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Abstract

Synthesis of nanosized particles with antimicrobial property is of significance in therapeutic applications of 
nanotechnology. The present study reports an environmental friendly and rapid method for biosynthesis of silver 

nanoparticles and their antibacterial activity. This green synthetic method used various fruit juices like sweet lime, lime 

and orange as a reducing and capping agent for silver nitrate. Different thermal reduction methods-microwave oven and 

hot plate were used for synthesizing silver nanoparticles. The silver ions were reduced into silver nanoparticles within 

few minutes of reaction. Silver nanoparticles so prepared were characterized using UV–visible spectrophotometer 

and scanning electron microscope. An effort was also been made to predict the size of the silver nanoparticles using 

UV-visible spectra by Mie Scattering protocol. Scanning electron micrograph (SEM) revealed useful information about 

the morphology of silver nanoparticles. The synthesized silver nanoparticles showed antibacterial property against 

pathogenic bacteria Escherichia coli, Salmonella typhimurium, Klebsiella pneumoniae and Staphylococcus aureus. 

Agar well diffusion method was adopted to assay the nanoparticles for bactericidal activity against test organisms on 

nutrient agar plates. Silver nanoparticles biosynthesized from orange fruit juice were more effective as antibacterial 

agent. The maximum zones of inhibition of 8.0 mm, 6.0 mm, 8.0 mm and 5.0 mm were observed against Escherichia 

coli, Salmonella typhi, Klebsiella pneumoniae and Staphylococcus aureus respectively. The study shows that gram 

negative bacteria are more susceptible to antibacterial action of silver nanoparticles. Such studies are crucial in the 

demonstration of therapeutic importance of silver nanoparticles. 

Keywords: Fruit juice; Biosynthesis; Silver nanoparticles;
Characterization; Antibacterial e�ect 

Introduction

�e development of reliable green processes for the synthesis of 
silver nanoparticles is an important aspect of current nanotechnology 
research. Noble metal nanoparticles have been the subject of focus 
due to their unique optical, electronic, mechanical, magnetic and 
chemical properties. Preparation of silver nanoparticles has attracted 
particularly considerable attention due to their diverse properties and 
uses like magnetic and optical polarizability, catalysis [1], electrical 
conductivity [2] antimicrobial activities [3-5], DNA sequencing [6] 
and surface-enhanced Raman scattering [7]. Nanomaterials such as Ag, 
Au, Pt, and Pd have been synthesized by di�erent methods, including 
hard template [8], using bacteria [9], fungi [10] and plants [11]. �e 
strong toxicity of silver nanoparticles have been recently shown to be 
promising antimicrobial material. Sondi et al. studied the antimicrobial 
activity of silver nanoparticles against Escherichia coli as a model of 
Gram-negative bacteria [12]. �e health bene�ts provided by fruits and 
vegetables can be attributed to many biologically active phytochemicals 
present. �ese biological activities include functions like detoxi�cation, 
immuno-protection, antiviral, anticancer and antioxidant properties 
[13]. Employing nano-biotechnological protocols have observed an 
increase in the area of synthesis of nanomaterials employing microbes, 
plants/plant parts and conglomerate of nutrients/biochemicals like 
honey. A quest for an environmentally sustainable synthesis process 
has led to a few biomimetic approaches. Sometimes the synthesis of 
nanoparticles using plants or parts of plants can prove advantageous 
over other biological processes by eliminating the elaborate processes 
of culturing of microorganisms. Among metal nanoparticles, silver 
nanoparticles (AgNPs) have been known to have inhibitory and 
antimicrobial activity. Considering the antioxidant properties of fruit 
juices, we have made an attempt to use fruit juice as conglomerate of 
metabolites as reducing and stabilizing agent for the biosynthesis of 
metal nanoparticles. 

Materials and Methods 

Materials 

Silver nitrate procured from Merck was used as a base and fruit 
juices as reducing and stabilizing agent. Double distilled water was 
used for all of the preparations. Good quality fruits- orange, lime and 
sweet-lime were procured from local market, washed, mechanically 
pressed and stored in pre-sterilized glass bottles. Bacterial cultures 
used for studying antibacterial activity were procured from National 
Collection of Industrial Microorganisms (NCIM), NCL Pune. 

