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Poultry production contributes markedly to bridging the global food gap.

Many nations have limited the use of antibiotics as growth promoters due

to increasing bacterial antibiotic tolerance/resistance, as well as the presence

of antibiotic residues in edible tissues of the birds. Consequently, the world

is turning to use natural alternatives to improve birds’ productivity and

immunity. Withania somnifera, commonly known as ashwagandha or winter

cherry, is abundant in many countries of the world and is considered a

potent medicinal herb because of its distinct chemical, medicinal, biological,

and physiological properties. This plant exhibits antioxidant, cardioprotective,

immunomodulatory, anti-aging, neuroprotective, antidiabetic, antimicrobial,

antistress, antitumor, hepatoprotective, and growth-promoting activities. In

poultry, dietary inclusion of W. somnifera revealed promising results in

improving feed intake, body weight gain, feed e�ciency, and feed conversion

ratio, as well as reducing mortality, increasing livability, increasing disease

resistance, reducing stress impacts, and maintaining health of the birds. This

review sheds light on the distribution, chemical structure, and biological
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e�ects of W. somnifera and its impacts on poultry productivity, livability,

carcass characteristics, meat quality, blood parameters, immune response, and

economic e�ciency.
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Introduction

Global food production predominantly depends on animal

protein. In many nations, the poultry business has grown

in importance as a resource of high-quality eggs and

meat to help balance the human food (1). The nutritional

economic demands of various countries for a poultry-based

diet have forced the intensive production of poultry (2).

Furthermore, backyard poultry production is gradually evolving

into economically organized flocks and is considered a

competitive and rapidly growing section of animal-farming

business (3). However, the global poultry industry is facing

numerous challenges of sufficiency, safer products without

any chemical and antimicrobial residues, and environmentally

sustainable production (4). These conditions have led to the

discovery and abundant use of various natural and safe feed

additives that can be included in the poultry ration to improve

productivity through a variety of mechanisms, such as boosting

growth rate, enhancing feed conversion efficiency, decreasing

pathogen propagation, increasing livability, and decreasing

mortality in the poultry industry (4).

The feed additive should be safe, economic, biodegradable,

free from environmental hazards, and non-toxic, as well

as overcoming drug resistance problems and improving

productivity (5). Thus, an eco-friendly substitution of

antibacterial growth promoters (AGPs) with a natural growth

promoter in the avian ration has recently acquired considerable

attention (6, 7) to improve productivity and fight infections (8).

Many natural growth promoters (NGPs) such as herbal extracts

(9–11), probiotics (12–15), prebiotics (16, 17), phytogenic

compounds (18–22), bioactive peptides (23–25), essential oils

(26–28), organic acids (29), plants and their active constituents

(30–35), and green-synthesized nanoparticles (36–41) are

recognized as potential and safe alternatives to AGPs (42). The

use of medicinal plants as feed additives to boost development

and health is becoming increasingly common around the world

(43, 44) owing to the unique properties of these plants, including

low cost, low toxicity risk, and minimum human health and

environmental hazards (45).

Traditional medicinal herbs are common therapeutics and

more potent in combating the negative impacts of thermal stress

on broiler productivity (44). The predominant mechanism by

which medicinal herbs act in avian rations is to improve the

metabolism by combating stress and regulating hormones (46).

Numerous field studies on medicinal herbs from all over the

world have revealed promising outputs in improving weight gain

(WG) and feed efficiency, reducingmortality, elevating livability,

and maintaining health among different avian species (47–49).

One of these medicinal herbs is Withania somnifera L.

Dunal, commonly known as “ashwagandha” or “winter cherry”

(50). W. somnifera is a subtropical plant of 30–150 cm height

that belongs to the family Solanaceae and grows naturally

in wide areas of Africa, the East Mediterranean region,

Pakistan, and India (46). This plant is known as “Indian

Ginseng” as it is therapeutically equivalent to Ginseng (51)

and was depicted as an herbal tonic for health maintenance

(52). W. somnifera is described as an adaptogen, antioxidant,

hepatic stimulant, anti-inflammatory, aphrodisiac, astringent,

antifungal, and antibacterial factor (53, 54). In addition, extracts

of W. somnifera were reported to be potent immune stimulants

and anticarcinogenic (55, 56). Preparations of W. somnifera

were also found to improve circulating antibody titer and

lysosomal enzyme activity and enhance phagocytosis (57).

Therefore, many studies have described W. somnifera extracts

as immunomodulatory (58), antioxidant (59), antitumor (57),

hepatoprotective (60), and antibacterial (61) agents.

Furthermore,W. somnifera significantly improves the blood

profile in the shape of increased hemoglobin (Hb) level and

increased erythrocyte and white blood cell counts (62, 63).

Moreover, different parts of the herb have anti-serotonergic

and anabolic characteristics and have potent impacts in the

therapy of arthritis and stress, as well as geriatric problems

(64). W. somnifera was also reported to improve circulating

cortisol, lower fatigue, accelerate physical performance, and

lower refractory depression in livestock exposed to various

stressors (50). Similarly, W. somnifera is thought to strengthen

the physiological and immunological functions of stressed

birds (65).

General characteristics of W.

somnifera, active ingredients, and
their activity

W. somnifera morphological features and
distribution

W. somnifera (L.) Dunal, commonly identified as

“ashwagandha,” “asgandh,” or “winter cherry,” is a member of

the family Solanaceae (66). It is a 30–150-cm-high, upstanding,
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FIGURE 1

Chemical composition of Withania somnifera.

stellate–tomentose, undershrub with long tuberous roots,

opposite leaves, small greenish flowers, and orange berry-like

fruits (67).

W. somnifera is known as a wild plant in the northwestern

areas of India, expanding from the mountainous region of

Punjab, Himachal Pradesh, and Jammu to an altitude of 1,500m

(68). Due to its economic and medicinal properties, it is being

widely cultivated (more than 4,000 ha) in drier parts of India

(69, 70).

Chemical composition of W. somnifera

The chemical composition of W. somnifera is illustrated

in Figure 1. The method of extraction of active components

from W. somnifera plants affects the chemical composition

of W. somnifera extracts (71). The chemical composition

of W. somnifera has been widely investigated, and more

than 39 active agents have been extracted, isolated, and

identified in different studies (72, 73). Recently, different

phytochemical constituents, such as total phenol, more than

12 alkaloids, 40 withanolides, and many sitoindosides, have

been described (67). The withanolides are a group of naturally

occurring steroidal lactones that impart a distinctive earthy

odor and flavor to ashwagandha (74). These steroids comprise

a lactone with a nine-carbon side chain linked to the C-17

position (71).

Different classes of withanolides have different lactone

moiety variations. Withaferin A was the first member of this

group to be identified (75). The Rf values of withaferin,

withanolides D, and withanolides A (0.86) are 0.32, 0.50, and

0.86, respectively (76). The total alkaloid content in the roots

of W. somnifera was found to vary between 0.13 and 0.31%,

and much higher yields (up to 4.3%) were also reported (77).

In addition, the W. somnifera roots include a small amount of

soluble protein (5.6%) (76).

Pharmacological features ofW. somnifera

The pharmaceutical features of W. somnifera are

summarized in Figure 2.W. somnifera is commonly identified as

a “Rasayana” in Ayurveda and is abundant in different ayurvedic

products to enhance strength and stamina (52). The herb was

traditionally utilized to improve youthful vigor, endurance,

and strength, maintain health, accelerate the production of

vital fluids, muscle, blood, lymph, and semen, and increase

the capability of people to overcome environmental stress

(78). The similarities between these rejuvenating features and

those of ginseng roots have led to ashwagandha roots being
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FIGURE 2

Pharmacological features of Withania somnifera.

known as “Indian Ginseng.” W. somnifera is also established

as a general energy-stimulating tonic known as Medhya

Rasayana that is used to promote learning and to improve

memory (79).

Ashwagandha is one of the main components in 74

Ayurvedic, 9 Siddha, 3 Unani, and 126 herbal preparations

(68). The roots of this plant have been regarded as a useful

internal medicine in rheumatism and dyspepsia and found to

be fully diuretic (80). In recognition of the importance and

value of W. somnifera as a therapeutic agent, this plant has

also been the topic of significant modern scientific interest

and appeared in “WHO monographs on selected medicinal

plants” (81). Recently, many pharmacological research studies

recorded the cardioprotective, immunomodulatory, anti-

aging, neuroprotective, and antioxidant characteristics of W.

somnifera (78).

Biological activities of W. somnifera

Several studies have described a safe, natural, and powerful

antioxidant compound in ashwagandha and other plants

of the family Solanaceae (78, 82) as it elevates the levels

of three naturally occurring antioxidant enzymes, namely,

superoxide dismutase, catalase, and glutathione peroxidase (52).

In addition, oral supplementation of W. somnifera extract

inhibited the increase in fat peroxidation in both rabbits and

mice (83). The antioxidant activity of W. somnifera in mice

was found to be imparted by glycowithanolides, withanolides,

and sitoindosides VII–X (84). Withania usage considerably

enhanced hemoglobin, red blood cell count, and hair melanin

and lowered serum cholesterol level in treated individuals (85),

and Withania root powder prohibited cadmium-stimulated

oxidative stress in chickens and lead-stimulated oxidative

damage in mice (86). In addition, W. somnifera (500 mg/kg

body weight) exhibited an anti-nephron–cytotoxic effect when

examined in mice with (87).

W. somnifera is a potent immune stimulant (78) and

markedly improved the humoral-mediated (12%) and

cell-mediated immune response (19.27%) (76) via the

improvement in the numbers of neutrophil, gamma-interferon

(IFN-γ), interleukin-2 (IL-2), and granulocyte–macrophage

colony-stimulating factor (GM-CSF) (88). Withaferin A and

withanolide D present in the root extract of W. somnifera

increased the antimicrobial activity of immune cells by boosting

nitric oxide synthase action of the macrophages (89).

W. somnifera is also a natural source of anti-inflammatory

steroids and exhibits potent anti-inflammatory effects (90).

Extracts of W. somnifera have an anti-inflammatory activity in

different rheumatological situations (91). The extracts markedly

lowered both paw swelling and bony degenerative alterations

in rats with arthritis induced by Freund’s adjuvant (78).

Withaferin A safely and effectively suppressed the arthritic

syndrome in a study on arthritic animals. Individuals treated

with hydrocortisone showed weight loss, while the animals

medicated with withaferin A revealed weight gain (92).

Frontiers in Veterinary Science 04 frontiersin.org

https://doi.org/10.3389/fvets.2022.918961
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Salem et al. 10.3389/fvets.2022.918961

Ashwagandha was reported as a natural antidepressant and

anxiolytic agent (78, 93). The root extracts of ashwagandha

induce a γ-aminobutyric acid (GABA)-like activity that is

responsible for the anti-anxiety effects (94). In addition,

W. somnifera exhibits a dose-dependent antistress activity

in treated mice (90). Ashwagandha roots include steroids

that act as exogenous adrenocortical steroids and decrease

adrenocorticotropic hormone (ACTH) secretion and,

consequently, endogenous steroid production. Therefore,

W. somnifera is considered a growth promoter, particularly

during development (49).

Extracts of W. somnifera also presented large dose-

dependent responses in different parameters such as pulse rate,

blood pressure, serum cortisol, creatinine, protein, hemoglobin,

and considerably higher responses in mean fasting serum lipid

and blood glucose (95). Methanolic extracts of ashwagandha

reduced ulcer index, volume of gastric secretion, free acidity, and

total acidity in models of gastric ulcer in rats (96). Sitoindosides

IX and X, two glycowithanolides from W. somnifera, showed

a potent antistress action, caused marked mobilization and

stimulation of peritoneal macrophages and phagocytosis, and

improved the activity of lysosomal enzymes (97).

Withanolides have both antibacterial and antifungal

activities (68). The root extract of W. somnifera exhibited

a significant in vitro antibacterial activity against Raoultella

planticola, Bacillus subtilis, Enterobacter aerogens, Klebsiella

pneumoniae, Agrobacterium tumefaciens, and Escherichia coli

(98). The minimum inhibitory concentration (MIC) of W.

somnifera was 0.039mg mL−1 against K. pneumoniae, E.

aerogens, and A. tumefaciens. W. somnifera root extracts also

demonstrated an effective antifungal activity against Fusarium

solani (54).

W. somnifera root powder is traditionally used for the

treatment of pulmonary tuberculosis and bubonic plague in

Garhwal Himalaya (99). In broiler chicks, supplementation

of 20% W. somnifera root extract at 20 mL L−1 of water

lowered the severity, mortality, and recovery time of E. coli

challenge and improved the humoral and cellular immune

responses, suggesting the root extract had a protective effect

in minimizing the impact of E. coli infection in these birds

(100).W. somnifera also alleviated infectious bursal disease virus

(IBDV)-induced stress and histological and immunological

alterations and reduced IBDV persistence in the host (101).

