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Abstract 
Till date various methods of chemical synthesis of silver nanoparticles (AgNps) are known. Most 
of the protocols concerning the chemical synthesis of AgNps involve high pressure, temperature, 
energy and technical skills. Thus, the methods with much greener approach is the necessity of 
the hour. Accordingly, the groups of researchers have developed the methods that are cost-
effective, energy-efficient and easy methods for the synthesis of AgNps. The AgNps were 
synthesized by using various plant extract. These nanoparticles were characterized by visual 
observation, ultraviolet-visible (UV-vis) spectrophotometry, Fourier transform infrared (FTIR), 
nanoparticle tracking and analysis (NTA) and transmission electron microscopy (TEM). 
Formation of AgNps were primarily detected by change in color of reaction mixture from 
colourless to yellow after treatment with silver salt (AgNO3). UV-vis spectroscopy showed peak 
at 400-460 nm. TEM demonstrated the presence of spherical AgNps in the range of 10-80 nm. 
The various methods confirm the synthesis of AgNps by using different parts of plant 
extract. AgNPs synthesis was done employing plant extracts as a reducing, stabilizing, and 
capping agent. The synthesized silver nanoparticles showed various biological activities. The 
method is simple, eco-friendly and economically sustainable. This report would facilitate the 
industries and researchers connected with AgNPs synthesis and their applications. 
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INTRODUCTION 

The field of nanoscience draw an attention significantly nearly in the last two decades, 

and scientist are exploring more and more fields of applications continuously. 

Nanotechnology is a scientific process to synthesize particles in the nanoscale range, 

from 1 to 100 nm [1]. The high surface to volume ratio of NPs facilitate augmented 

optical characteristics [2]. There are different types of metal nanoparticles, which 

consist of nanoparticles of iron, gold, silver, titanium, cerium, platinum, thallium, and 

so on [3]. However, AgNPs are gaining significant attention by the scientific community 

and the industries due to their characteristic physicochemical and biological 

properties, viz, large surface area to volume ratio, excellent surface plasmon 

resonance, ease of functionalization or conjugation with different types of ligands to 

get desired tailored properties, toxicity against pathogens, efficient cytotoxicity 

towards cancer cells, catalytic applications and so on [4,5]. There are different 

synthesis methods like physical, chemical, biological, and green approaches are found 
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in order to synthesize metallic AgNPs. Silver nanoparticles are notable among the 

other metal nanoparticles and nanocomposites due to their tremendous potential and 

significant applications in the textile and food industries, water purification plants, 

environmental pollution protection, biomedical/therapeutics (anticancer, 

antimicrobial, antiangiogenic, contrast agents in imaging techniques for the diagnosis 

of diseases, biomedical devices, diagnostic probes in biological systems for the 

detection of several dreadful diseases or complications, conjugation with drugs to 

overcome the resistance or hindrances facing to their efficient delivery and also to 

increase the potency and therapeutic index of drugs) [6,7].  

Green synthesis of metallic nanoparticles is gaining a central research interest for 

interdisciplinary scientists throughout the world as the traditional chemical methods 

require more energy and reagents (sometimes harmful and toxic, too) consumption, 

compared to biological methods. The biological approaches used for AgNP synthesis 

are plant extracts (stems, flowers, barks, and heartwoods) [8,9,10], chitosan [11], 

bacteria [12], fungi [13], algae [14], and so on. However, due to availability and cost 

effectiveness, plant extracts have become more widespread for research purposes. 

Hence, massive research is directed to investigating plants and their different parts 

around the world. Comparatively, plant extracts are handier, as there is no risk of 

bacterial development/contamination during storage, as opposed to microorganism-

based synthesis [15,16]. 

In this review, an attempt has been made to highlight some of the essential, highly 

significant green synthesis of AgNPs and their miscellaneous applications so that the 

readers can understand the importance and significance of synthesis of silver 

nanoparticles using plant parts and their potential in novel applications of science or 

nanotechnology. The reading of this review will enhance the fervor for the 

development of AgNPs using green methods. 

