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hibit low toxicity, making them promising alternatives in combatting micro-
bial infections. Among these plants, garlic (A/ium sativum) stands out for its
traditional medicinal use in effectively combating various microorganisms. In
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the poultry industry, preventing avian virus and bacterial infections is para-
mount for chicken husbandry. However, using conventional drugs poses po-
tential risks to human health. Garlic, a widely used Asian plant in traditional
medicine for various pathologies, has shown potential as an herbal prophy-
lactic remedy against viral and bacterial infections. Recently, researchers ex-
plored garlic and its derivatives as a scientific strategy in veterinary practices
for diverse purposes, such as improving poultry production characteristics
and acting as antibiotic growth promoters. This comprehensive review delves
into garlic and its derivatives as preventive and corrective treatments for viral
diseases in laying hens and broilers. The paper highlights their potential ef-
fectiveness and safety as a natural means to enhance poultry health and wel-

DOI: 10.4236/fns.2024.151002

Jan. 23,2024 27

Food and Nutrition Sciences


https://www.scirp.org/journal/fns
https://doi.org/10.4236/fns.2024.151002
https://www.scirp.org/
https://doi.org/10.4236/fns.2024.151002

A. Meza-Rios et al.

Copyright © 2024 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

[ONom

fare while mitigating the risks associated with conventional drug usage in the
food industry.
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1. Antibiotic Growth Promoters Used in Animal Husbandry

Antibiotic growth promoters (AGPs) used in animal husbandry production have
been prevalent in the food industry [1]. These promoters enhance animal per-
formance and prevent and treat bacterial diseases [2] [3]. Nevertheless, the pro-
longed usage of such substances has resulted in undesirable consequences, in-
cluding bacterial resistance, drug residues, and potential risks to human health
[4] [5]. The use of AGPs in animal production has given rise to several concerns
among scientists, policymakers, and consumers due to the associated risks [6].
Below is a concise summary of the hazards linked to the use of antibiotics to en-
hance animal performance:

1) Antibiotic resistance: One of the most significant risks is developing and
spreading antibiotic-resistant bacteria [7]. Continuous exposure to low doses of
antibiotics promotes the survival and proliferation of resistant bacteria in the gut
[8] [9]. These resistant bacteria can transfer their resistance genes to other bacte-
ria [10], including those that cause animal and human diseases [11]. The result-
ing antibiotic resistance threatens effective infection control and treatment op-
tions, jeopardizing animal, and human health.

2) Transfer of antibiotic residues: Using antibiotics in animal production
can lead to antibiotic residues in animal-derived food products [12]. Consuming
these residues can adversely affect human health, including allergic reactions
and potential long-term health consequences [13]. Strict regulations and moni-
toring are necessary to ensure that antibiotic residues in animal products remain
within safe limits.

3) Disruption of gut microbiota: Antibiotics can alter the composition and
diversity of the gut microbiota [14]. The gut microbiota is crucial in maintaining
digestive health, immune function, and overall well-being [15]. Disrupting the
balance of gut bacteria can lead to digestive disorders, reduced nutrient absorp-
tion, and compromised immune responses, making animals more susceptible to
infections and diseases [15] [16].

4) Environmental impact: Antibiotics in animal production can enter the
environment through manure and wastewater runoff. This contributes to soil
contamination, water bodies, and surrounding ecosystems [17]. Antibiotics in
the environment can promote the development of antibiotic-resistant bacteria in
wildlife and aquatic organisms [18], further amplifying the problem of antibiotic
resistance.

5) Consumer perception and demand: Growing public concern about the
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risks associated with antibiotic use in animal production has influenced con-
sumer preferences and purchasing decisions [19]. Many consumers seek prod-
ucts produced without antibiotics, driving the demand for antibiotic-free and
organic animal products [20]. Failing to address these concerns can have eco-
nomic implications for the agricultural industry.

To address these risks, regulatory agencies and the agricultural sector are im-
plementing measures to reduce the use of AGPs. These include promoting re-
sponsible antibiotic use, implementing antibiotic stewardship programs, pro-
moting alternatives such as probiotics and vaccines, and encouraging good ani-
mal husbandry practices to prevent diseases [21]. It is crucial to prioritize sus-
tainable and responsible animal production practices that minimize the risks as-
sociated with antibiotic use, preserving the effectiveness of antibiotics for both

animal and human health.

2. Bacterial Diseases in Poultry

In the poultry industry, several bacterial infections pose significant risks to the
health and productivity of poultry flocks. These infections can lead to economic
losses and adversely impact poultry welfare [22]. To address and prevent such
challenges, AGPs are a common practice to enhance poultry performance and
prevent disease outbreaks. However, the overuse and prolonged administration
of promoter antibiotics in poultry production have raised concerns about poten-
tial negative consequences. One of the major risks is the development of antibi-
otic-resistant bacterial strains [23], which can render infections difficult to treat
and threaten both poultry and human health [24]. Additionally, antibiotic resi-
dues in poultry products can raise food safety concerns and contribute to antibi-
otic resistance, affecting human medicine [13]. The following are some of the
principal bacterial infections in the poultry industry:

1) Salmonellosis: Salmonella spp. is a significant concern in poultry produc-
tion, as consuming contaminated poultry products can cause human foodborne
illnesses [25]. Sa/monella infections in poultry can lead to decreased egg produc-
tion, increased mortality, and compromised flock health [26].

2) Colibacillosis: Escherichia coli is a common bacterial infection in poultry.
It can result in various clinical manifestations, including respiratory infections,
septicemia, and diarrhea [27] [28]. Colibacillosis can lead to reduced growth
rates, decreased feed conversion efficiency, and increased mortality in affected
birds [29].

3) Clostridial infections: Clostridium perfringens is a bacterium commonly
associated with necrotic enteritis, a severe intestinal disease in poultry. It can
lead to severe economic losses due to increased mortality rates and reduced
growth performance [30]. Clostridial infections are often associated with poor
management practices and imbalances in the gut microbiota [31].

4) Pasteurellosis: Pasteurella multocida is the primary pathogen responsible
for pasteurellosis in poultry. It causes respiratory tract infections, leading to

symptoms such as coughing, sneezing, nasal discharge, and swollen sinuses [32].
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Pasteurellosis can decrease feed intake, impair growth, and increase mortality rates
[32] [33].

5) Mycoplasmosis: Mycoplasma gallisepticum is a bacterium that causes
chronic respiratory disease in poultry [34]. Infected hens can experience respi-
ratory symptoms, reduced egg production, and decreased egg quality. My-
coplasma infection is also transmitted to the offspring [35].

6) Staphylococcus infections: Staphylococcus aureus and other Staphylo-
coccus species can cause infections in laying hens, leading to various reproduc-
tive disorders and Staphylococcus contamination of eggs through bacterial entry
into the egg during formation or via external contamination of the eggshell [36].

Determining the most lethal infection relies on various factors, including the
strain of the pathogen, the flock’s general health, and the specific conditions in
the poultry production environment [37]. All these infections can cause severe
damage to poultry health and, in certain situations, can be fatal. Notably, P. mu-
tocida, C. perfringens, Salmonella spp, and Colibacillosis are highly lethal due to
their elevated pathogenicity levels [38]. This heightened pathogenicity signifi-
cantly amplifies the observed mortality often witnessed in poultry production

facilities.

3. AGPs in Poultry

AGPs have been widely used in the poultry industry for several decades to im-
prove growth rates, feed efficiency, and overall performance of birds [39]. The
primary goal of using AGPs is to promote faster weight gain and better feed
utilization, which leads to increased profitability for poultry producers. AGPs
are typically administered in subtherapeutic doses, meaning they are given at
levels below those needed to treat bacterial infections [40]. Commonly used
AGPs in poultry include chlortetracycline, penicillin, bacitracin, and virginia-
mycin [41]. However, concerns have arisen over time regarding the potential
negative consequences of using AGPs in poultry production. One of the major
concerns is the development of antibiotic-resistant bacteria [4]. The subthera-
peutic use of antibiotics in poultry can create selective pressure, leading to the
emergence of pathogenic bacteria resistant to the antibiotics used as AGPs.
These resistant bacteria can spread to humans through the food chain, posing a
significant public health risk [42].