These findings were confirmed by Kumari et al. (98) in a trial

with Salmonella-challenged broiler chickens. The Salmonella-

challenged chickens supplemented with 0.5% Withania showed

less reduction in the body weight (1,800 ± 130.38 g) compared

with unsupplemented Salmonella-challenged chickens (1,600

± 70.71 g), while a significantly higher body weight of 1,980

± 66.33 g was observed in uninfected Withania-supplemented

broilers compared with the control uninfected group.

W. somnifera alkaloids display long-standing hypotensive,

bradycardic, and respiratory-stimulant activities due to the

autonomic ganglion blocking effect and depressant action on

higher cerebral centers (102). Ashwagandha also restored the

myocardial antioxidant status and retained membrane integrity

by lowering malonyl dialdehyde levels in isoprenaline-induced

heart muscle necrosis in mice (103).

The glycowithanolides withaferin A (VII–X), which are

found in the roots of ashwagandha, control the growth of

nerve cell dendrites, exhibit a GABA mimetic effect during

healing of brain tissue, and reverse neurotic atrophy or synaptic

loss leading to dementia (104). Ashwagandha root extract also

elevates cortical muscarinic acetylcholine receptor capacity,

which leads to a cognition-enhancing and memory-enhancing

activity in humans and animals (105). Ashwagandha has been

considered as a tonic and nootropic agent and accompanied

an enhancement in scopolamine-induced memory deficits in

mice (104). W. somnifera methanolic extracts induce neurite

extension, and dendritic atrophy could be avoided by treatment

with withanolides (104).

Withaferin A also presented antitumorigenic, anticancer,

and antiproliferative effects against different tumor cell lines

(106) due to a depression in the expression of nuclear factor-

kappa B and suppression of intercellular tumor necrosis factor,

as well as potentiation of radiation-induced apoptosis in

tumorous cell lines (107, 108). An alcoholic extract of W.

somnifera had an antitumor and radio-sensitizing activity in

Chinese hamster cells and Swiss mice inoculated with Ehrlich

ascites carcinoma cells (109, 110). W. somnifera extract also

reduced leucopenia induced by clophosmide in experimental

animals (111).

W. somnifera exhibits hypoglycemic, diuretic, and

hypocholesterolemic effects (112). W. somnifera root extracts

produce hypoglycemic and hypolipidemic impacts in alloxan-

induced diabetic rats (113, 114). These antidiabetic effects

may be due to enhanced hepatic metabolism, improvement

in insulin synthesis from pancreatic β-cells, or insulin-sparing

activity (115).

Impacts of W. somnifera on
performance, blood parameters, and
carcass quality of birds

The impacts of W. somnifera on birds’ performance and

productivity are summarized in Figure 3 and Table 1.

Impacts of W. somnifera on feed intake,
body weight gain, and feed conversion
ratio of birds

The inclusion of Withania in broiler feed improved feed

consumption during the final 3 weeks (fourth to sixth week)
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FIGURE 3

Impacts of Withania somnifera supplementation on birds’ performance and productivity.

of a trial (117). Sanjyal and Sapkota (130) recorded the

average weekly feed consumption of 222, 432, 716, 764, and

798 g, respectively, from the second to the sixth week on a

Withania-containing ration, with the highest digestibility (P

< 0.05) observed in ashwagandha-supplemented chickens. FI

was 7.9% higher inWithania-supplemented chickens compared

with the control birds. Ansari et al. (135) also recorded

significantly increased FI (4,580.64 g) in broilers maintained

on 1% W. somnifera root powder-based ration compared with

unsupplemented chickens (3,954.22 g).

However, Shisodiya et al. (118) recorded a reduction in FI

in broilers on a 0.5% Withania-based diet compared with the

control birds. The effect of Withania feeding on digestibility

of the feed was also recorded by Pandey et al. (119) who

observed a significantly higher body weight with concurrent

significantly reduced FI (3,720.85 g bird−1) in broilers on a

Withania-based diet as compared to the control birds (3,916

g bird−1). The average weekly FI of broiler chickens (kg/bird)

from 1 to 6 weeks of age as a result of dietary inclusion of a

Withania-based indigenous herbal drug revealed marked (P <

0.05) differences in the weekly feed consumption of broilers and

was reported to be 0.230, 0.370, 0.530, 0.760, 0.770, and 0.960 kg,

respectively, in the control birds and 0.210, 0.360, 0.510, 0.740,

0.750, and 0.930 kg, respectively, in the treated group (120).

However, it was also observed that the level of Withania root

powder supplementation at either 1 g or 2 g kg−1 of feed in

the basal diet did not reveal a significant difference in overall

FI in broiler chickens (138). The FI of Japanese quails was also

improved on a 1% Withania root powder-containing basal diet

(3,536.35 g) compared with the control group (3,154.18 g) (134).

Vasanthakumar et al. (132) also recorded significantly increased

FI in broilers maintained on 1% W. somnifera root powder-

based ration compared with unsupplemented control chickens.

Ghosal et al. (97) discussed the general health tonic activity

of W. somnifera. The results of various investigations on W.

somnifera revealed that it has an anabolic impact and increases

liver biosynthesis to raise the body weight in animals and

humans (91). Moreover, numerous researchers have reported

that medicinal herbs, particularly W. somnifera, could be

employed as growth promoters in poultry diets to improve

productivity. With supplementation of 0.5% W. somnifera

root powder in broiler chicks, Shisodiya et al. (118) reported

substantial improvements in growth parameters such as low

birth weight (LBW) and weekly BWG. Vasanthakumar et al.

(132) also referred to the beneficial effect of ashwagandha

in broilers. Furthermore, Ansari et al. (135) examined the

comparative efficacy of six medicinal herbs, such as W.

somnifera, Nigella sativa, Ipomea digitata, Boerhavia diffusa,

Azadirachta indica, and Corylus avellana, on the performance of

210-day-old broiler chickens and recorded themaximumWG in

the group supplemented with W. somnifera (1,819 g), followed

by Nigella sativa (1,805 g) and Azadirachta indica (1,800 g),

when plants were supplemented at a rate of 4 g kg−1 of feed.

Herbal drugs, includingW. somnifera,Asparagus racemosus, and

Mucuna pruriens, improved the body weight of VenCobb-400

broilers (120).

The synergistic effect of three different herbs, namely,

ashwagandha, shatavari, and kapikachhu, on production
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TABLE 1 Withania somnifera e�ects and application.

Type of herbal extract Dose Route of

administration

Species Effect References

W. somnifera Extract ofW. somnifera 20 g

L−1 water

Drinking water Broiler chickens Improves feed intake and body weight (116)

Polyherbal formulation

including Phyllanthus

emblica, Ocimum sanctum,

Terminalia chebula, andW.

somnifera

One and 2 ml/100 birds/day

for 0–42 days

Polyherbal liquid

dietary inclusion

Broiler chickens Improves feed intake at the last 3 weeks of

rearing period, optimizes protein and fat

content of raw meat, and also maintains

sensory quality of meat

(117)

W. somnifera W. somnifera-based diet

(0.5%)

Feed additives Broiler chickens Shows lower feed intake and improves

growth parameter such as body weights and

weekly gain in body weights

(118)

Medicinal plants mix

includingW. somnifera,

Shatavari Asparagus

racemosus, andMucuna

pruriens

Herbal drug (2%) along with

the basal ration for 42 days

Feed additives Broiler chickens Improves body weight, improves the quality

of meat, and fetches more economic return

(119)

Withania somnifera,

Asparagus racemosus, and

Mucuna pruriens

Herbal drug (2%)/kg diet/42

days

Feed additive Broiler chickens Shows a significant (p < 0.05) difference in

weekly feed consumption

(120)

Ashwagandha root powder Basal diet (0.25%– and 0.5%)

for 6 weeks

Feed additives Broiler chickens Increases productivity, average weekly body

weight gain, feed conversion ratio, and blood

biochemical profile

(121)

W. somnifera root extract W. somnifera root extract

(20%) at 20 mL−1 of water

Drinking water Broiler chickens Lowers the pathogenicity, mortality, and

recovery time of Escherichia coli challenge.

Stimulates the humoral and cellular

immunity and shows protective impact on

lowering the pathogenicity of Escherichia coli

(100)

Ashwagandha and selenium Ashwagandha (2.5%) and 0.20

mg kg−1 selenium in the diet

Feed additives Broiler chickens Improves growth performance and carcass

traits

(122)

W. somnifera W. somnifera (0, 100, and 200

mg kg−1) diet

Feed additives Broiler chickens Improves the bird productivity, immunity,

and meat oxidative stability under oxidative

stress status

(123)

Ashwagandha root powder Ashwagandha root powder

(0.25, 0.5, 0.75, and 1%) on

feed

Feed additives Layer chickens Improves egg production and increase egg

mass

(124)

W. somnifera root extract W. somnifera (2.5 or 5.0%)

root extract

Feed additives Broiler chickens Did not have any adverse impacts on

productivity, immunity, serum biochemical

constituents, and hematological index

(125)

W. somnifera root powder W. somnifera (1%) of the feed Feed additives Broiler chickens Alleviates infectious bursal disease

virus-induced stress and histological and

immunological alterations. Reduces gumboro

virus persistence in the host

(126)

Shatavari and ashwagandha Shatavari (2.5 g)+ 2.5 g

ashwagandha powder kg−1

feed

Feed additives Broiler chickens Improves productivity of chickens under

cage conditions without having negative

impact on feed conversion ratio

(127)

W. somnifera root powder W. somnifera (0.5, 1, and 2%)

root powder

Feed additives 200-day-old chicks Enhances growth rate, feed consumption,

and feed conversion and reduces mortality

(128)

(Continued)
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TABLE 1 (Continued)

Type of herbal extract Dose Route of

administration

Species Effect References

Shatavari and ashwagandha Shatavari (2.5 g)+ 2.5 g

ashwagandha powder/kg feed

Feed additives Broiler chickens Increases performance in caged conditions.

Improves body weight and feed intake

(129)

Probiotic (Lactobacillus

acidophilus) with three herbal

growth promoters, Amla,

Tulsi, and ashwagandha

Feed was fortified with

probiotics, dried and

powdered herbs as per the

requirement per ton of feed

Feed additive Broiler chicks Herbal-treated birds revealed maximum live

body weight (290 g) during second, third, and

fifth weeks of the trial and improved growth

performance, carcass characteristics, and

dressing percentage

(130)

W. somnifera extract W. somnifera extract (20 g) Feed additives Broiler chickens Improves body weight (131)

Ashwagandha root extract

and ashwagandha root

powder

Root extract (0.15%) of

ashwagandha and 0.5%

ashwagandha root powder

Feed additives Broiler chickens Improves body weight when 0.15% root

extract of ashwagandha was used

(132)

Withania somnifera root

powder (Ayucee premix)

Ayucee (100 g ton−1 of feed) Polyherbal feed

premix

Broiler chickens Improves body weight and bird productivity

under heat stress in the summer season

(133)

Ashwagandha root powder Ashwagandha root powder

(1%)

Feed additives Japanese quails Improves body weight. Improves feed

efficiency. Improves the immune status

(134)

W. somnifera root powder W. somnifera root powder

(0.5%)

Feed additives Broiler chickens

under heat stress

Improves body weight, weekly body weight

gain, and feed conversion ratio

(118)

Nigella sativa, Boerhavia

diffusa, W. somnifera, Ipomea

digitata, Azadirachta indica,

and Corylus avellana

diet (4 g kg−1) Feed additives Broiler chickens Increases production (135)

Ashwagandha W. somnifera root ethanolic

extract (50, 100 mg/kg/day)

Orally Japanese quails

under heat stress

Improves body weight gain when 100 mg/kg

ethanolic extract was used

(136)

W. somnifera leaves W. somnifera leaves 0.75 g

kg−1 leaves/kg diet

Feed additives Broiler chickens Increases body weight in the 4th and 5th

week of age

(137)

W. somnifera root powder

and guduchi stem powder

W. somnifera 1 and 2 g kg−1

feed

Feed additives Broiler chickens Improves significantly body weight. Lowers

mortalities. Shows no significant differences

in feed conversion ratio

(138)

W. somnifera Two-fold serial dilutions of

20% aqueousW. somnifera

root extract

In vitro In vitro

antibacterial activity

testing against

Escherichia coli O78

Shows maximum inhibition of bacterial

growth at 1:8 dilution ofW. somnifera root

extract

(98)

performance of broilers was examined by Pandey et al.

(119), and they concluded that ashwagandha, shatavari, and

kapikachhu powder mixture in the ratio of 2:1:1 when added at

a rate of 2% in the poultry ration of the VenCobb-400 broilers

resulted in a higher body weight compared with that of the

control chicks. The increased productivity of herbs-treated

groups was attributed to the immunomodulatory, antioxidant,

and antistress effects of W. somnifera (128, 139, 140). The

feasibility of replacing antibiotic growth promoters with herbal

growth promoters was discussed by Sanjyal and Sapkota (130) in

a trial performed on 192 VenCobb-400 broilers with antibiotic

(chlortetracycline), probiotic (Lactobacillus acidophilus), and

three herbal (amla, tulsi, and ashwagandha) growth promoters.