Biosynthesis of silver nanoparticles 

�e synthesis of AgNPs was carried out using silver nitrate base 
(1 mM and 10 mM) along with the fruit juices. �e experiments were 
carried out by means of thermal reduction (microwave radiation 
and hot plate). Fruit juice as collected above was centrifuged at 5000 
rpm for �ve minutes. �e pellet was discarded and supernatant was 
collected. �e experiments were carried out by means of thermal 
reduction process (microwave irradiation and hot plate methods). For 
the biosynthesis of AgNPs using microwave method, silver nitrate base 
(1 mM and 10 mM) and fruit juice were mixed at a proportion of 1:1, 
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2:1, 3:1, 4:1. �e contents were taken in a Te�on container and placed 
in microwave oven for three minutes at medium heat setting. �e color 
change from colorless to brown was observed. Similar microwave 
irradiation was carried out in a glass container. �e color change was 
observed from colorless to brown for 1 mM and colorless to dark 
brown for 10 mM. Similarly for hot plate method, silver nitrate base 
(1 mM and 10 mM) and lemon juice were mixed in a conical �ask at 
the ratio of 4:1 and 2:1. �e conical �ask was kept on a hotplate and 
heated at about 80ºC for 10-15 minutes. Color change was observed 
from colorless to yellow for 1 mM and colorless to dark brown for 10 
mM. Same process was applied for all the three juices (orange, sweet 
lime and lime). 

Characterization by UV-Vis spectroscopy 

Nanoparticles are made directly as powders and must be stored in 
a liquid medium for suspension. If the nanoparticles are aggregated, 
they will build a solid bridge causing them to lose their nanoparticle 
properties. All the samples are prepared and stored in double distilled 
water. �e silver nanoparticles were characterized by UV-Vis 
Spectroscopy, one of the most widely used techniques for structural 
characterization of silver nanoparticles [14]. Aliquots of solutions of 
di�erent concentrations (25% and 50%) were ultrasonicated to disperse 
particles and were measured using UV-Vis spectrophotometer (Double 
beam, Make: Labomed, USA). An aliquot of the sample was also used 
for scanning electron microscopic studies, 25 µl of sample was sputter 
coated on copper stub and the images of nanoparticles were studied 
using SEM. 

Characterization by SEM

�e synthesized silver nanoparticles were characterized using 
scanning electron microscope. Usually scanning electron microscope 
is used to characterize the internal properties like exact size, shape, 
dimensions of nanoparticles. A thin layer of AgNPs solution was placed 
on sample holder (silica piece). �e care was taken that bubbles should 
not be present. Next the sample holder was kept in the dessicator for 
half an hour. Further the sample holder containing dry sample was 
exposed to gold sputtering. �is is done to maintain the electron 
channeling. When sample containing silica piece is mounted into the 
SEM equipment, the electron beam was made to fall on sample for 
characterization. If the beam is of high intensity then �ow of electron 
can be controlled by electron channeling. Hence gold sputtering was 
carried out. Di�erent images were obtained which con�rmed the 
presence of AgNPs. 

Characterization by scanning tunneling microscope 

�e synthesized silver nanoparticles were characterized using 
scanning tunneling microscope (Nano Surf Easy Scan 2). Usually 
scanning tunneling microscope (STM) is used to characterize the 
super�cial properties of nanoparticles. A thin layer of AgNPs solution 
was placed on sample holder. �e care was taken that bubbles should 
not be present. Next the sample holder was kept in the dessicator for 
two hours. Further the sample holder containing dry sample was used 
for characterization using STM. Di�erent images were obtained which 
con�rmed the presence of SNPs. 

Evaluation of antibacterial activity 

Silver nanoparticles biosynthesized from lemon juice, orange juice 
and sweet lime juice were tested individually against test organisms 
for antibacterial activity by agar well di�usion method [15]. For this 
study both Gram positive (Staphylococcus aureus ATCC 6538P) and 

Gram negative (Escherichia coli ATCC 8739, Salmonella typhimurium 
ATCC 23564 and Klebsiella pneumonia ATCC 10031) organisms were 
used. �is was performed by determining ZoI (zone of inhibition), 
which is rapid and inexpensive to determine the susceptibility of a 
particular test organism to antimicrobial agent. �is was executed by 
measuring the zone of inhibition using a vernier caliper. Pure cultures 
were subcultured into nutrient broth and incubated at 37oC for 24-
48 hours. �ree wells of 5 mm diameter were made on pre-incubated 
nutrient agar plates using gel puncture. Each test organism (106 cfu/
mL) was spread uniformly onto the individual plates using spread 
plate technique. Using sterile micropipette tips, 0.1 mL (100 µL) of the 
sample of silver nanoparticle solution was pipette into each of the wells 
in all the plates. A�er incubation, the diameters of zone of inhibition 
were measured in triplicate. 

