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Abstract 
The study reports the synthesis of silver nanoparticles 

(AgNPs) using green method where plant extracts of 

Turmeric, curry-leaves, Ashwagandha, Arjun, Aloe 

vera and Tulsi were used as reducing agents. 

Characterization was done using UV-Visible 

spectroscopy and Scanning electron microscopy. UV-

Visible spectrum showed peak absorbance around 

420nm and SEM-EDAX analysis confirmed the 

presence of AgNPs in a size range of 50-80nm. Ability 

of the synthesized AgNPs as an antimicrobial agent 

was studied and their use was extended to the treatment 

of contaminated water.  

 

It was found that 30µL of AgNPs effectively 

decontaminated water containing 103 CFU/mL E. coli 

within 10 minutes. The study also focuses on the effect 

of the nanoparticles on the growth of Saccharomyces 

cerevisiae as a model organism for eukaryotic cells. No 

significant effect on the growth of S. cerevisiae was 

observed. Effect of AgNPs on advanced glycation end-

products (AGEs) was also studied. AGEs are formed 

due to non-enzymatic glycation in hyperglycemic 

conditions leading to secondary complications in 

diabetes. AgNPs synthesized using Ashwagandha, 

curry-leaves and Aloe vera showed anti-glycating 

properties in a concentration dependent manner. This 

suggests that these properties of AgNPs may be used in 

many environmental and therapeutic applications but 

their use should be regulated and studied in detail. 
 

Keywords: Silver nanoparticles, Characterization, 

Antimicrobial properties, AGEs, Antiglycation, Anti-
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Introduction 
The field of nanotechnology in applied science uses the 

unique properties of nanomaterial by controlling their size, 

shape and thereby altering their surface area to form 

different materials of size in nanometers. Nanoparticles 

(NPs) are materials that have all dimensions within 1-100 

nm as defined by ISO5.  

 

Metal nanoparticles have been widely explored in the fields 

of material science and medicine. Interestingly, metal 

nanomaterial has found their way in electronics and new 

various other material designs of everyday use with rapidly 

growing use in medical research to develop targeted drug 

delivery, rapid detection tests, advance biomolecular sensing 

and as anti-cancer agents in cancer therapies. It has also been 

used to develop antivirals in addition to acting as anti-fungal 

and antibacterial agents9.  

 

This study focuses on the synthesis of silver metal 

nanoparticles (AgNPs). Due to their small diameter and 

large surface area to volume ratio, nanoparticles have altered 

physical, chemical, magnetic and optical properties 

compared to their bulk material, which has brought much 

attention to the nanoparticles in various industries. Silver for 

centuries has been used in cooking to make silverware 

utensils to store water without contamination and to prevent 

food spoilage. Hence it is also the most studied metal for 

exploring its various properties. In nanotechnology too, 

silver nanoparticles have widely been explored mainly for 

their antimicrobial properties. The Ag+ ions are believed to 

inactivate the respiratory enzymes, electron transport chain 

components and interfere with DNA functions13. Silver, in 

small amounts, is non-toxic to humans and shows a broad-

spectrum antimicrobial activity. Silver nanoparticles are 

shown to be very effective and advantageous as an enhanced 

antimicrobial activity is seen by the continuous release of 

Ag+ ions6. 

 

There are many techniques or methods for the synthesis of 

silver nanoparticles, the easiest being chemical synthesis 

using a reducing agent to reduce the silver salt into silver 

atom aggregates. The choice of reagents should be such that 

it is renewable; the reagent should be biocompatible and 

should have highly reduced or no toxicity. The synthesis 

procedure should utilize minimum energy for the production 

of nanoparticles. The reagent itself should be safe to dispose 

of and easily recyclable. It should also generate minimum or 

no by-products during the synthesis procedure. Therefore, it 

is crucial to consider the usage of least toxic or no chemicals; 

or generating no toxic by-products that can in any way harm 

the environment when producing nanoparticles.  

 

Hence green synthesis of nanoparticles as a part of the green 

approach is being explored widely and is the subject of the 

present research. The reagents chosen should be renewable, 

biocompatible and have low toxicity. Minimum energy 

should be utilized in the production and minimum or no 

harmful by-products that could harm the environment or 

humans should be generated in the production of 

nanoparticles2. 
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Green synthesis of AgNPs using biological sources as 

reducing agent is therefore widely adopted as it is cost-

effective, the raw materials are easily available and less toxic 

having ease of synthesis and absence of chemical agents19. 

