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ABSTRACT  
 
Ashwagandha (Withania somnifera (L.) is a perennial medicinal plant that belongs to family 
Solanaceae. This is popularly known as Indian ginseng as it has rejuvenating and 
stimulating potential. The rapid and indiscriminate use of antimicrobial synthetic drugs, 
have necessitated the need to  use ashwagandha as an antimicrobial source plant.  The 
plant is a "sleep- inducer and it is highly medicinal. The leaves are useful in painful swelling, 
the flowers are aphrodisiac and the seeds are anti-helminthic. This has a wide spectrum of 
actions and applications against diseases. The roots are useful in promoting health and 
longevity, the plants are rich source of phytochemicals such as steroids, alkaloids, volatile 
oils, amino acids, glycosides, hentriacontane, dulcitol, carbohydrates, starch, tannin, 
saponin, phenol, proteins, phytosterols, flavonoids, terpenoids, sugars and withaniol. This 
has many alkaloids including cuscohygrine, anahygrine, tropine, pseudotropine, anaferine, 
isopelletierine, withananine, pseudo-withanine, somnine, somniferine and somniferinine, 
withanolides in root and withafarin in leaves. W. somnifera leaves have the highest 
antioxidant activity in comparison to roots and fruits. The profound antioxidant potential of 
the plant leaves may be due to elevated concentration of anthocyanins and ascorbic acid in 
comparison to least concentration in other parts. Its various parts such as stems, leaves and 
roots of W.somnifera have been tried against Bacillus subtilis, Staphylococcus aureus, 
Streptococcus pyogenes, Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, 
Bacillus cereus, Micrococcus luteus, Pseudomonas aeruginosa and Klebsiella pneumoniae. 
Ashwagandha plant extract evaluations have projected that Gram positive bacteria were 
more susceptible than the gram negative bacteria. This also has a lot of potential in fighting 
fungal infections and evaluated against various fungi viz. Aspergillus niger, A. flavus, Candida 
albicans, Candida tropicalis, Cryptococcus neoformans, Candida kefyr A.fumigatus, A.terreus, 
Penicillium funiculosum, P.waksmani A. nidulens, A. flaviceps, Alternaria alternata, A. 
carthami, A. helianthi, Cercospora carthami, Fusarium solani, F. oxysporum, F. verticilloides 
,Nigrospora oryzae Rhizoctonia solani, Alternaria helianthi, Cercospora carthami etc and 
given promising results. It is also useful in rheumatic pain and inflammation of joints as 
well as epilepsy.  The roots are useful in cold and cough, ulcer and weakness. The bark is 
also useful in asthma as decoction, herbal tea, syrup, powder and tablets. 
 
Key words: W. somnifera, phytochemistry, antibacterial, antifungal, antioxidant, 
Withanolides, Withaferin A. 

 
 
INTRODUCTION 
 
At present, the human population is indiscriminately using 
antimicrobial synthetic drugs with serious side effects so 
herbal therapy is proposed as an alternative therapy to 
combat microbial infections being cheaper and safer than 
synthetic drugs and without environmental hazards. 
Ashwagandha (Withania somnifera (L.) is a perennial plant 
of family Solanaceae, known as  Indian ginseng (due to its 

stimulating effects) or winter cherry (Arora et al., 2004; 
Khanchandani et al., 2019; Singh et al., 2010) used in 
indigenous medicine (Mirjalili et al., 2009; Ganguly et al., 
2018) and possesses various medicinal effects (Nee Nigam 
and Owusu-Apenten, 2019).  Ashwagandha in Sanskrit 
means "horse's smell" originating from the odor of its root 
which resembles that of a sweating horse. Somnifera  in  the  
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species name means in Latin "sleep- inducer which is due to 
its sedating properties, also widely used for sexual vitality 
and as an adaptogen (Verma and Kumar, 2011). It is an 
evergreen shrub, erect, under shrub, with long tuberous 
roots (Mirjalili et al., 2009). The leaves of the plant are 
bitter, used in fever and painful swelling. The flower is 
astringent, depurative, diuretic, and aphrodisiac. The seeds 
are anti-helminthic, remove white spots from the cornea, 
increase sperm count, as well as testicular growth (Dar et 
al., 2015). This plant has a wide spectrum of actions and 
applications against diseases including gastric, hepatic, 
cardiovascular and immunological disorders (Sharma, 
2014; Mishra and Patnaik, 2020).  This is reported growing 
in the semiarid  parts of India, Pakistan, Afghanistan, Sri 
Lanka, Congo, South Africa and Egypt (Dhanani et al., 2017). 
It is one of the most valuable plants in the traditional Indian 
system of medicine (Mirjalili et al., 2009). The medicinally 
active compounds include several withanolide-type 
compounds(Mirjalili et al., 2009; Uddin et al., 2012; Bara et 
al., 2016). 