As a result of these concerns, some countries and regions have imposed re-
strictions or outright bans on the use of AGPs in poultry production [43]. Addi-
tionally, consumers have increasingly demanded antibiotic-free poultry prod-
ucts, further driving the poultry industry to explore alternatives to AGPs.

4. Use of Alternatives to AGPS in Poultry

To address these challenges, poultry producers use alternative strategies such as
probiotics, prebiotics, phytogenics, and other natural additives to improve gut

health and support growth without relying on AGPs [40]. These alternatives aim
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to enhance overall health and welfare while reducing the risk of antibiotic resis-
tance and ensuring the production of safer and healthier poultry products for
consumers. There is a growing need to explore alternative solutions in veterinary
medicine. Many natural molecules, including essential oils, chitooligosaccha-
rides, and probiotics, exhibit growth promoter activities without compromising
animal performance [44] and reducing human health risks. Utilizing such sub-
stances in animal feed can help reduce the risks associated with antibiotic use
while maintaining animal health. Thus, the search for new alternatives, particu-
larly plant-based solutions, has become a global health priority [45]. Here are
some of the leading alternative strategies employed in poultry production:

1) Probiotics: Generally, they are beneficial microorganisms that can improve
the gut microbiota composition and promote a healthy digestive system in poul-
try [46]. They help maintain a balanced microbial environment, enhance nutri-
ent absorption, improve immune function, and inhibit the growth of pathogenic
bacteria. Probiotics can be administered through feed or water to improve gut
health and reduce infection susceptibility [47].

2) Prebiotics: These are non-digestible substances that selectively stimulate
the growth and activity of beneficial bacteria in the gut. They act as a source of
nutrition for probiotic bacteria, promoting their proliferation and enhancing
their beneficial effects [48]. Common prebiotics in poultry production include
fructooligosaccharides (FOS), inulin, and mannose-based oligosaccharides [49].

3) Organic acids: Organic compounds, such as acetic acid, formic acid, citric
acid, and lactic acid, have antimicrobial properties and can help control patho-
gens in the gastrointestinal tract. They create an acidic environment that inhibits
harmful bacteria growth while promoting beneficial bacteria growth [50]. Or-
ganic acids are commonly used as feed additives or incorporated into drinking
water.

4) Herbal extracts: Various plant extracts and essential oils have been found
to possess antimicrobial and immune-enhancing properties. These natural
compounds can be used as alternatives to antibiotics in poultry production [51].
For example, garlic, oregano, thyme, and cinnamon extracts have shown prom-
ising results in improving gut health, enhancing immune function, and reducing
bacterial and viral infections [52].

5) Vaccination: Vaccination is essential in preventing and controlling infec-
tious diseases in poultry. Vaccines are developed to stimulate the immune sys-
tem and provide protection against specific pathogens. By vaccinating poultry
against common diseases, producers can reduce the reliance on antibiotics for
disease treatment [53].

6) Improved management practices: Implementing good husbandry prac-
tices, such as maintaining proper hygiene, ensuring adequate ventilation, opti-
mizing diet formulations, and minimizing stress, is crucial in preventing disease
outbreaks [38] [54]. These practices help strengthen immune systems and re-
duce the need for therapeutic interventions.

These alternative options provide viable approaches to reduce the use of anti-
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biotics in poultry production while maintaining the health and welfare of the
birds. A combination of these strategies, tailored to specific farm conditions and
disease challenges, can contribute to sustainable and responsible poultry pro-

duction.

5. Benefices of Garlic (Allium sativum L.)

Originally hailing from western Asia and the Mediterranean coast, garlic has a
rich history of traditional medicinal use. Belonging to the Liliaceae family, it is
now classified as Amaryllidaceae [55] [56]. Over the years, garlic has been em-
ployed to treat various pathological disorders, encompassing infections, leprosy,
asthma, diarrhea, constipation, intestinal worms, headaches, dysentery, and fe-
ver [57]. 12/11/2023 Improvements comment N. 4 Its versatile properties also
inhibit the proliferation of viruses, fungi, and bacteria [56] [58]. Garlic (A/Zium
sativum) has gained recognition for its potential health benefits in various or-
ganisms, including animals. In the veterinary industry, garlic has diverse appli-
cations, serving various purposes [59]. Here are some common uses of garlic in
medicine:

1) Boosting the immune system: Garlic is renowned for its immune-enhancing
properties, attributed to its sulfur compounds, notably allicin [60] [61]. Studies
have demonstrated the ability of allicin to stimulate the immune system. In vet-
erinary medicine, garlic supplements or extracts are commonly employed to
bolster the immune function of animals, especially during times of stress, illness,
or when the immune system requires reinforcement [62].

2) Natural antibiotic and antimicrobial effects: Garlic exhibits antimicro-
bial activity against many bacteria, fungi, and parasites. Allicin and other sulfur
compounds in garlic are believed to be responsible for their antimicrobial prop-
erties. Garlic can be used as a natural alternative to conventional antibiotics in
some instances, particularly for mild infections or as a preventive measure [63].

3) Cardiovascular health: Garlic has been studied for its potential cardiovas-
cular benefits. It can help regulate blood pressure, reduce cholesterol levels, and
improve blood circulation. In veterinary medicine, garlic supplements are some-
times used to support animal heart health, especially in cases of mild hyperten-
sion, or as a preventive measure for specific cardiovascular conditions [64].

4) Insect repellent: Garlic has insect-repelling properties and can be a natural
alternative to chemical-based insecticides [65]. It is particularly effective against
fleas, ticks, and mosquitoes [66].

5) Digestive health: Garlic can support digestive health. It promotes healthy
gut flora and may help prevent specific gastrointestinal issues. Garlic extracts or
supplements are sometimes used to alleviate mild digestive disturbances or as a

general digestive tonic [67].

6. Garlic Chemical Components and Bioactive Molecules

The composition of garlic bulbs encompasses a variety of macromolecules. These
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include approximately 65% water, 28% carbohydrates (sucrose, starch, fructose,
and glucose), 2% protein, and 1.2% amino acids like leucine, arginine, aspartic
acid, and glutamic acid. Additionally, garlic contains approximately 1.5% fiber,
phenols, fatty acids (such as linolenic acid, linoleic acid, palmitic acid, and oleic
acid), and trace elements. Notably, about 2.3% of garlic’s constituents consist of
essential sulfur molecules, which include alliin, cysteine, s-allyl cysteine,
s-allyl-mercapto cysteine, allicin, isoalliin, methiin, diallyl sulfides, diallyl disul-
fides, diallyl trisulfides, and other sulfur compounds. Furthermore, garlic bulbs
contain many other beneficial components, such as vitamins, saponins, enzymes,
flavonoids, triterpenes, steroids, and pantothenic acid (Figure 1) [58] [68] [69].
The diverse array of macromolecules and compounds in garlic contributes to its
potential health benefits and makes it a valuable ingredient in various culinary
and medicinal applications.

Garlic clove boasts notable concentrations of organosulfur compounds, dipep-
tides, and amino acids [70]. Moreover, garlic contains polyphenols, a group of
molecules known for their protective effects against oxidative stress on cellular
components, membranes, and nucleic acids [71]. A diverse array of polyphenols
has been identified in different garlic varieties, including gallic acid, chlorogenic
acid, caffeic acid, epicatechin, luteolin, quercetin, hyperoside, ferulic acid, allyl
isothiocyanate, and others [56]. These polyphenols contribute to the potential
health benefits of garlic and its multifaceted applications in culinary and me-
dicinal practices.

