
Digest Journal of  Nanomaterials and Biostructures                 Vol. 9, No. 3, July - September 2014, p. 1137 - 1147 

 

 

 

 

GREEN SYNTHESIS OF SILVER NANOPARTICLES USING FRUIT EXTRACT 

OF MALUS DOMESTICA AND STUDY OF ITS ANTIMICROBIAL ACTIVITY 
 

K. ROY
a, b *

, C. K. SARKAR
b
, C. K. GHOSH

a  

a
School of Materials Science and Nanotechnology, Jadavpur University,  

Kolkata-700032, India
 

b
Department of Electronics and Telecommunication Engineering, Jadavpur 

University, Kolkata-700032, India 

 

 
The green synthesis route, in comparison to the conventional chemical and physical 

procedures, is an easy and eco-friendly alternative to synthesize metallic nanoparticles. 

Here, we report a cost-effective, clean and fast bio-process to synthesize Ag nanoparticles 

after reduction of Ag
+
 using apple (Malus domestica) fruit extract. The formation of silver 

nanoparticles was first examined by UV-Vis spectroscopy. Different phases and 

morphology of Ag nanoparticles were analyzed by X-ray diffraction and transmission 

electron microscopy respectively. Fourier transform infrared spectroscopy was used to 

identify the biomolecules responsible for reduction and stabilization of Ag nanoparticles. 

Antimicrobial property of our synthesized Ag nanoparticles was tested against three 

common bacteria- Staphylococcus aureus, Klebsiella pneumoniae and Escherichia coli 

and two fungi- Aspergillus niger and Aspergillus wentii by conventional disc diffusion 

procedure. The inhibition zone, formed on the discs in presence of silver nanoparticles, 

proved effective antimicrobial property of these nanoparticles against the tested bacterial 

and fungal strains.       
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1. Introduction 
 

Over the past few decades, research on nanomaterials has received considerable attention 

in the field of catalysis, water treatment, biotechnology, biosensor etc. due to their versatile 

physicochemical properties (1, 2). It has been well established that the properties of the 

nanomaterials are determined by their size, shape, composition and crystallinity (3). Among 

different nanomaterials developed so far, nanomaterials of novel metals have established their 

potentiality in many fields due to their various unique properties like high electrical conductivity, 

chemical stability, anti-microbial activity etc (4). In this context, particularly Ag nanoparticles are 

well known for potential applications in the field of medicine technology including drug delivery, 

antibacterial activity etc. Research activity that has already been carried out on Ag nanoparticles 

reveals that they possesses high antibacterial activity against Gram-negative as well as Gram-

positive bacteria and antiviral activity against HIV-1 virus, respiratory syncytial virus, hepatitis B 

virus etc (5). Over the years, several routes such as conventional chemical reduction (6), 

electrochemical methods (7), photocatalytic reactions (8), laser ablation (9), micro-wave assisted 

methods (10) and most recently biological green routes (11, 12) have been developed as an initial 

step of research to synthesis Ag nanoparticles in a wide range of particle size. Among them, green 

route offers several advantages over the existing physical and chemical methods as it is simple, 

clean and eco-friendly. Use of marine algae (13,14), fungi (15-17) and bacteria (18-20) for 

synthesis of Ag nanoparticle is quiet common but the use of extracts (21-23) of different parts of 
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plants cuts down the level of cost of the synthesis and doesn’t involve any special isolation or 

complicated strain culture as well.   
After detail review of current literature on biosynthesis of nanoparticles using green 

chemistry, it may be concluded that the leaf extracts of various plants are frequently used for 
synthesis of Ag nanoparticles (24-27) due to the presence of reducing agents within their leaves. 
But use of the fruit extract may also be a novel alternative for this purpose and was adopted by a 
few researchers in recent past including us (28-30). For example, Roy et al. synthesized silver 
nanoparticles from silver salt using fruit extract of grapes (Vitis vinifera) (28). Jain et al. showed 
that the fruit extract of Papaya (Carica papaya) can also be used to prepare silver nanoparticles 
from silver nitrate solution (29). Issac et al. reported the synthesis of gold and silver nanoparticles 
from chloroauric acid and silver nitrate respectively using the fruit extract of Averrhoa bilimbi 
(30).  