Roots, and less often leaves and fruits have been used all 
over the world as phytomedicines in different forms. It is 
specified as a herb stimulant and is used for rejuvenating, 
as a liver tonic, anti-inflammatory, antioxidant, 
antimicrobial (Bansod and Rai, 2008) agent and cure for 
asthma as well as anti-stress plant(AbdEIslam et al., 2013; 
Alam et al., 2012; Arora et al., 2004; Dharajiya et al., 2014; 
Gajarmal et al., 2014; Palliyaguru et al., 2016), improves 
memory capacity(Gupta et al., 2018),treating sexually 
transmi tted infections (Kambizi et al., 2007; Kambizi and 
Afolayan, 2008).  Leaf, root and root bark of W. somnifera 
possess antimalarial activity (Dikasso et al., 2006) and also 
anticancer property (Abdelgawad et al., 2015; Barnes et al., 
2016; Nassra et al., 2017; Palliyaguru et al., 2016; Roy et al., 
2013). So it is being  cultivated as a  medicinal crop in India 
due to high demand of roots, global interest and a 
sustainable quality for the requirements of pharmaceutical 
industry (Rajeswara et al., 2012; Nee Nigam and Owusu-
Apenten ,2019). The plant also grows at large, wildly or 
commercially in Congo, South Africa, Morocco, Egypt, Israel, 
Jordan, Pakistan, and Afghanistan (Khare, 2004; Gupta and 
Rana, 2007). The plant is anti-malarial (Dikasso et al.,2006) 
and the roots are reputed to promote health and longevity 
by augmenting defense against disease, arrest aging, 
revitalizing the body in debility, increasing resistance to 
adverse environmental factors and creating a sense of well-
being (Tiwari et al., 2014). The present study reviews the 
chemicals that have been investigated and shows what 
activity this plant shows against bacteria and fungi. The 
review records antioxidant activity in the plant and it also 
deals how it can be cultivated in field.  
 
 
PHYTOCHEMISTRY 
  
This plant is a very rich source of  phytochemicals  which  is 

present in the root, stem, leaf and fruits (Table 1). The polar 
solvents are able to extract more compounds than non- 
polar solvents which has been formerly reported  (Rizwana 
et al., 2012). According to Mali and Singh, (2013) organic 
solvents are superior solvents for extraction of antibacterial 
compounds. Ganguly et al. (2018) stated that Methanol-
chloroform-water extract of dried roots had the highest 
content of phytochemical constituents. Its roots are good 
source of Cytotoxic Withanolides (Kim et al., 2019). 
W. somnifera contains more than 80 chemical compounds, 
especially steroids (withanolides) and alkaloids (Mwitari et 
al., 2013; Singh et al., 2010; Verma and Kumar, 2011; Santhi 
and Aishwarya, 2011). Withaferin-A  a steroidal lactone, 
therapeutically active withanolide reported to be present in 
leaves but absent in roots (Mirjalili et al., 2009; Singh et al., 
2010). Due to this it projects antiarthritic, antibacterial and 
antitumor activities (Joshi et al., 2016; Roy et al., 2013). The 
leaf possess high amount from total phenolic content 
especially after flowering stage as compared to all plant 
parts (Fernando et al., 2013). Withanolide (Santhi and 
Aishwarya, 2011) isolated from leaves  is able to boost 
apoptosis and impede invasion as well as 
osteoclastogenesis (Ichikawa et al., 2006), possesses 
therapeutic potential against cancers (Abdelgawad et al., 
2015; Palliyaguru et al., 2016). It is evident that 
Withanamides (C40H62N2O13) identified in the fruits of W. 
somnifera has power to inhibit Alzheimer’s disorders. The 
berries are used in cheese manufacture to coagulate milk as 
a substitute for rennet, (Verma and Kumar, 2011). 
 
 

ANTIOXIDANT ACTIVITY  
 
Antioxidants play an important protective role against free 
radicals or reactive oxygen species. Free radical damage of 
nerves may be involved in normal ageing process and 
neurodegenerative diseases like epilepsy, schizophrenia, 
Parkinson’s and Alzheimer’s diseases. WS extracts and its 
active principles withaferin A (glycowithanolides) and sito-
indosides VII-X have the potential to modulate the activity 
of major free-radical scavenging enzymes, superoxide 
dismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GPX) levels in the rat brain frontal cortex and 
striatum. Glyco withanolides were found to normalize the 
augmented superoxide dismutase (SOD) and lipid 
peroxidation (LPO) activities. It has the capacity to enhance 
catalase (CAT) and glutathione peroxidase (GPX) activities 
in rat brain frontal cortex and striatum of chronic foot 
shock - stress induced models (Scartezzini and Speroni, 
2000; Bhattacharya et al., 2001). Administration of WS root 
extract has significantly reduced the lipid peroxidation and 
restored the decreased glutathione, SOD and catalase levels 
in chronic reserpine treated rats (Naidu et al., 2006). 
Treatment with aqueous suspension of WS root extract 
could normalize the lipid peroxidation (LPO) levels 
increased     by     lipopolysaccharides       from        Klebsiella  
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Table 1: Chemical profile of W.somnifera  
 

Plant part Compounds present References 

Different parts of the plant Qualitative phytochemical study  revealed 10 bioactive compounds like Alkaloids, 
Phenols, Steroids, Terpenoids, etc.  

