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SUMMARY 

Parasites pose a potential threat to livestock farming by inflicting heavy economic losses, thus, emphasizing their control for 

successful farming. Conventionally, this control has long been achieved through anti-parasitic drugs. However, due to the 

emergence of resistance in parasites against these drugs and the presence of their residues in animal products, there is an increased 

interest in searching for safe and effective alternatives like garlic. Garlic is a natural spice that is enriched with many health-

beneficial compounds. Historically, it has long been used as a natural remedy for certain diseases. Recent research on garlic, 

especially its organosulfur compounds, has shown a wide range of therapeutic effects. It bears antioxidant, antiparasitic, 

antihypertensive, and antimicrobial properties. It is effective against various protozoa and helminths of ruminants. It modulates 

the gastrointestinal environment and works as a growth-promoting agent in ruminants. However, there exist some barriers to the 

practical application of garlic in ruminants which are also discussed in this chapter. 

 

INTRODUCTION 

he feeds of animals play a key role in maintaining the 

health of animals. Across various types of pastures and 

grazing areas, people provide diets to their animals 

according to the season and availability of fodder (Ortikova et 

al., 2020). The diet of animals is very important as it has a direct 

influence on the health of ruminants (Salobir et al., 2012). 

Mostly the diet of ruminants includes green fodder along with a 

certain amount of concentrated feed (Huque and Sarker, 2014). 

Garlic (Allium sativum) is well known in Asia and its leaves, 

cloves, and flowers have been widely used in traditional 

medicine for a long time; refer to Fig 1. (Mikaili et al., 2013). It 

is historically proven that various cultures have used garlic for 

the control, prevention, and treatment of many diseases 

(Gebreselema and Mebrahtu, 2013). Garlic is traditionally 

recognized as a medicinal plant for its prophylactic as well as 

therapeutic applications (Bayan et al., 2014).  

In the history of China and India, garlic was recommended 

for the treatment of respiratory and digestive problems 

including the treatment of parasitic infestations and leprosy 

(Rivlin, 2001). It is also used as a spice and food additive (Shang 

et al., 2019). In a well-known book, Qanoon Fil Tib written by 

Avicenna, it is elaborated that the compounds of garlic are 

useful in the treatment of toothache, arthritis, chronic cough, 

parasitic infestations, constipation, insect and snake bites, 

gynecological diseases, and as an antibiotic for infectious 

diseases (Kamra et al., 2012). Experimental and clinical 

investigations also suggest many beneficial effects of garlic 

such as antioxidants, antimicrobial, detoxification of harmful 

compounds, protection of the liver, and reduction of cancer risk 

and cardiovascular diseases (Bayan et al., 2014; Oh et al., 2017). 

Garlic and its compounds are beneficial for the health of the 

cardiac system and are used for the prevention and treatment of 

cardiovascular diseases. Aqueous garlic extract prevents 
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systolic blood pressure, oxidative stress, vascular remodeling, 

and aortic NAD(P)H oxidase activity (Mikaili et al., 2013). It 

has a significant effect on blood pressure lowering, serum 

cholesterol and triglyceride reduction, atherosclerosis 

prevention, increasing fibrinolytic activity, and inhibition of 

platelet aggregation. The oral administration of garlic 

effectively lowers the high blood pressure of animals. The 

mechanism behind the antihypertensive effect of garlic is due to 

its prostaglandin-like activity which results in a decrease in 

peripheral vascular resistance (Bayan et al., 2014; Shang et al., 

2019; Ku-Vera et al., 2020). 

Experimental studies also show the hypoglycemic effect of 

garlic in animals (Saikat et al., 2021). In many studies, it was 

found that garlic can reduce the level of glucose in the blood of 

diabetic patients. The volatile compounds present in garlic are 

responsible for lowering the blood glucose level such as alliin, 

allicin, diallyl disulfide, and trisulfide (Ribeiro et al., 2021). The 

extract of garlic is effective in the reduction of insulin resistance 

(Bayan et al., 2014). 

Garlic is also useful for the health of the liver as it acts as an 

antioxidizing agent and detoxifies the harmful chemicals or 

compounds produced by the liver during the metabolism of 

certain medicines (Manal, 2018; Yamaguchi et al., 2019). 