In this trial, the optimal live body weight (290 g) was observed

in the Withania-treated group during the second week of the

experiment and was significantly larger compared with the

control and other treatments. The Withania-supplemented

group also showed the maximum WG during the third (194 g)

and fifth (412 g) weeks of the trial (130). The positive impact

of W. somnifera on BWG of birds might be explained by the

phytogenic contents of W. somnifera increasing the secretion

of endogenous enzymes, improving hepatic function, and

increasing hepatic protein biosynthesis, which are reflected in

an increased BWG of the treated birds.

Rindhe et al. (117) compared the efficacy of W. somnifera-

containing herbal formulation with synthetic ascorbic acid

in a 42-day trial on VenCobb-400 broilers and found that

the mean live body weight of the Withania-supplemented
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group was significantly (P < 0.01) higher (2,281.67 ±

4.05 g) compared with that of chickens supplemented with

ascorbic acid (2,173.33 ± 4.31 g) and control birds (2,000.00

± 8.35 g). Kumari et al. (98) recorded less reduction in

the body weight (1,800 ± 130.38 g) in 0.5% Withania-

supplemented Salmonella-challenged chickens compared with

unsupplemented Salmonella-challenged chickens (1,600 ±

70.71 g) and a significantly higher body weight of 1,980± 66.33 g

in uninfected Withania-supplemented broilers compared with

uninfected control broilers. The body weight of broilers

was significantly impacted by supplementation with 20 g W.

somnifera extract L−1 water when compared with the control

chicks (1,736.59± 0.44 g vs. 1,452.13± 0.89 g, respectively) (98).

Similar impacts on the body weight of broiler chicks

following administration of 20 g W. somnifera extract were

recorded by Sajjad (131) and Kakar (141). Furthermore, a

0.15% root extract of ashwagandha was significantly (p < 0.05)

superior in improving the body weight of broilers as compared

to the control and 0.5% ashwagandha root powder-fed chickens

(2,297.11 ± 49.8 g vs. 1,947.83 ± 41.39 g vs. 2,214.78 ± 57.41 g,

respectively) (132). These results corroborated the data of Singh

et al. (85) who also recorded the elevated body weight in

ashwagandha-fed chickens. A dose-dependent positive impact

of W. somnifera on LBW and BWG in broilers was reported

in several studies. A dose-related effect of Withania during the

different weeks of a trial was reported in the study of Ahmed

et al. (137). In this trial, the body weight of Ross broiler chickens

in weeks 4 and 5 of the trial was affected more significantly

(P≤0.05) by the addition ofW. somnifera to basal feed compared

with the control chickens, and during the period from 3 to 4

weeks of age, chickens that received 0.75 gW. somnifera resulted

in a significantly (P ≤ 0.05) higher BWG compared with control

and other treated groups, whereas the final body weight and

BWG at the final interval (4–5 weeks) were significantly (P ≤

0.05) increased in 1.5 g Withania-supplemented chickens (137).

The improvement in the body weight with age may be due to

the impact of W. somnifera in stimulating the thyroid gland

directly and/or through the pituitary gland to secrete more

thyroid anabolic hormones (137).

Similarly, Joshi et al. (138) proved the anabolic effect of W.

somnifera with two different doses (T2: 1 g kg−1 feed and T3:

2 g kg−1 feed) and noticed a marked (P < 0.05) impact on

overall body weight of broilers and chicks maintained on 2 g

Withania/kg of feed (T3), with a final body weight of 2,199.30

± 40.20 g compared with 2,138.86 ± 34.5 g (T2) and 2,076.26

± 22.27 g (T1: control). Average weekly BWGs were higher in

W. somnifera-fed groups compared with the control at the first

and third weeks and overall, for the trial. In addition, the total

WG (g) was statistically highest (2,152.98± 40.27 g) in the group

that received 2 g Withania/kg feed. On the contrary, Thange

et al. (142) did not observe any impact of various doses of

dietary supplementation of W. somnifera on the body weight

in broilers. The dietary supplementation of ashwagandha not

only improved the body weight in the thermo-comfort zone

but also accelerated the body weight in temperature extremes.

Furthermore, a polyherbal premix containingW. somnifera root

powder added to the chicken feed significantly improved the

body weight of broilers after a 6-week trial in the summer

when the mean temperature–humidity index (84.74± 2.51) was

greater than the thermo-comfort zone of broilers (133).

Japanese quails also exhibited an improvement in

performance with the supplementation of ashwagandha.

The addition of 1% ashwagandha root powder significantly (P

< 0.05) enhanced the body weight of Japanese quail chicks

(134). Similarly, Ahmed et al. (136) reported a significant (P

≤ 0.05) improvement in BWG of quails fed with a 100 mg

kg−1 ethanolic extract of ashwagandha as compared to the

control birds.

The FCR (amount of feed intake/unit LWG) ultimately

determines the economics of the broiler industry. A significant

reduction in FCR was recorded by Shisodiya et al. (118) in

broiler chicks when the basal diet was supplemented with

0.5% Withania root powder. Comparison of the effect of

Withania and five different herbs, such as Corylus avellana,

Boerhavia diffusa, Ipomea digitata, Azadirachta indica, and

Nigella sativa, in broilers also revealed a significantly better

FCR during most weeks in the birds fed the Withania-

included diet (135). Rindhe et al. (117) reported a lower

FCR (2.05) in ashwagandha-fed birds compared with ascorbic

acid-supplemented and control broilers. A comparative study

conducted by Sanjyal and Sapkota (130) in broiler chickens

resulted in an improved FCR in a group fed withWithania root

powder compared with antibiotic and two other herbs, namely,

amla and tulsi.

Srivastava et al. (120) recorded enhanced weekly FCR from

the first to the sixth week of age in Withania-treated broilers.

The overall FCR (1.74) during all the weeks was statistically very

low in broilers reared on 2% herbal formulation containing 50%

Withania powder compared with the control birds (2.07) (119).

A numerically improved feed conversion efficiency was recorded

by Vasanthakumar et al. (132) in broiler chickens reared on

0.15% ashwagandha root extract. However, the graded level of

Withania supplementation at 1 g kg−1 of feed and 2 g kg−1 of

feed did not result in a significant (P> 0.05) difference in FCR in

broiler chickens (138). Non-significant differences in FCR were

also reported by Thange et al. (142). The improvement in feed

efficiency was also observed in Japanese quails (134) with the

addition of W. somnifera. 0.5%, 1.0%, and 1.5% Withania root

powder feed supplementation (143). The enhanced FCR (P ≤

0.05) was also reported when quails were supplemented with

the ashwagandha root ethanolic extract (100mg and 200mg

kg−1 feed) or with 2 g kg−1 diet of root powder in contrast to

controls (136). A significant increase in FI of 3,231.27 ± 0.44 g

was recorded in broiler chicks supplemented with a 20 g extract

of W. somnifera L−1 water when compared with the control

group (2,864.91± 0.89 g) (144).

Frontiers in Veterinary Science 09 frontiersin.org

https://doi.org/10.3389/fvets.2022.918961
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Salem et al. 10.3389/fvets.2022.918961

To summarize, the overall improvement in the performance

of poultry supplemented with dietaryW. somnifera could be due

to the impact of W. somnifera on increasing the level of the

anabolic hormones, enhancing endogenous enzyme production,

increasing nutrient digestion and absorption, improving liver

function, increasing antioxidant capacity, and elevating hepatic

protein biosynthesis.

Impacts of W. somnifera on
hematological and biochemical blood
parameters

The hematinic activity of W. somnifera on broiler chickens

was recorded by Kumari et al. (98), who found a significantly

higher Hb level, the packed cell volume (PCV), and non-

significant mean corpuscular volume (MCV) and mean

corpuscular hemoglobin concentration (MCHC) values between

control and Withania-treated birds. The hematinic activity of

W. somnifera root powder is attributed to direct and indirect

action on the hematological parameters. A direct positive

impact of W. somnifera was noticed on hemopoiesis in broiler

chicks via stimulation of stem cell proliferation and improved

bone marrow cellularity (49, 144). Also, W. somnifera root

powder protected red blood cells from oxidative stress in broiler

chickens through its antioxidant effect and improvement in the

erythrocytic enzyme activity (133). Daisy (145) in broilers and

Bhardwaj et al. (134) in Japanese quails reported significant

improvements in total erythrocytic numbers. Less intense

anemia was recorded in Salmonella-infected broiler chickens

raised on ashwagandha root powder, with the chicks rapidly

recovering from Salmonella infection (98). In broilers treated

with the extract ofWithania root powder (10, 20, and 30 g L−1),

there was no significant difference in Hb levels (116). In contrast,

Bhardwaj et al. (134) discovered a considerable increase in Hb

content in Japanese quails. The PCV value of broilers treated

with Withania extract at 10 and 20 g L−1 was considerably

greater compared with that of the equivalent control group

chicks (116).

Bhardwaj et al. (134) found a significant and linear rise

in PCV in Japanese quails after adding increasing amounts

of ashwagandha root powder (0.5, 1.0, and 1.5%) compared

with the untreated quails. Marked elevations in phagocytic cell

counts (55, 146, 147), along with an increase in phagocytic

potential, were reported in avian species supplemented with W.

somnifera (128). Furthermore, Gautam et al. (62) recorded a

marked elevation in numbers of white blood cells of broilers.

A higher mean total leukocyte count in chicks supplemented

with 20 g L−1 Withania root extract was recorded; however,

differences in the levels of monocytes, neutrophils, eosinophils,

and lymphocytes in Withania-supplemented chicks were not

significant when compared with the values found in the

control chicks (116). The level of lymphocytes in broilers

treated with 1.5% ashwagandha was significantly elevated

up to 53.59% with no change in heterophil and monocyte

levels (134).

The considerable hypoglycemic effect (12%) ofW. somnifera

root powder observed in human subjects was infrequently

confirmed in broilers (112). The blood glucose level in broilers

at the end of the sixth week of a trial was unaffected by a herbal

preparation including W. somnifera root powder supplemented

at 2% in basal diet (120). A similar non-significant role of

ashwagandha on serum glucose levels was recorded in guinea

pigs (148). Furthermore, broilers treated with ashwagandha

leaves also showed non-significant alterations in blood glucose

levels (137). However, lower plasma glucose (182.18 mg dl−1)

was reported in broiler chickens treated withWithania at 0.01%

of diet compared with that of control birds (249.52 mg dl−1)

(133). The hypoglycemic impact of ashwagandha in broilers was

predominantly reported under stress (149).

The elevation in serum protein following administration of

Withania is due to the direct anabolic effect of ashwagandha or

occurs indirectly through an increase in thyroid hormone level

(150). During experimental hyperglycemia, W. somnifera root

extract was reported to effectively reverse increased proteolysis

and lower protein levels and improve serum albumin and total

protein levels, which never strayed from the normal range

during the experiment (113). The serum protein regulatory

activity of ashwagandha was confirmed by Verma and Gaur

(76) in pesticides-intoxicated cockerels, with 20mg Withania

root extract/bird/day producing a marked elevation in serum

protein levels in the cockerels. In Salmonella-infected broilers,

0.5% ashwagandha root powder had a strong resistive effect on

serum protein and albumin levels, as well as a marked elevation

in serum globulin level (98). However, ashwagandha leaves did

not confer this protein-modulating role (137). Significant rises in

serum total protein and globulin concentrations with numerical

elevation in albumin level were observed in broilers raised onW.

somnifera root powder (151), and W. somnifera root extract at

20 mg/day/bird for month significantly accelerated serum total

protein to 24.42 g/100mL compared with 15.7 g 100 mL−1 in

control cockerels (150).

The anabolic impact of ashwagandha was more effective

under stress in broilers. In addition, a significant recovery from

enrofloxacin-induced hypoproteinemia was reported in broilers

treated with ashwagandha (152). Reductions in the severity of

depression in serum total protein and albumin were recorded

in Salmonella gallinarum-challenged broilers on ashwagandha

supplementation (98).Withania-supplemented broiler chickens

revealed higher plasma protein and total globulin levels

compared with the control birds (133). Locally prepared herbal

drugs, includingW. somnifera,Mucuna pruriens, and Asparagus

racemosus, supplemented at 2% of broiler ration resulted in non-

significant differences in serum total protein among control and

treated birds (120).
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The total plasma cholesterol at 0.01% ashwagandha of

broiler ration was significantly decreased compared with that of

untreated control birds (133). Moreover, 2% W. somnifera root

powder supplementation in layers revealed a 30% reduction in

egg cholesterol concentrations and 26% lowering in egg-yolk

triglycerides (153). Research in humans and rats verified the

hypocholesterolemia and hypolipidemic impact of ashwagandha

root powder (112, 113). The addition of 0.5% ashwagandha

root powder markedly lowered the concentration of two major

negative hepatic health indicator enzymes, namely, serum

alanine aminotransferase (ALT) and aspartate aminotransferase

(AST), in broilers infected with Salmonella gallinarum, while

lactate dehydrogenase (LDH) activity remainedmarkedly higher

until the end of the experiment (35 days) and a significantly low

decline in alkaline phosphatase (ALP) was recorded (98).

