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 ABSTRACT 
In the present study we report the preparation of silver nanoparticles by green synthesis at atmospheric conditions along 

with the antibacterial property of silver nanoparticles by using extract of leaves of phyllanthus emblica which serves as a 

reducing agent. Of the major methods of synthesis of silver nanoparticles i.e. physical and chemical methods, green 

synthesis was preferred as it is a feasible alternative method of synthesis, less costly and has low toxicity associated with 

it. The prepared nanoparticles were characterized by UV-Vis Spectroscopy. Additionally Kirby bauer test was performed 

in order to confirm the antibacterial property of silver-nanoparticles. 
Keywords: silver nanoparticles, green synthesis, antibacterial activity. 

 

1. INTRODUCTION 
Silver nanoparticles are of interest because of the unique properties (e.g., size and shape depending optical, 
electrical, and magnetic properties) which can be incorporated into antimicrobial applications, biosensor 
materials, composite fibers, cryogenic superconducting materials, cosmetic products, and electronic 
components [9]. Several physical and chemical methods have been used for synthesizing and stabilizing silver 
nanoparticles. The most popular chemical approaches, including chemical reduction using a variety of organic 
and inorganic reducing agents, electrochemical techniques, physiochemical reduction, and radiolysis are 
widely used for the synthesis of silver nanoparticles [8]. Recently, nanoparticle synthesis is among the most 
interesting scientific areas of inquiry, and there is growing attention to produce nanoparticles using 
environmentally friendly methods (green chemistry) [1]. Green synthesis approaches include mixed-valence 
polyoxometalates, polysaccharides, Tollens, biological, and irradiation method which have advantages over 
conventional methods involving chemical agents associated with environmental toxicity [1]. 
 

2.  LITERATURE SURVEY  
Biosynthesis of nanoparticles is a kind of bottom up approach where the main reaction occurring is 
reduction/oxidation. The need for biosynthesis of nanoparticles rose as the physical and chemical processes 
were costly [3, 2]. Often, chemical synthesis method leads to presence of some of the toxic chemical absorbed 
on the surface that may have adverse effect in the medical applications [2]. This is not an issue when it comes 
to biosynthesized nanoparticles via green synthesis route. So, in the search of cheaper pathways for 
nanoparticles synthesis, scientist used microbial enzymes and plant extracts (phytochemicals) [3, 2]. With their 
antioxidant or reducing properties they are usually responsible for the reduction of metal compounds into their 
respective nanoparticles. Green synthesis provides advancement over chemical and physical method as it is 
cost effective, environment friendly, easily scaled up for large scale synthesis and in this method there is no 
need to use high pressure, energy, temperature and toxic chemicals [8, 9]. 

2.1 Action of Silver Nanoparticles on Microbes 
The exact mechanism which silver nanoparticles employ to cause antimicrobial effect is not clearly known and 
is a debated topic [4]. There are however various theories on the action of silver nanoparticles on microbes to 
cause the microbicidal effect [10]. Silver nanoparticles have the ability to anchor to the bacterial cell wall and 
subsequently penetrate it, thereby causing structural changes in the cell membrane like the permeability of the 
cell membrane and death of the cell [6].There is formation of pits on the cell surface, and there is accumulation 
of the nanoparticles on the cell surface [6]. The formation of free radicals by the silver nanoparticles may be 
considered to be another mechanism by which the cells die [5]. There have been electron spin resonance 
spectroscopy studies that suggested that there is formation of free radicals by the silver nanoparticles when in 
contact with the bacteria, and these free radicals have the ability to damage the cell membrane and make it 
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porous which can ultimately lead to cell death [10, 6, 5]. It has also been proposed that there can be release of 
silver ions by the nanoparticles, and these ions can interact with the thiol groups of many vital enzymes and 
inactivate them [4, 5]. The bacterial cells in contact with silver take in silver ions, which inhibit several 
functions in the cell and damage the cells [4]. Then, there is the generation of reactive oxygen species, which 
are produced possibly through the inhibition of a respiratory enzyme by silver ions and attack the cell itself  
[10]. Silver is a soft acid, and there is a natural tendency of an acid to react with a base, in this case, a soft acid 
to react with a soft base [4, 10]. The cells are majorly made up of sulfur and phosphorus which are soft bases 
[4, 5, 6]. The action of these nanoparticles on the cell can cause the reaction to take place and subsequently 
lead to cell death [10]. Another fact is that the DNA has sulfur and phosphorus as its major components; the 
nanoparticles can act on these soft bases and destroy the DNA which would definitely lead to cell death [10, 6, 
5]. The interaction of the silver nanoparticles with the sulfur and phosphorus of the DNA can lead to problems 
in the DNA replication of the bacteria and thus terminate the microbes [10, 6]. It has also been found that the 
nanoparticles can modulate the signal transduction in bacteria[10]. It is a well-established fact that 
phosphorylation of protein substrates in bacteria influences bacterial signal transduction [6]. 
Dephosphorylation is noted only in the tyrosine residues of gram-negative bacteria [10, 6]. The 
phosphotyrosine profile of bacterial peptides is altered by the nanoparticles [10]. It was found that the 
nanoparticles dephosphorylate the peptide substrates on tyrosine residues, which leads to signal transduction 
inhibition and thus the stoppage of growth [6]. It is however necessary to understand that further research is 
required on the topic to thoroughly establish the claims [10]. 