Production of NPs using plant extract is rapid compared to 

bacteria and fungi being eco-friendly, economical, non-toxic 

and a one-step process22. This was first studied using Alfalfa 

sprouts10, which had the ability to take up silver ions from 

agar using its root and pass it on to the shoot in the same 

oxidation state where the ions aggregated to form 

nanoparticles.  

 

The main principle of green synthesis of a metal 

nanoparticle is to reduce the metal salt into its metal ions 

using water, heat, or changing the pH. The metal ion, using 

a biological source like plant, bacteria, fungi and algae 

extracts as a reducing or oxidizing agent, is reduced to its 

neutral metal atom, which then grows and forms an 

aggregate, which when stabilized or capped forms a 

nanoparticle of that metal11. The easiest way to characterize 

is using UV-visible absorption spectroscopy with an intense 

absorbance peak (Surface Plasmon resonance peak) in the 

range 410-440nm, confirming the successful formation of 

AgNPs24. Furthermore, the distribution of size is an essential 

factor and can be studied using Transmission electron 

microscopy (TEM) or Scanning electron microscopy 

(SEM).  

  

Antimicrobial, antivirals, anticancer and antioxidative 

properties of silver nanoparticles have been widely studied.  

The application of AgNPs as therapeutics to treat several 

diseases is being explored. Recently, academic research has 

focused on exploring the potential of AgNPs in inhibiting 

the formation of advanced glycation end products (AGEs) 

leading to secondary complications of diabetes.  

 

Diabetes leads to prolonged accumulation of glucose in the 

body which is extremely common in the human population. 

The carbonyl group of these sugars covalently binds to the 

amino groups of proteins, nucleic acids and lipids without 

the need for an enzyme. This non-enzymatic interaction 

between sugar and proteins leads to the formation of 

advanced glycation end products (AGEs)16. Therefore, 

AGEs are formed as a result of the Maillard reaction, also 

called glycation. Another significant property observed of 

the silver nanoparticle, was its inhibitory effect on AGEs3. 

Dicarbonyl compounds (Glyoxal, methylglyoxal etc.) are 

formed from the non-oxidative cleavage that readily reacts 

with amino acids to form AGEs. Food (soy sauce) and 

beverages (coffee, beer) and even cigarette smoke are found 

to have methylglyoxal (MG) and can increase type I diabetes 

by 5-6 folds and type-II diabetes by 2-3 folds in patients.  

 

Excessive production and accumulation of AGEs are 

observed in hyperglycemic conditions and can lead to 

secondary complication of diabetes like atherosclerosis, 

retinopathy, neuropathy, cardiomyopathy, cataract and 

nephropathy; and ageing as well neurodegenerative 

disorders. Silver, gold and selenium nanoparticles are 

commonly used as anti-glycating agents. Nanoparticles are 

proposed to act by competitively binding to the amino 

groups of proteins and prevent the non-enzymatic 

interaction between the reducing sugar and the proteins. 

They have also been observed to have a high scavenging 

activity on ROS and an inhibitory effect on α-dicarbonyl 

compounds, which act as precursors for AGEs.  

 

Natural inhibitors or antiglycation agents like medicinal 

herbs and dietary plants lack dose-dependent 

standardization for their safety and efficacy. Synthetic drugs 

used as antiglycation agents are known to cause liver and 

kidney toxicity, gastrointestinal disturbances, weakness, 

fatigue, shortness of breath, lactic acidosis, development of 

hypoglycemia etc. The glycation products are measured 

using several methods including the measurement of 

browning, total AGEs by spectrofluorimetry, fructosamines, 

carbonyl content, HPLC, protein structural characterization 

by CD and gel electrophoresis12. 

 

In this study, plant extracts from Curcuma longa 

(Turmeric)18, Ocimum tenuiflorum (Tulsi)7, Withania 

somnifera (Ashwagandha)4, Terminalia arjuna (Arjun)23, 
Murraya koenigii (Curry Leaves)8 and Aloe vera17 were 

used as a reducing agent for the synthesis of silver 

nanoparticles. The synthesized AgNPs were characterized; 

their antimicrobial activity and their effect on the growth of 

S. cerevisiae were studied. Further, this property was used 

to find its application in the treatment of water contaminated 

with E. coli. The synthesized silver nanoparticles were also 

used to study its inhibitory effects on AGEs. 