(Mishra and Patnaik, 
2020) 

   
Whole plant crude extract 11 compounds, importantly Oleic Acid, Phytol and n-hexadecanoic acid at molecular 

level were identified from the extract in the GC-MS analysis 
(Mishra and Patnaik, 
2020) 

   
Volatile oils of both leaves 
and stems 

Oils consist of a mixture of thirty six and thirty seven compounds respectively with 9-
Octadecenamide as a major compound (42.81% and 44.49% respectively). 

(Ali et al., 2020) 

   
Volatile oil of leaves Methyl palmitate and isooctyl laurate (Ali et al., 2020) 
   
 Volatile oil of stems Isooctyl laurate (Ali et al., 2020) 
   
GC/MS analysis of acetone 
insoluble fraction of Leaves 
and stems  

 Indicated the presence of three n-hydrocarbons compounds with n-Pentacosane (n-
C25H52) as major component in leaves while, in stems there are six compounds in 
which nonacosane (n-C29H60)  is major component. 

(Ali et al., 2020) 

   
MeOH extract of W. 
somnifera roots 

Identification of six new withanolides, withasilolides A–F (Kim et al., 2019) 

   
Root extract  Carbohydrates, reducing sugars, alkaloids, phytosterol, fixed oils, proteins, phenolic 

compounds and flavonoids. 
(Swaminathan  and 
Santhi, 2019) 

   
Root Methanol–chloroform–water extract had the highest content of phytochemical 

constituents, except tannins 
(Ganguly et al., 2018) 

   
Root Steroids, alkaloids, volatile oils, amino acids, glycosides, hentriacontane, dulcitol, 

carbohydrates, starch, tannin, saponin, phenol, proteins, phytosterols, flavonoids, 
terpenoids, sugars and withaniol 

(Vishweshari et al., 
2013; Nazir and 
Chauhan, 2018) 

   
Dried Leaves Withanolides E, C and S were isolated from Egyptian Withania somnifera air dried 

leaves showed anticancer activity (Nassra et al., 2017) 
(Nassra et al., 2017) 

   
Root Crude fibre content ranged from 17.4 to 37.3 %, Fe content ranged from 595.83 to 

983.33 ppm, Cu content ranged from 8.40 to 13.72 ppm, Zn content ranged from 16.33 
to 41.00 ppm and Mn content ranged from 16.80 to 33.46 ppm. Starch, total sugars, 
reducing sugars and non-reducing sugars contents ranged from 7.61 to 8.22 mg/g, 
5.33 to 6.89 mg/g, 0.40 to 0.64 mg/g and 4.87 to 6.33 mg/g, 

(Gulati et al., 2017) 

   
Plant WithanolideA, withanolide D, withaferin A and withaniamides  (Dar et al., 2016) 
   
Root and Leaf Withanolides in root and withafarin in leaves. (Dwivedi et al., 2015) 
   
Fruit 82 chemically diverse metabolites (Bhatia et al., 2013) 
Root Phenols, flavonoids, tannins, saponins, alkaloids, steroids, terpenoids, glycosides and 

reducing sugars 
(Visweswari et al., 
2013) 

   
Root Wwithanolides (withaferin A and withanolide D) (Umadevi et al., 

2012) 
   
Leaf Withanolides  (Jain et al., 2012) 
   
Root Basic alkaloids including cuscohygrine, anahygrine, tropine, pseudotropine, anaferine, 

isopelletierine, withananine, withananinine, pseudo-withanine, somnine, somniferine 
and somniferinine 

(Uddin et al., 2012) 

   
Leaf Unidentified alkaloids (0.09%), chlorogenic acid, calystegines, withanone, tannins and 

flavonoids, anaferine, anahygrine, β-Sitosterol, chlorogenic acid, cysteine, 
cuscohygrine, iron, pseudotropine, scopoletin, somniferinine, somniferiene, tropanol, 
withanine, withananine and withanolides A-Y(steroidal lactones 

(Alfonso et al.,1993; 
Tursunova et al., 
1977) 
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Table 1: Continued. 
 

Aerial parts, roots 12 alkaloids, 40 withanolides and several sitoindosides (a withanolide 
containing a glucose molecule at C-27)  

(Vyas et al., 2011) 

   
Leaf  Carbohydrates, glycosides, alkaloids, phytosterols, fixed oils, saponins, 

proteins, triterpenoids, tannins, phenolic compounds and flavonoids  
Baskaran, 2012). 

(Santhi and Swaminathan, 
2011; Singh et al., 2013)  

   
Leaf Carbohydrates, glycosides, alkaloids, phytosterols, fixed oils, phenolic 

compounds and flavonoids 
(Kumar et al., 2011) 

   
Plant Group of naturally occurring C28-steroidal lactone triterpenoids (Mirjalili et al., 2009) 
   
Root Glycoprotein (Girish et al., 2006) 
   
Fruit Withanolides (withanolides 1 and 2) along with, scopoletin and aesculetin 

(coumarins) a known triterpene, viz.β-amyrin , and stigmasterol and sitosterol 
(phytosterols,). 