However, alliin takes the spotlight as the primary sulfur component in garlic.
This essential compound arises when garlic undergoes mechanical manipulation,
leading to the release of alliinase from vacuoles. The alliinase enzyme is crucial in

transforming alliin into allicin and other thiosulfinates [58] [68]. Consequently,

Chemical components Biological activities

* Antibiotic

Alliin, allicin, cysteine,

s-allylcysteine, s-allyl- * Anti-inflammatory

mercapto cystein, L.
diallyl sulfides, diallyl * Antioxidant
disulfides, diallyl : .
' * Antimutagenic
trisulfides, others 8
: — * Antiviral
e m water 65%
* Immune modulation
\ = carbs  28% o N + Anti-fungus
protein 2% * Anti-artherosclerotic

sulfur molecules 2.3% * Anti-diabetic

= amino acids 1.2% * Neuroprotector

u fiber, phenols, fatty Anti-obesogenic

acids, trace elements ¢ Others

Figure 1. Chemical components and biological activities of garlic. Raw garlic exhibits a broad spectrum of bio-
logical activity. The diverse chemical constituents of sulfur compounds play a pivotal role in guiding its benefi-
cial effects.
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under the influence of enzymes, allicin (diallyl thiosulphate) can undergo further
transformations, giving rise to an array of other sulfur compounds known as al-
lium. Some of these compounds include diallyl sulfide, diallyl disulfide, diallyl
trisulfide, y-glutamyl-S-allyl-cysteine, methyl allyl disulfide, methyl allyl sulfide,
ajoene, vinyl dithiins, and S-allyl-L-cysteine sulfoxides [3] [68] [72]. Wa-
ter-based and alcohol-based extracts of garlic yield organosulfur compounds
such as s-allyl cysteine, s-allylmercapto-L-cysteine, and s-methyl cysteine. These
non-volatile molecules are more stable compared to volatile organosulfur com-
pounds. Notably, many of the health benefits attributed to garlic are linked to

these particular compounds [68].

7. Biological and Therapeutic Effects of Garlic

Research has demonstrated the diverse biological roles of garlic, encompassing
anti-inflammatory, anti-mutagenic, anti-microbial, anti-fungal, anti-atherosclerotic,
anti-diabetic, hepatoprotective, hypolipidemic, antioxidant, neuroprotective,
anti-allergy, anti-obesity, nephroprotective, and immune-modulatory properties
(Figure 1) [3] [55] [56] [68] [70] [73] [74]. In traditional medicine, garlic is
widely recognized for its antibiotic properties. Various pathogenic organisms,
including bacteria, protozoa, fungi, and viruses, have been found to be suscepti-
ble to the effects of fresh garlic [75]. The key phytochemicals responsible for its
antibacterial activity are the oil-soluble organosulfur compounds, such as
ajoenes, allyl sulfides, and allicin. These compounds exhibit distinct antibacterial
properties, serving as bactericides, antitoxins, and antibiofilm agents [9]. Ac-
cording to previous reports, Clostridium difficile, Lactobacillus acidophilus,
Streptococcus species, Staphylococcus aureus, Listeria monocytogenes, Entero-
bacter, Enterococcus, species of Campylobacter, Vibrio, Shigella, Salmonella,
and E. coli [56] [68], are sensible to garlic preparation with antimicrobial activ-
ity.

Biomolecules from garlic also exhibit antioxidant activities, primarily against
reactive oxygen species, decreasing lipid peroxidase and lipoprotein oxidation
[55] [76]; besides, its antibiotic properties of fresh garlic (non-aged and aged
garlic) extracted with different solvents. Total phenol and flavonoid extracted in
distilled water of aged garlic results in higher activity than non-aged garlic. In
addition, the scavenging activities of purified water extract of aged garlic are su-
perior in its antibacterial effect; therefore, aged garlic results in more potent an-
tioxidant and antibiotic effects than fresh garlic [55]. Sulfur molecules from gar-
lic (allicin, diallyl trisulfide, diallyl disulfide) react with thiol groups of critical
enzymes of microorganisms (enzyme-like alcohol dehydrogenase, thioredoxin
reductase, and disulfide bonds) [68] [75], affecting bacterial surveillance. Pro-
teomics assay in the cytoplasm of E. coli treated with allicin showed 73
s-thioallylated proteins. Due to allicin reaction with low molecular weight cellu-
lar thiols such as glutathione, oxidative stress is generated, Supporting the anti-

bacterial mechanism of allicin [68] [77].
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Moreover, diallyl trisulfide downregulates NF-kB and TNF-a activity in ani-
mal models of acute lung injury induced by lipopolysaccharides (LPS) admini-
stration [78]. Water-based extract from different types of garlic with a variety of
concentrations of allicin by using the halo-test antimicrobial activity of garlic
was evaluated against Bacillus cereus, S. aureus, E. coli, and Pseudomonas
aeruginosa; demonstrating no relevance on the concentration of allicin present
on these extractions; also demonstrated its possible use in food and pharmaceu-
tical industries [56]. The antimicrobial spectrum of garlic extracts also includes
antifungal (Candida albicans and Penicillium funiculosum) by modifying the
expression of essential genes in the fungal metabolism [68] [72].

Garlic offers another advantage overall as an antiviral agent; fresh garlic ex-
tracts possess inhibitory properties against influenza virus replication while
regulating immune and inflammatory responses [73] [75] [79]. Moreover,
pre-clinical and clinical studies highlight its active compounds, particularly or-
gano-sulfates, as a potential treatment for multiple viral infections [69]. A sys-
tematic review was conducted to evaluate the utilization of garlic and its or-
gano-sulfur derivatives in managing viral infections. The study made several key
observations. Firstly, from the preclinical data analyzed, it was evident that garlic
exhibits potent antiviral activity against various pathogenic viruses affecting
humans. The mechanism of this action involves multiple aspects, such as ob-
structing viral entry into cells, inhibiting crucial viral molecules like RNA poly-
merase and reverse transcriptase, and impeding DNA synthesis.

Additionally, garlic was found to upregulate the ERK/MAPK signaling path-
way while simultaneously down-regulating it. Regarding clinical trials, garlic
demonstrated a prophylactic effect in preventing the transmission of viral infec-
tions among humans. The mechanism underlying this effect lies in enhancing
the immune response against these pathogens, thereby establishing it as a viable
strategy for mitigating viral infections [69].

Garlic and its derivatives have been shown to influence the replication cycle of
various viruses, particularly those responsible for causing respiratory infections.
This includes viruses like influenza, parainfluenza, coronavirus, porcine repro-
ductive and respiratory syndrome, severe acute respiratory syndrome coronavi-
rus, rhinovirus, Newcastle virus, and adenovirus [69]. The administration of gar-
lic significantly affects these respiratory pathogens, potentially offering valuable
therapeutic benefits in managing and preventing respiratory infections caused
by these viruses.

To explore its antiviral properties, extensive research has been conducted on
one of the organosulfur compounds, diallyl trisulfide. Investigations were car-
ried out in vitro using human lung epithelial cells and in an in vivo murine
model infected with HON2 avian influenza virus (AIV). Various parameters, in-
cluding viral titers, levels of inflammatory molecules, the antiviral immune re-
sponse, and clinical and pathological signs in the animal model, were carefully
examined. The findings from these studies have been highly promising. When

administered as a prophylactic or corrective treatment, diallyl trisulfide signifi-
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cantly reduced viral load in both in vitro and in vivo models [73].

Additionally, the compound exhibited the ability to upregulate the expression
of antiviral genes, bolstering the immune response against the viral infection.
Moreover, diallyl trisulfide displayed the capacity to downregulate the expres-
sion of inflammatory cytokines, reducing pulmonary edema and tissue inflam-
mation. These encouraging results underscore the potential of diallyl trisulfide as
a therapeutic option for effectively combating viral infections and alleviating as-
sociated respiratory symptoms [73].

Garlic has demonstrated remarkable anticancer effects, particularly in reduc-
ing the risk of gastric and intestinal cancer, attributed to certain components
that possess the ability to eliminate cancer cells [58] [80]. Moreover, extensive
research has revealed that garlic contains many phytochemicals with potent
anticancer properties. Among these, water-soluble organosulfur molecules, such
as s-allyl cysteine, s-allyl-mercapto cysteine, allyl methyl sulfide, and their me-
tabolites, particularly allyl mercaptan, have been identified as the primary bioac-
tive components responsible for the cancer-preventive effects [58] [81]. The
presence of these beneficial compounds in garlic highlights its potential as a
natural and effective means of cancer prevention. A study was conducted to in-
vestigate the anticancer properties of a black garlic extract on HT29 colon cancer
cells, focusing on its impact on cell proliferation and apoptosis. The results
demonstrated that garlic effectively suppressed the growth of HT29 cells by in-
ducing apoptosis and arresting the cell cycle. The molecular insights from this in
vitro model revealed that the mechanism of action is associated with the
PI3K/Akt signal transduction pathway, a crucial pathway in colon cancer devel-
opment. Notably, garlic exerted its regulatory effects on this pathway by
up-regulating PTEN and down-regulating Akt and p-Akt, as well as their down-
stream targets [82].