 

Material and Methods 
Collection of plant specimens: The collection of plant 

materials was done in accordance with the relevant national 

and international guidelines. None of the selected plants 

species is endangered or taken from wild and all are grown 

all over India. They are readily available for use in the local 

Indian markets. They are used regularly in everyday life as 

ingredients for cooking in Indian Cuisine. 

 

Preparation of leaf extract: Turmeric, Curry leaves, 

Ashwagandha, Arjun, Aloe vera and Tulsi plants were 

chosen due to their known antimicrobial, anti-inflammatory, 

anti-oxidant and medicinal properties. They are also easily 

available and cheap, have high polyphenolic content and 

therefore act as good reducing agents4,7,8,17,18,23. The 

plants/parts that were locally available namely Turmeric 

(root), Ashwagandha, Arjun and Tulsi leaves were dried, 

powdered and used to prepare a 0.1% extract in distilled 

water. On the other hand, 10g Curry leaves and Aloe Vera 

plant leaves were washed with tap water and then with 

distilled water, air-dried and chopped finely. 10% extract 

was prepared by boiling 10g finely chopped curry leaves in 

100ml-distilled water for 20mins. It was centrifuged at 

12,000rpm/4oC/15mins; the supernatant was collected and 

stored at 4oC to be used as a reducing agent3.  
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Synthesis of Silver Nanoparticles (AgNP): Chemical 

method was used to synthesize AgNPs to compare their 

efficacy against green synthesized nanoparticles and was 

also used as a control in all the experiments. Tri-sodium 

citrate (0.1%) that acts as a reducing agent was added drop 

wise to boiling colourless solution of 50ml of 1mM AgNO3. 

The addition of tri-sodium citrate was stopped when the 

colourless solution turned permanent yellow.  

 

Prepared plant extracts were used as reducing agents and 

were added drop wise to boiling colourless solution of 50ml 

of 1mM AgNO3 till colour change was observed from 

colourless to pale yellow-brown. The final solution was 

centrifuged at 4000rpm/30 mins/24oC and the supernatant 

was collected and stored at room temperature for a week 

before characterization.  

 

Characterization of silver nanoparticles: Characterization 

of the synthesized silver nanoparticles was carried out using 

a UV-visible Spectrophotometer by measuring absorption 

spectra in the range 300-600nm. Distilled water was used as 

blank. The maximum absorption for silver nanoparticles lies 

between 410-440nm which is its unique characteristic 

property1,24. SEM-EDAX analysis was carried out to 

confirm the size and composition of the synthesized AgNPs. 

 

Antimicrobial Activity of the synthesized AgNPs 

Agar Cup diffusion method: Agar cup method was used to 

determine the antibacterial activity of the synthesized 

AgNPs using various plant extracts against Escherichia coli 

and Staphylococcus aureus. Filtered sterilized 30µl of the 

AgNPs were added to the well. 30µl distilled water was 

used as the negative control; 30µl of 50µg/mL ampicillin 

and 30µl of chemically synthesized AgNPs were used as 

the positive control. The AgNPs were allowed to diffuse as 

the plates were incubated at 37oC for 24hrs. The diameter 

of the zone of inhibition was measured in millimeters25. 

 

Effect of AgNPs on E. coli, S. aureus and S. cerevisiae: 

Sterile 5mL nutrient broth (for E.coli & S. aureus) tubes 

and YPD broth (for S. cerevisiae) were inoculated with 

50µl of the actively growing culture. Synthesized AgNPs 

were added to each tube in increasing volume from 10µl to 

500µl and incubated at 37oC/24hrs for E.coli and S. aureus 

and at 23oC/48hrs (optimum incubation time for the strain) 

for S. cerevisiae The O.D was determined at 600nm using 

a spectrophotometer post-incubation. Uninoculated media 

broth was used as a negative control and media broth 

inoculated with just the culture and without AgNPs was 

used as a positive control for growth. 

 

Water Treatment using AgNPs: The Turmeric, Curry 

leaves and AgNPs, based on their antimicrobial properties 

were used in the treatment of contaminated water as an 

environmental application. These green AgNPs, along with 

chemically synthesized AgNPs (10µl each), were added to 

water containing 10³CFU/ml E. coli (Treated) and 

incubated for 0 mins, 10 mins, 20 mins, 30 mins and 60 

mins. 0.1mL of the treated water from each tube was spread 

on sterile nutrient agar plates using the spread plate 

technique and incubated at 37oC overnight. The colony-

forming units (CFU) were counted and viability was 

determined. 