In this paper, we have reported for the first time, the synthesis of Ag nanoparticles by 
reducing silver ions in the presence of fruit extract of apple (Malus domestica). Later, the 
antibacterial activity of silver nanoparticles has been carried out against one gram positive bacteria 
- Staphylococcus aureus, two gram negative bacteria - Klebsiella pneumoniae and Escherichia coli 
and two fungi - Aspergillus niger and Aspergillus wentii.     

 

 

2. Experimental Details 
 

2.1. Materials 

 

To prepare the fruit extract of apple (Figure 1), fresh apples were collected from local 

market. Pure silver nitrate (AgNO3) used in this work was purchased from Merck India Ltd. The 

cultures of bacteria strains - Staphylococcus aureus, Klebsiella pneumoniae and Escherichia coli 

and fungal strains- Aspergillus niger and Aspergillus wentii were purchased from National 

Chemical Laboratory, Pune, India. Nutrient agar and potato dextrose agar used for antimicrobial 

study were purchased from Himedia, India.  

 

 
 

Fig. 1. Fresh apple (Malus domestica) 

 

2.2. Methods 

 

2.2.1. Synthesis of silver nanoparticles 
 

For the preparation of apple fruit extract, a fresh and clean apple (weight around 50g) was 

cut into small pieces and crushed inside a grinder. Then it was centrifuged at 3,000 rpm for 10 

minutes and filtered to obtain the pure and liquid fruit extract of apple. 20 mM stock solution of 

silver nitrate was prepared by dissolving 0.34g AgNO3 in 100 ml deionized water. To reduce silver 

ions, 10 ml of fruit extract was added drop wise to the above mentioned solution of silver nitrate so 

that the resulting mixture became half-diluted (resulting concentration 10 mM). In order to 

examine the effect of AgNO3 concentration upon the rate of Ag nanoparticles formation, we have 

carried out the same experiment using three different concentrations 3, 5, and 15 mM. To separate 
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the nanoparticles from the mixture, solution was centrifuged again at 20,000 rpm for 60 minutes. 

The soup was decanted and the supernatant precipitate was re-dispersed in 15 ml deionized water. 

After washing the residue several times using DI water, it was again centrifuged at 20,000 rpm for 

30 minutes to remove the biomass completely. The precipitate, formed at the bottom of 

centrifugation tube, was collected carefully and dried in high vacuum to obtain dry powder that 

was used for further characterizations.       

 

 
Fig. 2. Color change indicates formation of silver nanoparticles 

 

 

2.2.2. Characterization of Ag-nanoparticles 
 
Optical investigation was performed by UV-Vis spectroscopy using Perkin Elmer 

spectrophotometer in the wavelength range between 300 and 700 nm. Vacuum dried precipitate 
was investigated by x-ray diffractometer (XRD, Rigaku, Ultima – III, Japan) to confirm the proper 
phase of the precipitate. The x-ray diffractometer having an operating voltage 40 kV with Bragg-
Brentano geometry and Cu Kα radiation (λ = 0.154 nm) as a source of radiation was used for 
measurement. Transmission electron microscope (JEOL-2010, USA, 200kV) was used to 
investigate microstructure of the synthesized nanoparticles. To prepare the sample for this 
analysis, the dry powder was suspended in deionized water maintaining a standard concentration 
50μg/ml. Then a drop of this suspension was placed on the carbon-coated copper grid and the grid 
was dried under vacuum. The fruit extract and dried powder were analyzed by Fourier transform 
infra-red spectroscopy (IR-Prestige 22, Shimadzu) in order to identify the biomolecules 
responsible for reduction and stabilization.  

 
2.2.3. Study of antimicrobial activity of Ag-nanoparticles  
 
The antimicrobial activity of the Ag nanoparticles was studied against three common 

bacteria and two fungi using conventional disc diffusion method. Bacteria cultures were 
maintained on nutrient agar media whereas fungal cultures were maintained on potato dextrose 
agar. Pure apple fruit extract was used as a control for comparison of results. The fruit extract and 
suspension of Ag-nanoparticles were added separately into two different cups made on each plate 
seeded with organism. Then the organisms were allowed to grow inside an incubator at proper 
temperature under dark condition for a certain period. The antimicrobial activity was evaluated by 
observing and measuring the zone of inhibition around the cups.  