The hepatoprotective and cardioprotective activity of

ashwagandha is due to the presence of alkaloids, withanolides,

and free-radical scavenging characteristics of ashwagandha

(60). E. coli-challenged guinea pigs and treated with W.

somnifera also revealed a similar decrease in ALT and AST

concentrations (148). Supplementation of ashwagandha in

pesticides-intoxicated cockerels markedly reduced the toxic

impact of the pesticides in terms of lowering ALT and AST

concentrations with a concurrent significant appreciation in the

activity of ALP related to development (149). The ALT- and

AST-reducing effect of roots of W. somnifera was not observed

with leaves of ashwagandha in broiler chickens (132). In

contrast, a trial on a herbal preparation containingW. somnifera

did not significantly impact serum ALT and AST in broiler

chickens fed at 2% per kg of ration (120). A calcium-sparing

impact of ashwagandha was recorded by Varma et al. (149).

Finally, the positive impact of W. somnifera on

hematological and biochemical blood parameters could

be attributed to the hematinic activity of W. somnifera in

stimulating stem cell proliferation, improving bone marrow

cellularity, elevating antioxidant capacity that delays lipid

oxidation, increasing erythrocytic enzyme activity, improving

phagocytic activity, elevating white blood cells production,

regulating serum proteins, and reducing total plasma cholesterol

and its different alkaloids. In addition, the withanolide contents

of W. somnifera act as free-radical scavengers that mitigate

the oxidative stress impacts and show hepatoprotective and

cardioprotective effects.

W. somnifera antioxidant potential and its
impacts on carcass characteristics and
meat quality

Following exposure to acute and chronic heat stress,

significant negative impacts on livability, productivity,

immunity, and illness susceptibility were observed in poultry

(154). Heat stress might contribute to the inferiority of acquired

immunity in high-meat-yielding broiler lines. Heat stress

lowered both cell-mediated and humoral immunity in birds,

explored through evaluation of phagocytic activities and serum

antibody titers, respectively (155). Significant amelioration (P

< 0.05) in recovery from Salmonella gallinarum experimental

infection was observed at 28 days post-infection of broilers

supplemented with ashwagandha root powder (156).

The usage of different antioxidants in Cobb male broilers

revealed a linear increase in serum T3 and T4 under heat stress

(157). Furthermore, the use of a herbal preparation at 0.01%

in basal feed—containing W. somnifera as one of the main

ingredients—under thermal stress (84.74 ± 2.51 temperature–

humidity index) significantly accelerated serum total protein

and serum globulin in broiler chickens compared with the

control birds, while there was non-significant variation in

albumin content between treated and control broilers (133).

Ashwagandha protects broilers in terms of lowering

mortality due to infection-related stress and promotes early

recovery from disease. A ten-fold lower mortality (1.42%),

relative to the control (14.28%), was reported by Pandey et al.

(119) in broilers supplemented with ashwagandha. Kumari et al.

(98) observed a considerable decline (50%) in mortalities of

broiler chickens when the birds were supplemented with 0.5%

W. somnifera root powder. The antistress and adaptogenic

effect of ashwagandha lowered the severity of the infection

and facilitated the early recovery of broilers from experimental

infection with Salmonella gallinarum. Also, the cumulative

mortalities in broilers were reported to be 4.4, 2.2, and 2.2% in

control, 0.1%, and 0.2% ashwagandha-fed broilers, respectively

(138). Similar results were recorded in mice treated with W.

somnifera during experimental salmonellosis, indicating that

supplementation with W. somnifera might have a promising

impact in various species (61, 120).

Sanjyal and Sapkota (130) reported a higher dressing

percentage inWithania-raised broilers (78%) as compared to the

control birds (76%). A similar finding was reported by Ahmed

et al. (137) who showed a non-significant elevation in dressing

percentage in birds supplemented with 1.5 g ashwagandha leaves

(76.41%) when compared with the control birds (75.23%).

The leg weight of control (23.46%) and ashwagandha-fed

broilers (22.20%) was also not significantly different (130).

Congruent with this, non-significant differences in breast (40.18

and 37.04%) and thighs cut percent (25.90 and 27.60%) were

reported in treated and control broilers (137). Conversely,

Rindhe et al. (117) recorded a positive impact of a polyherbal

antistress and antioxidant preparation containingW. somnifera,

Ocimum sanctum, Terminalia chebula, and Phyllanthus emblica

in increasing the carcass yield, dressing percentage, and filet,

tender, and giblet yields. In the supplemented group, carcass

yield was improved by 29.64%, dressing percentage by 0.83%,

filet yield by 23.2%, tender yield by 12.88%, and giblet yield

by 10.8%.
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FIGURE 4

Impacts of Withania somnifera supplementation on broiler meat quality.

Similar findings of higher dressing percentage, breast

weight, and leg weight were reported in groups fed with

10ml plant extract (62.3%) when compared with control

(51.11%) (158). The weight of liver in 1% ashwagandha and

0.15% ashwagandha extract (2.50)-supplemented broiler

groups showed non-significant increases in the examined

measures compared with the control chickens (132).

Also, Sanjyal and Sapkota (130) found statistically similar

percentage relative weights of liver, heart, and gizzard

in broilers raised with W. somnifera. Vasanthakumar

et al. (132) recorded a non-significant alteration in

intestinal length of carcasses of broilers supplemented

with ashwagandha as compared to the control birds; the

observed intestinal lengths were 183.75, 213.50, and 221.33 cm

in birds fed with control, ashwagandha root powder at

1% of feed, and ashwagandha root extract at 0.15% of

feed, respectively.

The impact of W. somnifera on broiler meat quality is

represented in Figure 4. The addition of ashwagandha to

the basal feed of broilers significantly affects the sensory

qualities of broiler meat. Meat from the broilers fed herbal

feed additive containing W. somnifera was reported to

be superior to the control with respect to all attributes,

including flavor (6.72 and 5.90 for supplemented and control

groups, respectively), appearance (7.32 and 6.5), tenderness

(7.13 and 6.14), juiciness (7.30 and 7.01), stickiness to

mouth (7.24 and 6.11), and overall acceptability (7.5 and

6.03) (119).

Another sensory evaluation of broiler meat revealed

significant increases in organoleptic traits of broiler meat, i.e.,

appearance (6.10 and 6.48 for control and treated groups,

respectively), odor (5.8 and 6.81), color (6 and 6.81), flavor

(5.66 and 6.5), juiciness (6.1 and 6.83), texture (6 and

6.8), and overall palatability (6 and 6.6), in groups treated

with plant products AV/LAP/19 including ashwagandha,

compared with the control group (117). Improved tenderness

with palatability was attributed to increases in collagen

and myofibrillar solubility of meat due to AV/LAP/19

supplementation (117). The oxidative stability of broiler

meat expressed in terms of thiobarbiturate acid (TBA) level

displayed significantly lower values in the AV/LAP/19-

treated group at the end of the 15th, 30th, 45th, and 60th

storage days (0.33, 0.35, 0.42, and 0.54mg malonaldehyde/kg,

respectively) in comparison with those of the control group

(0.31, 0.39, 0.50, 0.60, and 0.66mg malonaldehyde/kg,

respectively) (117).

In addition, a reduced level of tyrosine in broiler meat,

which is indicative of less proteolysis, was recorded upon
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FIGURE 5

Impacts of Withania somnifera supplementation on economic e�ciency of broilers.

supplementation of AV/LAP/19 plant product. Thus, the

reduced TBA and tyrosine level of broiler meat reported in

the AV/LAP/19-treated group was found to improve the shelf

life of frozen raw meat (117). Inclusion of the W. somnifera

at 100 or 200 mg/kg in the diet of the broilers negated the

negative impacts of oxidized oil by reducing the MDA content

in thighmeat and increasing the activity of antioxidant enzymes,

thereby improving the performance, immune reaction, and

meat oxidative stability of broilers exposed to oxidative stress

(53, 159).

W. somnifera immune modulation
features

Manoharan et al. (53) reported an elevated antibody titer

following consumption of W. somnifera extract in various

avian models. W. somnifera extract at 10, 20, and 30 g L−1

effectively improved the antibody titer against infectious bursal

disease (IBD) (116). The immunoglobulin concentrations were

higher in 1.5% ashwagandha-fed Japanese quail compared

with the control birds (134). The immune status of broilers

as expressed by antibody titer values (log2) was enhanced

in 1% ashwagandha root powder-treated (7.3) and 0.15%

ashwagandha extract-treated (7.0) groups as compared to the

control birds (6.6) (132). In addition, 1% ashwagandha root

powder-raised broilers exhibited better immunity compared

with the control birds (139), and humoral immunity of broilers

was improved with ashwagandha root powder supplementation

(159). In broiler during summer stress, total immunoglobulin

was elevated following 0.01% W. somnifera supplementation

(3.83) as compared to the control (2.79) (133). Okonkwo

et al. (160) concluded that a high antibody titer could be

obtained in broiler groups raised on herbal preparations

including ashwagandha.

Impact of W. somnifera on broiler
economics

The impact ofW. somnifera addition on economic efficiency

of broilers is expressed in Figure 5.

Pedhavi et al. (161) reported a better net return upon

treatment with a 20% root extract of W. somnifera in broilers.

The improved net return was also reported by Javed et al.

(158) following combined treatment with W. somnifera and

Berberis lycium compared with their individual outcomes,

which could be attributed to efficient feed utilization by the

broiler chickens at 10% extract of the tested herbs. Ansari

et al. (135) performed economic evaluation and showed a

maximum profit per bird in W. somnifera root powder-raised

broiler chickens (Rs. 21.44) compared with broilers fed with

Nigella sativa (Rs. 20.60), Azadirachta indica (Rs. 20.38), or

control birds.

In another study, net return was highest in the

ashwagandha-treated group (Rs. 48.48), followed by synthetic
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growth promoters (Rs. 47.92) and then control birds (Rs.

47.34) (118). Mane et al. (162) also noted a higher net profit

per bird in broilers fed with ashwagandha. In contrast,

Kale et al. (163) reported less net profit per bird fed with

ashwagandha (Rs. 15.60) compared with the control (Rs.

16.55); however, gross return was significantly higher in

0.25% ashwagandha-treated broiler chickens (Rs. 110.10)

compared with the control group (Rs. 107.58). A higher

cost of production observed for probiotic-supplemented (Rs.

141.8) and ashwagandha-supplemented (Rs. 134.7) groups as

compared to the control group (Rs. 128.3) was due to the extra

cost incurred on the usage of ashwagandha root powder and

probiotics (130).

Conclusion

Withania somnifera is rich in valuable active components

such as alkaloids and withanolides that act as free-radical

scavengers, increase antioxidant capacity, stimulate the secretion

of endogenous digestive enzymes, increase nutrient digestibility,

improve blood parameters, enhance immunity, mitigate the

negative impacts of stress, and alleviate the impact of diseases.

Therefore, incorporation of W. somnifera, especially at a level

of 2.5 g kg−1 feed in poultry ration or 20 ml l−1 in the

drinking water, improves the livability, productivity, carcass

traits, meat quality, disease resistance, blood parameters, and

immunological status of the treated bird. Further, investigations

should be adopted to determine the mechanism of action

of potential active components of W. somnifera extracts

and suggest the ideal dose and application method of these

ingredients to obtain maximum beneficial effects.

Author contributions

All authors contributed equally to this review and have read

and agreed to the published version of the manuscript.

Acknowledgments

KE-T thanks the library at Murdoch University, Australia

for the valuable online resources and comprehensive databases.

The authors would like also to thank the Fundação de Am-

paro à Pesquisa do Estado do Rio de Janeiro (FAPERJ) Brazil—

Grant Number (E-26/200.891/2021), and the Conselho Nacional

de Desenvolvimento Científico e Tecnológico (CNPq)—Grant

Number (313119/2020-1) for the financial support.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Abd El-Hack ME, El-Saadony MT, Salem HM, El-Tahan AM, Soliman MM,
Youssef GB, et al. Alternatives to antibiotics for organic poultry production: types,
modes of action and impacts on bird’s health and production. Poult Sci. (2022)
101:101696. doi: 10.1016/j.psj.2022.101696

2. El-Saadony MT, Salem HM, El-Tahan AM, Abd El-Mageed TA, Soliman
SM, Khafaga AF, et al. The control of poultry salmonellosis using organic
agents: an updated overview. Poult Sci. (2022) 101:101716. doi: 10.1016/j.psj.2022.
101716

3. Armstrong DG. Gut-active growth promoters. In: Buttery PJ, Hayanas NB,
Lindsay DB, editors. Control and Manipulation of Animal Growth. London:
Butterworth-Heinemann (1986). p. 357–424.