SYNTHESIS PROCEDURE OF AgNPs 

Two main categories of AgNP synthesis are Top down and Bottom up (Figure 1). The 

top-down approach is the mechanical alteration of bulk metal into nanostructures 

with appropriate stabilizing agents. Conflicting to this, the bottom-up approach is the 

alteration or nucleation and consequent stabilization of substance at the atomic scale 

into nanostructures [17]. Generally all the bottom-up approaches assign some 

common features, i.e., reduction of metal ions obtained from metal  
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Figure 1. AgNPs can be synthesized by different synthesis approaches. 

precursors by utilizing appropriate reducing agents, capping, or stabilizing agents in 

the preparation and providing the stability to the nanoparticles or nanostructures. 

AgNPs most commonly synthesize by chemical reduction, physical and 

biological/green synthesis methods. The several physical methods involve laser 

ablation, spark discharging, tube furnace (evaporation–condensation), pyrolysis, 

gamma-irradiation, microwave processing, and so on. These methods include some 

demerits or downsides, like low yield, high energy consumption, and uneven 

distribution of nanoparticles, but no use of environmentally hazardous chemicals is 

the positive side. Chemical methods for synthesizing AgNPs involve Sol-Gel method, 

Pyrolysis, Co-precipitation, Electro-chemical methods, Sono-chemical, etc. These 

methods stand as easy, cheap, and efficiently productive as compared to the physical 

methods. Previously, chemical synthesis methods were commonly utilized on that 

time biological synthesis was not studied significantly. However, chemical synthesis 

protocols involved the use of some reagents that were not all the time considered 

harmless [18]. Recently to minimize the toxic and environmental encumbrances from 

the allied products, biosynthesis of metallic AgNPs have drawn tremendous research 

attention [19, 20]. Most plants are natural capping agents that are expected to be free 

of health hazards. Therefore, plant related materials offer a significant and better 

platform to greenly synthesize AgNPs. The basic mechanisms related to AgNP 

synthesis is the stabilization and reduction of AgNO3 with different plant extracts. The 

functional groups present in the biomolecules control the stabilization and reduction 
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of Ag(+1) to Ag(0) [21]. Moreover, the biological synthesis of AgNPs show higher 

tolerance to metallic NPs, hence could easily be controlled. However, the mechanism 

of AgNPs synthesis is not yet fully understood. The main reason is the variation from 

plant to plant, species to species, and plant part to plant part. The work becomes more 

complex, as nearly 4000 phytochemicals have been discovered in plants to date [22].  

It has been also observed that temperature, pressure, pH, type of reducing agent, and 

precursor agents have a important influence on monitoring the shape, size, surface 

area to volume ratio, size distribution, morphology, and bioactivity of synthesized 

silver nanomaterials [23,24].  

DIFFERENT PARTS OF THE PLANTS FOR AgNPs SYNTHESIS 

Plants are usually considered as freely available, easy to handle, harmless and cheap 

material for synthesis of many types of nanoparticles [25]. The biosynthesis process 

used definite parts like roots, leaves, flowers, fruits, seeds, peels, petals, seed husk 

and whole plant because these are rich with different biomolecules like 

carbohydrates, flavonoids, proteins, amino acids, saponins, terpenoids, nitrogenous 

compounds. These biomolecules can function as a reducer, stabilizer, redox mediators 

and capping agents in the synthesis of nanoparticles [26,27].  

Biosynthesis of the metallic Ag is gaining much popularity with the advancements of 

science and technology to fulfill environmental requirements and standards. There are 

many routes of AgNPs synthesis, but bio-inspired methods are most popular because 

of providing minimized risk issues in terms of health hazard problems.  In order to fulfill 

the increasing demands of AgNPs worldwide, plant-based extracts have potential to 

many advantages for production of AgNP synthesis (Figure 2). Many active 

biomolecules present in plants have enough capability to provide stability and reduce 

the silver ions present in the precursors.  