 

AgNPs synthesized using Arjun and Ashwagandha plant 

extracts were added to water containing 10³CFU/ml of E. 
coli (Treated) at increasing volumes of 5µl, 10µl and 30µl. 

50µl from the AgNPs inoculated treated tubes and then 

added to 5mL sterile nutrient broth after 0 minutes. The 

tubes were then incubated at 37oC/24h and absorbance was 

measured at 600nm. 50µg/mL ampicillin was used as a 

positive control. 

 

Effect of AgNPs on Advanced glycation end products: 

Methylglyoxal (MG) is a sugar substitute found in many 

foods and beverages and acts as a glycating agent to BSA. 

AgNP inhibits the formation of advanced glycation end 

products in the reaction mixture. 3mg BSA and 6mM MG 

concentrations were used to carry out the reaction. 3mM 

sodium azide was added to prevent the growth of 

microorganisms. BSA without AgNPs and MG was used 

as control. Multiple blanks were prepared.  

 

The reaction mixture was prepared in 0.05M phosphate 

buffer of pH 7.4. AgNPs were added in increasing volumes 

(50µl, 100µl, 200µl) to the reaction mixture. The total 

reaction volume was maintained at 1mL. The tubes were 

incubated for 7 days in a water bath maintained at 37oC. 

After incubation, the absorbance was determined at 420nm 

using UV-Vis Spectrophotometer to confirm browning10. 

 

Results and Discussion 
Synthesis and characterization of Silver Nanoparticles: 

Silver nanoparticles were best synthesized chemically by 

adding 0.1% tri-sodium citrate to reduce 1mM AgNO3 to 

silver atoms indicated by a change in the colourless solution 

to yellow. This was confirmed by measuring the absorption 

spectrum in the range of 300-600nm. Absorption maxima 

were observed at 420nm confirming the presence of silver 

nanoparticle. 

 

Silver nanoparticles show characteristic absorption maxima 

at 420nm, a deviation from these maxima, either decrease 

(Blue shift) or increase (Red shift) in the absorption 

indicates the presence of impurities. Impurity, in this case, 

could be the components of the biological extract or the 

capping and stabilizing agents present inherently. Silver 

nanoparticles synthesized using various plant sources as 

reducing agents showed a peak wavelength around 420nm 

and were stable for over one year (Table 1).  

 

The size of the synthesized AgNPs was confirmed using 

SEM analysis and showed an average size ranging from 50-

80nm. EDAX analysis confirmed the presence of silver 

metal and no other metal impurities were detected.  
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Antibacterial effect of synthesized AgNPs 

Antimicrobial activity of chemically v/s green 

synthesized AgNPs against E. coli and S. aureus using 

Agar Cup Method (Bioassay): Bioassay technique was 

used to determine the antibacterial activity of the 

synthesized nanoparticles against E.coli and S.aureus. It 

was observed that the AgNPs synthesized using plant 

extracts showed a zone of clearance around the well, 

comparable to the chemically synthesized AgNPs and 

ampicillin. The zone of inhibition diameter was larger in E. 

coli (Figure 1a) than that of S. aureus (Figure 1b). Distilled 

water used as a negative control showed no zone of 

clearance around the well. The average diameter zone of 

inhibition was found to be more against E.coli as compared 

to that against S. aureus. 

 

This shows that AgNPs have better activity against gram-

negative organism as compared to the gram-positive 

organism, this can be attributed to the thick peptidoglycan 

cell wall layer in gram-positive organisms which make it 

harder for the nanoparticles to penetrate the cell.

 

Table 1 

Absorption maxima of synthesized AgNPs 
 

Source Scientific names Λ max (nm) 

0.1% Turmeric Curcuma longa 421.0 

0.1% Tulsi Ocimum tenuiflorum 424.5 

0.1% Ashwagandha Withania somnifera 412.0 

0.1% Arjun Terminalia arjuna 421.0 

10% curry leaves Murraya koenigii 411.0 

10% Aloe vera Aloe vera 437.0 

Chemical synthesis (control) 1% Tri sodium citrate 420.0 

 

 
Figure 1: Diameter of zone of inhibition formed by ampicillin, chemically synthesized AgNPs and AgNPs synthesized 

using various plant extracts as given in the figure, on nutrient agar seeded with a) E. coli and b) S. aureus 
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Between chemically synthesized nanoparticles and green 

synthesized NPs, the green synthesized NPs showed a 

larger diameter against both E. coli and S. aureus which 

shows that green synthesized nanoparticles have better 

antibacterial activity as compared to chemically 

synthesized AgNPs. However, this difference is not too 

significant. A more systematic study should be carried out 

to determine the exact concentration and antibacterial 

activity against other model organisms. 

