properties, applications, and therapeutic approaches. International journal of molecular sciences, 17(9), p.1534.

Barkir. (2011). Pengembangan Biosintesisi Nanopartikel Menggunakan Air Rebusan Daun Bisbul (Diospyros
Blancoi) untuk Deteksi lon Tembaga (II) dengan Metode Kolorimetetri. Skripsi. Jakarta : FMIPA UI.

Liu, X. L,, Ding, J., & Meng, L. H. (2018). Oncogene-induced senescence: a double edged sword in cancer. Acta
Pharmacologica Sinica, 39(10), 1553-1558.

Wiley, B.J.,, Im, S.H,, Li, Z.Y., McLellan, J., Siekkinen, A. and Xia, Y. (2006). Maneuvering the surface plasmon
resonance of silver nanostructures through shape-controlled synthesis. The Journal of Physical Chemistry B,
110(32), pp.15666-15675.

1673



