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ABSTRACT 

A robust synthesis of silver nanoparticles (AgNPs) using the skin extract of red apple is reported in this 

article. The formation of AgNPs was visually confirmed by the appearance of brownish yellow colour. The UV-

Visible spectroscopic study was carried and the surface Plasmon resonance band appears at 451 nm. The 

morphology of AgNPs were revealed using TEM analysis and were found to be distorted spherical shape. XRD 

results showed the cubic FCC structure. The as synthesised silver nanoparticles displayed antibacterial activity 

against (Staphylococcus aureus, Proteus mirabilis, Pseudomonas aeruginosa, Shigella sonnei) both gram class of 

bacterial pathogens. 
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1. INTRODUCTION 

Noble metal nanoparticles such as silver and gold are excellent nanomaterials providing a powerful 

platform in biomedical applications. There is a growing need to develop an environmentally friendly process for 

the synthesis of nanoparticles that does not employ toxic and hazardous chemicals which may pose potential 

environmental and biological risks. Biosynthesis of silver nanoparticles using plant parts like Punica granatum 

peels, citrus sinesis peels and lemon leave has been reported. It is well known, that silver nanoparticles is an 

effective antibacterial agent and possesses a strong antibacterial activity against pathogenic bacteria. The high 

antibacterial activity of AgNPs is a result of size, shape and well developed surface, providing maximum contact 

with environment. In the current study, biological synthesis was adopted to synthesis AgNPs. A novel approach 

for the synthesis of AgNPs was made using red apple (Malus domestica) skin extract and their antibacterial activity 

was evaluated. 

2. MATERIALS AND METHODS 

 All chemical were obtained from Sigma Aldrich, USA. Double distilled water was used throughout the 

experiment. Red apple (Malus domestica) were obtained from local market of Chennai, India. 4 gm of fruit skin 

were washed and cut into fine pieces. They were boiled in 40 ml of double distilled water at 90 ºC for 3 mins and 

allowed to cool and then filtered using Whatman No 1 filter paper. The remaining extract is stored at 4 ºC for 

further use. 5 ml of extract was added to 1 mM of AgNO3 solution. The formation of silver nanoparticles was 

visually confirmed by the brownish yellow color solution. 

2.1. Characterization: The reduction of Ag+ ions was monitored using Uv-Visible absorption spectra recorded on 

a Perkin Elmer Lambda 25 double beam spectrophotometer. Morphology of the nanoparticles was revealed using 

transmission electron microscopy (TEM) using JEOL-2010 instrument operated at 200 kv accelerating voltage. 

The X-ray diffraction pattern was recorded using Rich Seifert diffractometer operating with monochromatized 

CuKα incident radiation (λ=1. 5418 Å) over a 2θ range of 30-80 º. The antibacterial efficacy was tested using agar 

well diffusion assay and the resulting zone of inhibition was measured. 

3. RESULTS AND DISCUSSION 

 

  
Fig.1.X-ray diffraction pattern of green                            Table.1.Lattice parameters of green  

          synthesised Ag NPs                                                                   synthesised AgNPs 

Pos. 

[°2Th.] 

d-spacing 

[Å] 

Crystallite 

Size (nm) 

Lattice 

strain 

hkl 

38.201 2.35401 17.22 0.0064 111 

44.27 2.04457 8.959 0.0107 200 

64.59 1.44167 10.91 0.0062 220 

77.50 1.23071 26.6 0.0022 311 

81.72 1.18720 31.52 0.0026 222 
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Fig.1 shows the X-ray spectra of green synthesised AgNPs. XRD ananlysis of the nanoparticles showed 

broadening of bragg’s peaks indicates the formation of nanoparticles. The crystallite size of AgNPs was calculated 

using scherre’s formula for all major peaks and the average crystallite size was found to be 19.04 nm. The XRD 

patterns obtained are consistent with the earlier reports of AgNPs. Table.1 shows the lattice parameters of AgNPs 

calculated from XRD data. Fig.2 shows the Uv-Vis absorption spectra of AgNPs. The characteristic surface 

Plasmon resonance band occurred at 451 nm. The inset image shows the distinct color change during the formation 

of AgNPs. The spectra taken after 24 h showed sharp surface Plasmon band compared to the one taken after 1 h.  

The morphology of the AgNPs were revealed using transmission electron microscope and it’s found to be in 

distorted spherical shape. Fig.3 shows the TEM images of AgNPs at 20 and 10 nm. The average particle size 

calculated using TEM images is around 34 nm which is higher than the crystallite size calculated using XRD. 

 

 

  
 

Fig.2.UV-Visible absorption spectrum of     Fig.3.TEM images of green synthesied AgNPs                                            

          green synthesied AgNPs 

Antibacterial activity:  

Table.2.Antibacterial efficacy of synthesized AgNPs against human pathogenic bacteria (NZ=No Zone) 

Bacterial strain Concentration of AgNPs (μg/ml) Zone of inhibition (mm) 

Staphylococcus aureus Standard 14 

 250 NZ 

 500 NZ 

 750 9 

Proteus mirabilis Standard 13 

 200 11 

 500 11 

 750 12 

Pseudomonas aeruginosa Standard 14 

 200 NZ 

 500 12 

 750 13 

Shigella sonnei Standard 13 

 200 10 

 500 12 

 750 12 

Table 2. shows the different concentration levels of AgNPs and their corresponding diameter of zone of 

inhibition (ZOI). Based on the observation, the concentrations of 750 μg/ml of AgNPs displayed hignhest activity 

against tested microorganisms. It can be seen that the maximum antibacterial efficacy of 13 mm was observed for 

gram negative Pseudomonas aeruginosa and moderate activity of 9 mm against gram positive Staphylococcus 

aureus. Whereas the gram negative Shigella sonnei and Proteus mirabilis showed antibacterial efficacy of 12 mm 

respectively. Comparing to gram positive bacteria, gram negative bacteria showed better activity due to their 

thinner peptidoglycan layer which allows silver ions to diffusive and penetrate easily leading to cell death. Hence 

our tested green synthesised AgNPs shows potent bactericidal activity.  
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4. CONCLUSION 

This study demonstrated the cost-effectiva and eco-friendly method for the synthesis of AgNPs using red 

apple (Malus domestica) skin extract. The AgNPs exhibit excellent stability and good biocompatibility. The 

investigations on the antibacterial potency of these AgNPs suggest that it could be an ideal candidiate for future 

studies exploring their use in pharmaceutical and biomedical applications. 
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