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ABSTRACT 

 
Green synthesis of metal nanoparticles using indigenous Indian medicinal plants has emerged as a sustainable and low-

toxicity alternative to conventional chemical and physical fabrication routes. Plant extracts rich in polyphenols, flavonoids, 

terpenoids, proteins and sugars function simultaneously as reducing and stabilizing agents, enabling single-step production of 

metal nanoparticles such as silver, gold, copper, zinc oxide and iron oxide. Indian medicinal flora including Azadirachta indica, 

Ocimum sanctum, Tinospora cordifolia, Terminalia arjuna and Withania somnifera have demonstrated strong reducing capability 

and yield nanoparticles with controlled morphology and significant biological activity. Indian studies up to 2025 report 

reproducible synthesis protocols, strong antimicrobial and antioxidant performance, and promising catalytic and biomedical 

applications. This paper presents a structured research-style review covering synthesis principles, plant-based methodologies, 

characterization results, comparative outcomes and future prospects based on Indian research contributions. 
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I. INTRODUCTION 
 

Nanotechnology has become a central research 

domain due to the unique size-dependent physical, 

chemical and biological properties of nanoparticles. Metal 

nanoparticles exhibit enhanced surface area, quantum 

confinement effects and tunable surface plasmon 

resonance, making them useful in medicine, catalysis, 

sensing and environmental remediation. However, 

traditional chemical and physical synthesis methods often 

require hazardous reagents, high temperatures and costly 

instrumentation, creating environmental and safety 

concerns. Recent Indian research emphasizes biologically 

mediated synthesis as a viable alternative aligned with 

green chemistry principles [1]. 

Green synthesis using plant extracts has gained 

particular attention because it eliminates the need for 

toxic reducing agents and external stabilizers. Plant 

metabolites naturally perform both roles during 

nanoparticle formation. Indian biodiversity provides a 

wide selection of medicinal plants with high 

phytochemical diversity, enabling systematic exploration 

of plant-based nanoparticle production systems. Studies 

from Indian laboratories have demonstrated that locally 

available medicinal plants can produce stable and 

bioactive nanoparticles under mild conditions [2]. 

Phytochemicals such as phenolic acids, 

flavonoids, alkaloids, terpenoids and polysaccharides 

participate in electron transfer reactions that reduce metal 

ions into neutral atoms. These atoms nucleate and grow 

into nanoparticles while surrounding biomolecules cap 

the particle surface and prevent aggregation. Indian 

spectroscopic studies have repeatedly confirmed the 

involvement of hydroxyl and carbonyl functional groups 

in reduction and stabilization processes [3]. 

Silver nanoparticles are the most widely 

synthesized metal nanoparticles using Indian medicinal 

plants due to their strong antimicrobial properties. 

Extracts from neem, tulsi and giloy have shown rapid 

reduction of silver nitrate solutions with visible color 
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change within minutes. UV–Visible spectroscopy and 

electron microscopy results from Indian groups confirm 

stable nanoparticle formation with controlled size 

distributions [4]. 

Gold nanoparticles synthesized using Indian 

plant extracts have attracted attention for biomedical 

imaging and drug delivery applications. Plant-mediated 

gold nanoparticle synthesis typically produces highly 

stable colloids with biocompatible surface coatings. 

Indian research reports that plant-derived capping layers 

often enhance cellular compatibility compared with 

chemically synthesized counterparts [5]. 

Neem has become a model plant system in 

Indian green nanotechnology research. Its leaves contain 

azadirachtin, quercetin and multiple reducing compounds 

that support efficient nanoparticle synthesis. Several 

Indian studies demonstrate neem-mediated production of 

silver and gold nanoparticles with strong antibacterial and 

antifungal performance [6]. 

Tulsi extracts have also been widely studied for 

nanoparticle synthesis because of their antioxidant-rich 

phytochemical profile. Indian experiments show that 

tulsi-mediated nanoparticles often exhibit smaller average 

particle sizes due to higher flavonoid content, which 

increases nucleation rates and surface stabilization 

efficiency [7]. 

Tinospora cordifolia, an important Ayurvedic 

plant, has been used in Indian nanoparticle synthesis 

studies focused on biomedical applications. Extract-

mediated nanoparticles show both antimicrobial and 

antioxidant behavior, suggesting synergistic effects 

between plant metabolites and nanoscale metals [8]. 