Acetaminophen is an analgesic and antipyretic drug used 

worldwide but its overdose may lead to hepatic and nephrotic 

toxicity. It is proven that the hepatotoxicity induced by 

acetaminophen can be prevented with garlic (Dorrigiv et al., 

2020). The inclusion of garlic in the diet of animals is also 

beneficial for the cure of hepatotoxicity induced by gentamycin 

(an antibiotic commonly used in ruminants) (Ademiluyi et al., 

2013). The compounds of garlic enhance the antioxidant 

defense system of animals and can also reduce lipid 

peroxidation (Kamra et al., 2012). 

Historically, garlic has long been used by different cultures 

for combating infectious diseases owing to its antimicrobial 

activity. This antimicrobial activity is attributed to the sulfur 

compounds present in garlic such as allicin (Mikaili et al., 

2013). This compound has sulfhydryl-modifying activity and 

causes inhibition of sulfhydryl enzymes (Bhatwalkar et al., 

2021). Moreover, garlic has shown differential inhibition of 

harmful enteric microbes and beneficial intestinal microflora 

(Chidinma et al., 2019). It has proven to be very effective 

against many gram-negative, gram-positive, and acid-fast 

bacteria such as Escherichia coli, Pseudomonas, Salmonella, 

Staphylococcus aureus, Proteus, Klebsiella, Bacillus subtilis, 

Micrococcus, Mycobacterium, and Helicobacter (EL-

Mahmood, 2009; Hannan et al., 2011; Zardast et al., 2016; El-

Azzouny et al., 2018; Elmowalid et al., 2019; Fufa, 2019; Lionel 

et al., 2020; Al-Shoaibi and Benedicts, 2021; Oyawoye et al., 

2022). Garlic when used in combination with ciprofloxacin 

exhibited a synergistic response (Arguello-Garcia et al., 2018). 

The extract of A. sativum also has anti-inflammatory effects 

(Batiha et al., 2020). The mechanism behind the anti-

inflammatory activity of garlic is through inhibition of the 

cytoskeleton assembly-disassembly process (Shih et al., 2010). 

The organosulfur compounds of garlic have shown preventive 

effects against intestinal damage and endotoxin-induced 

systemic inflammation (Lee et al., 2012). Thiacremonone is a 

sulfur compound present in garlic that works through the 

inhibition of NF-κB activity and prevents amyloidogenesis and 

neuroinflammation (Arreola et al., 2015). Thus, garlic extract 

can also be used in neurodegenerative diseases such as 

Alzheimer’s disease (Mikaili et al., 2013). 

Immunomodulation is also one of the properties of garlic 

extract. It is observed that aged garlic extract is more potent than 

raw garlic extract due to the transformation of organosulfur 

compounds (Bazaraliyeva et al., 2022). The immunomodulatory 

effect of garlic is due to its property of proliferating interferon-

γ and interleukin-2 gene expression of stimulated lymphocytes. 

It is also involved in the induction of nitric oxide that reduces 

the infection of macrophages (Arreola et al., 2015). 

CHEMICAL COMPOSITION OF GARLIC 

Recent research has shown many pharmacological effects of 

A. sativum and its compounds such as allicin. The studies 

conducted on the chemical composition of garlic; refer to Tab 

1. have shown that it has many therapeutically important  

  

Fig 1. Therapeutic effects of garlic compounds 
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Tab 1. Diversified effects of garlic compounds against various species of parasites 

Compound From 

Extract/Solvent 

Antiparasitic effect Mode of action Antiparasite effect  References 

Allicin (Diallyl 

trisulfide) 

Aqueous extract 

or raw garlic 

Schistosoma mansoni, 

Plasmodium falciparum, 

Trypanosoma brucei, 

Entamoeba histolytica, 

Giardia lamblia 

Sulfhydryl modifying activity, 

decrease oxygen uptake, inhibit 

synthesis of lipids, proteins, and 

nucleic acids and damage 

membranes, o inhibition of 

succinate dehydrogenase 

Sehistosoma mansoni,  

Plasmodium, 

Falciparum, 

Trypanosoma brucei, 

Entamoeba  

Histolytiea,  

Giardia Lamblia 

Arreola et 

al., 2015 

S-allyl cysteine Aqueous extract Hymenolepis and 

Giardia spp. 