These findings align with previous studies, suggesting that the induction of
apoptosis and the inhibition of cellular growth through G2/M phase cell cycle
arrest may be the underlying mechanisms responsible for the cancer-preventive
activities of sulfur molecules [56] [82] [83]. Additionally, garlic was found to ac-
tivate metabolizing enzymes, inhibit reactive oxygen species, prevent DNA
damage, and promote radical scavenging, further contributing to its potential as
a preventive agent against cancer [68]. Overall, the research underscores the
promising anticancer properties of black garlic extract and provides valuable in-
sights into its mode of action at the molecular level.

A comprehensive assessment was conducted to examine the impact of garlic
extracts on the growth of a cancer cell line called Caco-2. The in vitro treatment
with garlic extract revealed a remarkable inhibition of cell proliferation, and this
effect was found to be both time- and dose-dependent. Notably, a significant de-
crease in cell proliferation was observed four days after the treatment [56].

A detailed chromatographic study of the components in different garlic varie-
ties indicated that the observed effect was attributed to a synergistic interaction
of metabolites within the extract, including ascorbic acid. It was intriguing to
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note that the inhibition of cell proliferation was not solely attributable to the al-
licin content present in garlic, highlighting the potential involvement of various
bioactive compounds working in concert to yield this noteworthy anticancer ef-
fect [56]. These findings underscore the multifaceted nature of therapeutic po-
tential against cancer and shed light on the importance of its diverse bioactive
components in mediating this beneficial response.

Furthermore, an investigation into the effects of a specific sulfur compound,
s-allyl cysteine, on the growth of non-small cell lung carcinoma cells was carried
out using 7n vitro and in vivo models. The study revealed compelling findings,
demonstrating that s-allyl cysteine significantly impeded the proliferation of
these cancer cells. In the in vitro model, the treatment with s-allyl cysteine effec-
tively suppressed the activation of mTOR, NF-kB, and cyclin D1. The promising
outcomes were also observed in the animal model, where the administration of
s-allyl cysteine hindered the accelerated growth of metastatic cells in a mouse
tumor model. This effect was associated with the suppression of mTOR and
NF-kB signaling pathways. Based on these results, it is suggested that this sulfur
compound derived from garlic could serve as a potent agent against the progres-
sion of non-small cell lung carcinoma [84]. These findings contribute to a
growing body of evidence supporting the potential therapeutic value of gar-
lic-derived compounds in combating cancer and highlight s-allyl cysteine as a

promising candidate for further investigation in lung carcinoma treatment.

8. Applications of Garlic in Poultry
8.1. Effects of Garlic on Viruses of Poultry

In the poultry industry, infectious diseases caused by viruses and bacteria pose
significant challenges [38]. These diseases can affect various stages of develop-
ment and production, leading to substantial economic impacts on the industry
[85]. Some of the most crucial viral diseases in commercial poultry include AIV
[86], Newcastle disease [87], IBV [88], and Gumboro disease [89], among others.
The industry employs various types of vaccines and control strategies [90].
However, despite these efforts, outbreaks of these diseases have occurred due to
the failure of existing strategies [91]. Therefore, there is a pressing need to de-
velop treatments targeting viral replication before field outbreaks occur. Nota-
bly, zoonotic agents significantly threaten human health [92]. The presence of
these illnesses in human beings [93], livestock [94], and wildlife [95] has direct
consequences for public health. An example of such a concerning pathogen is
AVI H5NT1 class 2.3.3.4b [96], which not only carries economic risks but also
jeopardizes the well-being of the human population [97]. Another significant
zoonotic condition is salmonellosis [25] [98], which leads to considerable eco-
nomic losses and global health hazards in production [99]. Despite the imple-
mentation of diverse strategies such as antibiotics, probiotics, prebiotics [100],
and vaccines [101] to manage and eradicate these issues, completely eradicating
them from production flocks remains a formidable challenge [102]. Conse-

quently, the current global trend is centered around integrating natural additives
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into poultry feed to reduce the use of antibiotics and explore innovative alterna-
tive solutions [103] [104]. These natural additives hold promising potential for
enhancing poultry health and productivity while safeguarding public health.

An examination into the impact of garlic on broiler chickens and their im-
mune response to AIV and Newcastle virus vaccination uncovered notable ef-
fects on rearing performance. These effects encompassed improvements in body
weight and a reduction in mortality rates. Additionally, there was a discernible
decrease in viral titers for both studied viruses. Moreover, animals that received
garlic supplementation enhanced their hematological parameters [105]. Another
study, which assessed the antiviral attributes of garlic extract against the influ-
enza virus A/HIN1 in Madin-Darby Canine Kidney (MDCK) cell cultures, re-
vealed a marked reduction in viral infectivity. This reduction was ascribed to
garlic’s inhibitory impact on virus penetration and proliferation within the cell
culture, highlighting its potential as a potent natural antiseptic agent [75].

Furthermore, the effectiveness of garlic was evaluated with infectious bronchi-
tis virus (IBV) strains Intervet 4/91 and M41. The study demonstrated that garlic
extract exerted inhibitory effects on the virus replication phase of both strains in
chicken embryos, albeit with varying degrees of effectiveness. The impact was
particularly pronounced on sub-acute strains. Additionally, when used as a
treatment after virus infection, garlic substantially affected both sub-acute and
acute viruses [106].

The studies observe how garlic supplementation enhances immune responses
and diminishes viral replication in poultry. They underscore garlic’s potential as
a natural additive in poultry feed, yet they do not specify recommended doses

for commercial usage.

8.2. Effects of Garlic on Poultry Production Performances

An examination was conducted involving fermented garlic powder to assess its
impact on production performance, egg quality, and the fatty acid composition
of egg yolks in laying hens. The study revealed noteworthy outcomes, including
an elevation in yolk height and color, increased white blood cells and lympho-
cyte concentration, and higher levels of monounsaturated fatty acids. Simulta-
neously, there was a reduction observed in plasma cholesterol and saturated fatty
acids. The conclusion drawn from this investigation was that adding fermented
garlic powder did not result in any detrimental effects on production perform-
ance [107]. Additionally, a 2% supplementation of garlic powder in the diet
demonstrated improvements in various egg parameters, encompassing yolk
weight, diameter, color, and chick length. Remarkably, it also decreased hen
mortality, suggesting that incorporating 1% to 3% garlic powder into layer diets
could enhance egg quality without adversely affecting performance [108]. An-
other positive outcome of garlic diet supplementation, achieved by introducing
1% garlic powder, was an increase in egg mass [109].

The effects of supplementing diets for Cobb-400 broiler chicks with 1% garlic,

individually or in conjunction with ginger, were evaluated over 42 days. The re-
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sults highlighted that combining garlic and ginger fostered higher feed intake,
whereas garlic alone had a non-significant impact on this parameter. Further-
more, the combination led to increased body weight gain, concluding that garlic
supplementation enhances broiler performance, serving as a potential alternative
to antibiotic growth promoters [110]. This mixture of ingredients was found to
influence broiler innate immune responses and enhance the clearance of mul-
tidrug-resistant E. coli O78 strains. An in-depth study was designed to assess the
in-vitro antibacterial and ex-vivo immunomodulatory efficacy of Alium sativum
(garlic) and Zingiber officinale (ginger) extracts in Sasso broiler chicks. The
outcomes indicated that garlic extract displayed a broader antimicrobial spec-
trum against E. coli O78 and . aureus isolates. Additionally, the mixture sup-
plementation led to increased phagocytosis, improved bacterial activity, reduced
nitric oxide levels, and stimulated IFN-y and IL-1/ cytokine expression levels.
These findings suggested that supplementing with garlic and ginger is a safe ap-
proach for consumers, guarding against the formation of antibiotic toxic me-
tabolite residues and providing protection against infections [111].

