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Abstract—The antimicrobial activity of silver nanoparticles (SNPs) 
against bacillus subtilis and E. coli was investigated. Bacteriological 
tests were performed in Luria–Bertani (LB) medium on solid agar 
plates loaded with different concentrations of silver nanoparticles. 
Synthesized silver nanoparticles showed an effective bactericide. 
Various mechanisms have been reported for the antibacterial 
properties of silver nanoparticles. Silver nanoparticles damage the 
cell wall of the bacteria and get accumulated in the bacterial 
membrane, thereby killing bacteria. The nontoxic SNPs were 
prepared by a simple and cost-effective green method and may be 
suitable for the formulation of new types of bactericidal agents.  
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1. INTRODUCTION  

Now days, metal and metal oxide nanoparticles such as silver, 
gold, copper, iron oxide and zinc oxide nanoparticles have 
gained the attention of scientists because of their extensive 
application to new technologies in medicine, chemistry, 
biotechnology, electronics, textile and engineering [1]. These 
nanoparticles possess superior property as compared to their 
bulk structure because of significantly improved physical, 
chemical and biological properties. Although nanoparticles 
can be synthesized using various physicochemical methods [2] 
but these methods suffer from many disadvantages. Chemical 
synthetic methods lead to the absorption of some toxic 
chemical on the surface that may have adverse effect in the 
medical applications. Their synthesis using nontoxic and 
environmentally benign biological methods has attracted 
special attention if they are intended for invasive applications 
in medicine. Several routes have been developed for biological 
or biogenic synthesis of nanoparticles from salts of the 
corresponding metals [3-7]. Microorganisms, whole plants, 
plant tissue and fruits, plant extracts and marine algae [8-9] 
have been used to produce nanoparticles. It has many 
advantages such as ease with which the process can be scaled 
up, economic viability etc. Phytochemicals in the plants 
extract like essential oils (terpenes, eugenols, etc), 
polyphenols and carbohydrates, contain active functional 

groups, such as hydroxyl, aldehyde and carboxyl units which 
may play important role for reduction of silver salt to silver 
nanoparticles. Silver is traditionally well-known antimicrobial 
material. Nanosized silver is expected to show better 
antimicrobial characteristics due to their larger specific surface 
area. The most important application of silver and silver 
nanoparticles is in medical industry such as topical ointments 
to prevent infection against burn and open wounds [10]. It is 
considered that it reacts with proteins by combining the -SH 
groups of enzymes leading to the inactivation of the proteins 
[9]. Antibiotic resistance is the world’s major public 
healthcare problem. Some antibacterial agents are highly 
irritating and toxic hence, there is a need to find out the ways 
to formulate new types of safe and cost-effective biocidal 
materials. SNPs play a vital role in nanobiotechnology as 
biomedicine against drug-resistant bacteria. Development of 
reliable and eco-friendly process for synthesis of metallic 
nanoparticles is an important step in the field of application of 
nanotechnology. One method that shows immense potential is 
the biosynthesis of nanoparticles using biological waste plant 
products such as fruit peel. 

In the present article, we report the green synthesis of silver 
nanoparticles using litchi chinensis fruit peel extract. Aqueous 
extract of peel acts as a bio-reductant and stabilizer for silver 
nanoparticles. Litchi chinensis peel contains significant 
amount of polyphenolic compounds such as gallic acid, 
anthocyanin, procyanidine B-2, epicatechin etc. [11]. 
Synthesized SNPs were then screened for their antibacterial 
activity.  

2. MATERIAL AND METHODS 

2.1. Materials 

Silver nitrate (AgNO3, 99.995%) was purchased from Merck 
India. Litchi chinensis fruit peel waste was collected from 
homes. It was washed with deionized water and then dried in 
sunlight for 10-15 days. All glassware was washed and rinsed 
with deionized water, followed by subsequent drying.  
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2.2 Preparation of peel extract 

The sun dried litchi chinensis fruit peel was powdered and 
stored in containers for the synthesis of SNPs. The powered 
peel was boiled in 50 ml deionized water for 30 min. After 
boiling, the color of the aqueous solution changed from 
colorless to yellow color. The aqueous extract was separated 
by filtration with Whatmann No. 1 filter paper and then 
centrifuged at 1,200 rpm for 10 min to remove heavy 
biomaterials. The prepared peel extract was stored at room 
temperature to be used for biosynthesis of silver nanoparticles 
from silver nitrate. 

2.3 Synthesis of silver nanoparticles 

3mM aqueous solution of silver nitrate was prepared in 100 ml 
deionized water. 10 ml aqueous extract of peel extract was 
slowly added to 10 ml silver nitrate solution (3mM) with 
constant stirring. No change in color of the solution was 
observed. The solution was then microwaved for 1 minute. 
There was a slight change in color and then the solution was 
heated in microwaved for 3 min. The intense brown color 
change after 3 min indicated the formation of silver 
nanoparticles.  