(Abou-Douh, 2002) 

 

 
pneumonia  and peptidoglycans from  Staphylococcus 
aureus in rabbits and mice models (Somasundaram et al., 
1983). It is also an effective hepatoprotective drug similar 
to silymarin. It could effectively modulate the level of serum 
enzymes, alanine, aminotransferase, aspartate 
aminotransferase and lactate dehydrogenase (Bhattacharya 
et al., 2000). WS extract inhibits both the lipid peroxidation 
and protein oxidative modification induced by copper in 
ageing of Wistar rats. Premature ageing associated with 
chronic nervous tension may be related to increased 
oxidative stress, which can be abolished by the potent 
antioxidant property of ashwagandha extract (Gupta et al., 
2003). The antioxidant effect of active principles of W. 
somnifera may explain, at least in part, the reported anti-
stress, cognition-facilitating, anti-inflammatory and anti-
aging effects produced by them in experimental animals, 
and in clinical situations (Bhattacharya et al., 1987). 

Singh et al. (2010) reported that the herb leaves and 
roots of ashwagandha have significant antioxidant activities 
and chemopreventive activity against skin cancer. Mehrotra 
et al. (2011) stated that root aqueous extract possess high 
antioxidant activity, combat multidrug resistance to 
Staphylococcus aureus furthermore, it reduces the 
inflammation produced by this pathogen. W. somnifera 
leaves have the highest antioxidant activity as compared to 
roots and fruits. Additionally, the profound antioxidant 
potential of the plant leaves is due to elevated 
concentrations of anthocyanins and ascorbic acid as 
compared with least concentration in other plant parts 
(Alam et al., 2012). Similarly, Sharma et al.(2012) evaluated 
the antioxidant potential  decreases if plants are exposed to 
pollution as on roadsides  the plants have higher total 
phenolics and flavonoids contents and lower DPPH radical 
scavenging potential as compared to leaves methanolic 
extract procured from forest habitat. Also, the different 
habitats in which medicinal plants are grown has a direct 
impact on the antioxidant potential of these plants (Sharma 

et al., 2012). The temperature of extract also has effect on 
the antibacterial efficacy of Ashwagandha. Barnes et al. 
(2016) found no antibacterial activity of aqueous freeze-
dried W. somnifera root extract. Glycoprotein isolated from 
roots having antimicrobial activities didn’t change when it 
is heated up to 60°C for 10 min but it won’t be any 
antifungal activity when temperature above 70°C (Girish et 
al., 2006). The highest antioxidants activity of leaf extract 
was observed after flowering stage which confirms the 
suitable harvesting time of W. somnifera should be after 
flowering stage (Fernando et al.,2013). Furthermore Bhatia 
et al. (2013) identified squalene and tocopherol in the fully 
ripened fruits of four W. somnifera chemotypes as the most 
potent naturally occurring compounds with antioxidants 
properties while Shahriar et al. (2013) reported dry roots 
possess high antioxidants capacity. W. somnifera herb 
enhances the production of high levels of three different 
natural antioxidants; superoxide dismutase, catalase and 
glutathione peroxidase (Gajarmal et al., 2014). 

Proteins isolated from dried roots of Withania somnifera 
possesses potent antioxidants potential that was confirmed 
via scavenging DPPH and Nitric oxide radicals (Ramadas et 
al., 2016). The high antioxidant activity of leaves (Fernando 
et al., 2013; Gupta et al., 2018; Sharma et al., 2012; Singh et 
al., 2010) and roots (Barnes et al., 2016; Ganguly et al., 
2018; Mehrotra et al., 2011; Paul et al., 2016; Ramadas et 
al., 2016; Shahriar et al., 2013) as well as fruits (Fernando 
et al., 2013; Mahrous et al., 2017) enhance the antimicrobial 
activity of plant parts for combating infectious diseases as  
natural antioxidants which emphasize the importance of 
plant parts selection for specific organism. Barnes et al. 
(2016) demonstrated that freeze drying of W. somnifera 
root extract improved the total antioxidant capacity by 5-
11fold. The methanolic extracts of indigenous Bangladeshi 
Withania somnifera root showed having higher antioxidants 
capacity (Paul et al., 2016). The oxidative stress and 
inflammation  increase  in  some    circumstances    such    as  
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Alzheimer’s disease. The experimental results revealed that 
the ethanolic extracts of different parts of WS showed high 
acetylcholinesterase inhibitory effect as well as significant 
antioxidant activity (Mahrous et al., 2017). Recently, 
Ganguly et  al. (2018) reported that methanol-chloroform- 
water extract (1:1:1) of dried roots under hot circulating air 
at 40°C for 3-4 days exhibited the highest antioxidant 
activity followed by, hydro- methanolic and aqueous 
extracts respectively . While Ashwagandha leaves extracted 
with ethanol and chloroform: hexane showed effective 
antioxidant potential and similar IC50 values in both 
extracts (Gupta et al., 2018). 
 
