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Silver in the colloidal form has shown encouraging applications in the field of bio-labelling, sensors, antimicrobials, 
catalysis, electronics and medicine. In the present study, the green synthesis of Silver nanoparticles was carried out by 
Microwave Irradiation method using fenugreek leaf extract. Green synthesis is preferred over conventional chemical 
or physical methods as these sources are abundantly available, cost-effective and conveniently utilizable. The 
Nanoparticles were characterised using UV-Vis Spectrophotometer. The antibacterial activity of the nanoparticles was 
determined using disc diffusion method where they showed negligible zone of inhibition and their toxicity analysis 
was carried out as well. It was observed that with increase in concentration of silver nanoparticles, there was increase 
in seed germination and initial increase in Catalase activity. On further increase in toxicity, there was decrease in 
oxidative enzyme activity. 
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INTRODUCTION  

Nanobiotechnology is one of the most upcoming fields in contemporary material research, where plants and different 
plant products are being utilizedin nanoparticles (NPs) synthesis. It is an emerging field of applied biological science 
and nanotechnology. It focuses mainly on the design, synthesis and manipulation of structure and size of the particles 
with dimensions smaller than 100 nm.  

Silver nanoparticles are one of the most commonly utilized nanomaterials due to their anti-microbial properties, high 
electrical conductivity, and Optical properties. Silver Nanoparticles are broadly applied in shampoos, soaps, 
detergents, cosmetics, toothpastes and medical and pharmaceutical products and hence they are in direct contact with 
human systems. (Banerjee et al., 2014) 

There are chemical and physical methods for the synthesis of metallic nanoparticles like reduction of solutions, 
photochemical reactions in reverse micelles, electrochemical reduction, heat evaporation and radiation assisted 
methods to name a few. Physical and chemical methods have usually been successful in the synthesis of nanomaterials 
in large scales and in short periods of time, as well for specific size and shape. Most of these methods are very 
expensive and involve the use of toxic, hazardous chemicals as the stabilizers which may cause potential harm to the 
environment. 

The plant extracts are being used as nanofactories for synthesizing metal nanoparticles of gold and silver. The 
biosynthesis of nanoparticles using plants is found to have many benefits over microorganisms due to the ease of scale 
up, less biohazard, eco-friendly and elaborate process of maintaining cell cultures. It is considered to be the best 
platform forsynthesis of nanoparticles as it is free from toxic chemicals and it also provides natural capping agents for 
stabilization of silver nanoparticles. (Bhattacharya and Murkherjee, 2008) 

MATERIALS AND METHODS 

Plant material: 

The leaves of  Fenugreek (Trigonella foenum-graecum) was selected on the basis of cost effectiveness, ease of 
availability and medicinal property and  collected from the nearby areas of vasanth nagar and were positively 
identified from the Botany Department of Mount Carmel College, Bengaluru. 

Preparation of extract: 

Fresh and healthy leaves were collected and rinsed thoroughly first with tap water followed by distilled water to 
remove all the dust and unwanted visible particles. Then the leaves were cut into small pieces and dried at room 
temperature. About 10 gm of these finely incised leaves of each plant type were weighed separately and transferred 
into 250 mL beakers containing 100 mL distilled water and boiled for about 20 min. The extracts were then filtered 
thrice through Whatman No. 1 filter paper to remove particulate matter and to get clear solutions which were then 
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refrigerated (4°C) in 250 mL Erlenmeyer flasks for further experiments.(Kuppusamy et al., 2015) 

Silver Nanoparticle (AgNP) Synthesis by Microwave Irradiation method 

Aqueous solution of silver nitrate (AgNO3 of 1Mm) was prepared in 250 mL Erlenmeyer flasks and leaf extract was 
added for reduction into Ag+ ions for each type of leaf extract. The composite mixture was then kept on turntable of 
the microwave oven for complete bio reduction at a power of 300 W for 4 min discontinuously to prevent an increase 
of pressure. In the meantime, the colour change of the mixture from faint light to yellowish brown to reddish brown to 
colloidal brown was monitored periodically (time and colour change were recorded along with periodic sampling and 
scanning by UV-visible spectrophotometry) for maximum 30 min. This was separately performed with each type of 
plant extract. The reactions were carried out in darkness avoid photo activation of AgNO3) at room temperature. 
Suitable controls were maintained all through the conduction of experiments. Complete reduction of AgNO3 to Ag+ 
ions was confirmed by the change in colour from colourless to colloidal brown. After irradiation, the dilute colloidal 
solution was cooled to room temperature and kept aside for 24 h for complete bio reduction and saturation denoted by 
UV-visible spectrophotometric scanning. Then, the colloidal mixture was sealed and stored properly for future use. 
The formation of Ag NPs was furthermore confirmed by spectrophotometric analysis.  