 

Determination of the effect of AgNPs on the growth of E. 

coli, S. aureus and S. cerevisiae: Silver NPs synthesized 

using Turmeric, Arjun, Ashwagandha and curry plant 

extracts were observed to inhibit the growth of E.coli 
successfully as shown in fig. 2a. It was observed that even 

as low as 50μL of AgNP showed a decrease in O.D. of the 

overnight growing culture. The trend seems to be reducing 

up to the middle AgNP concentration, 200μL for AgNPs 

synthesized using Arjun, Turmeric and curry leaves plant 

extracts and 300μL for AgNPs synthesized using 

Ashwagandha plant extract. The O.D. is seen to slightly 

increase as concentration increases beyond 300μL; this 

could be due to the colour of the synthesized AgNP solution 

in the media.  

 

For S. aureus, it was observed that with an increase in the 

concentration of Turmeric and Arjun AgNP, the O.D. 

decreased with 300μL showing the maximum inhibition for 

AgNPs synthesized using arjun extract and with 400 μL for 

AgNPs synthesized using Turmeric extract (Figure 2b). The 

increase in O.D. at 500 μL can be due to the contribution of 

the colour of the AgNP solution itself. There was no such 

trend observed for curry leaves and ashwagandha 

nanoparticles. The highest inhibition was observed at 200 μL 

volume of AgNPs synthesized using curry leaves and 

ashwagandha extracts. 

 

AgNPs synthesized using plant extracts were observed not 

to significantly affect the growth of S. cerevisiae at any 

volume from 10 μL to 500 μL after 48 hours of incubation 

(Figure 2c). This gives us the idea that the same lower 

volumes of AgNPs are highly effective as an antibacterial 

agent against prokaryotes but are not harmful in a eukaryotic 

organism, making it a potential antibacterial agent and can 

replace many antibiotics that have developed resistance in 

the microorganisms. However, a slight reduction in the 

growth is observed compared to the positive control which 

gives us an idea that unregulated use of the synthesized 

AgNPs can be toxic. 

 

Therefore, a comprehensive study of the mechanism of 

action and downstream processes should be carried out 

before using the AgNPs in medicinal or environmental 

applications. The AgNPs showed antibacterial activity 

against both E. coli and S. aureus but showed no significant 

effect on the growth of S. cerevisiae. Therefore, this property 

of the AgNPs was used to treat water contaminated with 103 

CFU/mL E. coli. 
 

Treatment of Contaminated Water: The primary 

contaminant found in drinking water and wastewater was 

E.coli. Water spiked with E.coli was used to check for the 

ability of AgNPs to treat contaminated water efficiently. 

A reduction in the number of CFU/ml was observed in 

water with a load of 103CFU/mL E.coli when treated with 

AgNPs. With just 10 μL of the synthesized silver 

nanoparticles, a complete reduction in the number of 

colonies formed was observed for chemically synthesized 

silver nanoparticles and AgNPs synthesized using turmeric 

and tulsi extracts in just 10 minutes and 20 minutes using 

AgNPs synthesized using curry leaves (Figure 3).  End-

point assay was carried out to determine the efficiency of 

water treatment using ashwagandha and arjun 

nanoparticles. Increasing volumes of AgNPs were added 

and the O.D. was measured at 0 minutes i.e. immediately 

after treatment with AgNPs.  

 

It was observed that AgNPs synthesized using arjun 

extract showed complete inhibition at 0 minutes with as 

low as 5 μL of the AgNPs. AgNPs synthesized chemically 

and using ashwagandha extract, showed complete 

inhibition with 30 μL of AgNPs (Figure 4). Therefore, the 

antimicrobial property of AgNPs synthesized using arjun, 

turmeric and tulsi plant extracts should be explored further 

for the treatment of water, as it is a non-toxic, less time 

consuming and less expensive process as compared to 

other physical methods and can also be used to develop 

potable water drinking devices. 