Results and Discussion 

Biosynthesis of silver nanoparticles 

It is well known that silver nanoparticles exhibit a yellowish-
brown color in aqueous solution due to excitation of surface plasmon 
vibrations of silver nanoparticles [16]. Reduction of silver ions to silver 
nanoparticles could be followed by a color change and UV-Vis spectra. 
�e technique outlined above has proven to be very useful for the 
analysis of nanoparticles [17]. �erefore, the progress in conversion 
reaction of silver ions to silver nanoparticles was followed by a color 
change and spectroscopic techniques. �e photograph of sample 
solutions containing silver nitrate and silver nitrate in the presence of 
optimal amounts of fruit juices a�er completion of the reaction shows 
appearance of a yellowish-brown color which con�rms the existence of 
silver nanoparticles (photo not shown). Several approaches have been 
employed to obtain better synthesis of silver nanoparticles. Recently, 
synthesis of silver nanoparticles using plant extracts getting more 
attraction [18,19]. Citrus fruits like orange and lemon are rich source 
of antioxidants. �e compounds present in these fruit juices possess a 
broad spectrum of chemical and biological activities including radical 
scavenging properties [20]. Flavonoids present have been reported 
to exhibit antioxidant, anti-carcinogenic, antihypertensive and 
antimicrobial properties. �e orange juice contains oxido-reductively 
labile ascorbic acid and citric acid. �ese two compounds along with 
polyphenols might have played a pivotal role in nano-conversion. In 
a recent study, the function of citrate ions in the synthesis of silver 
nanoplates through a synergetic reduction approach in ambient 
conditions was explored and it was found that the citrate ions can play 
multiple roles in the synthesis process including a reducing agent, a 
stabilizer, and a complex agent and they show some unique features 
under the reported conditions [21]. �e silver nanoparticles were 
characterized by UV-Vis spectroscopy. �e absorption spectra (Figures 
1-3) of silver nanoparticle solution prepared with the proposed method 
showed a surface plasmon absorption band with a maximum of 420-
430 nm, indicating the presence of spherical Ag nanoparticles. �ese 
structural details were con�rmed by SEM images. Scanning electron 
microscopy provided further insight into the morphology and size 
details of the silver nanoparticles. Comparison of experimental results 
showed that the diameter of prepared nanoparticles in the solution was 
about 45-50 nm. Figures 4-6 show scanning tunneling microscopic 
images of silver nanoparticles biosynthesized from lime juice, sweet 
lime juice and orange juice respectively. Similarly Figures 7-9 shows 
the scanning electron micrograph of silver nanoparticles obtained from 
orange juice, lime juice and sweet lime juice respectively. Chemical 
synthesis methods may lead to the presence of some toxic chemical 
species adsorbed on the surface that may have adverse e�ects in its 
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applications [22]. �e possible chemical residues on nanoparticles may 
interact with biological systems. �e biological approach of synthesis 
of nanoparticles can potentially eliminate this problem by making the 
nanoparticles more biocompatible. 

Bactericidal activity of silver nanoparticles 

A�er 24 hours of incubation, the inhibitory e�ect of AgNPs from 
orange juice was signi�cant as compared to the other two. Zone of 
inhibition (ZoI) was used as a measure for comparing bactericidal 
activity of these AgNPs. AgNPs from orange showed about 8 mm 
zone against the test organisms: E. coli and K. pneumoniae. Similarly 
the AgNPs from orange showed 5 mm and 6 mm ZoI against test 

 

Figure 1: UV-Vis absorption spectrum of silver nanoparticles biosynthesized 

from lime juice.  

 

Figure 4: Scanning Tunneling Microscopic image of silver nanoparticles 

biosynthesized from lime juice.  

  

Figure 5: Scanning Tunneling Microscopic image of silver nanoparticles 

biosynthesized from orange juice.  

 

Figure 2: UV-Vis absorption spectrum of silver nanoparticles biosynthesized 

from orange juice.  

 

Figure 3: UV-Vis absorption spectrum of silver nanoparticles biosynthesized 

from sweet-lime juice.  
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organisms: S. aureus and S. typhimurium respectively. (Table 1 and 
Figure 10-12). Table 1 gives the ZoI of the formed silver nanoparticles 
against pathogens E.coli, K. pneumoniae, S. aureus and S. typhimurium. 
Considering the advantage of the microbicidal activities of the silver 

 

Figure 6: Scanning Tunneling Microscopic image of silver nanoparticles 

biosynthesized from sweet-lime juice.  