Prevent reactive oxygen species 

formation through modulation of 

NADPH oxidase subunit 

expression 

Hymenolepis and 

Giardia spp 

Arreola et 

al., 2015 

Diallyl disulfide Garlic oil Plasmodium spp, 

Trypanosoma spp, 

Leishmania spp, Giardia 

spp, and 

Cochlospermum 

planchoni 

Activation of metabolizing 

enzymes that detoxify 

carcinogens, antioxidant, histone 

modification 

Plasmodium spp, 

Trypanosoma spp, 

Leishmania spp, Giardia 

spp and Cochlospermum 

planchoni 

Kamra et 

al., 2012 

Allyl sulfide Garlic oil Plasmodium spp, 

Trypanosoma spp, 

Leishmania spp, Giardia 

spp, and 

Cochlospermum 

planchoni 

Suppress cellular proliferation 

by blocking cells in the G2/M 

phase and by the induction of 

apoptosis 

Plasmodium spp, 

Trypanosoma spp, 

Leishmania spp, Giardia 

spp and 

Hayes, 2020 

Ajoene Garlic oil Trypanosoma cruzi Inhibit glutathione reductase, 

trypanothione reductase, and has 

multiple cytostatic effect on the 

key enzymes of the antioxidant 

thiol metabolism 

 Mikaili et 

al., 2013 

Diallyl trisulfide Extract Plasmodium spp, 

Trypanosoma spp, 

Leishmania spp, Giardia 

spp, and 

Cochlospermum 

planchoni 

Decrease oxygen uptake, inhibit 

synthesis of lipids, proteins, and 

nucleic acids and damage 

membranes 

 Mikaili et 

al., 2013; 

Arguello-

Garcia et 

al., 2018 

Garlic compounds mixture 

Alchinal Extract  γ-aminobutyric acid (GABA) Trichinella spiralis 

(adult form and 

muscular larvae) 

 

Ethanol, 

dichloromethane, 

and water extracts 

of A. sativum 

Extract  GABA Haemonchus contortus Iqbal et al., 

2001 

Ethanol Extract  GABA Decrease larval count Arreola et 

al., 2015 

Aqueous and 

chloroform extract 

Extract  GABA Trichuris muris and 

Angiostrongylus 

cantonensis 

Mikaili et 

al., 2013 

Garlic recipe 

(Prepared from the 

extracts of 

coconut, onion, 

garlic, fig, date 

tree, chicory, 

ananas, and 

cistrose 

Mixture Cestodes Hymenolepis 

diminuta,  

H. microstoma, Taenia 

taeniaeformis 

trematodes Fasciola 

hepatica 

 Echinostoma caproni 

Echino caproni 

Not known  Mikaili et 

al., 2013 

Essential oil of A. 

sativum 

Oil Fasciola gigantica paralytic effect  Mikaili et 

al., 2013 
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compounds, especially the organosulfur compounds such as 

alliin, diallyl disulfide, allicin, ajoene diallyl trisulfide, and S-

allyl cysteine (Martins et al., 2016). In the last decades, the 

popularity of organosulfur compounds present in the extract of 

garlic has increased tremendously (Hart et al., 2010). It is 

documented in many studies that A. sativum and its organosulfur 

constituents have the characteristics of antioxidants, 

antibacterial, anti-inflammatory, immuno-modulatory, 

antifungal, as well as protective properties for the 

cardiovascular and digestive systems including 

hepatoprotection, anticancer, antidiabetic, anti-obesity, renal 

and neuroprotective properties (Gudalwar et al., 2021). Garlic 

as a good source of sulfur-containing bioactive compounds can 

be used in the formulation of food and nutraceutical products 

for the control and prevention of various diseases (Mikaili et al., 

2013). However, among these compounds, allicin is the most 

studied naturally occurring compound (Choo et al., 2020). 

Besides organic sulfides, garlic is also enriched with 

phenolic compounds, saponins, and polysaccharides. The 

saponin compounds that are present in the garlic include 

desgalactotigonin, proto-desgalactotigonin-rhamnose, proto-

desgalactotigonin, sativoside B1-rhamnose, voghieroside D1, 

and sativoside R1 (De Greef et al., 2021). There are more than 

20 phenolic compounds in garlic and the most important 

phenolic constituents are β-resorcylic acid, gallic acid, 

pyrogallol, rutin, quercetin, and protocatechuic (Sasi et al., 

2021). The polysaccharides present in garlic include galactose 

(1%), glucose (14%), and fructose (85%) (Mikaili et al., 2013). 

