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ABSTRACT 

In this paper we report the antibacterial activity of silver nanoparticles synthesized from apple 

fruit extract. Our study is the first in vitro analysis with the involvement of Apple fruit extract. 

The novel silver nanoparticles exhibited a tremendous potential antibacterial activity against the 

multi drug resistant Gram positive and Gram negative bacterial strains. The zone of inhibiton 

was extremely good showing a relatively large zone for both Gram positive and Gram negative 

bacterial strains. 

The mechanism of prevention of bacterial growth by antibiotics is quite different from the 

mechanisms by which nanoparticles inhibit microbial growth. Therefore,nanoparticles have the 

potential to serve as an alternative to antibiotics and to control microbial infections. The obtained 

results suggest that Ag-NPs exhibit excellent bacteriostatic and bactericidal effect towards all 

clinical isolates. These results suggest that Ag-NPs could be used as an effective antibacterial 

agent. 

Keywords: Multi Drug Resistant Strains, Silver Nanoparticles (Ag-Nps), Antibacterial 

Activity, Zone of Inhibition 

INTRODUCTION 

Due to the outbreak of the infectious diseases 

caused by different pathogenic bacteria and 

the development of antibiotic resistance the 

pharmaceutical companies and researchers are 
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searching for new antibacterial agents [1]. In 

the present scenario,nanoscale materials have 

emerged as novel antimicrobial agents owing 

to their high surface area to volume ratio and 

the unique chemical and physical properties 

[2-4]. 

Nanotechnology nowadays is emerging as a 

rapidly growing field with its application in 

science and technology for the purpose of 

manufacturing new materials at the nanoscale 

level [5]. Silver nanoparticles (AgNPs) have 

emerged as an effective product from the field 

of nanotechnology. Over the last few years 

due to its good conductivity, chemical 

stability, catalytic and antibacterial activity 

[6-8], silver has gained much of the interest. 

Silver and silver-based compounds have 

strong inhibitory and bactericidal effects and 

have been proved to be efficient compound in 

treating diseases from ancient times. 

Nanoparticles having larger surface area to 

volume ratio tend to pose higher antimicrobial 

activity. Based on these properties, Silver-

nanoparticles (Ag-NPs) have been used in 

wide range of applications such as to prevent 

infection and silver ions work against bacteria 

in a number of ways: (a) Silver ions interact 

with the thiol groups of enzyme and proteins 

that are important for the bacterial respiration; 

(b) It alters DNA synthesis; (c) Silver ions are 

bound to the bacterial cell wall, altering the 

function of the bacterial cell membrane, thus 

silver metal and its compounds are effective 

in preventing the infections of wound [9]. 

Human beings are often infected by 

microorganisms such as bacteria, molds, 

yeasts, and viruses present in their living 

environments. Because of the emergence and 

increase in the number of multiple antibiotic-

resistant microorganisms and the continuing 

emphasis on health-care costs, many scientists 

have focused their research on the 

development of new methods for the 

synthesis of effective antimicrobial agents 

that will overcome the resistance of the 

microorganisms and which will also be cost-

effective. Such problems and needs have led 

to resurgence in the use of silver-based 

antiseptics that may be linked to a broad-

spectrum activity and considerably lower 

propensity to induce microbial resistance 

compared with those of antibiotics already 

available in market. 

In particular, silver ions have long been 

known to exert strong inhibitory and 

bactericidal effects on Gram positive and 

Gram negative bacteria [10]. It can be 

expected that the high specific surface area 

and high fraction of surface atoms of nano-

silver shapes will lead to high antimicrobial 

activity compared to bulk Ag metal. Surface 

area involves the increase of contact surface, 
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which is an important condition for the effects 

of silver nanoparticles [11]. Ag-NPs an 

effective antimicrobial agent might replace 

antibiotics in future medical treatment [12].  

With the above background information, this 

present study was carried out for the efficacy 

and applicability of silver nanoparticles (Ag-

NPs) in increasing the antibacterial activities 

against S. aureus and E. coli. 

MATERIALS AND METHODS  

Cultures 

Twenty different bacterial strains were 

collected from the Diagnostic Microbiology 

lab, Shri Sathya Sai Medical College and 

Research Institute, Thiruporur, Tamil Nadu. 

Out of twenty, 12 strains were Gram positive 

bacteria, Staphylococcus aureus and 6 were 

Gram negative bacteria, Escherichia coli. The 

sub cultures were maintained on nutrient agar 

slants at 4°C. Overnight culture of the 

bacterial strain in the nutrient broth was used 

for the Ag-Nps studies [13].   

Antibacterial Activity of Silver 

Nanoparticles 

Silver nanoparticles synthesized from the 

extract of apple fruit were tested for their 

antibacterial efficacy against multi drug 

resistant strains of Gram positive bacteria, S. 

aureus and Gram negative bacteria E. coli 

following the method of Kirby-Bauer Disk 

Diffusion Susceptibility Test and the control 

was maintained with routinely used 

antibiotics, Ciprofloxacin, Gentamicin, 

Ampicillin and  Norfloxacin for comparing 

the antibacterial efficacy of silver 

nanoparticles on Gram positive and Gram 

negative bacteria [14, 15].  