 

 
Figure 2: Effect of increasing concentrations of AgNPs on the growth of  

a) E. coli, b) S. aureus and c) S. cerevisiae 
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Figure 3: Water treatment with synthesized AgNPs using Turmeric, Tulsi and curry leaves extracts  

at various time intervals 

 

 
Figure 4: Water treatment with synthesized AgNPs using Arjun and Ashwagandha extracts  

at increasing volumes of AgNPs 

 

Effect of AgNPs on Advanced Glycation End products: 

The effect of AgNPs synthesized using Arjun, 

Ashwagandha, Aloe vera, Turmeric and curry leaves 

extracts on AGEs was studied by measuring the UV 

absorbance at 420nm. For 3mg/mL of BSA and 6mM 

methylglyoxal, browning was observed in 7 days of 

incubation at 37oC. BSA without MG or AGNPs showed the 

lowest absorbance value whereas BSA and MG mixture 

showed comparatively high absorbance indicating the 

formation of advanced glycation end-products. BSA and 

MG mixture treated with AgNPs synthesized using 

Ashwagandha, curry leaves and Aloe vera showed a 

reduction in absorbance values indicating inhibition of 

formation of AGEs with increasing volumes of AgNPs 

(Figure 5). As high as 88.80% decrease in absorbance was 

observed with 200 μL of curry leaves AgNPs while only 

10.32% reduction at 50 μL AgNPs was observed.  

 

Similar inhibition was observed at 200 μL of Ashwagandha 

AgNPs (76.51%) and Aloe vera AgNPs (81.50%). The 

results obtained using Ashwagandha, curry leaves and Aloe 

vera AgNPs are consistent with previous studies on the 

inhibitory effect of AgNPs synthesized using Aloe vera on 

AGEs formation3,12. 
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Figure 5: Effect of AgNPs on AGEs with increasing concentrations of AgNPs. UV absorbance values of BSA and 

MG incubated at 37oC/7 days observed at 420nm with increasing volumes of AgNPs 

 

BSA and MG mixture were treated with AgNPs synthesized 

using Arjun and Turmeric plant extracts, the absorbance 

increased with increasing volumes of AgNPs. For AgNPs 

synthesized using Arjun, the highest inhibition was obtained 

at 50 μL (64.87%) and lowest at 200 μL (29.36%). No 

inhibition was observed at 200 μL for turmeric AgNPs. 

However, UV absorbance is just a confirmatory test for the 

browning reaction indicating AGE formation and further 

specific tests like fructosamine assays and NBT assays that 

detect the presence of protein-bound Carbonyl compounds. 

 

The inhibitory effect of increasing concentration of AgNPs 

synthesized using various plant extracts on formation of 

AGEs was analyzed by 2-way ANOVA (Microsoft Excel, 

2011). The results obtained with the statistical analysis are 

significant. AgNPs exhibit varied effects on AGEs 

formation based on increasing volumes and different sources 

of plant extract used for synthesis of AgNPs. Although 

AgNPs demonstrate to be a promising candidate as a 

potential antiglycating agent, each AgNP synthesized using 

different plant extracts should be treated separately and their 

dosage concentration and mechanism of action should be 

studied individually. 

 

The current study shows that green synthesized silver 

nanoparticles using Ashwagandha, Aloe vera and curry 

leaves extracts show anti-glycating properties in a 

concentration-dependent manner that can work as 

therapeutic agents in the treatment of secondary 

complications of diabetes. An in-depth and extensive study 

of the properties and mechanism of AgNPs synthesized 

biogenically must be carried out to better understand their 

role in medicinal and therapeutic applications. 

Conclusion 
The potential of silver nanoparticles as an antibacterial agent 

with bactericidal effects on multidrug-resistant pathogens 

has been long established20. The result of our study validates 

that silver nanoparticles were synthesized using various 

plant extracts like Turmeric, Aloe vera, Arjun, 

Ashwagandha, Curry leaves and Tulsi which were eco-

friendly, free of toxic chemicals, easy to synthesize, low cost 

and remained stable for over one year. They show 

antibacterial activity against both E. coli and S. aureus. The 

synthesized AgNPs show no significant effect on the growth 

of S. cerevisiae. 

