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Abstract 

 

Nanotechnology plays an increasingly crucial role in many key technologies of the new 

millennium. The application of nanoscale materials and structures, usually ranging from 1 

to 100nm, is an emerging area of nanoscience and nanotechnology. Manipulating matter 

atom by atom and creating features on the atomic or nano scale is now a proven 

technology and there is an ever growing catalogue that utilizes nanotechnology. Among 

them Silver Nanoparticles (AgNPs) have gained much attention because of their unique 

physical, chemical and biological properties. AgNPs displays a broad spectrum of 

bactericidal and fungicidal activities, which have made them remarkably popular in the 

diverse range of consumer products and because of their broad range of applications many 

synthetic  routes have been developed for the synthesis of AgNPs. Recently, AgNPs 

synthesis is among the most interesting scientific areas of enquiry and there is a growing 

attention to produce nanoparticles using environmentally friendly  methods (green 

synthesis). In the present study, biosynthesis of AgNPs using plant extract  and fungi has 

been carried out and their characterization has been done using Transmission Electron 

Microscope. This biosynthetically synthesized AgNPs were subjected  to antibacterial 

susceptibility tests and it showed positive activity against various organisms such as: 

Escherichia coli; Staphylococcus aureus; Proteus vulgaris; Bacillus cereus; Vibrio 

cholerea; Corynebacterium amycolatum by means of Disc Diffusion and Cup Borer 

Methods. 

 

Keywords:  Silver Nanoparticle; Mentha sachalinensis; Adhatoda vasika; Aspergillus 

niger, Transmission Electron Microscope. 

 

Introduction 

The fast expansion of the global nanotechnology market involves a higher environmental and
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 human exposure to nanomaterials. Silver nanoparticles (AgNPs) are today one of the most 

commonly used nanomaterials both in fundamental medical sciences as well as clinical 

practices. These nanoparticles are incorporated into many commercial products including 

clothing/textiles, furniture, household appliances, cosmetics and even children toys
1
. 

Recently, it has been suggested that AgNPs in some circumstances may have substantial 

genotoxic effects and some authors indicated that AgNP exposure in some cells may lead to 

the process of programmed cell death (apoptosis) 
2-9.

 This research paper focuses on the 

findings regarding the antibacterial effect of the synthesized AgNPs.  AgNPs have distinctive 

physico-chemical properties, including a high electrical and thermal conductivity, surface-

enhanced Raman scattering, chemical stability, catalytic activity and nonlinear optical 

behavior 
10-11

. These properties make them of potential value in inks 
12

, microelectronics
 13

, 

and medical imaging 
14

. Besides, Ag-NPs exhibit broad spectrum bactericidal and fungicidal 

activity
 15

 that has made them extremely popular in a diverse range of consumer products, 

including plastics, soaps, pastes, food and textiles, increasing their market value 
16

. 

Nanosilver can be used in a liquid form, such as a colloid (coating and spray) or contained 

within a shampoo (liquid) and can also appear embedded in a solid such as a polymer master 

batch or be suspended in a bar of soap (solid). Nanosilver can also be utilized either in the 

textile industry by incorporating it into the fiber (spun) or employed in filtration membranes 

of water purification systems. In many of these applications, the technological idea is to store 

silver ions and incorporate a time-release mechanism 
16-17

. Advances in nanomedicine can be 

made by engineering nanoparticles that are capable of targeted delivery of drugs. Promoting 

nanotechnology for diagnosis, prevention and treatment is the focus of the recently 

developing multifunctional nanotechnology. Many synthetic routes that have been developed 

to synthesize AgNPs due to the applications found tremendously in wide range of fields. 

Among the synthetic routes includes 1) chemical reduction 
18,19

, 2) thermal decomposition 
20

, 

3) electrochemical 
21

, 4) sonochemical
 22

, 5) photochemical 
23

, 6) microwave 
24

, 7) radiation 

assisted process 
25,26

 and currently by  8) green synthesis 
27,28

. Chemical reduction method is 

widely used to synthesize AgNPs because of its readiness to generate AgNPs under gentle 

conditions and its ability to synthesize AgNPs on a large scale 
29

. However, these chemical 

synthesis methods employ toxic chemicals in the synthesis route which may have adverse 

effect in the medical applications and hazard to environment. Therefore, preparation of 