2.4 Characterization 

The bioreduction of Ag+ ion in aqueous solution was 
monitored with the help of UV-2600 series Shimadzu 
spectrophotometer. Fourier transform infrared (FT-IR) spectra 
for litchi chinensis fruit peel powder and silver nanoparticles 
were obtained in the range 4,000 to 400 cm−1 with a Shimadzu 
FT-IR spectrophotometer using KBr pellet method. All TEM 
images were obtained using a JEOL model 1200 EX 
instrument with an accelerating voltage of 120 kV. TEM 
samples were prepared by drop casting of nanoparticle 
dispersion onto carbon-coated copper TEM grid, followed by 
air drying at ambient conditions. TEM samples were stored in 
a desiccator and imaged shortly after collection.  

2.5 Anti-microbial study 

The antibacterial activity of silver nanoparticles was carried 
out on human pathogenic E. coli and bacillus subtilis by 
standard disc diffusion method. LB broth/agar medium was 
used to cultivate bacteria. Fresh overnight inoculum (100μl) of 
each culture was spread on to LB agar plates. Sterile paper 
discs of 5mm diameter (containing 25µg/ml silver 
nanoparticles) along with standard antibiotic containing discs 
were placed in each plate. The plates containing bacterial and 
silver nanoparticles were incubated at 37°C. The plates were 
then examined for zones of inhibition. The clear area was 
appeared around the disk, the diameters of such zones was 
measured using meter ruler and expressed in millimetre. 

 

 

3. RESULTS AND DISCUSSIONS 

3.1 UV-Visible Spectral analysis  

The formation of silver nanoparticles from litchi chinensis 
fruit peel extract was analyzed by UV-Visible 
spectrophotometer. After 3 min. microwave heating, the color 
of the solution changed from colorless to brown. 
Characteristics surface plasmon absorption band of silver 
nanoparticles was observed at 371 nm after 3 min microwave 
heating.  

3.2 FT-IR  

The FT-IR spectrum was recorded to identify the possible 
biomolecules responsible for the reduction of Ag+ ions to 
SNPs by litchi chinensis fruit peel extract. The FT-IR 
spectrum showed a broad band at 3390 cm-1and other peaks 
were obtained at 1665 cm-1, 2938 cm-1 respectively. The band 
at 3390 cm-1 was due to phenolic hydroxyl group. The band at 
2938 cm-1 has been assigned to stretching vibrations of 
alkanes. The peak around 1665 cm-1 are due to the amide I 
bonds of proteins/enzymes [12]. The intense bands observed at 
710, 1053, 1125 and 1399 cm-1 have been assigned to alcohols 
and phenolic groups, 

3.3 High Resolution transmission electron microscopy 
(HRTEM) analysis  

High resolution transmission Electron Microscopy (HRTEM) 
technique was used to study the morphology of silver 
nanoparticles synthesized using litchi chinensis fruit peel 
extract. The dried silver nanoparticles were mounted on a 
copper coated grid. TEM images were taken randomly and 
spherical nanoparticles with a size ranging from 20 nm to 50 
nm were observed.  

3.4 Antimicrobial study 

The silver nanoparticles synthesized using litchi chinensis fruit 
peel extract were screened for their antimicrobial activity 
against two human pathogens i.e. Escherichia Coli and 
bacillus subtilis by disc diffusion method. The zone of 
inhibition against these bacteria is shown in table 1.  

Table 1: Antibacterial activity of Litchi chinensis fruit peel 
mediated silver nanoparticles 

Samples Concentration (µg/mL) Zone of inhibition 
(mm) 

 
E.coli 

 

25 
50 
75 

19.0 
22.0 
23.5 

 
Bacillus subtilis 

25 
50 
75 

18.0 
20.0 
22.7 

 

The minimum concentration of SNPs required to inhibit the 
growth of E.coli and bacillus subtilis bacteria was 25µg/mL. 
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Inhibition against bacteria increased with increasing the 
concentration of silver nanoparticles. The bactericidal effect of 
nanoparticles is due to their small size and high surface to 
volume ratio which makes them to interact closely with 
microbial membranes [13]. Silver nanoparticles also 
destabilized the outer membrane and causes rupture of the 
plasma membrane so causing depletion of intracellular ATP 
[14]. 

4. CONCLUSIONS  

It has been demonstrated that aqueous extract of litchi 
chinensis fruit peel is capable of producing silver 
nanoparticles and these nanoparticles show good stability in 
solution. These were characterized by various spectroscopic 
techniques. Synthesized SNPs showed superior antibacterial 
activity towards E.Coli and bacillus subtilis pathogens. It is an 
environmental friendly process for the production of silver 
nanoparticles and completely free from toxic solvents and 
chemicals.  
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