In vivo, the evaluation focused on the antimicrobial effects of garlic powder
against Clostridium perfringens to prevent necrotic enteritis and enhance broiler
chicken performance. Key performance parameters, including feed intake,
weight gain, and feed conversion ratio, were analyzed. The findings indicated
that garlic supplementation led to a reduction in feed intake while simultane-
ously improving the feed conversion ratio. Moreover, adding garlic was associ-
ated with decreased C. perfringens colony formation, suggesting its potential to
prevent subclinical necrotic enteritis and enhance overall chicken performance
[112] (Figure 2).

Antibiotic effects Antiviral effects
against against
. E coli * Influenza virus
. C difficile, * Bronchitis virus
« L acidophilus, ) & "J ;’/ * Newcastle disease
* Streptococcus, R virus
* . aureus, K R Antifungal and antiparasitic
L. monocytogenes, 2 effects against
* Enterobacter, * Aspergillus -« Ascaridia galli
* Enterococcus, } * Candida * Ichthyophthirius
* Campylobacter, \\ \- * Torulopsis multifiliis
* Vibrio, * Trichophyton « Coccidia
* Shigella, ﬁ“:‘{\% + Others  Eimeria

* Salmonella, etc.

Figure 2. The impact of garlic on chickens. Scientific studies have illuminated vari-
ous advantageous outcomes stemming from garlic supplementation in broiler
chickens. These encompass its ability to confer antiviral, antiparasitic and antibiotic
benefits. The accompanying figure outlines specific bacteria and viruses whose life
cycles experience alterations due to the influence of garlic.
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In conclusion, while acknowledging the positive impacts of both garlic and
fermented garlic powder on poultry health and performance, further dedicated
comparative studies concentrating on poultry could provide clearer insights into
whether fermented garlic powder operates similarly to raw garlic. Conducting
such research would facilitate a more comprehensive understanding of their

relative effectiveness or unique characteristics in poultry applications.

8.3. Use of Garlic in Hepatic Intoxication

Garlic finds another application in veterinary medicine, serving as a potential
preventive or corrective measure against hepatic intoxication caused by heavy
metals, particularly Pb poisoning. This form of poisoning is prevalent in the en-
vironment where chickens destined for human consumption are raised. The ef-
ficacy of garlic in this context is rooted in its antioxidative prowess, attributed to
key constituents like quercetin and allicin. Cai and colleagues assessed garlic’s
biological efficacy in Pb-poisoned chickens, specifically focusing on the impact
of quercetin and allicin treatment. The study’s findings unveiled the detrimental
effects of Pb poisoning, encompassing impaired liver growth and development,
circulatory system damage, and alterations in mitochondrial structure that trig-
gered the activation of the mitochondrial apoptotic pathway within liver cells.
However, the treatment exhibited a positive influence by enhancing antioxidant
function in the liver and mitigating liver tissue damage through the PI3K sig-
naling pathway [113].

The effects of garlic have been substantiated across various animal species,
extending to ruminants. In the case of grazing lambs, the periodic administra-
tion of garlic extract has been shown to reduce serum cholesterol levels. This ef-
fect can curtail fat deposition in mutton, thus enhancing overall meat quality [3].
An ongoing exploration of garlic’s potential in food animal husbandry involves
its application in the bioremediation of methane emissions produced by rumi-
nants. Notably, bioactive compounds derived from garlic, particularly organo-
sulfur compounds, have effectively mitigated methane emissions during rumen
fermentation. The composition of the microbial population closely guides this
impact. Consequently, including garlic in ruminant feed is recommended as a
strategic measure [114].

Garlic has been explored for its potential in veterinary medicine, particularly
as a preventive or corrective measure against hepatic intoxication triggered by
heavy metals, specifically lead (Pb) poisoning. While there’s evidence suggesting
garlic’s efficacy in combating liver poisoning induced by heavy metals, studies
have also indicated its positive impact on liver damage caused by various other
factors beyond heavy metal toxicity [115].

Research has shown that garlic possesses hepatoprotective properties, effec-
tively safeguarding the liver against damage induced by toxins, chemicals, drugs,
and oxidative stress [116]. Garlic contains bioactive compounds such as allicin

and antioxidants, contributing to its hepatoprotective effects [117]. These com-
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pounds aid in reducing oxidative stress, inflammation, and lipid peroxidation in
the liver, thereby supporting liver health and regeneration [118]. Moreover, gar-
lic’s ability to modulate detoxification enzymes and enhance the antioxidant de-
fense system in the liver is pivotal in protecting against liver damage caused by
various factors, not limited to heavy metals [119]. It has shown promise in miti-
gating liver injury due to alcohol consumption, drug-induced toxicity, environ-
mental toxins, and certain pathogens [120].

While garlic exhibits hepatoprotective potential against liver damage induced
by various causes, further research is warranted to elucidate its mechanisms of
action and efficacy in different liver-related conditions in veterinary medicine.
Nonetheless, its multifaceted properties make it a compelling candidate for ani-

mal liver health management beyond heavy metal-induced toxicity.

8.4. Garlic and Bioactive Compounds against Fungi in the Poultry

Garlic and its components have been found to have antifungal activity against
various fungi in poultry. Studies have shown that garlic extracts, such as ethyl
acetate and methanolic extracts, exhibit fungicidal activity against plant patho-
genic fungi like Colletotrichum capsici, Fusarium oxysporum, and Sclerotium
rolfsi [121]. Garlic extracts have shown a broad-spectrum fungicidal effect
against various fungi, including Candida, Torulopsis, and Trichophyton [122].
Additionally, garlic powder has been shown to reduce fungal load in poultry
feed, especially at higher doses [123]. Garlic has also been found to be effective
against plant pathogenic fungi, such as Botrytis cinerea, Penicillium expansum,
and Neofabraea alba [124]. The bioactive compounds in garlic that exhibit anti-
fungal properties in poultry include:

1) Allicin has been found to possess antimicrobial properties, including anti-
fungal activity [125]. Allicin has been effective against fungi such as Aspergillus
flavus and Aspergillus parasitics, which can cause aflatoxin contamination in
poultry feed [126].

2) Diallyl sulfide is another bioactive garlic compound exhibiting antifungal
activity. It has been shown to inhibit the growth of pathogenic fungi, including
Candida, Torulopsis, and Trichophyton [117].

3) Ajoene is a sulfur-containing compound derived from garlic. It has been
found to have antifungal properties and efficacy against various fungal infections
[127].

These findings suggest that garlic and its components can be used as alterna-
tive strategies to control fungal infections in poultry, potentially reducing the
need for antibiotics [128]. Further research is needed to explore the mechanisms
underlying the antifungal activity of garlic and its components in poultry and to

optimize their use as feed additives [129].