 

Figure 7: Scanning electron micrograph of silver nanoparticles biosynthesized 

from lime juice. 

 

Figure 8: Scanning electron micrograph of silver nanoparticles biosynthesized 

from orange juice. 

 

Figure 9: Scanning electron micrograph of silver nanoparticles biosynthesized 

from sweet-lime juice. 

   

A) Escherichia coli     B)Klebsiellapneumoniae 

 

 

 

  

C) Staphylococcus aureus   D) Salmonella typhimurium 

Figure 10: Comparison of antibacterial activity of silver nanoparticles 

biosynthesized from lime juice against A) Escherichia coli, B)

Klebsiellapneumoniae, C) Staphylococcus aureusand D) Salmonella 

typhimurium.  

  

A) Escherichia coli    B) Klebsiellapneumoniae 

 

 

 

C) Staphylococcus aureus D) Salmonella typhimurium 

Figure 11: Comparison of antibacterial activity of silver nanoparticles 

biosynthesized from orange juice against A) Escherichia coli, B) 

Klebsiellapneumoniae, C) Staphylococcus aureusand D) Salmonella 

typhimurium.  
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A) Escherichia coli    B)Klebsiellapneumoniae 

 

 

  

C) Staphylococcus aureus D) Salmonella typhimurium 

Figure 12: Comparison of antibacterial activity of silver nanoparticles 

biosynthesized from sweet-lime juice against A) Escherichia coli, B) 

Klebsiellapneumoniae, C) Staphylococcus aureusand D) Salmonella 

typhimurium.  

compounds and the ability to stay as drug without microbial resistance, 
chemical drugs are slowly taken over by bioorganic nanoparticles. 
Smaller particles with a larger surface area possess higher antibacterial 
e�ects compared to the larger particles [23]. �e antibacterial activity 
of the nanoparticles may be centered on permeability of bacterial cell 
wall layers or its charges [24]. Studies have shown that nanoparticles 
may in�ltrate the cells causing intracellular loss leading to cell 
death and this inhibition depends on the concentration of AgNPs 
[12]. �ese authors reported the activity of silver nanoparticles was 
associated with the formation of ‘pits’ in the cell wall of bacteria, 
leading to increased membrane permeability resulting into cell death. 
�e mechanism of bactericidal action of silver nanoparticles is still 
not well understood. �e silver ion appears to penetrate through ion 
channels, denatures ribosomes and suppresses protein expression 
[25]. AgNPs have considerably minimal microbicidal activity on Gram 
positive bacteria compared to Gram negative bacteria. �is is due to 
presence of thick peptidoglycan layer of the microorganisms. �is is 
also evident for our studies that, Gram negative bacteria are killed 
e�ectively than Gram positive bacteria. Particle size and size of the 
nanoparticles play important role in characterizing the nanoparticles. 
�ese parameters de�ne their in-vivo distribution, biotransformation, 
toxicity and targeting ability of nanoparticles. One of the limitations 
for nanoparticles application is their tendency to aggregate because 
of small size and large surface area. �e degree of agglomeration 
is an important parameter for toxicological studies. Apart from 
agglomeration, particle size also plays important role in de�ning the 
cytotoxic nature of nanoparticles. It was reported earlier by many 
authors that, smaller the particle sizes more will be the cytotoxic e�ect 
of nanoparticles [26]. In our study also, we observed such aggregation 
of nanoparticles if stored in the aqueous form for long time period. 
However, such aggregation will lead to loss of properties associated 
with nano-scale nature of nanoparticles. �e present study has not 

involved any cytotoxic assessment of the nanoparticles. 

Conclusion

�e present approach of biosynthesis of silver nanoparticles used 
fruit juices as reducing and capping agents. �e method is cost e�ective 
and environmental friendly. �e formed silver nanoparticles were well 
characterized by UV-Vis spectra, scanning tunneling micrographs and 
scanning electron micrographs. �e antimicrobial activity of these 
nanoparticles was well demonstrated against both gram positive and 
gram negative bacteria. �e study also con�rms that gram positive 
bacteria are relatively resistant to the bactericidal action than gram 
negative bacteria. Silver nanoparticles biosynthesized using orange 
juice were more e�ective in their antibacterial activity than those from 
other fruit juices. �e approach of use of fruit juices for biosynthesis of 
nanoparticles is novel and can be adapted to biosynthetic approaches 
of other metal nanoparticles. 
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