Terminalia arjuna bark extracts are rich in 

tannins and polyphenols that act as strong reducing 

agents. Indian reports indicate efficient formation of 

silver and iron nanoparticles using arjuna extracts, with 

notable catalytic activity in dye degradation experiments 

[9]. 

Withania somnifera extracts have also been 

applied in green nanoparticle synthesis. Indian research 

groups report that nanoparticles synthesized using this 

plant demonstrate improved cytocompatibility and 

antioxidant activity, supporting potential therapeutic 

applications [10]. 

Reaction parameters strongly influence plant-

mediated nanoparticle synthesis. Indian optimization 

studies show that extract concentration, pH, temperature 

and metal salt concentration control nucleation rate and 

final particle size. Slightly alkaline pH and moderate 

heating typically accelerate reduction kinetics [3]. 

Characterization techniques used in Indian 

studies commonly include UV–Visible spectroscopy, X-

ray diffraction, FTIR spectroscopy, SEM and TEM 

imaging, and zeta potential measurements. These 

methods confirm crystalline structure, morphology and 

phytochemical capping of nanoparticles produced 

through green routes [4]. 

Overall, Indian research up to 2025 establishes 

that indigenous medicinal plants provide a reliable and 

scalable platform for green metal nanoparticle synthesis 

with reproducible structural and functional properties 

[1][2]. 

 

II. METHODOLOGY 
 

Fresh plant materials are first collected from 

authenticated Indian medicinal sources and 

taxonomically verified. Leaves, bark or stems are washed 

with distilled water to remove dust and contaminants. 

Indian protocols commonly use shade drying to preserve 

phytochemical content before grinding into coarse 

powder [2]. 

Aqueous extracts are typically prepared by 

boiling plant material in distilled water for controlled 

durations between 10 and 30 minutes. Some Indian 

studies use hydroalcoholic extracts to increase 

phytochemical yield. The extract is filtered through 

Whatman filter paper to obtain a clear solution containing 

soluble biomolecules [3]. 

Metal precursor solutions such as silver nitrate, 

chloroauric acid or copper sulfate are prepared at 

millimolar concentrations. Indian protocols emphasize 

analytical grade salts and freshly prepared solutions to 

ensure reproducibility and minimize unwanted side 

reactions [4]. 

Green synthesis is performed by mixing plant 

extract with metal salt solution in defined volume ratios 

under constant stirring. The reaction is usually carried out 

at room temperature or mild heating between 40–80°C. 

Indian reports note that color change is the first indicator 

of nanoparticle formation [5]. 

pH adjustment is frequently used to control 

nanoparticle size and formation rate. Sodium hydroxide 

or buffer solutions are added dropwise to achieve desired 

pH levels. Indian optimization studies show faster 

synthesis and smaller particles at slightly alkaline pH [6]. 

Reaction time is monitored using UV–Visible 

spectroscopy by recording plasmon resonance peaks at 

regular intervals. Indian researchers commonly track peak 

stabilization to determine reaction completion and 

nanoparticle stability [7]. 

Nanoparticles are separated by centrifugation at 

high speed and washed multiple times with distilled water 

or ethanol to remove unbound phytochemicals. The 

purified nanoparticles are then redispersed or dried for 

further analysis [8]. 

Structural characterization is performed using X-

ray diffraction to confirm crystalline phases. Indian 

studies report characteristic diffraction peaks 

corresponding to face-centered cubic silver and gold 

structures in plant-mediated nanoparticles [4]. 

Morphological analysis is conducted using 

scanning and transmission electron microscopy. Indian 

results typically show spherical or quasi-spherical 



 

 
 

 102 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)  

 

ISSN: 2583-4053 

Volume-5 Issue-1 || February 2026 || PP. 100-103 
 

https://doi.org/10.55544/jrasb.5.1.10 

 

 

 

Journal for Research in Applied Sciences 

and Biotechnology 

www.jrasb.com 

nanoparticles with moderate polydispersity depending on 

plant extract composition [9]. 

FTIR spectroscopy is used to identify functional 

groups attached to nanoparticle surfaces. Indian data 

consistently reveal hydroxyl, carbonyl and amine 

signatures indicating phytochemical capping layers [3]. 

Particle size distribution and surface charge are 

measured using dynamic light scattering and zeta 

potential analysis. Indian studies associate higher absolute 

zeta potential values with better colloidal stability [10]. 

Biological activity testing in Indian laboratories 

includes antimicrobial assays against common bacterial 

strains and antioxidant assays such as DPPH scavenging. 