It is observed that temperature has a direct effect on the 

active ingredient of garlic during processing and about 38 

constituents of garlic will be changed after thermal treatment. 

High temperature degrades polysaccharides and the amount of 

reducing sugar as well as polyphenols are increased during 

processing (Hasan et al., 2015). In one study it was found that 

the organosulfur compounds are more digestible in raw garlic 

than in cooked garlic while saponin compounds are more 

digestible in cooked garlic than in raw garlic (Lanzotti et al., 

2014; Torres-Palazzolo et al., 2018). 

ANTI-PROTOZOAL ACTIVITY OF GARLIC IN RUMI-

NANTS 

The digestive system of ruminants mainly comprises the 

rumen, reticulum, omasum, and abomasum (Sari et al., 2022). 

Rumen is the most important and largest chamber that harbors a 

large number of microorganisms (Paswan et al., 2022). Among 

these micro-organisms, protozoa are a major group accounting 

for 104-106 cells per milliliter of ruminal contents and almost 

50% of the microbial mass of the rumen (Sirohi et al., 2012; 

Choudhury et al., 2015). These protozoa live a symbiotic life in 

the rumen of animals helping in the fermentation, metabolism, 

and digestion of feed. They are involved in the synthesis of 

volatile fatty acids (Vasta et al., 2019). They do so by engulfing 

exogenous fatty acids and converting them into volatile fatty 

acids (Harun and Sali, 2019). Moreover, they are also 

responsible for the enhancement of methanogenesis (Levy and 

Jami, 2018). Holotrich ciliate protozoans produce H2 in their 

hydrogenosome (mitochondria-like organelle of protozoa) 

which is used by methanogens for the production of CH4 

(Newbold et al., 2015). They are involved in episymbiotic and 

endosymbiotic relationships with methanogens protecting the 

host from the toxicity of oxygen and their elimination from the 

rumen leads to reduced CH4 emission (Tapio et al., 2017; Zhong 

et al., 2019; Williams et al., 2020). However, apart from these 

beneficial effects, there are some parasitic protozoa which can 

cause harm to the animals. For example, Cryptosporidium 

species cause gastrointestinal disease in ruminants ultimately 

affecting their production (Delling and Daugschies, 2022). 

Hence, the control of these harmful protozoa becomes 

necessary. 

This control has long been achieved through the use of 

synthetic drugs. However, owing to the emergence of resistance 

against these traditional drugs, botanicals have gained 

importance in parasitic control practices (Bajwa et al., 2022). 

Among these botanicals, garlic has also shown antiparasitic 

properties in various studies. It is effective against many 

protozoa such as Scedosporium prolificans, Candida albicans, 

Tinea pedis, Leptomonas, Opalina ranarum, Blantidium 

entozoon, Leishmania, Entamoeba histolytica, Crithidia, and 

Trypanosomes (Mikaili et al., 2013). Allicin also has an 

antiparasitic effect against Plasmodium falciparum, and 

Trypanosoma brucei. Due to the emergence of resistance in 

synthetic drugs, garlic can be used for the treatment of protozoal 

such as Giardia (Bayan et al., 2014). 

ANTHELMINTIC ACTIVITY OF GARLIC IN RUMI-

NANTS 

Helminths are one of the most important causes of diseases 

in ruminants which decrease their production and also 

economically influence farming. They are responsible for the 

loss of the average daily gain of the host. This loss of production 

significantly affects the economic outcome of the farm. The 

primary method for the control of parasitic worm infestations in 

ruminants is the use of anthelmintics (Charlier et al., 2015). 

Currently, the increased demand of consumers using numerous 

pharmaceutical preparations in animals, the development of 

drug resistance, and the appearance of drug residues in the 

products of animals such as meat and milk have posed serious 

public health concerns (Iqbal et al., 2001; Atta et al., 2022; 

Chylinski et al., 2022). Therefore, it is required to investigate 

alternative methods and techniques that can be used for the 

prevention and control of worm infestations in animals. Garlic 



CHAPTER 01            Anti-parasitic Activity of Garlic 
 

 
5 

is a naturally occurring plant that is enriched with many 

therapeutically active ingredients and can serve as the best 

alternative to synthetic anthelmintic drugs for the treatment of 

parasitic infestations in ruminants (Hayes, 2020). It can be used 

to decrease the parasitic load of ruminants and thus enhance the 

average daily gain of animals. In this way, the increase in 

average daily gain will be beneficial to the profitability of 

livestock production (Mikaili et al., 2013). 