 
Figure 2. Benefits of biosynthesized AgNPs using different parts of plant extracts. 
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This is actually the key difference between the plant extract based nanosilver 

compared to the chemical-based methods. The size and shape of AgNPs mainly differ 

with certain factors [28], listed below: 

(a) Concentrations of silver precursor like AgNO3, (b) Plant extracts Concentration, (c) 

Types of plant and associated parts used, (d) Reaction time, (e) Reaction Condition, (f) 

pH of the medium, and (g) Temperature. 

 

Figure 3. Synthesis of flow process of AgNPs utilizing plant extract. 

Primarily, identification of plant parts like heartwood, leaf, bark, flower, fruit, roots, 

pulp, stem, latex, seeds, and rhizomes need to be confirmed for the green synthesis 

of AgNPs. Later, the selected plant materials are washed with clean water to eliminate 

any adhered debris, mud, and stones from the surfaces. The plant parts were then 

dried at room temperature to remove the volatile biomolecules. The collected plant 

parts are then crushed to get a powder form to assist the easy extraction in aqueous 

medium. The boiled plant extracts are then filtered by laboratorygrade filter paper. 

The filtered aqueous solutions are then kept at around 4OC in the refrigerator for 

future usage [29–31]. Later, the silver salt solution were made generally within 0.5–5 

mM concentrations with the precursor. Different volumes of plant extracts like 

2/3/4/5% (v/v) are then added to the silver precursor for the synthesis of silver 

nanoparticles. The resulting solutions were then homogenized by continuous stirring 

and the color of the solutions began to change from a milky/colorless state to a 

transparent yellow/brown, revealing a successful formation of AgNPs [32]. Usually, 
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such kind of color alterations be seen even at ambient temperatures like 25 OC, 

however, some of the reports also record applying heat around 80 OC or higher [33]. 

By the way, more research is required to discover the right biomolecules functioning 

as the stabilizer and capping agent. A detailed process about the synthesis of AgNPs 

from different plant extracts are presented in Figure 3. Ginkgo biloba leaves have 

polyphenols identified by an FTIR study [34]. The plant extract possessing hydroxyl 

groups are oxidized, hence Ag(+1) are reduced to AgNPs. A similar reaction mechanism 

was also reported in another study where two benzene rings present in the 

phytochemical of plant material extract taking part in reduction of Ag(+1) [35]. The 

free electrons formed during the synthesis process smooth the progress of the 

reduction of silver ions toward zero valence silver [35]. The synthesis of AgNPs was 

performed by water extract of clammy cherry (Cordia obliqua Willd) fruit which was 

utilized as the green reductant, and capping agent for [36]. Moreover, different 

reports regarding plant materials extracted AgNPs synthesis is listed in Table 1 [37–

57]. 

Table 1. Examples of numerous synthesized AgNPs with associated particle sizes 
using extracts of different plant parts 

Names of plants 
Plant/Plant 

parts 
Size of 

AgNPs (nm) 
Properties References 

Aaronsohnia factorovskyi Plant 104–140 
Antibacterial, 

medicine 
[37] 

Berberis vulgare, Brassica 
nigra, Capsella bursa-
pastoris, Lavandula 

angustifolia and Origanum 
vulgare 

Plant 
14.7±7.9 
to 75.7 ± 

17.1 
Antibacterial [38] 

Turmeric Plant 5 to 35 
Antimicrobial 

activity 
[39] 

Capsicum annum L. Chili plant 30 to 70 
Bio-synthesis 

AgNPs 
[40] 

Salacia Chinensis Plant 100 to 200 
Antibacterial 

activity 
[41] 

Impatiens balsamina and 
Lantana camara 

Leaves 
3.2±1.2 to 

20±3.3 
Antimicrobial 

activity 
[42] 

Azadirachta indica Leaves  
Antimicrobial 

activity 
[43] 

Artemisia vulgaris Leaves ~25 Biomedical [44] 

Lonicera japonica Leaves 20 to 60 
Antidiabetic 

activity 
[45] 
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Skimmia laureola Leaves 46 
Antibacterial 

activity 
[46] 

