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ABSTRACT 

This work shows that green synthesis is a secure, 

affordable, and environmentally friendly way to 

create nanoparticles. In both the present and the 

future, the green synthesis of metal and metal oxide 

nanoparticles is very alluring. Different kinds of 

natural extracts, including those from plants, 

fungus, bacteria, and yeast, have been employed 

successfully as raw materials for the creation of 

products. Among them, biologically produced plant 

extracts have shown to have mostly stable goods 

that don't have any negative effects, and waste 

disposal is easy and toxin-free. In addition to being 

extensively used in the field of environmental 

remediation, the greenly produced silver 

nanoparticles have a wide range of additional vital 

uses in the pharmaceutical, food, cosmetic, and 

other industries.Nanotechnology is rapidly gaining 

importance inseveral areas like health 

care, cosmetics, food and feed, environmental 

health, mechanics, optics, biomedical 

sciences, chemical industries, electronics, space 

industries, drug-gene delivery, energy 

science, optoelectronics, catalysis, single-electron 

transistors, light emitters, nonlinear optical 

devices, and photoelectrochemical applications. 

Nanomaterials are seen as a solution to 

several technological and environmental challenges 

within the field of solar power 

conversion, catalysis, medicine, and water 

treatment. In the context of worldwide efforts to 

scale back hazardous waste, the continuously 

increasing demand for nanomaterials must be amid 

green synthesis methods.   

KEYWORDS: Silver nanoparticles , 

Biofabrication ,green synthesis , nature extract , 

rhizome. 

 

I. INTRODUCTION : 
The present study showed the potential of 

Withania Somnifera root extract to reduce the silver 

ions to synthesize silver nanoparticles that can be 

used for different applications like Anti-bacterial 

and Anti-inflammatory activity. In the future, it can 

be further formulated for various clinical 

applications as well.  Biofabrication is usually 

defined as the production of complex biologic 

products from raw materials such as living cells, 

matrices, biomaterials, and molecules. This rapidly 

evolving technology has been stimulated by the 

development of 3D fabrication technologies. 

Ashwagandha (Withania somnifera) Ashwagandha, 

a perennial shrub, is also known as Indian ginseng 

or winter cherry, and belongs to the nightshade 

family Solanaceae. It has been used for centuries in 

Indian, Chinese, and Arabic traditional medicines. 

The root extract is recommended for medication 

and supplement purposes. Silver nanoparticles are 

nanoparticles of silver of between 1 nm and 100 nm 

in size.[1] While frequently described as being 

'silver' some are composed of a large percentage of 

silver oxide due to their large ratio of surface to 

bulk silver atoms. Numerous shapes of 

nanoparticles can be constructed depending on the 

application at hand. Commonly used silver 

nanoparticles are spherical, but diamond, 

octagonal, and thin sheets are also common.  

Their extremely large surface area permits 

the coordination of a vast number of ligands. The 

properties of silver nanoparticles applicable to 

human treatments are under investigation in 

laboratory and animal studies, assessing potential 

efficacy, biosafety, and biodistribution. 

 

ADVANTAGES: 

(i) Improved bioavailability, 

(ii) Reduced toxicity, 

(iii) Sustained and controlled release,  

(iv) Ability to target, 

(v) Provide effective delivery to the brain and 

intracellular compartment 

 

DISADVANTAGES: 

1.Despite all that advantages, there have been 

certaindisadvantages in pharmaceutical applications 

of nanotechnology. 
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2.  Nanoparticles have a very large surface area 

compared to their volume, so they are active to 

react quickly. 

3.a result, there is a potential for serious cellular 

damage. 