 

3. Results and Discussion 
 

3.1 UV-Vis Spectrophotometry 
 

The fruit extract appears to be a potential source of water soluble hydrocarbons, proteins 

those are found to be efficient reducer and stabilizer for nanoparticles. UV-Vis spectrophotometer 
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was used to examine the formation and stability of the Ag nanoparticles in the aqueous colloidal 

solution. After 3 hours of adding the extract to the silver nitrate solution at room temperature, 

color of the solution started to change from light yellow to brown indicating the formation of Ag 

nanoparticles (31). The color of the solution became darker with time and turned into dark brown 

after 24 hours as shown in Figure 2. It was emphasized from previous studies that the color of 

nanoparticles originates from excitation of the surface plasmon resonance that generally depends 

on the size, shape of the nanoparticles, chemical surrounding adsorbed species, dielectric constant 

etc (32-35). Absorption spectra of the Ag nanoparticles, recorded at different time interval (3, 6, 

12, 18, 24 and 28 hours), are presented in Figure 3a. It is clear from figure that each absorption 

spectrum consists of a peak that corresponds to characteristic surface plasmon peak of Ag 

nanoparticles. Careful analysis shows that the absorption peak corresponding to Ag nanoparticle, 

prepared during 6, 9 and 12 hours are measured at 441 nm whereas this is noticed at 447 and 450 

nm for nanoparticles prepared at 18 and 24 hours of reaction time. Such red shift in the absorption 

peak might be due to increase in the particle size (36, 37). A tail in the longer wavelength region of 

the absorption spectra corresponds to the size and shape distribution of the synthesized Ag 

nanoparticles (38). The appearance of the second peak at 380 nm that steadily builds up with 

reaction time may also assigned to another surface plasmon resonance peak of Ag nanoparticles 

(39-41). 3a (inset) figure depicts the variation of absorption maxima with reaction time. It may be 

concluded from figure that the absorption of Ag nanoparticles increases linearly with time upto 18 

hours of reaction time then it saturates. The increase of the absorption may be due to either 

increase of the number of particles or due to increasing volume of the nanoparticles. Since the 

position of absorption maxima does not change significantly between 6 and 18 hours, so we may 

conclude that the enhancement of the absorption maxima originates from increasing number of 

nanoparticles. Beyond 18 hours of reaction time, increase in the absorption maxima is associated 

with the red shift of the plasmon frequency. So the enhancement of the absorption maxima may be 

assigned with increasing size of the Ag nanoparticles. The absorption maxima of the sample did 

not change beyond 24 hours of reaction time. Thus completion of the reaction can be concluded 

from such behavior of the absorbance maximum during this time interval (31).  

 
Fig. 3(a). UV-Vis absorption spectra of the mixture at different time interval (for a specific 

concentration 10 mM). Inset figure shows variation of absorbance of mixture with time 

 

 

In order to gain more insight about the dependence of the reaction rate upon concentration 

of AgNO3 solution, we have also taken the absorption spectra of aqueous solution containing 

different amount of AgNO3 maintaining fixed time of reaction. In Figure 3b, we have plotted UV-

Vis spectra of the aqueous solution containing different concentration of AgNO3 (3, 5, 10, 15 

mM). Peak position does not change with increasing AgNO3 concentration, thus it may be 

concluded that the particle size does vary significantly with concentration during this time interval. 

3b (inset) figure shows the variation of maximum absorbance with AgNO3 concentration. It is 
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clear that the absorbance maxima increases almost linearly with AgNO3 concentration i.e. 

formation of Ag nanoparticles increases linearly with AgNO3 concentration.   

 
Fig. 3(b). UV-Vis absorption spectra of the mixture with different AgNO3 concentration 

(measured after 12 hours of mixing). Inset figure shows variation of absorbance maxima 

with AgNO3 concentration 

 

 

3.2 X-ray Diffraction  
 

One typical x-ray diffraction pattern of the as-prepared precipitate, collected after 6 hours 

of reaction time, consists of six diffraction peaks centered at 2θ = 32.04°, 38.02°, 43.96°, 46.1°, 