 
ANTIMICROBIAL ACTIVITY 
 
This plant has  antimicrobial activity via destruction of cell 
membrane of microbe, membrane proteins, enzymes 
located on cell membrane of microbes, etc. (Kapoor et al., 
2015). W. somnifera shows its antimicrobial activity 
through miscellaneous mechanisms attributed to 
cytotoxicity, gene silencing and immunepotentiation, 
(Mwitari et al., 2013). Antimicrobial activity of Withania 
aqueous extract is due to the extract having a good amount 
of phenolics (Mehrotra et al., 2011). That accompanying 
with high antimicrobial activity in the plant as they cause 
the hyper acidification at the plasma membrane interface of 
the pathogen which potentially results in disruption of the 
H+ - ATPase required for ATP synthesis (Vattem et al., 
2004). The antifungal potential of glycoprotein isolated 
from roots is due to its protease inhibitory nature which 
reduces fungi pathogenicity via decreasing their 
germination and suppressing hyphal growth (Girish et al., 
2006). Likewise Lai et al. (2018) reported that the 
antibacterial effects of W. somnifera extracts are due to 
abundant levels of flavonoids, saponins and triterpenes, as 
well as withanolides. Concerning chemotype impact on 
antimicrobial property Bhatia et al.(2013) found distinct 
differences between four chemotypes selected from 
different Indian agro-climatic zones in the primary and 
secondary metabolites identified from fruits which should 
be taken into consideration for specific chemotype 
selection for pharmacological and nutraceuticals potential 
agents for consistent medicinal properties. Furthermore 
Mahrous et al. (2017) and Nassra et al. (2017) 
demonstrated that Egyptian W. somnifera belongs to 
subtype of chemotype III due to abundance of Withanolides 
E, C and S with diverse biological potential than the Indian 
chemotype. 
 
ANTIBACTERIAL ACTIVITY  
 
Investigations have shown that extracts of different parts of 
Ashwagandha plant and its bioactive constituents possess 
significant antibacterial activity against various tested 
pathogenic bacteria (Table 2). Its various parts such as 

stems, leaves and roots of W.somnifera have been tried 
against Bacillus subtilis, Staphylococcus aureus, 
Streptococcus pyogenes, Enterococcus faecalis, Escherichia 
coli, Pseudomonas aeruginosa, Bacillus cereus, Micrococcus 
luteus, Pseudomonas aeruginosa and Klebsiella pneumonia 
(Table 2). Gram positive bacteria were  more susceptible to 
plant extracts than gram negative bacteria (Singariya et al., 
2012b, 2012a; Singh et al., 2013; Rawat and Bisht, 2014). 
Sundaram et al. (2011) observed that Gram negative 
bacteria were inhibited by ethyl acetate extract of whole 
plant as a polar solvent than non-polar solvents but with 
higher MIC values especially with P. aeruginosa than Gram 
positive bacteria. More compounds were extracted with 
polar solvents than non-polar solvents which also in 
accordance with the findings of (Kambizi and Afolayan, 
2008) in which Gram negative bacteria were inhibited by 
water extracts  as water is the most polar solvent and 
withanolides get extracted properly in water.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ANTIFUNGAL ACTIVITY 
  
The plant has a lot of potential in fighting fungal infections. 
This has been tested against various fungal species viz., 
Aspergillus niger, A. flavus, Candida albicans, Candida 
tropicalis, Cryptococcus neoformans, Candida kefyr 
A.fumigatus, A.terreus, Penicillium funiculosum, P.waksmani 
A. nidulens, A. flaviceps, Alternaria alternata, A. carthami, A. 
helianthi, Cercospora carthami, Fusarium solani, F. 
oxysporum, F. verticilloides ,Nigrospora oryzae Rhizoctonia 
solani, Alternaria helianthi, Cercospora carthami etc from 
time to time (Table 3).                                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
MEDICINAL USES 
  
This is a popular rejuvenating agent in Ayurveda. Its roots 
are used locally in treatment of rheumatic pain and, 
inflammation of joints. This is useful in nervous disorders 
and epilepsy.  The roots in dried form are used as tonic in 
cold and cough. It is useful in ulcer and weakness.  Leaves 
are applied in inflammation and swellings. Leaf juice is 
taken in conjunctivitis. The bark decoction is used in 
asthma. Locally, Ashwagandha and its extracts are useful in 
preparing of herbal tea, syrups, powders and tablets. 
 