4. Feltwell R, Fox S. Practical Poultry Feeding. London: Faber and Faber
(1978) 302p.

5. Abd El-Hack ME, El-Saadony MT, Elbestawy AR, Gado AR, Nader MM,
Saad AM, et al. Hot red pepper powder as a safe alternative to antibiotics
in organic poultry feed: an updated overview. Poult Sci. (2022) 101:101684.
doi: 10.1016/j.psj.2021.101684

6. Humphrey BD, Huang N, Klasing KC. Rice expressing lactoferrin and
lysozyme has antibiotic-like properties when fed to chicks. J Nutr. (2002) 132:1214–
8. doi: 10.1093/jn/132.6.1214

7. Botsoglou NA, Christaki E, Florou-Paneri P, Giannenas I, Papageorgiou G,
Spais AB. The effect of a mixture of herbal essential oils or A-Tocopheryl acetate
on performance parameters and oxidation of body lipid in broilers. S Afr J Anim
Sci. (2004) 34:52–61. doi: 10.4314/sajas.v34i1.4039

8. Alagawany M, Elnesr SS, Farag MR, El-Naggar K, Taha AE, Khafaga
AF, et al. Betaine and related compounds: chemistry, metabolism and role
in mitigating heat stress in poultry. J. Therm Biol. (2021) 104:103168.
doi: 10.1016/j.jtherbio.2021.103168

9. Abou-Kassem DE, Mahrose KM, El-Samahy RA, Shafi ME, El-Saadony MT,
Abd El-Hack ME, et al. Influences of dietary herbal blend and feed restriction on
growth, carcass characteristics and gut microbiota of growing rabbits. Ital J Anim
Sci. (2021) 20:896–910. doi: 10.1080/1828051X.2021.1926348

10. Saad AM, Mohamed AS, El-Saadony MT, Sitohy MZ. Palatable functional
cucumber juices supplemented with polyphenols-rich herbal extracts. LWT Food
Sci Technol. (2021) 148:111668. doi: 10.1016/j.lwt.2021.111668

11. El-Saadony MT, Saad AM, Elakkad HA, El-Tahan AM, Alshahrani OA,
Alshilawi MS, et al. Flavoring and extending the shelf life of cucumber
juice with aroma compounds-rich herbal extracts at 4◦C through controlling
chemical and microbial fluctuations. Saudi J Biol Sci. (2021) 29:346–54.
doi: 10.1016/j.sjbs.2021.08.092

Frontiers in Veterinary Science 14 frontiersin.org

https://doi.org/10.3389/fvets.2022.918961
https://doi.org/10.1016/j.psj.2022.101696
https://doi.org/10.1016/j.psj.2022.101716
https://doi.org/10.1016/j.psj.2021.101684
https://doi.org/10.1093/jn/132.6.1214
https://doi.org/10.4314/sajas.v34i1.4039
https://doi.org/10.1016/j.jtherbio.2021.103168
https://doi.org/10.1080/1828051X.2021.1926348
https://doi.org/10.1016/j.lwt.2021.111668
https://doi.org/10.1016/j.sjbs.2021.08.092
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Salem et al. 10.3389/fvets.2022.918961

12. Abd El-Hack ME, El-Saadony MT, Shafi ME, Qattan SY, Batiha GE, Khafaga
AF, et al. Probiotics in poultry feed: a comprehensive review. J Anim Physiol Anim
Nutr. (2020) 104:1835–50. doi: 10.1111/jpn.13454

13. Abd El-Hack ME, Alaidaroos BA, Farsi RM, Abou-Kassem DE, El-Saadony
MT, Saad AM, et al. Impacts of supplementing broiler diets with biological
curcumin, zinc nanoparticles and Bacillus licheniformis on growth, carcass traits,
blood indices, meat quality and cecal microbial load. Animals. (2021) 11:1878.
doi: 10.3390/ani11071878

14. Alagawany M, Madkour M, El-Saadony MT, Reda FM. Paenibacillus
polymyxa (Lm31) as a new feed additive: antioxidant and antimicrobial
activity and its effects on growth, blood biochemistry, and intestinal bacterial
populations of growing Japanese quail. Anim Feed Sci. Tech. (2021) 276:114920.
doi: 10.1016/j.anifeedsci.2021.114920

15. El-Saadony MT, Alagawany M, Patra AK, Kar I, Tiwari R, Dawood MA, et al.
The functionality of probiotics in aquaculture: an overview. Fish Shellfish Immunol.
(2021) 117:36–52. doi: 10.1016/j.fsi.2021.07.007

16. Abd El-Hack ME, El-Saadony MT, Shafi ME, Alshahrani OA, Saghir SA, Al-
Wajeeh AS, et al. Prebiotics can restrict Salmonella populations in poultry: a review.
Anim Biotech. (2021) 19:1–10. doi: 10.1080/10495398.2021.1883637

17. Yaqoob M, Abd El-Hack M, Hassan F, El-Saadony M, Khafaga A, Batiha G,
et al. The potential mechanistic insights and future implications for the effect of
prebiotics on poultry performance, gut microbiome, and intestinal morphology.
Poult Sci. (2021) 100:101143. doi: 10.1016/j.psj.2021.101143

18. Abdelnour S, El-Saadony M, Saghir S, Abd El-Hack M, Al-Shargi O,
Al-Gabri N, et al. Mitigating negative impacts of heat stress in growing
rabbits via dietary prodigiosin supplementation. Livest Sci. (2020) 240:104220.
doi: 10.1016/j.livsci.2020.104220

19. Abdelnour SA, Swelum AA, Salama A, Al-Ghadi MQ, Qattan SY, Abd El-
Hack ME, et al. The beneficial impacts of dietary phycocyanin supplementation
on growing rabbits under high ambient temperature. Ital J Anim Sci. (2020)
19:1046–56. doi: 10.1080/1828051X.2020.1815598

20. Abdel-Moneim A-ME, El-Saadony MT, Shehata AM, Saad AM, Aldhumri
SA, Ouda SM, et al. Antioxidant and antimicrobial activities of Spirulina
platensis extracts and biogenic selenium nanoparticles against selected pathogenic
bacteria and fungi. Saudi J Biol Sci. (2021) 29:1197–209. doi: 10.1016/j.sjbs.2021.
09.046

21. Swelum AA, Elbestawy AR, El-Saadony MT, Hussein EO, Alhotan R,
Suliman GM, et al. Ways to minimize bacterial infections, with special reference
to Escherichia coli, to cope with the first-week mortality in chicks: an updated
overview. Poult Sci. (2021) 100:101039. doi: 10.1016/j.psj.2021.101039

22. Reda F, El-Saadony M, El-Rayes T, Farahat M, Attia G, Alagawany M.
Dietary effect of licorice (Glycyrrhiza glabra) on quail performance, carcass,
blood metabolites and intestinal microbiota. Poult Sci. (2021) 100:101266.
doi: 10.1016/j.psj.2021.101266

23. El-Saadony MT, Abd El-Hack ME, Swelum AA, Al-Sultan SI, El-Ghareeb
WR, Hussein EO, et al. Enhancing quality and safety of raw buffalo meat using
the bioactive peptides of pea and red kidney bean under refrigeration conditions.
Ital J Anim Sci. (2021) 20:762–76. doi: 10.1080/1828051X.2021.1926346

24. El-SaadonyMT, Khalil OS, Osman A, Alshilawi MS, Taha AE, Aboelenin SM,
et al. Bioactive peptides supplemented raw buffalomilk: biological activity, shelf life
and quality properties during cold preservation. Saudi J Biol Sci. (2021) 28:4581–91.
doi: 10.1016/j.sjbs.2021.04.065

25. Saad AM, Sitohy MZ, Ahmed AI, Rabie NA, Amin SA, Aboelenin SM,
et al. Biochemical and functional characterization of kidney bean protein alcalase-
hydrolysates and their preservative action on stored chicken meat. Molecules.
(2021) 26:4690. doi: 10.3390/molecules26154690

26. El-Tarabily KA, El-Saadony MT, Alagawany M, Arif M, Batiha GE,
Khafaga AF, et al. Using essential oils to overcome bacterial biofilm formation
and their antimicrobial resistance. Saudi J Biol Sci. (2021) 28:5145–56.
doi: 10.1016/j.sjbs.2021.05.033

27. Abd El-Hack ME, El-Saadony MT, Saad AM, Salem HM, Ashry NM,
Ghanima MMA, et al. Essential oils and their nanoemulsions as green alternatives
to antibiotics in poultry nutrition: a comprehensive review. Poult Sci. (2021)
101:101584. doi: 10.1016/j.psj.2021.101584

28. Alagawany M, El-Saadony M, Elnesr S, Farahat M, Attia G, Madkour M,
et al. Use of lemongrass essential oil as a feed additive in quail’s nutrition: its
effect on growth, carcass, blood biochemistry, antioxidant and immunological
indices, digestive enzymes and intestinal microbiota. Poult Sci. (2021) 100:101172.
doi: 10.1016/j.psj.2021.101172

29. Abou-Kassem DE, El-Abasy MM, Al-Harbi MS, Abol-Ela S, Salem HM, El-
Tahan AM, et al. Influences of total sulfur amino acids and photoperiod on growth,
carcass traits, blood parameters, meat quality and cecal microbial load of broilers.
Saudi J Biol Sci. (2021) 29:1683–93. doi: 10.1016/j.sjbs.2021.10.063

30. El-Saadony MT, Zabermawi NM, Zabermawi NM, Burollus MA, Shafi ME,
Alagawany M, et al. Nutritional aspects and health benefits of bioactive plant
compounds against infectious diseases: a review. Food Rev Int. (2021) 37:1–23.
doi: 10.1080/87559129.2021.1944183

31. Abd El-Hack ME, El-Saadony MT, Swelum AA, Arif M, Abo Ghanima MM,
Shukry M, et al. Curcumin, the active substance of turmeric: its effects on health
and ways to improve its bioavailability. J Sci Food Agric. (2021) 101:5747–62.
doi: 10.1002/jsfa.11372

32. El-Shall NA, Abd El-HackME, Albaqami NM, Khafaga AF, Taha AE, Swelum
AA, et al. Phytochemical control of poultry coccidiosis: a review. Poult Sci. (2022)
101:101542. doi: 10.1016/j.psj.2021.101542

33. Abd El-Hack ME, El-Saadony MT, Elbestawy AR, El-Shall NA, Saad AM,
Salem HM, et al. Necrotic enteritis in broiler chickens: disease characteristics and
prevention using organic antibiotic alternatives - a comprehensive review. Poult
Sci. (2022) 101:101590. doi: 10.1016/j.psj.2021.101590

34. Abd El-Hack ME, El-Saadony MT, Shehata AM, Arif M, Paswan VK, Batiha
GE-S, et al. Approaches to prevent and control Campylobacter spp. colonization
in broiler chickens: a review. Environ Sci Pollut Res. (2021) 28:4989–5004.
doi: 10.1007/s11356-020-11747-3

35. Saad AM, El-Saadony MT, Mohamed AS, Ahmed AI, Sitohy MZ. Impact
of cucumber pomace fortification on the nutritional, sensorial and technological
quality of soft wheat flour-based noodless. Int J Food Sci Technol. (2021) 56:3255–
68. doi: 10.1111/ijfs.14970

36. Reda FM, El-Saadony MT, El-Rayes TK, Attia AI, El-Sayed SA, Ahmed
SY, et al. Use of biological nano zinc as a feed additive in quail nutrition:
biosynthesis, antimicrobial activity and its effect on growth, feed utilisation,
blood metabolites and intestinal microbiota. Ital J Anim Sci. (2021) 20:324–35.
doi: 10.1080/1828051X.2021.1886001

37. El-Saadony MT, Saad AM, Najjar AA, Alzahrani SO, Alkhatib FM, Shafi
ME, et al. The use of biological selenium nanoparticles to suppress Triticum
aestivum L. crown and root rot diseases induced by Fusarium species and
improve yield under drought and heat stress. Saudi J Biol Sci. (2021) 28:4461–71.
doi: 10.1016/j.sjbs.2021.04.043

38. El-Saadony MT, Saad AM, Taha TF, Najjar AA, Zabermawi NM, Nader
MM, et al. Selenium nanoparticles from Lactobacillus paracasei HM1 capable of
antagonizing animal pathogenic fungi as a new source from human breast milk.
Saudi J Biol Sci. (2021) 28:6782–94. doi: 10.1016/j.sjbs.2021.07.059

39. El-Saadony MT, Alkhatib FM, Alzahrani SO, Shafi ME, Abdel-Hamid SE,
Taha TF, et al. Impact of mycogenic zinc nanoparticles on performance, behavior,
immune response, and microbial load in Oreochromis niloticus. Saudi J Biol Sci.
(2021) 28:4592–604. doi: 10.1016/j.sjbs.2021.04.066

40. El-Saadony MT, Sitohy MZ, Ramadan MF, Saad AM. Green nanotechnology
for preserving and enriching yogurt with biologically available Iron (II). Innov Food
Sci Emerg Technol. (2021) 69:102645. doi: 10.1016/j.ifset.2021.102645

41. Saad AM, El-Saadony MT, El-Tahan AM, Sayed S, Moustafa MA, Taha AE,
et al. Polyphenolic extracts from pomegranate and watermelon wastes as substrate
to fabricate sustainable silver nanoparticles with larvicidal effect against Spodoptera
littoralis. Saudi J Biol Sci. (2021) 28:5674–5683. doi: 10.1016/j.sjbs.2021.06.011

42. Makkar H, Francis G, Becker K. Bioactivity of phytochemicals in
some lesser-known plants and their effects and potential applications in
livestock and aquaculture production systems. Animal. (2007) 1:1371–91.
doi: 10.1017/S1751731107000298

43. Nnabugwu C. Evaluation of the feed preservative potentials of Ocimum
gratissimum L. Scent leaf). (2010). Owerri: B.Sc. Project. Dept. of Animal Sci. and
Tech. Federal University of Technology.