8.5. Garlic (Allium sativum L.) and Its Components against
Parasites in the Poultry

Garlic (Allium sativaum L.) has been recognized for its numerous health benefits
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for centuries. Predominantly known for its culinary uses, garlic has also been a
remedy in traditional medicine [130]. Garlic and its components have been
studied for their potential anti-parasitic effects in poultry. Several studies have
shown that garlic extracts and powders can reduce oocyst counts and improve
the health and performance of broiler chickens infected with coccidiosis [131]
[132] [133]. Garlic and its derivatives inhibit the sporulation of coccidial oocysts
in vitro [134]. Garlic can be used as a natural anti-coccidial component to re-
duce commercial anticoccidials’ side effects and resistance in practice [131]. The
effect of garlic powder combined with amprolium on coccidian in broilers and
compared with commercial drugs. The treatment significantly reduced oocyst
shedding and improved hematological indices in broiler chickens. Garlic powder
can be used as an alternative to chemical drugs for the treatment of chicken coc-
cidiosis [133]. A study tested the efficacy of garlic powder combined with am-
prolium in treating coccidiosis in broiler chickens. The combination of 48 mg of
garlic powder and 48 mg of amprolium showed similar anti-coccidial effects as
28 mg of amprolium and sulphaquinoxaline. The treated groups showed a sig-
nificant reduction in fecal oocyst count and increased weight gain compared to
the untreated group [132]. Garlic has been found to have immunostimulatory,
antimicrobial, and antioxidant properties, which may contribute to its
anti-parasitic effects [135]. Birds supplemented with ginger and garlic showed
improved feed intake, body weight, feed conversion ratio, oocysts shedding, le-
sion score, and histopathology compared to the positive control [135]. The pro-
tective effects of Allium sativum and Aloe vera aqueous extracts were investi-
gated in broiler chickens infected with mixed Eimeria species. Supplementation
with these extracts significantly reduced fecal oocyst shedding and intestinal le-
sions and improved feed conversion rate, suggesting their potential as alternative
treatments for avian coccidiosis [136]. In an in vitro study, garlic powder
showed higher efficacy (up to 80%) than turmeric powder (up to 66.6%) in re-
ducing the viability of Eimeria oocysts. In an in vivo study, chicks supplemented
with garlic powder had less severe clinical signs and lesion scores than those
supplemented with turmeric powder, indicating that garlic powder was more ef-
fective in treating and controlling coccidiosis [137]. Broilers receiving Aloe vera
gel and garlic powder had higher final body weight, feed intake, and lower FCR
compared to the control groups, and adding A/oe vera gel and garlic powder de-
creased the serum activity of SALP, SGPT, and SGOT between the birds receiv-
ing Aloe vera and garlic powder with other groups [138]. The active components
of garlic, such as allicin, have been shown to affect livestock, including growth
promotion and antimicrobial activity positively.

Additionally, combining garlic with synthetic drugs, such as amprolium, has
been found to reduce oocyst shedding further and improve hematological pa-
rameters in broiler chickens. Garlic is used as a treatment for helminth infec-
tions in organic layer farms in Europe, but its effectiveness has not been proven.

A study was conducted to test the efficacy of a garlic product containing allicin
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against Ascaridia galli infection in chickens. The study found that allicin did not
significantly reduce worm counts compared to the untreated group, while
flubendazole eliminated the worms [139]. However, the allicin component of
garlic has antihelmintic properties against Ascaridia galli in chickens [140]. Gar-
lic has shown efficacy against various parasites in poultry (Figure 2 and Figure
3).

In summary, garlic and its components have shown promising results in
combating various parasites in poultry. Garlic and its components could be used
as natural alternatives to synthetic drugs to control parasites in poultry. It is im-
portant to note that while garlic has shown potential against these parasites, fur-
ther research is still needed to determine the optimal dosage and mode of ad-
ministration for maximum effectiveness. Additionally, garlic should be used as
part of an integrated approach to parasite control in poultry, along with proper

hygiene, sanitation, and veterinary guidance.

9. Garlic in Human Clinical Trials, Prospects for Its Possible
Application in Hens and Chickens

An international collaborative research effort has revealed a striking genetic
commonality between chickens and humans, with over half of their genes being
shared. The International Chicken Genome Sequencing Consortium conducted
a comprehensive analysis of the genetic sequence of the Red Jungle Fowl ( Gallus

gallus), which serves as the ancestor of modern domesticated chickens. It was

Garlic has shown potential against these parasites

) 4

Ascaridia galli multifiliis

Garlic has been found

Garlic, specifically its
main active
component allicin,
has been found to be
effective against

Ascaridia galli
infection in chickens

Garlic and its bioactive
compounds have
exhibited potential
against coccidiosis in
broilers. They have been
found to have anti-
inflammatory and
antioxidant properties,
which can help combat
the parasite. Garlic has
also been shown to
inhibit the sporulation of
coccidial oocysts in vitro

to be effective against
this parasite,
commonly known as
"ich." A concentration
of 62 mg/L of garlic in
water has been shown
to eliminate the
theront, the infective
stage of the parasite

Figure 3. Garlic is effective against some parasites in poultry [139].
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discovered that approximately 60 percent of chicken genes align with corre-
sponding human genes. Nevertheless, researchers identified subtle sequence
disparities among paired chicken and human genes, with an average similarity of
75 percent [141].

Leveraging this genomic resemblance between chickens and humans, we can
explore the current applications of garlic in clinical trials and scientific contexts,
which may lay the groundwork for potential future applications in veterinary

settings. Several interventional clinical trials have been completed, as outlined in

Table 1 (https://clinicaltrials.go), highlighting the intersection of garlic research

with this intriguing genetic connection.

Table 1. Clinical trials using garlic as a therapeutic strategy.

Title Intervention Country  Identifier

Comparative evaluation of antibacterial Permanent mature necrotic incisors associated with
effect of Allium sativum, calcium hydroxideapical periodontitis in male children was selected.

Egypt NCT05050071
and their combination as intracanal group I: Ca(OH),, group II: garlic extract, and group III: &YP
medicaments in infected mature teeth a mixture of Ca(OH): and garlic extract.
Effect of aged garlic extract (AGE) on
improving coronary atherosclerosis in Dietary supplement: aged garlic extract. United StatesNCT03931434

people with type 2 diabetes mellitus

Effect of aged garlic extract on For metabolic syndrome.

. United StatesNCT01534910
atherosclerosis Drug: aged garlic extract.

Effect of aqueous extract of garlic and .
. . ... Drug: garlic extract. Iran NCT01198223
nystatin mouthwash in denture stomatitis

For coronary artery disease. The participants ingested
Aged garlic extract (Kyolic) study at Lund Ty ry' . p P & .

R 600 mg of aged garlic extract in two capsules two times a Sweden NCT03860350
University, Sweden . K .
day ie. 1200 mg/day during a period of one year

Garlic treatment. Subjects will consume a garlic-free diet

Garlic intake and biomarkers of cancer risk for 10 days. On day 11, subjects will consume 270 kcal =~ United StatesNCT01293591
white bread with 15 g margarine and 5 g crushed garlic.
Participants will intake a tablet with 250 mg of an aged
Effect of a black garlic extract with greater P ] ) ) .g 8

. ] ] black garlic extract with higher concentration of
concentration of bioactive compounds and _ - . - .
. . bioactive compounds S-allyl cysteine and alliin, and Spain NCT04010565
lower content in undesired compounds on

cholesterol LDL levels minor unwanted compounds such as simple sugars and

furfural derivatives

Effect of garlic tablet on carotid intima
media thickness and flow-mediated dilation Garlic tablet in adjunct to medical treatment. Iran NCT01948453
in patients undergoing angioplasty

100 g of garlic cloves have been cleaned, peeled, and
dried. Ethanol of 70% concentration was added for 60
seconds. Cloves were homogenized and filtered. The fully

solution in pulpectomy of primary molars: Egypt NCT03795636
pup yOLp v concentrated extracted was diluted to the concentration sYp

Allium sativum extract as an irrigation

12 month in-vivo stud
Y of 25% with distilled water to use as an irrigation

solution
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Continued
Effect of garlic extract h i Diet: 1 t: 450 f garlic extracts, intak

ect of garlic extracts on changes in ! ietary supplemen mg of garlic extracts, one intake Korea NCT05349253
cerebral blood flow in total.

Double-Blind, randomized, cross-over trial Aged garlic extract, each capsule contains 600 mg of aged
) ) ) Canada NCT03211767
of aged garlic extract for hypertension garlic extract powder.
Dietary supplement: garlic powder added to ambient
water consumed 2.7 g of garlic powder added to ambient
water (equivalent to 8 g fresh or raw garlic) in a

ificati i sandwich, once a day for four weeks.
Identification of the antiplatelet compounds y United StatesNCT00200785

of garlic ex vivo Dietary Supplement: garlic powder added to boiling
water consumed 2.7 g of garlic powder added to boiling
water (equivalent to 8 g of cooked garlic) in a sandwich,
once a day for four weeks

Effect of aged garlic on vascular function = Dietary supplement: aged garlic extract. 2.400 mg (four
and muscle oxygenation responses in the  capsules) of a nutritional supplement of aged garlic Brazil NCT04008693
elderly extract

Experimental: Patients of palmer arsenical keratosis. One
Effectiveness of garlic oil in the treatment ~soft capsule of garlic oil (10 mg) daily for 12 weeks.

of arsenical palmer keratosis Active Comparator: Arsenic exposed controls. One soft

capsule of garlic oil (10 mg) daily for 12 weeks.