The antiparasitic activity of garlic is due to its special 

structure that interacts with the sulfhydryl group of proteins of 

parasites to block the physiological mechanism (Mikaili et al., 

2013). Allicin is a compound present in garlic that can make 

morphological changes in Schistosoma mansoni. Alchinal 

prepared from garlic extract, cocoa, and Echinacea purpurea is 

proven to be very effective in significantly decreasing the 

number of muscular larvae and adult forms of Trichinella 

spiralis (Zhong et al., 2019). The anthelmintic activity of A. 

stivum against Haemonchus contortus in sheep is also 

documented. The aqueous extract of garlic is proven to be very 

effective against gastrointestinal nematodes such as Trichuris 

muris and Angiostrongylus cantonensis. A recipe of garlic 

mixture (extracts of coconut, garlic, onion, fig, chicory, date 

tree, ananas, and cistrose) showed anthelmintic activity against 

trematodes such as Fasciola hepatica and Echinostoma caproni, 

and cestodes such as Hymenolepis diminuta, Taenia 

taeniaeformis, and H. microstoma (Mikaili et al., 2013). 

The allicin compound of garlic has a wide safety margin and 

can be used as an anthelminthic in ruminants. The mechanism 

of action of allicin resides within its high permeability through 

cell membranes and its rapid interaction with thiols. Therefore, 

it is equally effective against both types of parasites viz 

intercellular and intracellular parasites (Fawzi and Elsohaby, 

2017). 

Tab 2. Factors influencing the microbiota in ruminants 

Factor Species Function Remarks References 

Genetics Bacteroidetes 

(Prevotella) 

Genes encoding a broad spectrum of 

carbohydrates active enzymes such as 

glycoside hydrolases, glycosyl transferase 

Diet is the major factor determining 

their abundance, have low heritability 

Li et al., 

2019 

Firmicutes 

(Ruminococcaceae, 

Clostridiales) 

Ruminococcaceae are involved in starch 

hydrolysis and produce acetate, formate, and 

succinate while Clostridiales are involved in 

biohydrogenation 

Host and diet are the major factors 

determining their abundance except for 

Lachnospiraceae which are not 

influenced by the host genetics, have 

moderate heritability 

Li et al., 

2019 

Age Firmicutes Involved in fermentation Become abundant with increase in age Yin et al., 

2021 

Bacteroidetes Involved in the digestion of milk Become abundant with increase in age Yin et al., 

2021 

Proteobacteria Involved in fermentation Decrease with increase in age Liu et al., 

2021 

Prevotella Involved in fermentation Become abundant with increase in age Yin et al., 

2021 

Ruminococcus Involved in fermentation Become abundant with increase in age Liu et al., 

2021 

Diet Bacteroidetes, 

Firmicutes, 

Ruminococcus 

flavefaciens, Fibrobacter 

succinogenes, and 

Butyrivibrio fibrisolvens 

Involved in fermentation Increase with increase in solid diet Loor et al., 

2016 

Bifidobacterium Enhance immune system, improve gut barrier, 

and reduce enteric pathogens 

Increase with colostrum feeding Loor et al., 

2016 

Lactobacillus, 

Streptococcus bovis, 

Ruminobacter 

amylophilus, 

Megasphaera elsdenii, 

Prevotella ruminicola, 

and Selenomonas 

ruminantium 

Involved in fermentation Increase with colostrum feeding Loor et al., 

2016 

Litostomatea (Protozoal 

taxa) 

Not given Become abundant with high energy diet Loor et al., 

2016 
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EFFECT OF GARLIC ON GASTRO-INTESTINAL 