These tests evaluate functional performance of 

synthesized nanoparticles [11]. 

Catalytic activity is assessed using dye 

degradation reactions under light or chemical reducing 

conditions. Indian experiments frequently use methylene 

blue and related dyes as model pollutants [9]. 

 

III. RESULTS 
 

Plant extracts from multiple Indian medicinal 

species successfully reduced metal salts to nanoparticles 

within short reaction times, often below one hour. Visible 

color transitions and stable plasmon resonance peaks 

confirmed nanoparticle formation across silver and gold 

systems. 

UV–Visible spectra consistently showed 

characteristic surface plasmon resonance bands, with 

silver nanoparticles typically appearing around 420–450 

nm. Peak sharpness varied with plant source, indicating 

differences in size distribution and stability. 

Electron microscopy images from Indian studies 

revealed predominantly spherical nanoparticles with 

average sizes between 10 and 60 nm depending on plant 

type and reaction conditions. Higher flavonoid content 

correlated with smaller particle sizes. 

X-ray diffraction patterns confirmed crystalline 

metal phases with no major impurity peaks in well-

washed samples. Crystallite sizes estimated using the 

Debye–Scherrer relation matched microscopy 

observations within acceptable error. 

FTIR spectra demonstrated the presence of 

plant-derived functional groups on nanoparticle surfaces. 

These biomolecular coatings contributed to colloidal 

stability and enhanced biological compatibility. 

Antibacterial assays showed strong inhibition 

zones for plant-mediated silver nanoparticles against both 

Gram-positive and Gram-negative bacteria. Indian 

comparative studies reported superior activity compared 

with crude plant extracts alone. 

Antioxidant measurements indicated that 

phytochemical-capped nanoparticles retained radical 

scavenging ability. This suggests that surface-bound plant 

metabolites remain chemically active after synthesis . 

Catalytic degradation experiments showed rapid 

dye removal in the presence of plant-mediated 

nanoparticles, demonstrating their environmental 

remediation potential. Reaction rates varied with particle 

size and surface chemistry. 

 

Table 1. Representative Indian Medicinal Plants 

Used for Nanoparticle Synthesis 

Plant source 
Metal 

NP 

Typical 

size (nm) 

Major 

activity 

Azadirachta 

indica 
Ag 15–50 Antibacterial 

Ocimum 

sanctum 
Ag 10–40 Antioxidant 

Tinospora 

cordifolia 
Au/Ag 20–60 Antimicrobial 

Terminalia 

arjuna 
Ag/Fe 25–70 Catalytic 

 

Table 2. Effect of Reaction Parameters Observed in 

Indian Studies 

Parameter Trend observed 

Higher pH Faster reduction, smaller size 

Higher temperature Reduced reaction time 

More extract Better stabilization 

Higher salt 

concentration 
Larger particles 

 

IV. DISCUSSION AND CONCLUSION 
 

Indian research demonstrates that indigenous 

medicinal plants provide a robust platform for green 

synthesis of metal nanoparticles with reproducible 

structural and functional properties. The phytochemical 

diversity of these plants enables simultaneous reduction 

and stabilization, simplifying synthesis workflows and 

reducing chemical hazards [1][2]. 

Comparative Indian studies show that 

nanoparticle size and performance strongly depend on 

plant species and extraction protocol. Flavonoid- and 

polyphenol-rich extracts generally produce smaller and 

more stable nanoparticles with enhanced biological 

activity [3][7]. 

Biological testing confirms that plant-mediated 

nanoparticles often exhibit synergistic antimicrobial and 

antioxidant effects arising from combined metal and 

phytochemical action. This synergy is repeatedly 

observed in Indian biomedical nanotechnology reports 

[8][11]. 

Methodological standardization remains a 

challenge, as extract composition varies with geography 

and season. Indian researchers recommend 
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phytochemical profiling and controlled extraction 

conditions to improve reproducibility [2][6]. 

Future work in the Indian context should focus 

on scale-up, toxicity profiling and integration into clinical 

and environmental technologies. With its biodiversity and 

traditional medicine knowledge base, India is positioned 

to lead translational green nanotechnology development. 

In conclusion, green synthesis of metal nanoparticles 

using indigenous Indian medicinal plants represents a 

scientifically validated, environmentally responsible and 

application-ready approach supported by extensive Indian 

research up to 2025. 
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