 

BIOPRODUCTION OF NANOPARTICLES: 

Due to incredible properties nanoparticles 

became significant in many fields within recent 

years, like energy, health care, environment, 

agriculture, etc. The preparation of nanoparticles is 

carried out either by (i) Nanoparticle synthesis or 

by (ii) the Processing of nanomaterials into 

nanostructure particles. The silver nanoparticles are 

prepared by using physical, chemical, and 

biological methods. The physical and chemical 

methods are very expensive. Biological methods of 

nanoparticles synthesis would help to get rid of 

harsh processing conditions by enabling the 

synthesis at physiological pH, temperature, 

pressure, and at an equivalent time at a lower cost. 

A large number of microorganisms have been 

found capable of synthesizing inorganic 

nanoparticles composite either intra or 

extracellularly. There are numerous methods 

available using various approaches including 

chemical, physical, and biological protocols for the 

synthesis of nanoparticles. 

1. Physical Method 

2. Chemical Method 

3. Biosynthesis of Nanoparticles 

 

GREEN SYNTHESIS: 

Science and technology are moving at a 

rapid pace today. Environmental 

engineeringscience is witnessing drastic changes. 

Similarly,nanotechnology and green 

nanotechnologyare moving from one visionary 

paradigm towards another.Green synthesis is 

defined as the use of environmentally compatible 

materials such as bacteria, fungi, and plants in 

the synthesis of nanoparticles. Theseattractive 

green strategies are free of the shortfallsassociated 

with conventional synthetic strategies, i.e., they are 

eco-friendly.Alternatively,synthesis from 

biologically derived extracts offers several 

advantages such as rapid synthesis, high yields, 

andimportantly, the lack of costly downstream 

processing required to produce the particles. Hence, 

nanoparticle synthesis from plantextracts 

tentatively offers a route for the large-scale 

production of commercially attractive 

nanoparticles. 

 

METHOD OF PREPARATION 

Solvent System-Based “Green” Synthesis 

Solvent systems are a fundamental component in 

the synthesis process, whether it is a “green” 

synthesis or not. Water is always considered an 

ideal and suitable solvent system for synthesis 

processes. According to Sheldon, “the best solvent 

is no solvent, and if a solvent is  desirable then 

water is ideal”. Water is the cheapest and most 

commonly accessible solvent on earth. Since the 

advent of nanoscience and nanotechnology, the use 

of water as a solvent for the synthesis of various 

nanoparticles has been carried out. For instance, 

synthesized Au and Ag nanoparticles at room 

temperature using gallic acid, a bifunctional 

molecule, in an aqueous medium. Gold 

nanoparticles were produced via a laser ablation 

technique in an aqueous solution. The oxygen 

present in the water leads to partial oxidation of the 

synthesized gold nanoparticles, which finally 

enhanced its chemical reactivity and had a great 

impact on its growth. In the literature, “green” 

synthesis consists of two major routes: 

• Wherein water is used as a solvent system. 

• Wherein a natural source/extract is utilized as the 

main component. 

        

(a) Many metal catalysts, polar organic compounds, 

and gases are easily dissolved in ILs to support 

biocatalysts. 

(b) ILs have constructive thermal stabilities to 

operate in a broad temperature range. Most of these 

melts below room temperature and begin to 

decompose above 300 or 400 °C. As such, they 

allow a broader synthesis temperature range (e.g., 

three to four times) than that of water. 

(c) The solubility properties of IL can be modulated 

by modifying the cations and anions associated 

with them. 

(d) Unlike other polar solvents or alcohols, ILs are 

non-coordinating. However, they have polarities 

comparable to alcohol. 

(e) I do not evaporate into the environment like 

volatile solvents because they have no 

vapor pressure. 
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Traditional Uses   
Traditionally, Anxiolytic-Anti-depressive, 

Antifungal, Anti-malarial, Antibacterial, 

Hypoglycemic effect, Anticancer activity, Anti-

inflammatory, Antitumor, Anti-stress, Antioxidant, 

Immunomodulatory, Antidiabetic. 

 In Sanskrit, ashwagandha means “smell of the 

horse” due to its unique smell. (It doesn't 

smell like a horse per se, but it has a pungent 

barnlike, earthy fragrance. Gum is bland and 

mucilaginous. Seeds are acrid and stimulant. 