 
Fig. 1: Various modes of action of silver nanoparticles on bacteria 

 

3.  EXPERIMENTAL METHODOLOGY 
3.1 Preparation of Extract 

 
Fig. 2: Preparation of extract                                        Fig. 3: Filtration of prepared extract 
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Fresh leaves of Phyllanthus Emblica were collected from Himayat Baugh in Aurangabad district of 
Maharashtra state, India  and washed several times with water to remove the dust particles and then sun dried 
to remove the residual moisture and grinded to form powder. The plant leaves of Phyllanthus emblica are 
washed thrice with tap water and distilled water and kept in the room temperature for air dry. After drying the 
known amount of leaf samples are chopped into fine and small pieces. The chopped 25 gram of leaves added 

with 100 ml of distilled water and boiled up to 100℃for 30 minutes. After the desired period the sample is 
filtered through Whattman filter paper to get the leaf extract. 

3.2 Preparation of Silver Nitrate Solution 

 

 
Fig. 4:1mM silver nitrate solution 

For the preparation of 1mM silver nitrate, 0.0421gm of AgNO3 is added to 100 ml of double distilled water. 
The solution is mixed thoroughly and stored in colored bottle in order to prevent auto oxidation of silver 
3.3 Synthesis of Silver Nanoparticles 

 

 
Fig. 5: Heating of mixture in water bath 

For the synthesis of plant mediated silver nanoparticles, the leaf extract and 1mM silver nitrate solution are 

taken in 1:5 ratio respectively and kept on a water bath at 60℃ for 30 minutes until the color change is 
observed to yellow. This indicates the preliminary confirmation for the formation of plant mediated silver 
nanoparticles. The main mechanism considered for the process is plant-assisted reduction of silver ions to 
silver nanoparticles is due to phytochemicals. The main phytochemicals involved are flavonoids, kaempferol, 
ellagic acid, gallic acid and ascorbic acid are water-soluble phytochemicals that are responsible for the 
immediate reduction of the ions leading to the formation of the silver nanoparticles. It is known that the 
phytochemicals are involved directly in the reduction of the ions and formation of silver nanoparticles. 
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Fig. 6: Color change indicating formation of Silver nanoparticles 

The above figure 6 shows change of color from brownish-green (right conical flask) to yellow (left conical 
flask) thus indicating the formation of silver nanoparticles. 

3.4 Characterization of Silver Nanoparticles 
UV-Vis Analysis: The optical property of Ag_NPs was determined by UV-Vis spectrophotometer. After the 
addition of AgNO3 to the plant extract, the spectrum was taken between 200 nm to 400 nm 

 

4. RESULTS AND DISCUSSION 
4.1 UV-Vis Spectrophotometer Analysis 

 

 
Fig. 7: UV-vis spectra of AgNP’S 

 
Reduction of silver ions into silver nanoparticles during exposure to plant extracts was observed as a result of 
the color change. The color change is due to the Surface Plasmon Resonance phenomenon. The metal 
nanoparticles have free electrons, which give the SPR absorption band, due t o the combined vibration of 
electrons of metal nanoparticles in resonance with light wave. The sharp bands of silver nanoparticles were 
observed around 318 nm. From different literatures it was found that the silver nanoparticles show SPR peak at 
around 350 nm. From our studies we found the SPR peak at 318 nm. So we confirmed that Phyllanthus 
Emblica leaf extract has potential to reduce Ag ions into Ag nanoparticles. 
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5. KIRBY BAUER TEST 
 

                    
         Fig. 8: Evident zone of inhibition for                                Fig. 9: Zone of inhibition 

       E.coli                                                                                     30 mm diameter 

 

Additionally KIRBY BAUER test was performed to check whether a bacterium is affected by antibacterial 
property of silver nanoparticles. A bacterial strain of E.coli was grown in pure culture. Using a sterile swab the 
suspension of pure culture is spread over the face of sterile agar plate. The silver nanoparticle impregnated 
wafer was placed on the agar plate in the centre position and the agar plate is incubated for a period of 24 
hours under favorable environmental conditions for bacteria under consideration. It was found that the 
bacterial growth around the wafer was not visible due to bactericidal effect of silver nanoparticles impregnated 
on the wafer. The zone of inhibition was found to be 30 mm in diameter. 
 

6.  CONCLUSION 
The silver nanoparticles synthesized from Phyllanthus Emblica extract is an economical, efficient and eco-
friendly process. The characterization of Ag+ ions exposed to the plant extract by change of color and UV-vis 
spectroscopy confirm the reduction of silver ions to silver nanoparticles. The zones of inhibition were formed 
in the antimicrobial screening test indicated, that the Ag_NPs synthesized in this process has an efficient 
antimicrobial activity against pathogenic bacteria. The green synthesized silver nanoparticles could be of 
immense use in medical field for their efficient antimicrobial function.  
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