MICROBIOTA AND GROWTH PERFORMANCE OF 

RUMINANTS 

The anatomy and physiology of the digestive system of 

ruminants are different from that of monogastric animals such 

as horses. These animals have three additional parts of the 

gastrointestinal tract namely the rumen, reticulum, and omasum 

along with the abomasum (which is involved in gastric 

digestion) which allow the normal microflora of the animals to 

perform enzymatic action on the fibrous fodder that animals eat 

and allow them to absorb energy extracted by the microbiota of 

the rumen which will otherwise not be available to the host 

enzymes (Clauss and Hummel, 2017). The digestion of food in 

ruminants occurs by the combination of the physical breakdown 

of food during rumination in the mouth and microbial digestion 

through fermentation in the rumen. The rumen is a fermentation 

chamber where feed is digested by a mixed population of 

bacteria, ciliated protozoa, and a small population of 

metabolically important anaerobic fungi before gastric and 

intestinal digestion (Hart et al., 2010). 

The goal of scientists is to manipulate the ecosystem of 

rumen for the growth of beneficial microbes; refer to Tab 2. to 

improve the efficacy of conversion of feed to use products that 

are available to the animal so that they grow enough to be 

consumable by humans (Soltan and Patra, 2021). Antibiotics are 

used as feed additives that stop the growth of gas-forming 

microorganisms to lower the wastage of energy in the form of 

methane gas produced by these microbes. The use of extracts 

from plants such as garlic extract appears to be one of the safest 

alternatives to antibiotics that are recognized for their 

antimicrobial properties. It can be used to mitigate harmful 

microbes from the GIT, thereby, preventing the loss of energy, 

promoting the effective absorption of nutrients, and good health 

of the animals (Busquet et al., 2005).  

Garlic oil obtained from heating crushed garlic cloves at 

100°C and then collecting the vapors as a distillate exhibits good 

antibacterial activity against both the gram-negative and gram-

positive bacteria; refer to Fig 2. The use of this oil is proven to 

be very effective in the reduction of branched-chain volatile 

fatty acids and acetic acid. It also increases propionic acid, 

butyric acid, and small peptides. These changes are consistent 

with those of methane inhibitors used in ruminants (Kamra et 

al., 2012). 

The restriction on the use of growth-promoting antibiotics in 

animals has opened the gate for researchers to find alternate 

methods (Hart et al., 2010). Garlic is recognized as a therapeutic 

agent for the treatment of gastric tissue injury (El-Shewehy et 

al., 2022). In a study, it was evaluated that garlic has the 

property of stimulating gastrointestinal peristalsis, thereby, 

promoting the emptying of the gastrointestinal tract (GIT) and 

facilitating the process of defecation (Chen et al., 2018). It can 

be utilized to improve the functions of GIT as well as prevent 

gastric ulcers, colitis, and certain other GIT diseases by 

inhibiting inflammation, reducing oxidative stress, and 

helicobacter pylori (Hart et al., 2010). 

CONCLUSION 

Garlic is a worldwide consumed spice which has a 

characteristic odor. It is enriched with many active ingredients 

such as organosulfur compounds, phenolic compounds, 

saponins, and polysaccharides. The major bioactive compounds 

of garlic have shown many health-beneficial effects. Its 

consumption lowers the parasitic load of ruminants and 

maintains the proper environment of the GIT of the animals, 

thus, promoting the health and vigor of animals. Generally, 

garlic has low or no toxicity at all. Therefore, garlic as a whole 

or its different constituent preparations can have promising use 

as a nutraceutical and functional food for the control, 

prevention, and treatment of various diseases (Kamra et al., 

2012). 

A recent increase in people's interest in the use of organic 

products in food animals is due to the emergence of resistance 

and the appearance of drug residues in the products of animals. 

Garlic as a natural product can serve as the best alternative 

medicine for the treatment and prevention of various diseases 

(Zhong et al., 2019). Although garlic is proven to be a good 

therapeutic agent for certain diseases, some issues are barriers 

to the practical application of garlic in the field. These include 

 

Fig 2. Factors affecting the growth of microbiota in the GIT of ruminants. 
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inadequacy of methods being used in the experiments for 

knowing more about the therapeutic properties of garlic, small 

sample sizes, availability of limited or no information regarding 

the dose of garlic, lack of knowledge about the efficacy and 

effectiveness of garlic compounds, and the absence of control 

groups. Researchers are required to discover more about the 

beneficial effects of garlic against various diseases (Mikaili et 

al., 2013). 
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