Chemical Constituents Present in Roots 
 Chemical constituents of Withania Somnifera 

are always of interest to researchers. 

  The biologically active chemical constituents 

are alkaloids (ashwagandhine, cuscohygrine, 

anahygrine, tropine, etc.), steroidal 

compounds, including ergostane type 

steroidal lactones, withaferin A, withanolides 

A-y, withasomniferin-A, withasomidienone, 

withasomniferols AC, withanone, etc. 

 Other constituents include saponins containing 

an additional acyl group (sitoindoside VII and 

VIII), and withanolides with glucose at carbon 

27 (sitoindoside IX and X).  

 Apart from these contents plants also contain 

chemical constituents like withaniol, acylsteryl 

glucosides, starch, reducing sugar, 

hantreacotane, ducitol, a variety of amino acids 

including aspartic acid, proline, tyrosine, 

alanine, glycine, glutamic acid, cystine, 

tryptophan, and high amount of iron.  

 
Withanolide A 

 

PHYSICAL APPEARANCE   
Root extract is having:  

 Colour - pale yellowish 

Odour - pungent (horses’ urine)  

pH  -  8.5 

 

PLAN OF WORK 
The present works were carried out to bio fabricate 

and characterize the silver nanoparticle of Withania 

Somnifera root extract by using silver nitrate and 

investigating their anti-microbial and anti-

inflammatory activity.   

The following experimental protocol was therefore 

designed to allow a systemic approach to the study:  

● Collection of literature related to green 

synthesis, silver nanoparticles, and the 

Withania Somnifera plant.  

● Selection of plant part and its extraction 

method. 

● Preparation of silver nanoparticles. 

● Preliminary analysis (colour change, UV-

analysis). 

● Evaluation of silver nanoparticles for the 

following physicochemical parameters:  

⮚UV Analysis. 

⮚FTIR Studies. 

⮚Particle Size Analysis. 

⮚Zeta Potential Analysis.  

⮚X-Ray Diffraction Studies. 

⮚SEM (Scanning Electron Microscopy). 

⮚In vitro Anti- microbial study,Agar Diffusion 

Method.  

⮚In vitro Anti-inflammatory study,Denaturation of 

Protein Albumin. 

MATERIALS 

 List of Materials Used:  
Thematerials shown below were used for the 

biofabrication of silver nanoparticles.  

The entire materials used were of best quality.  

 

EXPERIMENTAL PROCEDURE  

Plant Material Collection and Preparation of 

Extract  
 The roots of the Withania Somnifera plant 

were collected from in and around areas of 

Palakkad District and good grade roots were 

selected from them.   

❖ The roots selected were cut into thin slices.  

❖ Freshly collected roots were washed 

thoroughly by using distilled water to remove 

the soil particlesand other impurities present in 

the root part.  

❖ The outer layer of the root was removed and 

allowed to dry in shade for 15 days.  

❖ After the complete removal of water, the root 

was sliced into small pieces and grinded to a 

coarse powder using a mixer grinder.  
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❖ About 80gm of grinded powder was taken and 

boiled with 800 ml of doubledistilled water 

(DDW) for about 1 hour.  

❖ After cooling to room temperature, the mixture 

was filtered using the Whatman filter paper 

no.1, and the root extract of Withania 

Somnifera was thus prepared.  

❖ This was continued several times for obtaining 

the required quantity of the root extract.  

The prepared root extract can be stored in the 

refrigerator (4
○
C) for future uses 

 

Procurement of Ratio for Formulation of Silver 

Nanoparticle 
                To find out the optimum ratio of silver 

nanoparticle formulation. The different ratios of 

Withania Somnifera root extract:silver nitrate 

solutionwasF1 (1:1), F2 (1:3), F3 (1:6), and F4 

(1:9).The selection of the appropriate ratio is done 

by taking the color of silver nitrate and Withania 

Somnifera root extract as control. Among the 

different ratios of the formulation showing an 

acceptable color change is selected and it is the first 

indication of the formation of the Withania 

Somnifera root extract Nanoparticle.UV-visible 

spectroscopy was conducted in a range of 200-

800nm and the formulation showing absorbance 

within the limit of silver nanoparticles is selected 

for further study.  