Characterization of AgNPs  

UV-visible Spectrophotometric analysis 

Samples (1 mL) of the suspension were collected periodically to monitor the completion of bio reduction of Ag+ in 
aqueous solution, followed by dilution of the samples with 2 ml of deionized water and subsequent scan in UV-visible 
(vis) spectra, between wave lengths of 200 to 700 nm in a spectrophotometer. UV-vis spectra were recorded at 
intervals of 30 min, 60 min and 24 h. (Orbaek et al., 2014) 

Confirmatory Test for Silver Nanoparticles 

To ten drops of the the colloidal mixture solution, 6M HCl was added dropwise, with shaking, until precipitation was 
complete. It was centrifuged and decanted. The silver chloride precipitate was suspended in 1 mL of water and 6M 
aqueous ammonia was added dropwise until the precipitate dissolved. The solution was further acidified with 6M 
HNO3 and was checked for the reappearance of white precipitate. (Bar et al., 2009) 

Analysis of Antibacterial Activity 

Disc diffusion method was followed for testing each type of plant leaf extract and their respective AgNPs containing 
solution. The test microorganism used was Escherichia coli. The discs were soaked with double distilled water, plant 
leaf extracts, silver nitrate solution and solution containing silver nanoparticles of each type separately. Then the discs 
were air dried in sterile condition. The plates containing nutrient agar media were prepared by swabbing them with the 
microbial cultures. Plates containing media as well as culture were divided in to four equal parts and previously 
prepared discs were placed on each part of the plate. The discs were placed in the following order: disc soaked with 
double distilled water as negative control, disc soaked with plant leaves extract, disc soaked with 1 mM silver nitrate 
solution and disc soaked with solution containing plant leaves mediated synthesized silver nanoparticles. The plates 
were incubated at 37°C for 24 to 48 h. Then, the maximum zone of inhibition were observed and measured for 
analysis against each type of test microorganism. (Prakash et al., 2013) 

Estimation of Toxicity of AgNPs 

Different concentrations (25%, 50%, 75% and 100% (v/v)) of three different Ag NP dispersions were prepared in 
distilled water. The germination test was carried out in sterile Petri dishes of 12 cm diameter by placing a Whatman 
no. 3 filter paper on them. Thirty Fenugreek seeds were placed on the filter paper in the petri dishes. The seeds were 
surface sterilized with 0.1% Mercuric chloride solution and rinsed three times with distilled water. The solution of 
each concentration was added to each Petri dish of respective treatment daily in such an amount just enough to wet the 
seeds. The Petri dish were then placed in seed germinator in dark and maintained at 25°C. Seeds with root tip 1 mm 
and higher were considered as germinated. (Ahmed et al., 2015) 

Oxidative enzyme analysis- Catalase test 

The assay mixture contained 0.5 ml of H2O2, 1.0 ml of buffer and 0.4 ml of water. 0.2 ml of the enzyme was added to 
initiate the reaction. 2.0 ml of the dichromate/acetic acid reagent was added after 0, 30, 60, 90 seconds of incubation. 
To the control tube the enzyme was added after the addition of the acid reagent. The tubes were then heated for 10 
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minutes. The colour developed was read 

Results 

The AgNPs were characterized by UV-
nature of the capping agents in each of these leaf extracts. Silver nanoparticles (AgNPs) appear yellowish brown in 
colour in aqueous medium as a result of
extracts were added to aqueous silver nitrate solution, the colour of the solution changed from faint light to yellowish 
brown to reddish brown and finally to colloidal brown indicatin

The UV-vis spectra recorded after time intervals of 30 min, 60 min and 24 h from the initiation of reaction were 
measured. Absorption spectra of AgNPs formed in the reaction media has absorption maxima in the range of 418 to 
430 nm due to surface plasmon resonance of AgNPs
formation of AgNPs occurred rapidly within the first 30 mins only and the AgNPs in solution remained stable even 
after 24 h of completion of reaction. 