44. Owen J. Introduction of alternative antibiotic growth promoters (AAGPS)
in Animal production in Nigeria: a review. In: Proceedings of the 36th Conference
Nigerian Society for Animal Production; 2011 Mar 3-16; Nigeria (2011).

45. Devegowda G. Herbal medicines, an untapped treasure in poultry
production. In: Proceedings of the 20th World Poultrt Congress; New Delhi (1996).

46. Arif M, Baty RS, Althubaiti EH, Ijaz MT, Fayyaz M, Shafi ME, et al.
The impact of betaine supplementation in quail diet on growth performance,
blood chemistry, and carcass traits. Saudi J Biol Sci. (2022) 29:1604–10.
doi: 10.1016/j.sjbs.2021.11.002

47. Deeb N, Cahaner A. Genotype-by-environment interaction with broiler
genotypes differing in growth rate. 3. Growth rate and water consumption of
broiler progeny fromweight-selected versus nonselected parents under normal and
high ambient temperatures. Poult Sci. (2002) 81:293–301. doi: 10.1093/ps/81.3.293

48. Odoemelam VU, Nwaogu KO, Ukachukwu SN, Esonu BO, Okoli IC, Etuk
EB, et al. Carcass and organoleptic assessment of broiler fed Ocimum gratissimum
supplemented diets. In: Proceedings of the 38th Conference of the Nigerian Society
of Animal Production; 2013 Mar 17-20; Port Harcourt, Nigeria.

Frontiers in Veterinary Science 15 frontiersin.org

https://doi.org/10.3389/fvets.2022.918961
https://doi.org/10.1111/jpn.13454
https://doi.org/10.3390/ani11071878
https://doi.org/10.1016/j.anifeedsci.2021.114920
https://doi.org/10.1016/j.fsi.2021.07.007
https://doi.org/10.1080/10495398.2021.1883637
https://doi.org/10.1016/j.psj.2021.101143
https://doi.org/10.1016/j.livsci.2020.104220
https://doi.org/10.1080/1828051X.2020.1815598
https://doi.org/10.1016/j.sjbs.2021.09.046
https://doi.org/10.1016/j.psj.2021.101039
https://doi.org/10.1016/j.psj.2021.101266
https://doi.org/10.1080/1828051X.2021.1926346
https://doi.org/10.1016/j.sjbs.2021.04.065
https://doi.org/10.3390/molecules26154690
https://doi.org/10.1016/j.sjbs.2021.05.033
https://doi.org/10.1016/j.psj.2021.101584
https://doi.org/10.1016/j.psj.2021.101172
https://doi.org/10.1016/j.sjbs.2021.10.063
https://doi.org/10.1080/87559129.2021.1944183
https://doi.org/10.1002/jsfa.11372
https://doi.org/10.1016/j.psj.2021.101542
https://doi.org/10.1016/j.psj.2021.101590
https://doi.org/10.1007/s11356-020-11747-3
https://doi.org/10.1111/ijfs.14970
https://doi.org/10.1080/1828051X.2021.1886001
https://doi.org/10.1016/j.sjbs.2021.04.043
https://doi.org/10.1016/j.sjbs.2021.07.059
https://doi.org/10.1016/j.sjbs.2021.04.066
https://doi.org/10.1016/j.ifset.2021.102645
https://doi.org/10.1016/j.sjbs.2021.06.011
https://doi.org/10.1017/S1751731107000298
https://doi.org/10.1016/j.sjbs.2021.11.002
https://doi.org/10.1093/ps/81.3.293
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Salem et al. 10.3389/fvets.2022.918961

49. Mishra LC, Singh BB, Dagenais S. Scientific basis for the therapeutic use of
Withania somnifera (ashwagandha): a review. Altern Med Rev. (2000) 5:334–46.

50. Singh B, Saxena AK, Chandan BK, Gupta DK, Bhutani KK, Anand KK.
Adaptogenic activity of a novel, withanolide-free aqueous fraction from the roots
ofWithania somnifera Dun. Phytother Res. (2001) 15:311–8. doi: 10.1002/ptr.858

51. Sangwan RS, Chaurasiya ND, Misra LN, Lal P, Uniyal GC, Sharma R,
et al. Phytochemical variability in commercial herbal products and preparations
ofWithania somnifera (ashwagandha). Curr Sci. (2004) 86:461–5.

52. Singh P, Sharma YK. Withania somnifera (ashwagandha): a wonder herb
with multiple medicinal properties. Asian J Pharm Pharm. (2018) 4:123–30.
doi: 10.31024/ajpp.2018.4.2.5

53. Manoharan S, Ramesh S, Parthiban M, Koteeswaran A, Chandran NDJ,
Reddy MR. Effect of a poly herbal ingredient on day old chick quality by feeding in
parent flocks. Int J Poult Sci. (2004) 3:773–8. doi: 10.3923/ijps.2004.773.778

54. Punetha H, Singh S, Gaur AK. Antifungal and antibacterial activities of
crude withanolides extract from the roots of Withania somnifera (L.) Dunal
(Ashwagandha). Environ Conserv J. (2010) 11:65–9.

55. Malik F, Singh J, Khajuria A, Suri KA, Satti NK, Singh S, et al. A
standardized root extract of Withania somnifera and its major constituent
withanolide-A elicit humoral and cell-mediated immune responses by up
regulation of Th1-dominant polarization in BALB/c mice. Life Sci. (2007) 80:1525–
38. doi: 10.1016/j.lfs.2007.01.029

56. Sharma A, Deo AD, Riteshkumar ST, Chanu TI, Das A. Effect of Withania
somnifera (L. Dunal) root as a feed additive on immunological parameters and
disease resistance toAeromonas hydrophila in Labeo Rohita (Hamilton) fingerlings.
Fish shellfish Immunol. (2010) 29:508–12. doi: 10.1016/j.fsi.2010.05.005

57. Agarwal R, Diwanay S, Patki P, Patwardhan B. Studies on
immunomodulatory activity of Withania somnifera (ashwagandha) extracts
in experimental immune inflammation. J Ethnopharmacol. (1999) 67:27–35.
doi: 10.1016/S0378-8741(99)00065-3

58. Gautam M, Diwanay S, Gairola S, Shinde Y, Jadhav S, Patwardhan B.
Immune response modulation to Dpt vaccine by aqueous extract of Withania
somnifera in experimental system. Int Immunopharmacol. (2004) 4:841–9.
doi: 10.1016/j.intimp.2004.03.005

59. Kaur P, Sharma M, Mathur S, Tiwari M, Divekar HM, Kumar R, et al. Effect
of 1-Oxo-5 B, 6 B-Epoxy-Witha-2-Ene-27-Ethoxy-Olide isolated from the roots
of Withania somnifera on stress indices in wistar rats. J Altern Complement Med.
(2003) 9:897–907. doi: 10.1089/107555303771952244

60. Harikrishnan B, Subramanian P, Subash S. Effect ofWithania somnifera root
powder on the levels of circulatory lipid peroxidation and liver marker enzymes in
chronic hyperammonemia. EJ Chem. (2008) 5:872–7. doi: 10.1155/2008/589394

61. Owais M, Sharad K, Shehbaz A, Saleemuddin M. Antibacterial efficacy
of Withania Somnifera (ashwagandha) an indigenous medicinal plant
against experimental murine salmonellosis. Phytomedicine. (2005) 12:229–35.
doi: 10.1016/j.phymed.2003.07.012

62. Gautam M, Diwanay S, Gairola S, Shinde Y, Patki P, Patwardhan
B. Immunoadjuvant potential of asparagus racemosus aqueous
extract in experimental system. J Ethnopharmacol. (2004) 91:251–5.
doi: 10.1016/j.jep.2003.12.023

63. Senthilnathan P, Padmavathi R, Banu SM, Sakthisekaran D. Enhancement of
antitumor effect of paclitaxel in combination with immunomodulatory Withania
Somnifera on benzo (a) pyrene induced experimental lung cancer. Chem Biol
Interact. (2006) 159:180–5. doi: 10.1016/j.cbi.2005.11.003

64. Prakash J, Gupta S, Kochupillai V, Singh N, Gupta Y, Joshi S.
Chemopreventive activity of Withania somnifera in experimentally induced
fibrosarcoma tumours in Swiss albino mice. Phytother Res. (2001) 15:240–4.
doi: 10.1002/ptr.779

65. Dharma M, Tomar S. Role of pro-biotic in improving feed efficiency in
poultry. Indian J Indig Med. (2007) 11:72.

66. Bano A, SharmaN, Dhaliwal HS, Sharma V. A systematic and comprehensive
review on Withania Somnifera (L.) dunal-an Indian ginseng. J Pharm Res Int.
(2015) 7:63–75. doi: 10.9734/BJPR/2015/17102

67. Hepper FN. Old world Withania (Solanaceae): a taxonomic review and key
to the species. In: Hawkes JG, Lester RN, Nee M, Estrada E, editors. Solanaceae
III: Taxonomy, Chemistry, Evolution. London: Royal Botanic Gardens, Kew (1991).
p. 211–27.

68. Singh S, Kumar S. Withania somnifera: The Indian Ginseng Ashwagandha.
Lucknow: Central Institute of Medicinal and Aromatic Plants (1998).

69. Ravindra S.Agro-Techniques ofMedicinal Plants. NewDelhi: Daya Publishing
House (2004). p. 31–3.

70. Panwar J, Tarafdar J. Distribution of three endangeredmedicinal plant species
and their colonization with arbuscular mycorrhizal fungi. J Arid Environ. (2006)
65:337–50. doi: 10.1016/j.jaridenv.2005.07.008

71. Dhanani T, Shah S, Gajbhiye NA, Kumar S. Effect of extraction methods on
yield, phytochemical constituents and antioxidant activity of Withania somnifera.
Arab J Chem. (2017) 10:S1193–9. doi: 10.1016/j.arabjc.2013.02.015

72. Bandyopadhyay M, Jha S, Tepfer D. Changes in morphological phenotypes
and withanolide composition of Ri-transformed roots of Withania Somnifera.
Plant Cell Rep. (2007) 26:599–609. doi: 10.1007/s00299-006-0260-0

73. Arshad Jamal S, Iqbal ChoudharyM, Asif E. Twowithanolides fromWithania
somnifera. Phytochemistry. (1991) 30:3824–6. doi: 10.1016/0031-9422(91)80125-K

74. Kuroyanagi M, Shibata K, Umehara K. Cell differentiation inducing steroids
from Withania Somnifera L. (Dun.). Chem Pharm Bull. (1999) 47:1646–9.
doi: 10.1248/cpb.47.1646

75. Glotter E. Withanolides and related ergostane-type steroids. Nat Prod Rep.
(1991) 8:415–40. doi: 10.1039/np9910800415

76. Verma K, Gaur A. Protein and alkaloid profiling from seeds and root of
Indian ginseng (Withania somnifera Dunal). Agric Sci Digest. (2011) 31:51–3.