 
 
CULTIVATION  
 
This flourishes well in sandy loam or light red soil having 
pH 7.5 to 8.0 and good drainage.  Black heavy soils are 
useful for cultivation. This is cultivated in late rainy season 
as kharif crop.  Rainfall in range of 500 to 750 mm is 
suitable for its cultivation.  The Jawaharlal Nehru Krishi 
Vishwavidyalay,  Madhya Pradesh,  has  launched  one   high  
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Table 2:  Antibacterial activity of W.somnifera 
 

Plant part used Solvent used for extraction Method used Tested microorganisms References 

Air dried fruits Ethanolic fruit extract and 
Withanolide 1; 4-
deoxywithaperuvin 

A cup-plate method Bacillus cereus, B. subtilis Streptomyces 
species, Pseudomonas fluorescens 
Micrococcus luteus, M. roseus, Serratia 
marcescens 
Staphylococcus aureus, Streptomyces 
species 

(Abou-Douh, 
2002) 

     
Leaves and roots Methanol, hexane and diethyl 

ether 
Agar plate disc-diffusion 
assay 

Salmonella typhimurium 
Escherichia coli 

(Arora et al., 
2004) 

     

Shade dried roots Glycoprotein  Paper disc method Bacillus subtilis, Pseudomonas 
fluorescens, Clvibacter michiganensis 
sub. sp. michiganensis, Xanthomonas 
oryzae pv. oryzae, Xanthomonas 
axanopodis pv. Malvacearum 

(Girish et al., 
2006) 

     
Air-dried roots Water and methanol extracts - Neisseria gonorrhea (Kambizi and 

Afolayan, 2008) 

     
Roots Withanolide extracted from 

roots 
Paper disc zone 
inhibition technique 

E. coli¸ Pseudomonas solanacearum  
Pseudomonas vulgaris 

(Punetha et al., 
2010) 

     
Air-dried roots Aqueous, methanol, ethanol 

and the n-butanol fraction of 
methanol extract 

Agar well diffusion 
method 

Staphylococcus aureus   (Datta et al., 
2011) 

     
Roots Aqueous extract Agar cup diffusion assay Staphylococcus aureus (Mehrotra et al., 

2011) 

     
Oven dried whole 
plant 

Ethanol, ethyl acetate, 
dichloromethane and hexane 

Agar diffusion method Staphylococcus aureus, Bacillus subtilis,       
Escherichia coli Pseudomonas 
aeruginosa 

(Sundaram et 
al., 2011) 

Shade dried 
leaves 

Aqueous, ethanolic and 
acetone extracts 

Cup plate agar diffusion Staphylococcus aureus, Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Proteus mirabilis and 
Salmonella paratyphi B 

(Santhi and 
Swaminathan, 
2011) 

     
Air-dried leaves, 
fruits and roots 

Aqueous methanol extracts Well diffusion method Escherichia coli, Salmonella typhi, 
Citrobacter freundii, Pseudomonas 
aeruginosa, Klebsiella pneumonia 

(Alam et al., 
2012) 

     
Dried parts of 
root, stem, leaf 
and flower 

Water, chloroform and 
benzene 

Disc diffusion assay Bacillus subtilis Pseudomonas 
aeruginosa Enterobactor aerogens 

(Singariya et al., 
2012a) 

     
Leaf and flower Ethanol, acetone, Iso propyl 

alcohol, toluene and hexane 
Disc diffusion assay Staphylococcus aureus, Bacillus subtilis, 

Escherichia coli, Raoultella planticola, 
Pseudomonas aeruginosa Enterobactor 
aerogens 

(Singariya et al., 
2012b) 

     
Unripe fruit, 
ripen fruit, calyx 

Water, Benzene and 
Chloroform 

Disc diffusion assay Bacillus subtilis,  Pseudomonas 
aeruginosa  Enterobactor aerogens 

(Singariya et al., 
2012c) 

     
Hairy and normal 
roots 

Methanol  Agar plate disc-diffusion 
assay 

Staphylococcus aureus, Bacillus subtilis,            
Escherichia coli, Pseudomonas 
aeruginosa 

(Gawande et al., 
2012) 
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Table 2: Continued. 
 

Air-dried leaves Water, ethanol, methanol, 
chloroform, ethyl acetate, 
petroleum ether, hexane and 
acetone 

Well diffusion method Staphylococcus aureus, Bacillus cereus,     
Micrococcus luteus, 
Escherichia coli, Pseudomonas 
aeruginosa and Klebsiella pneumoniae 

(Velu and 
Baskaran, 2012) 

     

Air dried stem, 
leaves and roots 

Chloroform, acetone, 
methanolic, and ethanolic 
crude extracts  

Agar well diffusion 
method 

Bacillus subtilis,  Staphylococcus 
aureus, Streptococcus pyogenes, 
Enterococcus faecalis, Escherichia coli, 
Pseudomonas aeruginosa Klebsiella 
pneumoniae 

(Rizwana et al., 
2012) 

     
Shade dried root, 
stem and leaf 

Hexane, petroleum ether, 
benzene, chloroform, ethyl 
acetate, acetone, ethanol and 
water 

Disc diffusion assay Staphylococcus aureus, Bacillus subtilis                      
E. coli. 

(Singh et al., 
2013) 

     
Shade dried 
leaves and fruits 

Aqueous and ethanol extracts  Agar well diffusion 
method 

Bacillus subtillis, Staphylococcus 
aureus, Escherichia coli Staphylococcus 
epidermitis. 