 

Hence, they can be assumed to be less toxic in eukaryotes as 

compared to prokaryotes and therefore can be used for 

environmental and therapeutic applications in a regulated 

manner. Since E.coli is the major contaminant found in 

drinking water21, the AgNPs were used to treat water 

contaminated with E. coli and complete inhibition was 

observed when water spiked with E.coli was treated with 30 

μL of synthesized AgNPs within 10 minutes. Silver 

nanoparticles synthesized using these plant extracts can 

prove to be a cheap, quick, yet effective way to treat 

contaminated drinking water.  

 

AgNPs synthesized using Aloe vera, Ashwagandha and 

curry leaves plant extract also have anti-glycating potential 

and were aligned with earlier findings3. Nanoparticles are 

also known to induce cytotoxic pathways14,15. Therefore, a 

comprehensive study of the antiglycating ability of the 

AgNPs12,26 and their bio distribution and downstream 

pathways should be performed to understand their role in 

therapeutic applications better.  
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The green synthesized nanoparticles using Turmeric, Aloe 
vera, curry leaves, Arjun, Ashwagandha and Tulsi plant 

extracts show enormous acts of exploration potential and 

hence detailed studies should further be carried out to 

understand their morphology, mechanisms and applications 

better. Silver nanoparticles synthesized using a green 

approach hold seemingly endless potential.  

 

Acknowledgement 
The present work was partially funded by Mumbai 

University Research Grant to Dr. Priya Sundarrajan (Grant 

number 85, 2017-18). We are also thankful to Dr. Ahmad 

Ali, Assistant Professor, Department of Life Science, 

University of Mumbai for generously providing 

methylglyoxal for the study, to Devashri Kadam and Sweta 

Chalwadi for data on SEM-EDAX analysis of nanoparticles 

 

References 
1. Ahmed S., Ahmad M., Swami B.L. and Ikram S., A review on 

plants extract mediated synthesis of silver nanoparticles for 

antimicrobial applications: A green expertise, J Adv Res., 7(1), 17-

28 (2016) 

 

2. Albrecht A.M., Evans C.W. and Raston C.L., Green Chemistry 

and the Health Implications of Nanoparticles, Green Chem., 8(5), 

417-432 (2006)  

 

3. Ashraf J.M., Ansari M.A., Khan H.M., Alzohairy M.A. and Choi 

I., Green synthesis of silver nanoparticles and characterization of 

their inhibitory effects on AGEs formation using biophysical 

techniques, Sci Rep., 6, 20414 (2016)  

 

4. Bharti V.K., Malik J.K. and Gupta R.C., Ashwagandha: Multiple 

Health Benefits, Eds., Gupta Ramesh C., Nutraceuticals, Academic 

Press, Chapter 52, 717-733 (2016) 

 

5. Bryan C.J., Monique E.J., Antonio R.M.B., Karen E.M., Michael 

R.W. and José R.V.B., Silver Nanoparticles: Technological 

Advances, Societal Impacts and Metrological Challenges, Front. 

Chem., doi:10.3389/fchem.2017.00006 (2017) 

 

6. Chaloupka K., Malam Y. and Seifalian A.M., Nanosilver as a 

new generation of nanoproduct in biomedical applications, Trends 

Biotechnol., 28(11), 580-8 (2010) 

 

7. Cohen M.M., Tulsi - Ocimum sanctum: A herb for all reasons, J 

Ayurveda Integr Med., 5(4), 251–259 (2014)  

 

8. Devatkal S.K., Thorat P.R., Manjunatha M. and Anurag R.K., 

Comparative antioxidant effect of aqueous extracts of curry leaves, 

fenugreek leaves and butylated hydroxytoluene in raw chicken 

patties, J Food Sci Technol., 49(6), 781-5 (2012)  
 

9. Galdiero S. et al, Silver Nanoparticles as Potential Antiviral 

Agents, Molecules, 16(10), 8894-918 (2011) 
 

10. Gardea-Torresdey J.L. et al, Troiani H. and Jose-Yacaman M., 

Alfalfa sprouts: a natural source for the synthesis of silver 

nanoparticles, Langmuir, 19(4), 1357–1361 (2003) 
 

11. Hussain I., Singh N.B., Singh A., Singh H. and Singh S.C., 

Green synthesis of nanoparticles and its potential application, 

Biotechnol Lett., 38, 545–560 (2015) 