AgNPs by green synthesis approach has advantages over physical and chemical approaches 

as it is environmental friendly, cost effective and the most significant advantage is that 

conditions of high temperature, pressure, energy and toxic chemicals are not required in the 

synthesis protocol 
30

. Silver is known for its antimicrobial properties and has been used for 

years in the medical field for antimicrobial applications and even has shown to prevent HIV 

binding to host cells 
31-35

. Several studies propose that AgNPs may attach to the surface of the 

cell membrane disturbing permeability and respiration functions of the cell 
36

. Smaller Ag 

NPs having the large surface area available for interaction would give more bactericidal 

effect than the larger AgNPs 
36

. It is also possible that AgNPs not only interact with the 

surface of membrane, but can also penetrate inside the bacteria 
37

. Ag-NPs have been known 

for its inhibitory and bactericidal effects in the past decades
 38

. Antibacterial activity of silver 

containing materials can be applied in medicine for reduction of infections on the burn 
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treatment 
39,40

, prevention of bacteria colonization on catheters 
41,42

 and elimination of 

microorganisms on textile fabrics 
43,44

 as well as disinfection in water treatment
 45

. Besides 

that, AgNPs were also being reported in the literature to exhibit a strong cytoprotective 

activity towards human immunodeficiency virus (HIV) infections
46

. Also, AgNPs at different 

µg/L concentrations results in numerous physiological and biochemical responses indicative 

of silver toxicity. Toxicity data of AgNP vary considerably, reflecting species sensitivity 

differences, characteristics of the different Ag-NP formulations and the water chemistry 

conditions used in the different studies 
47

. 

Materials and Methods  

Preparation and Characterization of silver nanoparticles  

 In the present study, 100 g of leaves of two plants; Mentha sachalinensis, Adhatoda 

vasika were collected and air dried for 10 days, kept in the hot air oven at 600°C for 24-48 h 

and then the leaves were ground to fine powder.  20 g of dried powder was placed in 100 mL 

of distilled water in a conical flask and then kept on the rotary shaker for 24 h. Then, it was 

filtered through four layer of muslin cloth and centrifuged. The supernatant was collected and 

this crude extract was diluted with 5% Dimethyl Sulfoxide (DMSO) and stored at 4°C in air 

tight black bottles for further use. Plant extracts were added to 1mM of Silver nitrate 

(AgNO3). The solution was heated at 65°C on a hot plate magnetic stirrer for 90 minutes. The 

appearance of colour change exhibited the formation of AgNPs. Extracts from various plants 

may act both as reducing and capping agents in AgNPs synthesis. The reduction of Ag
+
 ions 

by combinations of biomolecules found in these extracts such as enzymes/proteins, amino 

acids, polysaccharides, and vitamins 
48,49

.  For synthesis of AgNPs using fungi; the fungi was 

grown in Sabouraud‟s broth (Peptone-10g; Glucose-40g; NaCl-5g; Agar agar-20 g in 

1000mL D/W having pH-5.2) and flasks containing broth were incubated in an incubator 

shaker at 18000 rpm at 37ºC. After three days of incubation, mycelia was separated by 

centrifugation and washed thrice with deionised water. The washed mycelia were suspended 

in deionised water and the aqueous filtrate obtained was added to 100 mL of AgNO3. 

By Transmission Electron Microscopy the size and shape of the AgNPs was 

determined at SICART, Anand. The sample was prepared by putting 1-2 drops of sample 

suspension to a clean 300 mesh carbon supported copper grid operating at 200KV.  

There are numerous techniques to perform antibacterial and antimicrobial 

susceptibility tests. The techniques include 1) agar disk diffusion, 2) broth dilution, 3) agar 

dilution and 4) E- test method (modification of the disk diffusion and the agar dilution 

method) 
50

. Agar disk diffusion is a traditional and routine method for antimicrobial 

susceptibility tests 
51

.  Here in this study, the antibacterial activity has been tested by using 

two different methods: Disc Diffusion method and Cup Borer method. Bactericidal effects 

were observed in Escherichia coli, Staphylococcus aureus, Bacillus cereus, Proteus vulgaris, 

Vibrio cholerea and Corynebacterium amycolactum.   