(Jamal et al., 
2013) 

     
Air dried plant 
material 

Water, ethyl acetate, 
chloroform, ethanol and n- 
hexane fractions  

Well assay methods E.coli, C.albican,                     B. 
atropeous, Pseudomonas aeruginosa, 
Klebsiella pneumonia, Staphylococcus 
Aureus and Salmonella  

(AbdEIslam et 
al., 2013) 

     
Aerial parts Hexane, dichloromethane, 

ethyl acetate and methanol 
extracts 

Disc diffusion method Staphylococcus aureus,  Staphylococcus 
aureus, Escherichia coli Pseudomonas 
aeruginosa. 

(Mwitari et al., 
2013) 

     
Air dried callus 
obtained from 
stem explants 
and roots 

Methanol extract  Paper disc diffusion 
method 

Bacillus subtilis, Klebsiela pneumonia, 
Staphylococcus aureus, Escherichia coli, 
Proteus vulgaris, Pseudomonas 
aeruginosa Salmonella typhimurium 

(Adhikari et al., 
2013) 

     
Dry shoots Withanolide-A   AS modified Kirby-Bauer 

disc diffuse ion method 
Pseudomonas and Staphylococcus 
aureus 

(Mali and Singh, 
2013) 

     
Sun dried roots Ethanol extract Agar well diffusion 

method 
P. aerouginosa  
E. coli. 

(Khatak et al., 
2014) 

     
Air-dried leaves  Methanolic extract  Agar diffusion method Staphylococcus aureus e 

staphylococcus aureus, Enterococcus  
Streptococcus spp. 

(Rawat and 
Bisht, 2014) 

     
Leaf and root Chloroform extract Agar disc diffusion 

method 
Bacillus thruengenesis, Bacillus 
anthracis, Salmonella typhi, 
Pseudomonas aeruginosa, C. 
pneumoniae 

(Panchal and 
Singh, 2015) 

     
Leaves Water, ethanol and acetone 

extracts 
 Well diffusion method  Escherichia coli, Enterobacter 

sakazakii, Klebsiella pneumonia, 
Staphylocuss aureus, Staphylocuss 
epidermis, Streptococcus pyogenes, 
Proteus mirabilis, Pseudomonas 
aeruginosa 

(Atta and Al-Ani,     
2015) 

     
Dried roots Aqueous freeze- extract Disk diffusion assay B. cereus, S. aureus, S. epidermis, 

Salmonella typhi, E. coli, Pseudomonas 
aeruginosa). 

(Barnes et al., 
2016) 
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Table 2: Continued. 
 

Dried roots Methanol, deionized water, 
chloroform, hexane and ethyl 
acetate extracts 

Disc diffusion 
techniques 

Proteus mirabilis, Klebsiella 
pneumoniae, Acinetobacter baylyi, 
Streptococcus pyogenes and 
Pseudomonas aeruginosa 

(Lai et al.,  
2018) 

     
Leaves Ethanol and chloroform: 

hexane (50:50) 
Agar-disc diffusion 
assay 

E. coli  (Gupta et al., 
2018) 

 
 

 
Table 3:  Antifungal activity of W. somnifera (L.)    
 

Plant part used 
Solvent used for 
extraction 

Method used Tested microorganisms References 

Dried fruits Withanolide isolated 
from dried fruits 

A cup-plate 
method 

Aspergillus flavus 

A. fumigatus,A. niger 

A. terreus,,Candida albicans 

Geotrichum candidum  Penicillium chrysogenum 

P. funiculosum ,P. oxalicum,    P. waksmani,             
Trychophyton rubrum 

(Abou-Douh, 
2002) 

     

Shade dried roots Glycoprotein isolated 
from  roots 

Paper disc 
method 

Aspergillus flavus, A. niger, A. nidulens, A. flaviceps, 
Alternaria alternata, A. carthami, A. helianthi, 
Cercospora carthami, Fusarium solani, F. 
oxysporum, F. verticilloides , Nigrospora oryzae 

(Girish et al., 
2006) 

     

Air-dried roots Water and methanol 
extracts 

 

 

Candida albicans (Kambizi and   
Afolayan, 
2008) 

     

Roots and stem Essential oil Disc diffusion 
method 

Aspergillus fumigatus 

 A. niger 

(Bansod and 
Rai, 2008) 

     

Roots Withanolide extracted 
from roots 

Poisoned food 
technique 

F. oxysporum  

 A. brassica 

(Punetha et al., 
2010) 

     

Dried root, stem, 
leaf and flower 

Water, benzene and 
chloroform extracts 

Disc diffusion 
assay 

Aspergillus flavus (Singariya et 
al., 2012a) 

     

Leaf and flower Ethanol, acetone, Iso 
propyl alcohol, toluene 
and hexane extract 

Serial dilution 
method 

Candida albicans, 

 Aspergillus flavus 

(Singariya et 
al., 2012b) 

     

Dried unripen 
fruit, ripen fruit 
and calyx 

Water, benzene and 
chloroform extracts 

Disc diffusion 
assay 

Aspergillus flavus (Singariya et 
al., 2012c) 

     

Roots and hairy 
roots 

Methanolic extract Disc diffusion 
method 

Fungal stain A. niger, A. fumigates, P. notatum, C.  

albicans 

 

(Bairagi et al., 
2012) 
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Table 3:  Continued   
 