Ixora coccinea Leaves 15 to 37 - [47] 

Aloe vera Leaves 15.5±4 
Biological 

activity 
[48] 

Felty Germander 
Stem and 

flower 
10 to 1000 

Antifungal 
activity 

[49] 

Thunbergia grandiflura Flower  
Catalytic 
reduction 

[50] 

Fritillaria Flower 5 to 10 
Antimicrobial 

activity 
[51] 

Fraxinus excelsior Flower 15 to 115 Coloration [52] 

Carcia papya Fruit 60 to 80 - [53] 

Orange Fruit 25±2 
Antimicrobial 

activity 
[54] 

Apple Fruit 30±2 
Antimicrobial 

activity 
[54] 

Red pepper Fruit 19±2 
Antimicrobial 

activity 
[54] 

Tomato Fruit 
9.58 to 
72.69 

Antifungal 
activity 

[55] 

Citrus sinensis Fruit peels 23.81 - [56] 

Zinger (Zingiber 
officinale) 

Modified 
plant stem 

2.89 
Antibacterial 

activity 
[57] 

Garlic 
Modified 

stem 
Amorphous 

Antimicrobial 
activity 

[54] 

CHARATERISATION OF SILVER NANOPARTICLE SYNTHESIZED BY PLANT 

EXTRACTS 

The physicochemical functions of nanoparticles are vital for their behavior, bio-

distribution, safety, and efficacy. For that reason, characterization of AgNPs is 

important in order to assess the functional characteristics of the synthesized 

nanoparticles. Characterization is done with the use of a variety of analytical 

techniques, consist of UV-vis spectroscopy, X-ray diffractometry (XRD), X-ray 

photoelectron spectroscopy (XPS), dynamic light scattering (DLS), Fourier transform 

infrared spectroscopy (FTIR), scanning electron microscopy (SEM), transmission 

electron microscopy (TEM), and atomic force microscopy (AFM). UV-vis spectroscopy 

is an extremely useful and dependable technique for the initial characterization of 

synthesized nanoparticles which is also utilized to monitor the synthesis and stability 

of AgNPs [58]. AgNPs show unique optical properties which construct them strongly 

to interact with specific wavelengths of light [59]. XRD has been proved a common 
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analytical technique which is used for the analysis of both molecular and crystal 

structures, qualitative identification of various compounds [60], quantitative 

resolution of chemical species [61], measuring the degree of crystallinity [62], 

isomorphous substitutions [63], particle sizes [64], and others. DLS probe can be used 

to the size distribution of small particles a scale ranging from submicron down to one 

nanometer in solution or suspension. Dynamic light scattering method depends on the 

interaction of light with particles. Narrow particle size distributions, especially in the 

range of 2–500 nm can be determined using this method [65]. Among various electron 

microscopy techniques, SEM is a surface imaging method. SEM is fully capable of 

resolving different particle sizes, size distributions, nanomaterial shapes, and the 

surface morphology of the synthesized particles at the micro and nanoscales [66]. The 

morphological studies are mostly done by using SEM and TEM analysis at different 

magnifications. TEM is one of the most adapted techniques to report the size and shape 

of the nanoparticles and show their distribution. AFM is also used to characterize the 

interaction of nanomaterials with supported lipid bilayers in real time, which is not 

feasible with current electron microscopy (EM) techniques [67]. The localized surface 

plasmon resonance (LSPR) condition can be described by several factors, including the 

electronic properties of the nanoparticle, the size and shape of the particle, 

temperature, the dielectric environment, and so on. The chemical bonding in the 

AgNPs coated substrates can be characterized by FTIR (Fourier transform infrared 

spectroscopy) analysis.  