In nutrient agar and blood agar plates three wells each for different sample were made 

and 25µL of AgNP solution was poured using micropipette. Plates were incubated for 24 h at 

37ºC. After incubation period, zone of inhibition was measured in cm. Similarly, in disc 

diffusion method paper discs were used and plates were incubated at 37ºC for 24h. After 

incubation period, zone of inhibition was measured in cm. 



Research Guru Volume-11, Issue-2(September, 2017) (ISSN:2349-266X) 

Page | 267 

Research Guru: Online Journal of Multidisciplinary Subjects (Peer-Reviewed) 

 

 

Results and Discussion 

As the plant extract and microbial filtrate was added to the AgNO3 solution, it started 

giving brown colour due to reduction of silver ion; which indicated the formation of AgNPs, 

which is indicated in Plate:1. It is generally accepted that UV–Visible spectroscopy could be 

used to examine size and shape-controlled nanoparticles in aqueous solution. Figure: 1-3 

shows the UV–Visible spectra recorded from the reaction medium after 90 minutes. The 

absorption spectra of silver sol consists a single sharp surface plasmon resonance band at 400 

nm and 300nm for plant extract and microbial filtrate respectively. The Ag-nanocrystals that 

emerged in the images have variety of shapes: spherical, triangle and irregular. In agreement 

with the UV-Vis spectrophotometric observations, the TEM images reveal that Ag-

nanocrystals are polydisperse and roughly spherical of diameter ranging from 3-23 nm.  

 

Plate :1 

 
 

PE:-I: Mentha sachalinensis 

PE:-II: Adhatoda vasika 

M.OA:- A.niger 

[PE:- Plant Extract; M.OA:- Microorganism. A.niger] 
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Spectral Analysis Using UV-Visible Spectrophotometer 

Fig:1: Plant Extract Synthesized AgNPs(Mentha sachalinensis) 

 

 
 

 

 

 

 

Fig-2: Plant Extract Synthesized AgNPs(Adhatoda vasika) 

 

 
 

 

Fig-3: A.niger synthesized AgNPs 
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Plate-2:Plant Extract synthesized AgNPs(Mentha sachalinensis) 

 

 
 

 

Plate-3: Plant Extract synthesized AgNPs(Adhatoda vasika) 

 
 

Plate-4: Microbially A.niger synthesized AgNPs 

 

 

 

Plate-5: Zone of inhibition against E.coli 
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Plate-6: Zone of inhibition against  S.aureus 

  

 

 

 

 

 

 

Plate-7: Zone of inhibition against P.vulgaris 

 
 

 

Plate-8: Zone of inhibition against B.cereus 
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Plate-9: Zone of inhibition against V.cholerea 

  

 

 

Plate-10: Zone of inhibition against C.amycolatum 

  

 

 

Reduction of silver ion into AgNPs during exposure to plant extract as well as 

microbial filtrate was observed as a result of colour change. AgNPs exhibits dark-yellowish 

brown colour in the aqueous solution due to the surface plasmon resonance.  UV-Vis 

spectroscopy of the colloidal solution of AgNPs has been recorded and the absorbance peak 

at 400 nm and 300 nm of plant extracts and A. niger filtrate respectively, indicates that the 

particles are polydispersed in nature. The TEM images showed relatively spherical shaped 

nanoparticles formed with the diameter range 3-23 nm. The most potent effect, of the 

synthesized AgNPs was observed against E.coli; S. aureus; Vibrio cholerea as well as 

Corynebacterium amycolatum. 

Conclusion 

AgNPs were synthesized using plant extract and microbial filtrate. Characterization 

was done using UV-Vis spectra and TEM. The TEM images revealed that the Ag-

nanocrystals are polydispersed and roughly spherical of diameter ranging from 3-23 nm. 

Synthesized AgNPs showed antibacterial activity against Escherichia coli; Staphylococcus 

aureus; Proteus vulgaris; Bacillus cereus; Vibrio cholerea and Corynebacterium 

amycolatum. Biosynthetic methods using plant extract and microbial filtrate have shown a 

great potential in AgNP synthesis. A progress in this area will give new green paths in the 
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development of controlled shape and size AgNPs. Custom designed biomolecules can then be 

made to synthesize AgNPs, which in turn will fill the gap between biological synthesis and 

biometric synthesis. Also, further studies are needed to understand the exact role of free 

radicals in the antimicrobial activity of nanoparticles and the mechanisms of antimicrobial 

properties in the particles. 
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