Bangladesh NCT01748669

Effects of lic f ted
ects o monascuS. gar 1c. crmente Dietary Supplement: Monascus garlic fermented extract. Japan NCT00938249

extract on serum triglyceride level

Subjects will be asked to consume three capsules of 600

mg aged garlic extract (AGE) with food twice a day, for a United StatesNCT01959646

total of 3.6 g per day.

The effect of aged garlic extract
supplementation on the immune system

Evaluation of the effect of the consumption
of a combination of A/fum extracts on the Garlic extract concentrate (equivalent to 2 garlic cloves)

Spain NCT05016999
intestinal microbiota in healthy elderly and onion extract concentrate (equivalent to 1 onion).
resident volunteers
Study of the effect of the consumption of a
combination of A/lium extracts on the Garlic extract concentrate (equivalent to 2 garlic cloves) Spain NCTO04647071
incidence of symptoms of respiratory and onion extract concentrate (equivalent to 1 onion).

infections in healthy elderly residents

10. Conclusions

The presence of viral and bacterial infections in animals raised for human con-
sumption, notably chickens and eggs from laying hens, poses a dual risk—both
to human health and the economic stability of the food sector. The utilization of
preventive drugs introduces potential hazards to consumers. In contrast, based
on scientific findings, garlic, a globally recognized edible plant, and herbal rem-
edy, emerges as a safe option. Its application, including in chicken and hen diets,
is supported by evidence of safety. The notable antiviral properties of garlic pro-
vide a distinctive advantage in disease prevention for broiler chickens, mitigating
potential adverse effects on human well-being, contrasting with the widespread

use of antibiotics and drugs. Garlic’s bioactive compounds demonstrate antiviral
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potential, making supplementation with Allium sativum a valuable strategy in
livestock breeding. This practice reduces infection risks, minimizes drug reli-
ance, and bolsters consumer health.

Further exploration into garlic’s applications in livestock for human con-
sumption is necessary, considering its potential contributions to maintaining the
health of chickens and laying hens. In conclusion, the traditional use of antibi-
otic growth promoters has conventionally enhanced poultry performance and
profitability. However, mounting concerns about antibiotic resistance and
evolving consumer preferences have driven the industry to seek sustainable al-
ternatives that responsibly promote poultry growth and health. Ongoing re-
search and innovation play pivotal roles in discovering effective and ethical ways
to optimize poultry production while upholding food safety and animal welfare.
Historically, antibiotics have been employed to control bacterial infections in
poultry. Yet, heightened apprehensions regarding antibiotic resistance and po-
tential risks have prompted stricter regulations and a pivot towards more pru-
dent utilization. Notably, several antibiotics have been utilized to manage bacte-
rial infections in poultry. It’s essential to emphasize that antibiotics should be
guided by veterinary expertise and adhere to regulations and withdrawal periods
to prevent antibiotic residues in poultry products. In recent times, a concerted
effort has been directed towards preventive measures, bolstering biosecurity and
vaccination protocols, and promoting alternative antibiotic approaches such as
probiotics, prebiotics, and immune-enhancing supplements. These initiatives

aim to reduce reliance on antibiotics and foster sustainable poultry production.

Author Contributions

AM-R. contributed to the planning, bibliographic revision, writing of the
manuscript, and figure design; I.C-H., G.V-]., G.T-I., B.H., R1L-R., L.A.A-S,
X.H-V., SE-A., E. A-O,, and A.SM.Z-M. contributed to the writing of the
manuscript and literature review. A.S.M.Z-M. and I.C.H. were responsible for
the manuscript planning and revising. Funding acquisition, E.A-O., B.H. and
G.T-I. All authors have read and agreed to the published version of the manu-

script.

Funding

This research was supported in part by funds provided by USDA-NIFA, Sus-
tainable Agriculture Systems, grant no. 2019-69012-29905. Title of project: Em-
powering U.S. Broiler Production for Transformation and Sustainability
USDA-NIFA (Sustainable Agriculture Systems): no. 2019-69012-29905. And by
the Researchers Supporting Project (RSP2023R111), King Saud University, Ri-
yadh, Saudi Arabia.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

DOI: 10.4236/fns.2024.151002

46 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002

A. Meza-Rios et al.

per.

References

[1] Wegener, H.C. (2003) Antibiotics in Animal Feed and Their Role in Resistance De-
velopment. Current Opinion in Microbiology;, 6, 439-445.
https://doi.org/10.1016/j.mib.2003.09.009

[2] Roy Chowdhury, P., McKinnon, J., Wyrsch, E., Hammond, J.M., Charles, L.G. and
Djordjevic, S.P. (2014) Genomic Interplay in Bacterial Communities: Implications

for Growth Promoting Practices in Animal Husbandry. Frontiers in Microbiology,
5, Article 394. https://doi.org/10.3389/fmicb.2014.00394

[3] Chen,]., Wang, F., Yin, Y. and Ma, X. (2021) The Nutritional Applications of Garlic
(Allium sativum) as Natural Feed Additives in Animals. Peer/, 9, e11934.
https://doi.org/10.7717/peerj.11934

[4] Harris, S.J., Cormican, M. and Cummins, E. (2012) Antimicrobial Residues and An-
timicrobial-Resistant Bacteria: Impact on the Microbial Environment and Risk to

Human Health—A Review. Human and Ecological Risk Assessment, 18, 767-809.
https://doi.org/10.1080/10807039.2012.688702

[5] Bacanli, M. and Basaran, N. (2019) Importance of Antibiotic Residues in Animal
Food. Food and Chemical Toxicology, 125, 462-466.
https://doi.org/10.1016/j.fct.2019.01.033

[6] Al-Dobaib, S. and Mousa, H. (2009) Benefits and Risks of Growth Promoters in
Animal Production. Journal of Food, Agriculture and Environment, 7, 202-208.

[7] Edqvist, L.-E. and Pedersen, K.B. (2013) Antimicrobials as Growth Promoters: Re-
sistance to Common Sense. In: Harremoes, P., et al, Eds., The Precautionary Prin-
ciple in the 20th Century, Routledge, London, 100-110.

[8] Andersson, D.I. and Hughes, D. (2014) Microbiological Effects of Sublethal Levels
of Antibiotics. Nature Reviews Microbiology, 12, 465-478.
https://doi.org/10.1038/nrmicro3270

[9] Knoop, K.A., McDonald, K.G., Kulkarni, D.H. and Newberry, R.D. (2016) Antibi-
otics Promote Inflammation through the Translocation of Native Commensal
Colonic Bacteria. Gut, 65, 1100-1109. https://doi.org/10.1136/gutinl-2014-309059

[10] Bennett, P.M. (2008) Plasmid Encoded Antibiotic Resistance: Acquisition and
Transfer of Antibiotic Resistance Genes in Bacteria. British Journal of Pharmacol-
0gy, 153, S347-S357. https://doi.org/10.1038/sj.bjp.0707607

[11] Singer, R.S., Finch, R.,, Wegener, H.C., Bywater, R., Walters, J. and Lipsitch, M.
(2003) Antibiotic Resistance—The Interplay between Antibiotic Use in Animals and

Human Beings. The Lancet Infectious Diseases, 3, 47-51.
https://doi.org/10.1016/S1473-3099(03)00490-0

[12] Darwish, W.S., Eldaly, E.A., El-Abbasy, M.T., Ikenaka, Y., Nakayama, S. and Ishi-
zuka, M. (2013) Antibiotic Residues in Food: The African Scenario. /apanese Jour-
nal of Veterinary Research, 61, S13-S22.

[13] Lee, M., Lee, H. and Ryu, P. (2001) Public Health Risks: Chemical and Antibiotic
Residues-Review. Asian-Australasian Journal of Animal Sciences, 14, 402-413.
https://doi.org/10.5713/ajas.2001.402

[14] Modi, S.R., Collins, J.J. and Relman, D.A. (2014) Antibiotics and the Gut Microbi-
ota. Journal of Clinical Investigation, 124, 4212-4218.
https://doi.org/10.1172/JCI72333

[15] Aleksic, A. (2022) How the Immune System and Digestive System Work Together.