APPLICATION OF AgNPs 

Silver nanoparticles contain large application potential in several fields. Utilizations of 

novel AgNPs could be traced back even before in Neolithic revolution that is 

mentioned by some authors [68]. However, the utilization of AgNPs as medicinal 

material was observed first in the 8th century [69]. AgNPs are going to be extensively 

utilized metallic materials due to their availability, low cost, and overall higher 

chemical solubility. Green AgNPs are displaying enormous potential for the biomedical 

field, consumer products, agriculture, cosmetics, air, and water purification, textile 

industries, automobiles, and so forth [70,71]. These applications describe the universal 

role of nanosilver in the present era of science and technology. Particularly, AgNPs are 

also utilized for wound dressing, catheters, and household applications where 

bacterial resistivity is essential. AgNPs are being used in dentistry as dental alloys, 

dental resins, prostheses, and dental coatings, in that way protecting the transplants 

from biofilm formation and continuing long-term oral hygiene [72]. Silver 



Page 100    Kanika Ghosh 
____________________________________________________________________________ 

_______________________________________________________________ 
PANCHAKOTesSAYS Vol-14, No.-1, May 2023 ISSN : 0976-4968 

 

 

nanoparticles are also used in textile industry to generate antimicrobial fabrics. AgNPs 

are combined with fabrics and expose them exclusive properties like durability, 

disinfecting, hygienic, and color performance or brightness enhancers [7]. Silver 

nanoparticles are gradually utilized in consumer products succeeding in marketplaces 

with preferred and unique functions. For example, the uses are in kitchen scrubbers, 

antimicrobial toys, personal health care products (deodorants, skin creams, body 

lotions, soaps, toothpaste, antimicrobial socks), disinfecting sprays, pesticides, 

keyboard covers, detergents, air and water treatment/ purification devices, 

automobile interiors, facial masks, packaging of food materials and many more 

[71,73]. 

Apart from health related application, nanoparticles’ distinctive chemical and physical 

features construct them ideal for many high-tech applications, for example the 

development of new and better-quality sensing devices, acutely electrochemical 

sensors and biosensors. AgNPs is also useful to mark biomolecules in electroanalysis. 

An electrochemical DNA biosensor based on the AgNPs label have potential to sensing 

target oligonucleotides at concentrations as low as 0.5 pM [74].Additionally, various 

studies is also reported that AgNPs can be utilized as an electrical bridge for electron 

transmission between cytochrome c and the electrode [74,75]. The silver 

nanoparticles are a better option for utilization as adhesives and conductive inks due 

to its potential thermal conductivity, low cost, electrical conductivity and chemical 

stability [76]. It is a fact that nanosilver-based consumer products are gradually used 

for their attending properties. In fact, they are flooding the markets. However, 

evaluation work regarding the sustained release, accumulation, clearance, other 

toxicity profiles and risk assessments in biological systems and the environment, is 

unsatisfactory. This is an alarming situation, and a wake-up call that needs to be 

addressed scientifically at the earliest. 

CONCLUSIONS 

Since ancient times, to create efficient and functional products, nature found 

resourceful and elegant paths. Consciousness is increasing all over the world to 

explore green chemistry for executing safer routes, materials, and technologies to 

produce industrial products in an eco-friendly way. AgNPs exhibit outstanding 

potential to fulfill this objective by creating safer products and reducing waste to look 

after healthy societies, environment, and workshops.  
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Additionally, use of greenly synthesized AgNPs reduce utilization of synthetic chemical 

reagents. This is why sustainable AgNPs are working to show a significant role in the 

forthcoming decades. There is necessary to identify biomolecules present in naturally 

derived materials for AgNPs extraction properly which would lead to a drop in energy 

and utilities consumption to create green and efficient technologies. Though, the long-

term outcome of the use of nanoparticles on human health and crops is not clear. A 

huge number of nanoparticles have to be explored in various areas of biotechnology, 

industry technology and agriculture. 

Further, collection of current work evidences that so far various queries about the 

parameters controlling size, shape, yield of the nanoparticles produced and precise 

properties of the nanoparticles synthesized using green approach are still not 

elucidated. Hence, further research in these directions is exceedingly necessary to fill 

these lacunas and come up with more controlled studies. 
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