Confirmatory test for Silver nanoparticles

The qualitative analysis of silver nanoparticles or silver ions in the microwave irradiated leaf extract was confirmed 
when HCl was added to the extract solution it should white precipitate that infers tha
reacts with Cl and forms white precipitate and when ammonia is added it forms colourless soluble complex. To prove 
that silver is present, the solution containing the 
with the base (NH3) to form the very stable ammonium ion. Thus, 
still present in solution, the Ag+ ion and the Cl
shown in Figure 4. 

Analysis of Antibacterial property 

In this study, the antimicrobial property of AgNPs was
supplemented with AgNPs. A control plate was separately maintained for the organism in water. The zone of 
inhibition obtained indicated negligible antibacterial activity as shown in Figure 5.

Toxicity analysis of silver nanoparticles
 Analysis of oxidative stress 

Catalase is considered as one of the first defence system against oxidative stress whose activity may be 
toxic stress as indicated in Figure 6. CAT activity significantly increased at 25% and 50% and decreased at 75% and 
100% toxicity. Spectrophometric analysis revealed that catalase activity was significantly higher (
treated fenugreek seed samples in comparison to the control treated ones.
associated with flux of super oxide radicals or inhibition of enzyme synthesis

Effect on seed germination 

Seeds were considered to have germi
germination of seeds was obtained after 24
treatment. Seed germination in Fenugreek seeds increased with increase in conc
when compared to the control plates as shown in Figure 7.

Figure 1: Synthesis of Silver nanoparticles by Microwave Irradiation method
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 spectrophotomertically at 610 nm. (Sinha, 1972) 

-visible (vis) spectrophotometer. Analysis was carried out to determine the 
nature of the capping agents in each of these leaf extracts. Silver nanoparticles (AgNPs) appear yellowish brown in 
colour in aqueous medium as a result of surface Plasmon vibrations as shown in Figure 1
extracts were added to aqueous silver nitrate solution, the colour of the solution changed from faint light to yellowish 
brown to reddish brown and finally to colloidal brown indicating AgNPs formation. 

vis spectra recorded after time intervals of 30 min, 60 min and 24 h from the initiation of reaction were 
measured. Absorption spectra of AgNPs formed in the reaction media has absorption maxima in the range of 418 to 

o surface plasmon resonance of AgNPs (Figures 2 and 3). The UV-vis spectra also revealed that 
formation of AgNPs occurred rapidly within the first 30 mins only and the AgNPs in solution remained stable even 

particles 

The qualitative analysis of silver nanoparticles or silver ions in the microwave irradiated leaf extract was confirmed 
when HCl was added to the extract solution it should white precipitate that infers that the silver ions p
reacts with Cl and forms white precipitate and when ammonia is added it forms colourless soluble complex. To prove 

s present, the solution containing the complex ion was made acidic with nitric acid. The aci
) to form the very stable ammonium ion. Thus, the NH3 is no longer bound to Ag

ion and the Cl- can once again combine to form the insoluble precipitate AgCl

property of AgNPs was investigated by growing E. coli colonies on nutrient agar plates 
supplemented with AgNPs. A control plate was separately maintained for the organism in water. The zone of 

ligible antibacterial activity as shown in Figure 5. 

Toxicity analysis of silver nanoparticles 

is considered as one of the first defence system against oxidative stress whose activity may be 
CAT activity significantly increased at 25% and 50% and decreased at 75% and 

Spectrophometric analysis revealed that catalase activity was significantly higher (
treated fenugreek seed samples in comparison to the control treated ones. The suppression of CAT activity may be 
associated with flux of super oxide radicals or inhibition of enzyme synthesis. 

Seeds were considered to have germinated by observing the appearnce of radicles. The highest percentage 
germination of seeds was obtained after 24 hours. Results obtained varied significantly (

Seed germination in Fenugreek seeds increased with increase in concentration of the AgNP leaf extract 
when compared to the control plates as shown in Figure 7. 