 

 Preformulation Study 
Preformulation testing is an investigation 

of the physical and chemical properties of a drug 

substance alone and when combined with a 

polymer. The overall objective of Preformulation 

testing is to generate useful information for the 

investigator in developing a stable dosage form 

obviously, the type of information needed will be 

depended on the formation to be developed. The 

use of the preformulation parameter maximizes the 

chances of formulating an acceptable and stable 

product.  

 

Colour, Odour, Appearance  
The extract was evaluated for its color, odor, taste, 

and appearance and the results have been noted.  

 

Melting Point Determination   
The melting point is the main indication of 

the purity of the sample since the presence of a 

relatively small amount of impurity can be detected 

by a lowering as well as widening in the melting 

point range. Melting point determination of the 

obtained Withania Somniferasample was done by 

the open capillary method. Before performing the 

analysis, the equipment was calibrated and 

immediately after this the Withania 

Somniferasample was compacted into capillary 

tubes each 6 mm long and 1mm diameter. The 

capillaries were introduced vertically into the 

equipment, with heating 10
⸰

C per minute. The 

reading was performed three times. The melting 

point of the drug was noted and compared with the 

melting point of the reference sample cited in 

Indian pharmacopeia. 

 

Synthesis of Silver Nanoparticles of Withania 

Somnifera Root Extract  
1mM of silver nitrate (AgNO3) was 

prepared in a 1000ml beaker (0.1698 g AgNO3 is 

added to 1000ml of distilled water).This beaker is 

placed on a magnetic stirrer for complete mixing of 

the silver nitrate solution.The 100 ml root extract of 

Withania Somniferaaqueous root extract was added 

drop by drop todifferent ratios of silver nitrate 

solution as 100ml(F1), 300ml (F2), and 600 ml 

(F3), 900 ml (F4) ratio by using a dropper. The 

reaction was carried out in a beaker kept on stirring 

at a temperature of 60⸰C for about 8 hours.  

The change in the color of the solution of different 

ratios was noted because the color of the solution 

indicates the formation of Withania Somnifera root 

extract Nanoparticles. Then the formulation was 

kept under dark conditions for 24 hours and the 

solution was centrifuged at 4,000 rpm, 20◦C for 

15minutes.Then the supernatant was removed from 

the tube and the product was taken which was 

placed for drying under dark conditions. 

 

 

EVALUATION 

To confirm the presence of silver nanoparticles in 

the formulation, UV-VISIBLE spectrophotometer 

analysis, and visual observations were performed 

along with the following.  

 

 UV- VISIBLE Spectrophotometer  
To determine the time point of the 

maximum production of silver nanoparticles,the 

absorption spectra of the AgNO3, Withania 

Somnifera root extract, and F1, F2, F3, and F4 

formulations were taken in between 200 to 800nm 

using the UV–Visible spectrophotometer. The 

deionized water was used as the blank.  

 The best formulation can be selected from the 

absorption spectrum of the different formulations 
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by taking the characteristic peak of silver 

nanoparticles.  

 

Fourier Transform Infra Redspectroscopy 

(FTIR)  

FTIR analysis was carried out to identify 

the possible biomolecules responsible for the 

reduction of the Ag
+
 ions and capping of the bio-

reduced silver nanoparticles synthesized.  To 

determine the involvement of functional groups in 

the formation of Withania Somnifera root extract 

nanoparticles FTIR was conducted in the range of 

4500 to 500 cm. The FTIR of Silver nitrate, 

Withania Somnifera root extract, and the 

synthesized Withania Somnifera root extract 

nanoparticles were carried out. The synthesized 

nanoparticles of Withania Somnifera root extract 

also contains biomolecules that are not capped on 

nanoparticles; they are removed by dissolving in 

DDW and centrifuged at 500rpm for about 10 min, 

the procedure is repeated 3 times, and the final 

pellet obtained is dried at 60
⸰

C in a hot air oven 

and used for the characterization.  