77. Mirjalili MH, Moyano E, Bonfill M, Cusido RM, Palazón J. Steroidal lactones
from Withania somnifera, an ancient plant for novel medicine. Molecules. (2009)
14:2373–93. doi: 10.3390/molecules14072373

78. Saggam A, Limgaokar K, Borse S, Chavan-Gautam P, Dixit S, Tillu G, et al.
Withania somnifera (L.) Dunal: opportunity for clinical repurposing in Covid-19
management. Front Pharmacol. (2021) 12:623795. doi: 10.3389/fphar.2021.623795

79. Williamson EM.Major Herbs of Ayurveda. Edimburgh, New York: Churchill
Livingstone (2002). 361p.

80. PrasathkumarM, Anisha, S, Dhrisya, C, Becky, R, Sadhasivam, S. Therapeutic
and pharmacological efficacy of selective Indian medicinal plants-a review.
Phytomed Plus. (2021) 1:100029. doi: 10.1016/j.phyplu.2021.100029

81. Marderosion A. The Review of Natural Products, Facts and Comparisons.
Michigan USA: Lippincott Williams &Wilkins (2001). 2052 pp.

82. Hassanin AA, Saad AM, Bardisi EA, Salama A, Sitohy MZ. Transfer of
anthocyanin accumulating Delila and Rosea1 genes from the transgenic tomato
micro-tom cultivar to moneymaker cultivar by conventional breeding. J Agric Food
Chem. (2020) 68:10741–9. doi: 10.1021/acs.jafc.0c03307

83. Dhuley JN. Effect of ashwagandha on lipid peroxidation in stress-induced
animals. J Ethnopharmacol. (1998) 60:173–8. doi: 10.1016/S0378-8741(97)00151-7

84. Bone K. Clinical Applications of Ayurvedic and Chinese herbs, Monographs for
the Western Herbal Practitioner. Australia: Phytotherapy Press (1996). p.137–41.

85. Singh G, Sharma P, Dudhe R, Singh S. Biological activities of Withania
somnifera. Ann Biol Res. (2010) 1:56–63.

86. Bharavi K, Reddy AG, Rao G, Reddy AR, Rao SR. Reversal of cadmium-
induced oxidative stress in chicken by herbal adaptogens Withania somnifera and
Ocimum sanctum. Toxicol Int. (2010) 17:59. doi: 10.4103/0971-6580.72671

87. Jeyanthi T, Subramanian P. Nephroprotective effect of Withania
Somnifera: a dose-dependent study. Ren Fail. (2009) 31:814–821.
doi: 10.3109/08860220903150320

88. Boyd TD, Bennett SP, Mori T, Governatori N, Runfeldt M, Norden
M, et al. GM-CSF upregulated in rheumatoid arthritis reverses cognitive
impairment and amyloidosis in alzheimer mice. J Alzheimers Dis. (2010) 21:507–
18. doi: 10.3233/JAD-2010-091471

89. Kuttan G. Use of Withania somnifera Dunal as an adjuvant during radiation
therapy. Indian J Exp Biol. (1996) 34:854–6.

90. Khare CP. Indian Medicinal Plants-An Illustrated Dictionary. New York:
Springer-Verlag (2007). p. 717–8.

91. Anbalagan K, Sadique J. Influence of an Indian medicine (Ashwagandha) on
acute-phase reactants in inflammation. Indian J Exp Biol. (1981) 19:245–9.

92. Narinderpal K, Junaid N, Raman B. A review on pharmacological profile of
Withania somnifera (Ashwagandha). RRJoB. (2013) 2:6–14.

93. Archana R, Namasivayam A. Antistressor effect of Withania somnifera. J
Ethnopharmacol. (1998) 64:91–3. doi: 10.1016/S0378-8741(98)00107-X

94. Mehta A, Binkley P, Gandhi S, Ticku M. Pharmacological effects of
Withania somnifera root extract on GABAA receptor complex. Indian J Med Res.
(1991) 94:312–5.

95. Abedon B, Auddy B, Hazra J, Mitra A, Ghosal S. A standardized Withania
somnifera extract significantly reduces stress-related parameters in chronically
stressed humans: a double-blind, randomized, placebo-controlled study. JANA.
(2008) 11:50–6.

Frontiers in Veterinary Science 16 frontiersin.org

https://doi.org/10.3389/fvets.2022.918961
https://doi.org/10.1002/ptr.858
https://doi.org/10.31024/ajpp.2018.4.2.5
https://doi.org/10.3923/ijps.2004.773.778
https://doi.org/10.1016/j.lfs.2007.01.029
https://doi.org/10.1016/j.fsi.2010.05.005
https://doi.org/10.1016/S0378-8741(99)00065-3
https://doi.org/10.1016/j.intimp.2004.03.005
https://doi.org/10.1089/107555303771952244
https://doi.org/10.1155/2008/589394
https://doi.org/10.1016/j.phymed.2003.07.012
https://doi.org/10.1016/j.jep.2003.12.023
https://doi.org/10.1016/j.cbi.2005.11.003
https://doi.org/10.1002/ptr.779
https://doi.org/10.9734/BJPR/2015/17102
https://doi.org/10.1016/j.jaridenv.2005.07.008
https://doi.org/10.1016/j.arabjc.2013.02.015
https://doi.org/10.1007/s00299-006-0260-0
https://doi.org/10.1016/0031-9422(91)80125-K
https://doi.org/10.1248/cpb.47.1646
https://doi.org/10.1039/np9910800415
https://doi.org/10.3390/molecules14072373
https://doi.org/10.3389/fphar.2021.623795
https://doi.org/10.1016/j.phyplu.2021.100029
https://doi.org/10.1021/acs.jafc.0c03307
https://doi.org/10.1016/S0378-8741(97)00151-7
https://doi.org/10.4103/0971-6580.72671
https://doi.org/10.3109/08860220903150320
https://doi.org/10.3233/JAD-2010-091471
https://doi.org/10.1016/S0378-8741(98)00107-X
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Salem et al. 10.3389/fvets.2022.918961

96. Bhatnagar M, Sisodia SS, Bhatnagar R. Antiulcer and antioxidant activity of
Asparagus racemosus Willd and Withania somnifera Dunal in rats. Ann NY Acad
Sci. (2005) 1056:261–78. doi: 10.1196/annals.1352.027

97. Ghosal S, Lal J, Srivastava R, Bhattacharya SK, Upadhyay SN, Jaiswal
AK, et al. Immunomodulatory and CNS effects of Sitoindosides IX and X, two
new glycowithanolides from Withania somnifera. Phytother Res. (1989) 3:201–6.
doi: 10.1002/ptr.2650030510

98. Kumari D, Mishra SK, Lather, D. Effect of supplementation of
ashwagandha (Withania somnifera) on haemato-biochemical parameters of
Salmonella gallinarum infected broiler chickens. Haryana Vet. (2015) 54:1–6.
doi: 10.5958/0973-970X.2015.00033.4

99. Maithani B. Medicinal plants of western Garhwal. Khadi Gramodyog.
(1973) 19:269–78.

100. Kumari M, Gupta RP, Lather D, Bagri P. Ameliorating effect of Withania
somnifera root extract in Escherichia coli–infected broilers. Poult Sci. (2020)
99:1875–87. doi: 10.1016/j.psj.2019.11.022

101. Raeder J, Larson D, Li W, Kepko EL, Fuller-Rowell T. Open GGCM
simulations for the THEMIS mission. Space Sci Rev. (2008) 141:535–55.
doi: 10.1007/s11214-008-9421-5

102. Malhotra C, Mehta V, Das P, Dhalla N. Studies on Withania-ashwagandha,
Kaul. V. The effect of total alkaloids (Ashwagandholine) on the central nervous
system. Indian J Physiol Pharmacol. (1965) 9:127–36.

103. Mohanty I, Arya DS, Dinda A, Talwar KK, Joshi S, Gupta SK.
Mechanisms of cardioprotective effect of Withania somnifera in experimentally
induced myocardial infarction. Basic Clin Pharmacol Toxicol. (2004) 94:184–90.
doi: 10.1111/j.1742-7843.2004.pto940405.x

104. Tohda C, Kuboyama T, Komatsu K. Dendrite extension by methanol extract
of ashwagandha (roots of Withania somnifera) in Sk-N-Sh cells. Neuroreport.
(2000) 11:1981–5. doi: 10.1097/00001756-200006260-00035

105. Schliebs R, Liebmann A, Bhattacharya SK, Kumar A, Ghosal S, Bigl V.
Systemic administration of defined extracts from Withania somnifera (Indian
ginseng) and Shilajit differentially affects cholinergic but not glutamatergic
and GABAergic markers in rat brain. Neurochem Int. (1997) 30:181–90.
doi: 10.1016/S0197-0186(96)00025-3

106. Mayola E, Gallerne C, Degli Esposti D, Martel C, Pervaiz S, Larue L, et al.
Withaferin A induces apoptosis in human melanoma cells through generation of
reactive oxygen species and down-regulation of Bcl-2. Apoptosis. (2011) 16:1014–
27. doi: 10.1007/s10495-011-0625-x

107. Sindhu K, Santhi N. Molecular interaction of withanolides from Withania
somnifera against the oncoprotein Skp2 using glide. Adv Biotechnol. (2009) 9:28–
33.

108. Yang ES, Choi MJ, Kim JH, Choi KS, Kwon TK. Withaferin A enhances
radiation-induced apoptosis in Caki cells through induction of reactive oxygen
species, Bcl-2 downregulation and Akt inhibition. Chem Biol Interact. (2011)
190:9–15. doi: 10.1016/j.cbi.2011.01.015

109. Devi PU, Sharada A, Solomon F. In vivo growth inhibitory and
radiosensitizing effects of withaferin A onmouse Ehrlich ascites carcinoma.Cancer
Lett. (1995) 95:189–93. doi: 10.1016/0304-3835(95)03892-Z

110. Sharada AC, Solomon FE, Devi PU, Udupa N, Srinivasan KK.
Antitumor and radiosensitizing effects of withaferin a on mouse Ehrlich ascites
carcinoma in vivo. Acta Oncol. (1996) 35:95–100. doi: 10.3109/028418696090
98486

111. Davis L, Kuttan G. Suppressive effect of cyclophosphamide-induced toxicity
by Withania somnifera extract in mice. J Ethnopharmacol. (1998) 62:209–14.
doi: 10.1016/S0378-8741(98)00039-7

112. Andallu B, Radhika B. Hypoglycemic, diuretic and hypocholesterolemic
effect of winter cherry (Withania somnifera, Dunal) root. Indian J Exp Biol.
(2000) 38:607–9.

113. Udayakumar R, Kasthurirengan S, Mariashibu TS, Rajesh M, Anbazhagan
VR, Kim SC, et al. Hypoglycaemic and hypolipidaemic effects of Withania
somnifera root and leaf extracts on alloxan-induced diabetic rats. Int J Mol Sci.
(2009) 10:2367–82. doi: 10.3390/ijms10052367

114. Sarangi A, Jena S, Sarangi A, Swain B. Anti-diabetic effects of Withania
somnifera root and leaf extracts on streptozotocin induced diabetic rats. JCTR.
(2013) 13:3597–601.

115. Navinder KM, Sehrawat R, Khatak S. A comparative study: homoeopathic
medicine and a medicinal plant Withania somnifera for antidiabetic activity. J
Pharmacogn Phytochem. (2013) 2:109–12.

116. Mushtaq M, Durrani F, Imtiaz N, Sadique U, Hafeez A, Akhtar S, et al.
Effect of administration of Withania somnifera on some hematological and
immunological profile of broiler chicks. Pak Vet J. (2012) 32:70–2.

117. Rindhe A, Suryavanshi SU, Khose KK, Waghmare RN, Saxena MJ,
Ravikanth K, et al. Role of polyherbal liquid antistressor product in improvingmeat
quality attributes in broilers. IRJPP. (2012) 2:209–14.

118. Shisodiya JM, Chpoade SS, Rajput AB, Chandankhede JM, Ingale KS, Kolte
BR. Comparative study of ashwagandha and commercial synthetic compound on
performance of broilers during hot weather. Vet World. (2008) 1:310–1.

119. Pandey N, Singh DP, Niwas R. Broiler characteristics, sensory qualities,
and economic efficiency in Vencobb-400 Chicks supplemented with a conjugated
herbal feed additive in diet. Anim Sci Report. (2013) 7:128–32.

120. Srivastava SB, Singh DP, Niwas R, Paswan VK. Effect of herbal drugs as a
feed additive in broiler ration. BioScan. (2012) 7:267–9.

121. Arunkumar HS, Kalakumar B, Reddy KS. Effect of ashwagandha root
powder in broiler. Phytomedica. (2000) 21:95–9.

122. Singh MK, Singh VP, Sahu DS, Jinu M. Effect of dietary supplementation
of ashwagandha (Withania somnifera) and selenium on growth performance
and carcass quality of broilers. Asian J Anim Sci. (2017) 12:129–233.
doi: 10.15740/HAS/TAJAS/12.2/129-133

123. Azimi V, Mirakzehi MT, Saleh H. Hydroalcoholic extract of Withania
somnifera leaf and α-tocopherol acetate in diets containing oxidised oil: effects on
growth performance, immune response, and oxidative status in broiler chickens.
Ital J Anim Sci. (2020) 19:917–28. doi: 10.1080/1828051X.2020.1808537

124. Sandeep K, Berwal RS, Ravi K. Effect of dietary supplementation of
Ashwagandha root powder on production performance of laying hens. Haryana
Veterinarian. (2020) 59:201–5.