64.14° and 77.64° and can readily be indexed as (122), (111), (200), (231), (220) and (311) planes 

for face centered cubic structures of silver (Figure 4; JCPDS: File No. 4-783). It is interesting to 

note that all these diffraction peaks match very well not only with their respective peak positions 

but also with their relative peak intensities. It can be concluded that the presence of no peak other 

than the characteristic peaks in the diffraction pattern confirms the purity and crystallinity of the 

as-prepared Ag nanoparticles.  
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Fig. 4. X-ray diffraction pattern of the biosynthesized Ag nanoparticles 

 

 

3.3 Transmission Electron Microscopy 
 

The microstructure and crystallinity of the as-prepared Ag nanoparticles was also 

examined by high-resolution transmission electron microscope (HRTEM). Figure 5 (a – c) show 
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typical TEM image of Ag nanoparticles prepared using fruit extract of apple. It is clear from TEM 

images that the as-prepared Ag nanoparticles possess spherical shape with diameter of 20 nm. The 

lattice fringes (Figure 5d) depict that the internal structure of the particles is highly crystallized. 

The interplanar spacing is calculated to be 0.235 nm that corresponds to the (111) planes of face 

centered cubic phase of Ag nanoparticles.  

 

 
Fig. 5. TEM images of Ag nanoparticles synthesized by using apple extract  

 

 

3.4 FTIR Spectroscopy 
 

Fourier transform infrared (FTIR) spectroscopy was employed to detect the biomolecules 

responsible for reduction and stabilization of silver ions. The FTIR spectra of apple extract and 

biosynthesized Ag nanoparticles, measured in absorption mode, are shown in Figure 6. The 

spectrum of apple extract consists of several bands at 542, 687, 785, 835, 1167, 1266, 1479, 1672, 

2144, 2778, 3588 cm
-1

. Bands 542 and 1672 cm
-1

 correspond to amide-I (42, 43) whereas band at 

1479 cm
-1

 originates from amide linkage (44). Specifically the band appearing at 1672 cm
-1

 

corresponds to the –C=O– stretching vibration modes of tertiary amides coupled with C-N stretch, 

C-N deformation and in-plane N-H bending (45, 46). Band at 1167 and 1266 cm
-1 

denote phenolic 

group of aromatic compounds (47) and C-O stretching mode vibration (48) respectively. Bands 

near 2144 and 3588 cm
-1

 can be assigned to C=C stretching vibration (45) and intermolecular 

hydrogen bonded network of –OH or –NH group (49) respectively. The broad band at 2778 cm
-1

 

originates from C-H vibration (50). In the low energy region, two bands at 687 and 785 cm
-1

 

indicates the presence of hydrocarbons (51, 52) and aromatic rings (53) respectively. Since, 

previous studies revealed that the presence of high percentage of ascorbic acid within apple extract 

(54, 55), we may conclude that the FTIR spectrum of -C-O-, -C=O- may have contribution from 

ascorbic acid as well. So from above analysis, we may conclude that protein and ascorbic acid 

present in apple extract plays a major role to reduce Ag
+
 ion into metallic Ag nanoparticles.     
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Fig. 6. FTIR spectra of apple fruit extract and biosynthesized silver nanoparticles  

Inset curve shows the spectrum for bare substrate 

 

 

The biosynthesized silver nanoparticles show high level of purity as the FTIR spectrum of 

the Ag-nanoparticles didn’t show any distinct bands throughout the entire range of IR-spectrum. 

However, high resolution spectrum shows that there are few bands at 531, 669, 1018, 1516, 2360, 

3735 cm
-1 

(Figure. 6). The first band originates from Ag nanoparticle - ligand stretching vibration 

that appears due to interaction of biomolecules with nanoparticles (56). The bands at 669 and 1516 

cm
-1

 may be ascribed to vibrational energy of aromatic hydrocarbons and amide linkage those have 

possessed their energy changed due to interaction with nanoparticles. The bands at 1018 and 3735 

cm
-1

 originate from anti-symmetric –C–O– vibration (57) and –OH stretching of protein molecules 

(56) respectively. A sharp peak at 2360 cm
-1

 generates from the instrumental error and hence it 

may be ignored (shown in the inset of Figure 6). Thus from analysis of the FTIR spectrum of Ag 

nanoparticle, we may conclude that the amide and hydrocarbon present in apple extract stabilize 

the Ag nanoparticles.  