 

Particle Size Analysis  
  The particle size analysis ofWithania 

Somniferaand different formulations of silver 

nanoparticles was carried out using a Microtrac 

Blue wave-particle size analyzer. Before 

measurement of the samples, they have to be 

diluted with de-ionized water to obtain a suitable 

concentration for measurement. The results 

obtained for particle size distributions were used to 

confirm the formation of nano-sized particles
[17]

.  

 

Gram-NegativeBacteria  
Escherichia coli  

Klebseilla pneumonia  

Standard:Amoxyllin 

Solvent: Distilled  

 

Anti-BacterialActivity  
It is evident from the literature that silver 

nanoparticles exhibit pronounced antibacterial 

activity.Anti-bacterial activity screening was 

performed for the synthesized compound (silver 

nanoparticle). Four bacterial strains were used, two 

weregram-positive and the other two weregram-

negative. Various concentration of silver 

nanoparticle was used to test anti-bacterial activity. 

The standard used during the screening was 

Amoxyllin.  

Requirements:  

Nutrient agar, nutrient broth, Petri dishes, spatula, 

test compounds, standard drug, solvent, whattmann 

filter paper.  

The following strains have been used for the study. 

 

Gram-PositiveBacteria  
Staphylococcus aureus -Bacillus subsites -water  

 

II. RESULT AND DISCUSSION : 
 PREFORMULATION STUDIES  

 CHARACTERIZATION OF ROOT:  
The root of Withania Somnifera was evaluated by 

physical characters and determining the melting 

point. 

PHYSICAL OBSERVATION STUDIES:  
Colour - Pale yellowish  

Odour  -Characteristic  

Taste  -Bitter  

 

 SOLUBILITY STUDIES:  
Withania Somnifera is soluble in hot water, quite 

soluble in alcohol and insoluble in cold water.  

 MELTING POINT DETERMINATION: 
The melting point of Withania Somnifera was 

found to be 189
⸰ 

C. 

 

III. CONCLISION 
The synthesized silver nanoparticles by 

green synthesis are having a wide range 

of applications that are applied extensively both in 

the field of environmental remediation and in other 

important areas like pharmaceutical, food, cosmetic 

industries, and many more. In thestudy, the 

biological synthesis of Withania Somnifera silver 

nanoparticles was successfully prepared. The 

method was found to be simple and does not need 

any specialized equipment or isolation techniques. 

Different characterization methods prove the 

formation of silver nanoparticles. The synthesized 

silver nanoparticles were of an estimated size, the 

first indication was visual observation and further 

characterization using the UV-Visible spectroscopy 

showed a peak at 431nm for F4 formulation, which 

confirmed the synthesis of silver nanoparticles. The 

FTIR result of formulated silver nanoparticles 

showed no interaction between silver nitrate and 

the extract. The particle size of the nanoparticles is 

homogeneous in size and the size distribution is 

compared with that of the extract. All the 

formulations showed lower particle sizes. Among 

these, the F4 formulation showed the lowest 

particle size range of (64.14 d.nm). Zeta potential is 

an indication of the stability of the formulations 

which should be around ±20 mV. The Zeta 
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potential of F4 (14.9 mV)indicated good quality 

and showed the best formulation. The image of the 

SEM result showed agood surface morphologyin 

small rectangular needle-shaped structure for F4 

formulation when compared with that of 

Withania Somnifera root extract. The XRD 

technique for F4 formulation showed reduced 

diffraction peaks when compared with that of 

Withania Somniferaroot extract and the XRD 

technique showed the faced centered cubic in 

nature of the nanoparticles. 
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