Air-dried leaves Hot water, ethanol, methanol, 
chloroform, ethyl acetate, 
petroleum ether, hexane and 
acetone extracts 

Well diffusion 
method 

Aspergillus niger, Aspergillus flavus, 
Candida albicans, Candida tropicalis, 
Cryptococcus neoformans,  Candida 
kefyr 

(Velu and  
Baskaran, 2012) 

     

Aerial parts Hexane, dichloromethane, ethyl 
acetate and methanol extracts 

Disc diffusion 
assay 

Candida albicans and clinical isolates 
of Cryptococcus neoformans, 
Microsporum gypseum, and 
Trichophyton mentagrophytes 

(Mwitari et al., 
2013) 

     

Leaf Hthanolic and methanolic extracts Disc diffusion 
assay 

Aspergillus niger, Pseudomonas 
aeruginosa 

(Singh et al., 2013) 

     

Sun drying roots Ethanol extract Agar well 
diffusion method 

 C. albicans (Khatak et al., 
2014) 

     

Dried leaves Acetone extract   Well diffusion 
method 

Trichophyton violaceum (Atta and Al-Ani, 
2015) 

 

 
alkaloid variety "Jawahar". That is short in stature. This is 
most amenable for high density planting. This completes its 
life tenure in 180 days, yielding a total withanolides content 
of 0.30 per cent in dry roots. 
This is propagated through transplanted seedlings (Figure 
1a). The fresh seeds are grown in well prepared nursery 
beds.  The nursery bed usually raised from ground level is 
prepared by thorough mixing with compost and sand. This 
however needs 5-7 kg/ha of seeds for direct sowing by 
broadcasting method. The raising of nursery is done in 
June-July. The seeds may be treated in carbendazim for 
controlling wilt and seed borne diseases. The seeds get 
germinated in 5 to 7 days. Normally 35 days old seedlings 
are transplanted. If manures need to be incorporated in 
soil, the ridges may be prepared at 60 cm spacing. Healthy 
seedlings may be planted at 30 cm spacing. Excessive 
rainfall or water may be harmful to this crop. Life saving 
irrigation may be given if needed. Under irrigated 
conditions, the crop can be irrigated once in 10 days. In due 
course, the crop grows (Figure 1b) and gets harvested 
when mature for its roots (Figures 1c and d) and when 
dried, it is used for preparing powder (Figure 1e). 
 
 
CONCLUSION  
 
The Ashwagandha is a highly valued medicinal plant. This is 
useful in alternative systems of medicine as a natural drug 
in treating infectious diseases. W. somnifera harbors very 
rich source of phytochemicals which are present in roots, 
stems, leaves and fruits. The phytochemicals such as 
steroidal lactones, alkaloids, tannins, flavonoids, phenolic 
compounds etc can be extracted from different parts. The 
polar solvents may extract more compounds in comparison 

to non- polar solvents. The organic solvents are superior 
solvents for extraction of antibacterial compounds. 
Methanol-chloroforme-water extract for dried roots had 
the highest content of phytochemical constituents. W. 
somnifera have antioxidant capacity and the methanolic 
extract of Bangladeshi Withania somnifera roots have 
higher antioxidants activity. The ethanolic extracts of 
different plant parts have high acetylcholinesterase 
inhibitory effect as well as significant antioxidant activity. 
The methanol-chloroform- water extract (1:1:1) of dried 
roots under hot circulating air at 40°C for 3-4 days 
exhibited the highest antioxidant activity followed by 
hydro- methanolic and aqueous extracts, respectively. 
While ashwagandha leaves extracted with ethanol and 
chloroform and hexane showed effective antioxidant 
potential. 

This plant has antimicrobial activity via destruction of 
cell membrane of microbe, membrane proteins, enzymes 
located on cell membrane of microbes. The Antimicrobial 
activity of Withania aqueous extract is due to the fact that 
the extract has a good amount of phenolics. This cause the 
hyper acidification at the plasma membrane interface of the 
pathogen which potentially results in disruption of the H+ - 
ATPase required for ATP synthesis. The antifungal potential 
of glycoprotein isolated from roots is due to its protease 
inhibitory nature which reduces pathogenicity of fungi via 
decreasing their germination and suppressing hyphal 
growth. The antibacterial effects of W. somnifera extracts is 
due to abundant levels of flavonoids, saponins and 
triterpenes, as well as withanolides of E, C and S 
chemotypes with diverse biological potential than the 
typical Indian chemotype. Ashwagandha plant and its 
bioactive constituents have significant antibacterial activity 
against various tested  pathogenic  bacteria  and  are  highly  

http://agritech.tnau.ac.in/farm_enterprises/Farm%25
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a b 

c d 
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Figures 1a to e: Cultivation of ashwagandha, a. growing in nursery bed, b. young plants, c. harvested 

roots, d. dried roots e. powder. 
 
 
antimicrobial. This has the potential of inhibition of 
bacteria and fungi. So clinical trials should be conducted to 
support the possible therapeutic use of plant for combating 
diseases and India needs to have  large scale cultivation. 
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