Figure 1: Synthesis of Silver nanoparticles by Microwave Irradiation method
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visible (vis) spectrophotometer. Analysis was carried out to determine the 
nature of the capping agents in each of these leaf extracts. Silver nanoparticles (AgNPs) appear yellowish brown in 

as shown in Figure 1. As the fenugreek leaf 
extracts were added to aqueous silver nitrate solution, the colour of the solution changed from faint light to yellowish 

vis spectra recorded after time intervals of 30 min, 60 min and 24 h from the initiation of reaction were 
measured. Absorption spectra of AgNPs formed in the reaction media has absorption maxima in the range of 418 to 

vis spectra also revealed that 
formation of AgNPs occurred rapidly within the first 30 mins only and the AgNPs in solution remained stable even 

The qualitative analysis of silver nanoparticles or silver ions in the microwave irradiated leaf extract was confirmed 
t the silver ions present as Ag+ 

reacts with Cl and forms white precipitate and when ammonia is added it forms colourless soluble complex. To prove 
acidic with nitric acid. The acid (H+) reacts 

is no longer bound to Ag+. Because Cl- is 
can once again combine to form the insoluble precipitate AgCl as 

investigated by growing E. coli colonies on nutrient agar plates 
supplemented with AgNPs. A control plate was separately maintained for the organism in water. The zone of 

is considered as one of the first defence system against oxidative stress whose activity may be altered by 
CAT activity significantly increased at 25% and 50% and decreased at 75% and 

Spectrophometric analysis revealed that catalase activity was significantly higher (p < 0.01) in AgNP 
The suppression of CAT activity may be 

nated by observing the appearnce of radicles. The highest percentage 
hours. Results obtained varied significantly (p < 0.05) with each 

entration of the AgNP leaf extract 

 

Figure 1: Synthesis of Silver nanoparticles by Microwave Irradiation method 
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Figure 2: UV-Vis Spectrum of AgNPs
after 1 h 
 

             Figure 4: Confirmatory test for Silver Ions         Figure 5: Antibacterial activity 
                                                                                   
                                                              

Figure 6: CAT activity at different percentage of toxicity assay
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Vis Spectrum of AgNPs                         Figure 3: UV-Vis Spectrum after 24h

Figure 4: Confirmatory test for Silver Ions         Figure 5: Antibacterial activity 
                                                                                                      (Disc diffusion method)     
                                                               

Figure 6: CAT activity at different percentage of toxicity assay
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Vis Spectrum after 24h 

 

Figure 4: Confirmatory test for Silver Ions         Figure 5: Antibacterial activity  
(Disc diffusion method)      

 

Figure 6: CAT activity at different percentage of toxicity assay 
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Figure 7: Seed germination assay with addition of Biosynthesized AgNPs

Discussion 

Silver nanoparticles were synthesized by a biological method called Microwave Irradiation method using Fenugreek 
plant extract which acts as a reducing agent to reduce silver metal to Nano size particles. The synthesized silver 
nanoparticles were subjected to analysis such as UV Vis Spectroscopy in order to characterize them. This opens a way 
to understand the synthesis mechanism of Ag nanoparticles formed
nitrate are found to be reduced to Ag atoms.
examine size and shape controlled nanoparticles in aqueous suspensions. Vis spectrum recorded from the reaction 
medium after 24 hours and gives rise to an absorption band at 420 nm. This
Surface Plasmon Resonance (SPR) exhibited by silver nanoparticles. The silver nanoparticles oscillate when exposed 
to electromagnetic radiation and this oscillation gives a typical peak value. Biological synthesis of silv
is an alternative to chemical synthesis and it used the reducing properties of biological products for synthesis of silver 
nitrate to Nano silver. The benefits of using plant extract for synthesis is that it is energy efficient, cost effec
protecting human health and environment leading to lesser waste and safer products.
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Figure 7: Seed germination assay with addition of Biosynthesized AgNPs

Silver nanoparticles were synthesized by a biological method called Microwave Irradiation method using Fenugreek 
plant extract which acts as a reducing agent to reduce silver metal to Nano size particles. The synthesized silver 

e subjected to analysis such as UV Vis Spectroscopy in order to characterize them. This opens a way 
to understand the synthesis mechanism of Ag nanoparticles formed from other plant extracts. Ag
nitrate are found to be reduced to Ag atoms. It is generally recognized that UV-Vis spectroscopy could be used to 
examine size and shape controlled nanoparticles in aqueous suspensions. Vis spectrum recorded from the reaction 
medium after 24 hours and gives rise to an absorption band at 420 nm. This is because of a phenomenon called 
Surface Plasmon Resonance (SPR) exhibited by silver nanoparticles. The silver nanoparticles oscillate when exposed 
to electromagnetic radiation and this oscillation gives a typical peak value. Biological synthesis of silv
is an alternative to chemical synthesis and it used the reducing properties of biological products for synthesis of silver 

enefits of using plant extract for synthesis is that it is energy efficient, cost effec
protecting human health and environment leading to lesser waste and safer products. 
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