 

3.5 Analysis of antibacterial and antifungal activity 
 

In vitro antibacterial activity of Ag nanoparticles was agar disc diffusion assay method. 

Here, antibacterial activity of the synthesized Ag nanoparticles was studied against three bacteria: 

one gram positive bacterium - Staphylococcus aureus that causes variety of infections in human 

bodies like skin lesions, mastitis, phlebitis etc. (58) and two gram negative bacteria - Klebsiella 

pneumoniae and Escherichia coli.  Klebsiella pneumoniae is responsible urinary tract infection, 

septicemia, pyogenic infections etc., on the other hand Escherichia coli causes infections like 

neonatal meningitis, gastroenteritis etc. in human system (58). After incubation of these bacterial 

strains for 24 hours in dark at 37°C, distinct zones of inhibition were observed around the cups, 

impregnated with Ag nanoparticles (shown in Figure 7). This observation suggests strong 

antibacterial activity of our synthesized Ag nanoparticles (59). No zone of inhibition was noticed 

when only fruit extract of apple was added, which suggests that the apple fruit extract doesn’t 

possess antibacterial property against these three bacteria. Figure 7 shows the prevented growth of 

all the three bacteria to different levels in the presence of silver nanoparticles. Highest activity has 

been noticed against Escherichia coli having zone of inhibition 13.10 mm whereas zone of 

inhibition against two other bacteria - Klebsiella pneumoniae and Staphylococcus aureus are found 

to be 12.92 and 12.75 mm respectively. Our observed zone of inhibition against Staphylococcus 

aureus is found to be greater than that of plant mediated Ag-nanoparticle examined by M.S. 

Abdel-Aziz et al (zone of inhibition ~ 12.63 mm, 26). Very recently, M. Ghaffari-Moghaddam et 

al. reported the zone of inhibition 9 mm and 13 mm of Crataegus douglasii fruit extract mediated 

Ag-nanoparticles against Escherichia coli and Staphylococcus aureus respectively (37). It may be 
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emphasized from the previous studies that the zone of inhibition of gram negative bacteria 

possesses higher value than that of gram positive bacteria due to differences in their membrane 

structure (31, 50). It is believed from past studies that the high bactericidal activity of Ag 

nanoparticles originates from released Ag cations from Ag nanoparticles (60). These Ag cations 

are attracted towards bacteria cell due to negative charge on their surfaces and are attached on cell. 

Then they cause a change in the membrane permeability of the bacteria cell that leads to cell death 

(61-64).  

 

 
Fig. 7 Zone of inhibition observed against (a)S. aureus,(b)K. pneuminiae and (c)E. coli 

 

Similar to antibacterial activity, we have also tested antifungal activity of our 

biosynthesized silver nanoparticles against two fungi namely Aspergillus niger and Aspergillus 

wentii. After pouring the suspensions into the cups, the strains were incubated at 30°C in dark. 

After 48 hours of incubation, we observed zone of inhibition around the cups where suspension of 

Ag nanoparticle was added. Here also, the pure fruit extract was found to be unable to prevent the 

growth of fungi. We measured zone of inhibition 11.50 and 11.83 mm for Aspergillus niger and 

Aspergillus wentii respectively (not shown here). The zone of inhibition against different bacteria 

and fungi are summarized in Figure 8.  
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Fig. 8. Graph shows the activity of Ag-nanoparticles against three bacteria and two fungi  

(diameters were taken as mean of triplicates) 

 

 

4. Conclusion 
 

Our objective was to synthesize metallic nanoparticles by a simple and eco-friendly 

procedure unlike chemical methods. We screened and tested a lot of fruits whose extract might act 

as a reducing agent to synthesize Ag nanoparticles from aqueous solution of silver nitrate. Among 

all these fruits, apple was found to be a good choice due to its high content of organic reducing 

agents. The fruit extract of apple reduced the silver ions and produced metallic silver nanoparticles 

with well-defined stability. These nanoparticles were closely spherical in shape and the average 

particle size was found to be 20 nm. The antimicrobial study revealed that these biosynthesized 

silver nanoparticles have inhibitory effect on bacteria and fungi as well. This simple and ‘green’ 



1145 

 

procedure may be scaled up for large scale production of metal nanoparticles due to its economical 

viability.  
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