All the pure cultures of bacterial strains were 

sub-cultured in nutrient broth for 24hrs at 

37°C. Twenty milliliter of the Mueller Hinton 

agar medium was poured into a petriplate on a 

horizontally leveled surface. Each bacterial 

strain was swabbed uniformly into the 

individual plates using sterile cotton swabs. 

Wells of 5mm diameter were made onto each 

bacterium inoculated agar plates using gel 

puncture. Using sterile micropipette, 20μl 

(0.005mg) of the sample of silver nanoparticle 

suspension was poured onto each of the wells 

at the centre of the plates.  All the plates were 

incubated at 37°C. After 24 hours incubation, 

bactericidal activity was determined by 

measuring the zone of inhibition on the agar 

plate around the sample loaded wells.  

RESULTS AND DISCUSSION 

Out of the 20 bacterial strains taken for the 

study, 4 strains of S. aureus (Gram positive) 

and 3 strains of E. coli (Gram negative) were 

multi drug resistant (MDR)in nature (Table 

1). These seven isolates were chosen for the 

study of antibacterial activity against silver 

nanoparticles. Antibiotics (Ampicillin, 
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Ciprofloxacin, Gentamicin) were used as 

control and the zone inhibition was observed 

(Figure 1 and 2). 

When compared to the routine antibiotics 

such as Ampicillin, Ciprofloxacin, 

Gentamicin, the silver nanoparticles showed 

the maximum activity with the inhibition zone 

of 31 mm against Gram positive bacteria, S. 

aureus and 32 mm for Gram negative bacteria 

E. coli (Figure 3 and Table 2) where as the 

combination of Ag-NPs with the antibiotics 

(Ampicillin, Ciprofloxacin, Gentamicin) 

accentuated efficacy of antibiotic and silver 

nanoparticles with maximum zone of 

inhibition of 42 mm against Gram positive 

bacteria, S. aureus and 50 mm Gram negative 

bacteria E. coli (Figure 4 and Table 2). 

The zone of inhibition using Hi media 

antibiotic zone scale clearly shows that all the 

bacterial strains which were resistant to 

antibiotics were highly susceptible  to  silver 

nanoparticles.  This preliminary study clearly 

confirms that the silver nanoparticles are 

promising and effective antibacterial agent 

against the multidrug resistant bacteria (Table 

2).  

The addition of silver nanoparticles with 

antibiotics to these MDR strains not only 

exhibited sensitive zone but an extremely 

concentrated zone as shown in the (Figure 4). 

Thus our study proves combination of 

antibiotics with silver nanoparticles will 

enhance its antibacterial activity of the drugs.           

 
 

Table 1: Bacterial Strains Used for the Study of Antibacterial Activity With Ag-NPs 
 

 

 
 

Table 2: Zone of Inhibition Assay of Ag-NPs (With and Without Antibiotic) Against Different MDR Strains 

Microorganisms Antibiotic zone (mm) Ag-Nps zone (mm) Antibiotic+Ag-Nps zone (mm) 

S. aureus No inhibition - 42 

S. aureus No inhibition 31 - 

E.coli No inhibition 32 - 

E.coli No inhibition - 50 

 

Name of the strains No of isolates MDR strains 

Staphylococcus aureus 12 4 

Escherichia coli 8 3 
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     Figure 1: Kirby Bauer’s Disk Diffusion Technique With Conventional Antibiotic Disc, Showing With 

Resistance to Staphylococcus aureus 
 

 
Figure 2: Kirby Bauer’s Disk diffusion Technique With Conventional Antibiotic Disc, Showing With 

Resistance to Escherichia coli 
 

   
Gram Positive Bacteria Gram Negative Bacteria Negative Control 

Figure 3: Well Diffusion: Silver Nano Particles Without Antibiotic  
                                                             

Gram Positive Bacteria Gram Negative Bacteria Negtive Control 
Figure 4: Well Diffusion: Silver Nanoparticles With Antibiotic                                                             
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CONCLUSION 

Finally, we conclude that nanobiotechnology 

is an important area of research that deserves 

all our attention owing to its potential 

application to fight against multidrug-resistant 

microbes. 

Our study reveals the antibacterial activity of 

Ag-NPs over multidrug resistant Gram 

positive and Gram negative bacteria. The 

zone of inhibition assay clearly shows that all 

the bacterial strains resistant to antibiotics 

were highly susceptible to silver 

nanoparticles. The combinations of Ag-Nps 

with antibiotics have extremely potent 

antibacterial activities against S. aureus and 

E. coli cells.  

The significance of these results indicated that 

the Ag-NPs solutions have a good 

antibacterial activity for both S aureus and E 

coli. The surfaces cell walls of S aureus and E 

coli were disrupted by nanosilver shapes. It’s 

an eye opener for the world which is thronged 

with Multi drug resistant strains facing the 

adversity of lack of sensitive antibiotics and 

our study may aid in the resolution of 

bringing in new drug which may become an 

effective bactericidal agent. 

Thus, this preliminary study clearly 

confirmed that the silver nanoparticles 

synthesized from ‘apple fruit extract’ seems 

to be promising and effective antibacterial 

agent against the multidrug resistant strains of 

bacteria 
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