12. Jha P. and Ali A., Bionanoparticles in the Treatment of 

Glycation-Induced Secondary Complications of Diabetes, In: 

Husen A. and Iqbal M., eds., Nanomaterials and Plant Potential, 

Springer, Cham., 299-315 (2019) 

 

13. Li Y., Leung P., Yao L., Song Q.W. and Newton E., 

Antimicrobial effect of surgical masks coated with nanoparticles, 

J. Hosp Infect., 62(1), 58-63 (2006) 

 

14. Lujan H. and Sayes C.M., Cytotoxicological pathways induced 

after nanoparticle exposure: studies of oxidative stress at the 

‘nano–bio’ interface, Toxicology Research, 6(5), 580-594 (2017)  

 

15. Mohamed B.M., Verma N.K., Prina-Mello A., Williams Y., 

Davies A.M., Bakos G., Tormey L., Edwards C., Hanrahan J., 

Salvati A., Lynch I., Dawson K., Kelleher D. and Volkov Y.,  

Activation of stress-related signalling pathway in human cells upon 

SiO2 nanoparticles exposure as an early indicator of cytotoxicity, 

J. Nanobiotechnol., 9, 29 (2011) 

 

16. Monnier V.M., Stevens V.J. and Cerami A., Maillard reactions 

involving proteins and carbohydrates in vivo: relevance to diabetes 

mellitus and aging, Prog Food Nutr Sci., 5(1-6), 315-27 (1981) 

 

17. Nejatzadeh-Barandozi F., Antibacterial activities and 

antioxidant capacity of Aloe vera, Org Med Chem Lett, 3, 5 (2013)  

 

18. Prasad S. and Aggarwal B.B., Turmeric, the Golden Spice: 

From Traditional Medicine to Modern Medicine, In: Benzie I.F.F. 

and Wachtel-Galor S., eds., Herbal Medicine: Biomolecular and 

Clinical Aspects, 2nd edition, Chapter 13, Boca Raton (FL): CRC 

Press, Taylor & Francis (2011) 

 

19. Protima R., Siim K., Stanislav F. and Erwan, A Review on the 

Green Synthesis of Silver Nanoparticles and Their Morphologies 

Studied via TEM, Advances in Materials Science and Engineering, 

https://doi.org/10.1155/2015/682749 (2015)  

 

20. Rai M., Deshmukh S., Ingle A. and Gade A., Silver 

nanoparticles: the powerful nanoweapon against multidrug‐
resistant bacteria, Journal of Applied Microbiology, 112, 841-852 

(2012)  

 

21. Ram S., Vajpayee P. and Shanker R., Contamination of potable 

water distribution systems by multiantimicrobial-resistant 

enterohemorrhagic Escherichia coli, Environ Health Perspect., 

116(4), 448-452 (2008) 

 

22. Shakeel A., Mudasir A., Babu L.S. and Saiqa I., A review on 

plants extract mediated synthesis of silver nanoparticles for 

antimicrobial applications: A green expertise, Journal of Advanced 

Research, 7(1), 17-28 (2016)  

 

23. Sultana B., Anwar F. and Przybylski R., Antioxidant activity 

of phenolic components present in barks of Azadirachta indica, 

Terminalia arjuna, Acacia nilotica and Eugenia jambolana Lam. 

Trees, Food Chemistry, 104(3), 1106-1114 (2007) 

 

24. Suman T.Y., Radhika Rajasree S.R., Kanchana A. and 

Elizabeth S.B., Biosynthesis, characterization and cytotoxic 

effect of plant mediated silver nanoparticles using Morinda 

citrifolia root extract, Colloids Surf B Biointerfaces, 106, 74-8 

(2013) 

 

https://doi.org/10.1155/2015/682749


Research Journal of Chemistry and Environment_______________________________________Vol. 26 (4) April (2022) 
Res. J. Chem. Environ. 

35 

25. Vesterdal J., The Agar Cup Method for the Estimation of 

Penicillin, Acta Pharmacologica et Toxicologica, 2, 9-21 (1946) 

 

26. Yu S., Zhang W., Liu W., Zhu W., Guo R., Wang Y., Zhang 

D. and Wang J., The inhibitory effect of selenium nanoparticles 

on protein glycation in vitro, Nanotechnology, 26(14), 145703 

(2015). 

(Received 05th September 2021, accepted 09th November 

2021) 

 

 

 
 

 

 

 

 