125. Ansari J, Khan SH, Haq AU, Ahmad T, AbbassMI. Effect of supplementation
of Withania somnifera (Linn.) Dunal roots on growth performance, serum
biochemistry, blood hematology, and immunity of broiler chicks. J Herbs Spices
Med Plants. (2013) 19:144–58. doi: 10.1080/10496475.2012.759169

126. Ganguly B, Mrigesh M, Chauhan P, Rastogi SK. Dietary supplementation
with Withania somnifera root powder ameliorates experimentally induced
infectious bursal disease in chicken. Trop Anim Health Prod. (2020) 52:1195–1206.
doi: 10.1007/s11250-019-02104-9

127. Nagar A, Neeraj RP, Singh AK, Thakur R. Impact of dietary supplementation
of Shatavari (Asparagus racemosus) and ashwagandha (Withania somnifera)
root powder on performances in broilers. J Anim Res. (2021) 11:333–9.
doi: 10.30954/2277-940X.02.2021.15

128.Mishra S, SinghDS. Effect of feeding root powder ofWithania somnifera (L.)
Dunal. (Aswagandha) on growth, feed consumption, efficiency of feed conversion
and mortality rate in broiler chicks. Bioved. (2000) 11:79–83.

129. Nagar A, Neeraj, P Pandey R, Singh AK. Influence of dietary
supplementation of Shatavari (Asparagus racemosus) and ashwagandha (Withania
somnifera) root powder on feed intake and body weight performance in caged
broilers. J Entomol Zool Stud. (2020) 8:592–7.

130. Sanjyal S, Sapkota S. Supplementation of broilers diet with different
sources of growth promoters. Nepal J Sci Technol. (2011) 12:41–50.
doi: 10.3126/njst.v12i0.6478

131. Sajjad A. Aniseed extract as immune stimulant and growth promoter in
broiler chicks (Master’s thesis). Peshawar: Agricultural University of Peshawar,
Paksitan (2005).

132. Vasanthakumar P, Pangayarselvi B, Sasikumar P, Chandrasekaran D,
Doraisamy K, Purushothaman M. Performance of broilers fed ashwagandha
(Withania somnifera) incorporated diets during summer season for alleviating heat
stress. Indian J Anim Res. (2015) 49:333–5. doi: 10.5958/0976-0555.2015.00082.5

133. Sujatha V, Korde PJ, Rastogi S, Madan A, Maini SK, Ravikanth K.
Amelioration of oxidative stress in broilers during summer. Biotechnol AnimHusb.
(2010) 26:361–81. doi: 10.2298/BAH1006361S

134. Bhardwaj RK, Bhardwaj A, Gangwar SK. Efficacy of ashwagandha (Withania
Somnifera) supplementation on haematological and immunological parameters of
Japanese quails. Int J Sci Nat. (2012) 3:476–8.

135. Ansari JZ, Haq A, Yousaf M, Ahmad T, Khan S. Evaluation of different
medicinal plants as growth promoters for broiler chicks. Sarhad J Agric.
(2008) 24:323–9.

136. Ahmed S, Ibrahim D, Hussain S. Supplementation ofWithania somnifera l.
roots and productive performance of heat stressed Japanese quail. Iraqi J Agric Sci.
(2014) 45:322–7.

137. Ahmed SK, Abdul-Abass MH, Al-Hammed SA. Effect of dietary
supplementation of natural and synthetic antioxidants on broilers physiological
and productive performance. Egypt Poult Sci J. (2015) 35:93–105.

138. Joshi S, Ingle P, Bhagwat S, Pawar M, Prajapati K, Kulkarni R. Effect of
dietary addition of ashwagandha (Withania somnifera) and guduchi (Tinospora
cordifolia) powder on broiler performance. Indian J Anim Sci. (2015) 85:1358–61.

Frontiers in Veterinary Science 17 frontiersin.org

https://doi.org/10.3389/fvets.2022.918961
https://doi.org/10.1196/annals.1352.027
https://doi.org/10.1002/ptr.2650030510
https://doi.org/10.5958/0973-970X.2015.00033.4
https://doi.org/10.1016/j.psj.2019.11.022
https://doi.org/10.1007/s11214-008-9421-5
https://doi.org/10.1111/j.1742-7843.2004.pto940405.x
https://doi.org/10.1097/00001756-200006260-00035
https://doi.org/10.1016/S0197-0186(96)00025-3
https://doi.org/10.1007/s10495-011-0625-x
https://doi.org/10.1016/j.cbi.2011.01.015
https://doi.org/10.1016/0304-3835(95)03892-Z
https://doi.org/10.3109/02841869609098486
https://doi.org/10.1016/S0378-8741(98)00039-7
https://doi.org/10.3390/ijms10052367
https://doi.org/10.15740/HAS/TAJAS/12.2/129-133
https://doi.org/10.1080/1828051X.2020.1808537
https://doi.org/10.1080/10496475.2012.759169
https://doi.org/10.1007/s11250-019-02104-9
https://doi.org/10.30954/2277-940X.02.2021.15
https://doi.org/10.3126/njst.v12i0.6478
https://doi.org/10.5958/0976-0555.2015.00082.5
https://doi.org/10.2298/BAH1006361S
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Salem et al. 10.3389/fvets.2022.918961

139. Akotkar N, Sarag A, Rekhate D, Dhok A. Effect of supplementation of
ashwagandha (Withania Somnifera) on performance of broilers. Indian J Poult Sci.
(2007) 42:92–4.

140. Niwas R, Srivastava SB, Singh DP, Rai DC. Livkey (herbal drug) vis-a-vis
broiler production. Environ and Ecol. (2011) 29:2128–31.

141. Kakar A. Effect of different levels of ginger infusion on immunity and overall
performance of broiler chicks (Master’s thesis). Peshawar: Agricultural University of
Peshawar, Paksitan (2005).

142. Thange H, Ranade AS, Desai DN, Patil MB, Avari PE, Jawale MR. Efficacy
of different herbal preparations in broiler diet for immunomodulation: MAFSU,
Nagpur. In: Indian Poultry Sectorand Global Scenario, Indian Poultry Science.
Association. Proceedings of the XXVI Annual Conference and National Symposium;
2009 Oct 22-24; Mumbai, India (2009).

143. Bhardwaj RK, Gangwar SK. Effect of dietary supplementation of Withania
somnifera on egg production and egg quality parameters in Japanese quails. Int J
Anvanced Biol Res. (2011) 1:32–4.

144. Aphale AA, Chibba AD, Kumbhakarna NR, Mateenuddin M, Dahat SH.
Subacute toxicity study of the combination of ginseng (Panax ginseng) and
ashwagandha (Withania somnifera) in rats: a safety assessment. Indian J Physiol
Pharmacol. (1998) 42:299–302.

145. Daisy K. Growth performance of broiler chicken on inclusion of ashwagandha
and Amla extracts in drinking water (Master’s thesis). Pantnagar: Govind Ballabh
Pant University of Agriculture and Technology, Pantnagar, India (2006).

146. Davis L, Kuttan G. Effect ofWithania somnifera on 20-methylcholanthrene
induced fibrosarcoma. J Exp Clin Cancer Res. (2000) 19:165–7.

147. Davis L, Kuttan G. Immunomodulatory Activity of Withania somnifera. J
Ethnopharmacol. (2000) 71:193–200. doi: 10.1016/S0378-8741(99)00206-8

148. El-Boshy MS, Abdalla OM, Risha A, Moustafa F. Effect of Withania
somnifera extracts on some selective biochemical, hematological, and
immunological parameters in Guinea Pigs experimental infected with E. coli.
Vet Sci. (2013) 2013:153427. doi: 10.1155/2013/153427

149. Varma R, Choudhary GK, Choudhary PK, Singh P, PanwarHS. Ameliorative
efficacy of ashwagandha (Withania somnifera) in pesticides intoxicated cockerel.
Indian J Anim Sci. (2011) 81:1093–8.

150. Panda S, KARA. Effects of root extract of ashwagandha,Withania somnifera,
on function of thyroid in cockerel. Indian J Anim Sci. (1997) 67:575–6.

151. Dhenge SA, Shirbhate RN, Bahiram KB, Wankar AK, Khandait VN,
Patankar RB. Haematobiochemical profile of broilers supplemented withWithania
somnifera (Ashwagandha) and Andrographis paniculata (Bhuineem). Indian J Field
Vet. (2009) 5:5–8.

152. Arivuchelvan A, Murugesan S, Mekala P. Immunomodulatory effect of
Withania somnifera in broilers treated with high doses of enrofloxacin. Indian J
Drugs Dis. (2013) 2:276–8.

153. Qureshi SR, Sahni YP, Singh SK. Withania somnifera reduces egg yolk
total lipids, cholesterol and triglycerides in birds. Res J Pharm Biol Chem Sci.
(2011) 2:730–9.

154. Tirawattanawanich C, Chantakru S, Nimitsantiwong W, Tongyai
S. The effects of tropical environmental conditions on the stress and
immune responses of commercial broilers, Thai indigenous chickens, and
crossbred chickens. J Appl Poult Res. (2011) 20:409–20. doi: 10.3382/japr.2010-
00190

155. Niu ZY, Liu FZ, Yan QL, Li WC. Effects of different levels of
vitamin E on growth performance and immune responses of broilers
under heat stress. Poult Sci. (2009) 88:2101–7. doi: 10.3382/ps.2009-
00220

156. Singh B, Chandan B, Gupta D. Adaptogenic activity of a novel withanolide-
free aqueous fraction from the roots of Withania somnifera Dun. (Part II).
Phytother Res. (2003) 17:531–6. doi: 10.1002/ptr.1189

157. Sahin K, Sahin N, Yaralioglu S. Effects of vitamin C and vitamin E on
lipid peroxidation, blood serum metabolites, and mineral concentrations of laying
hens reared at high ambient temperature. Biol Trace Elem Res. (2002) 85:35–45.
doi: 10.1385/BTER:85:1:35

158. Javed MT, Durrani F-R, Hafeez A, Khan R, Ahmad I. Effect of aqueous
extract of plant mixture on carcass quality of broiler chicks. ARPN J Agric Biol Sci.
(2009) 4:37–40.

159. Kumari R, Tiwary BK, Prasad A, Ganguly S. Immunomodulatory effect of
herbal feed supplement in normal and immunocompromised broiler chicks. Indian
J Anim Sci. (2011) 81:158–61.

160. Okonkwo C, Oladele OA, Nwiyi P. The pattern of immunomodulation of
ImmuPlus on the infectious bursal disease (IBD) antibody of vaccinated broiler
chickens. J Vet Adv. (2015) 1:808–13. doi: 10.5455/jva.20141213022835

161. Pedhavi S, Burte RG, Kumar S, Desai BG, Bhagat DJ, PrasadeNN, et al. Effect
of Ashwagandha (Withania somnifera) on haematology and serum biochemistry of
broiler chicks. J Adv Agric Technol. (2017) 1:1–4.

162. Mane AG, Kulkarni AN, Korake RL, Bhutkar SS. Effect of supplementation
of Ashwagandha (Withania Somnifera) and Shatavari (Asparagus racemosus)
on growth performance of broilers. Res J Anim Husbandry Dairy Sci. (2012)
3:94–6.

163. Kale VR, Wankhede SM, Amrutkar SA. Impact of dietary supplementation
of ashwagandha (Withania somnifera) root powder on production efficiency of
broiler chicks. Indian Vet J. (2015) 92:69–70.

Frontiers in Veterinary Science 18 frontiersin.org

https://doi.org/10.3389/fvets.2022.918961
https://doi.org/10.1016/S0378-8741(99)00206-8
https://doi.org/10.1155/2013/153427
https://doi.org/10.3382/japr.2010-00190
https://doi.org/10.3382/ps.2009-00220
https://doi.org/10.1002/ptr.1189
https://doi.org/10.1385/BTER:85:1:35
https://doi.org/10.5455/jva.20141213022835
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Promising prospective effects of Withania somnifera on broiler performance and carcass characteristics: A comprehensive review
	Introduction
	General characteristics of W. somnifera, active ingredients, and their activity
	W. somnifera morphological features and distribution
	Chemical composition of W. somnifera
	Pharmacological features of W. somnifera
	Biological activities of W. somnifera

	Impacts of W. somnifera on performance, blood parameters, and carcass quality of birds
	Impacts of W. somnifera on feed intake, body weight gain, and feed conversion ratio of birds
	Impacts of W. somnifera on hematological and biochemical blood parameters
	W. somnifera antioxidant potential and its impacts on carcass characteristics and meat quality
	W. somnifera immune modulation features
	Impact of W. somnifera on broiler economics

	Conclusion
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