DOI: 10.4236/fns.2024.151002

47 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.1016/j.mib.2003.09.009
https://doi.org/10.3389/fmicb.2014.00394
https://doi.org/10.7717/peerj.11934
https://doi.org/10.1080/10807039.2012.688702
https://doi.org/10.1016/j.fct.2019.01.033
https://doi.org/10.1038/nrmicro3270
https://doi.org/10.1136/gutjnl-2014-309059
https://doi.org/10.1038/sj.bjp.0707607
https://doi.org/10.1016/S1473-3099(03)00490-0
https://doi.org/10.5713/ajas.2001.402
https://doi.org/10.1172/JCI72333

A. Meza-Rios et al.

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

Microbiome/Nature Medicine, 4.
https://microbiomeplus.com/blogs/our-blog-posts/how-digestive-and-immune-syst
ems-work-together

Ogunrinola, G.A., Oyewale, J.O., Oshamika, O.O. and Olasehinde, G.I. (2020) The
Human Microbiome and Its Impacts on Health. International Journal of Microbi-
ology; 2020, Article ID: 8045646. https://doi.org/10.1155/2020/8045646

Zheng, W., Guo, M. and Czapar, G. (2020) Environmental Fate and Transport of
Veterinary Antibiotics Derived from Animal Manure. In: Waldrip, H.M., Pagliari,
P.H. and He, Z., Eds., Animal Manure. Production, Characteristics, Environmental
Concerns, and Management, Vol. 67, American Society of Agronomy, Inc. Soil Sci-
ence Society of America, Inc., 409-430. https://doi.org/10.2134/asaspecpub67.c15

Laborda, P., Sanz-Garcia, F., Ochoa-Sanchez, L.E., Gil-Gil, T., Hernando-Amado, S.
and Martinez, J.L. (2022) Wildlife and Antibiotic Resistance. Frontiers in Cellular
and Infection Microbiology; 12, Article 873989.
https://doi.org/10.3389/fcimb.2022.873989

Barrett, J.R., Innes, G.K., Johnson, K.A., Lhermie, G., Ivanek, R., Greiner Safi, A.
and Lansing, D. (2021) Consumer Perceptions of Antimicrobial Use in Animal
Husbandry: A Scoping Review. PLOS ONE, 16, €0261010.
https://doi.org/10.1371/journal.pone.0261010

Bradford, H., McKernan, C., Elliott, C. and Dean, M. (2022) Consumers’ Percep-
tions and Willingness to Purchase Pork Labelled ‘Raised without Antibiotics’. Ap-
petite, 171, Article 105900. https://doi.org/10.1016/j.appet.2021.105900

Smith, R. and Parker, D. (2023) A Practical Approach to Managing Poultry Produc-
tion Without Antibiotics. In: O’Neill, H.M., Burton, E. and Scholey, D., Eds., Pre
and Probiotics for Poultry Gut Health, CABI, 39-51.

Landman, W. and Van Eck, J. (2015) The Incidence and Economic Impact of the
Escherichia coli Peritonitis Syndrome in Dutch Poultry Farming. Avian Pathology,
44, 370-378. https://doi.org/10.1080/03079457.2015.1060584

Agyare, C., Boamah, V.E., Zumbi, C.N. and Osei, F.B. (2018) Antibiotic Use in
Poultry Production and Its Effects on Bacterial Resistance. In: Kumar, Y., Ed., An-
timicrobial Resistance—A Global Threat, IntechOpen, London, 33-51.
https://doi.org/10.5772/intechopen.79371

Park, Y.H., Hamidon, F., Rajangan, C., Soh, K.P., Gan, C.Y,, Lim, T.S., Abdullah,
W.N.W. and Liong, M.T. (2016) Application of Probiotics for the Production of
Safe and High-Quality Poultry Meat. Korean Journal for Food Science of Animal
Resources, 36, 567-576. https://doi.org/10.5851/kosfa.2016.36.5.567

Wibisono, F.M., Wibison, F.J., Effendi, M.H., Plumeriastuti, H., Hidayatullah, A.R.,
Hartadi, E.B. and Sofiana, E.D. (2020) A Review of Salmonellosis on Poultry Farms:
Public Health Importance. Systematic Reviews in Pharmacy, 11, 481-486.

Gast, R.K. and Porter Jr., R.E. (2020) Salmonella Infections. In: Swayne, D.E., et al,
Eds., Diseases of Poultry, John Wiley & Sons, Inc., Hoboken, 717-753.
https://doi.org/10.1002/9781119371199.ch16

Sojka, W. and Carnaghan, R. (1961) Escherichia coli Infection in Poultry. Research

in Veterinary Science, 2, 340-352. https://doi.org/10.1016/S0034-5288(18)34938-5
Mageiros, L., Méric, G., Bayliss, S.C., Pensar, J., Pascoe, B., Mourkas, E., Calland,
J.K., Yahara, K., Murray, S., Wilkinson, T.S., et al (2021) Genome Evolution and
the Emergence of Pathogenicity in Avian Escherichia coli. Nature Communications,
12, Article No. 765. https://doi.org/10.1038/s41467-021-20988-w

Permin, A., Christensen, J. and Bisgaard, M. (2006) Consequences of Concurrent

DOI: 10.4236/fns.2024.151002

48 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://microbiomeplus.com/blogs/our-blog-posts/how-digestive-and-immune-systems-work-together
https://microbiomeplus.com/blogs/our-blog-posts/how-digestive-and-immune-systems-work-together
https://doi.org/10.1155/2020/8045646
https://doi.org/10.2134/asaspecpub67.c15
https://doi.org/10.3389/fcimb.2022.873989
https://doi.org/10.1371/journal.pone.0261010
https://doi.org/10.1016/j.appet.2021.105900
https://doi.org/10.1080/03079457.2015.1060584
https://doi.org/10.5772/intechopen.79371
https://doi.org/10.5851/kosfa.2016.36.5.567
https://doi.org/10.1002/9781119371199.ch16
https://doi.org/10.1016/S0034-5288(18)34938-5
https://doi.org/10.1038/s41467-021-20988-w

A. Meza-Rios et al.

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

Ascaridia galli and Escherichia coli Infections in Chickens. Acta Veterinaria Scan-
dinavica, 47, Article No. 1. https://doi.org/10.1186/1751-0147-47-1

Paiva, D. and McElroy, A. (2014) Necrotic Enteritis: Applications for the Poultry
Industry. Journal of Applied Poultry Research, 23, 557-566.
https://doi.org/10.3382/japr.2013-00925

Terrier, M.C.Z., Simonet, M.L., Bichard, P. and Frossard, J.L. (2014) Recurrent
Clostridium Difficile Infections: The Importance of the Intestinal Microbiota.
World Journal of Gastroenterology, 20, 7416-7423.
https://doi.org/10.3748/wjg.v20.i23.7416

Boulianne, M., Blackall, P.J., Hofacre, C.L., Ruiz, J.A., Sandhu, T.S., Hafez, H.M.,
Chin, R.P., Register, K.B. and Jackwood, M.W. (2020) Pasteurellosis and Other Res-
piratory Bacterial Infections. In: Swayne, D.E., et al, Eds., Diseases of Poultry, John
Wiley & Sons, Inc., Hoboken, 831-889. https://doi.org/10.1002/9781119371199.ch19

Register, K.B. and Brockmeier, S.L. (2019) Pasteurellosis. In: Zimmerman, J.]J., et al,
Eds., Diseases of Swine, John Wiley & Sons, Inc., Hoboken, 884-897.
https://doi.org/10.1002/9781119350927.ch57

Hamzah, D.]., Ayed, M. and Muhammed, H.A. (2022) Evaluation of Culturing and
Molecular Assay for Detection of Mycoplasma gallisepticum in Chicken Suffering

from Chronic Respiratory Disease. Cellular and Molecular Biology, 68, 86-92.
https://doi.org/10.14715/cmb/2022.68.4.11

Stipkovits, L. and Kempf, I. (1996) Mycoplasmoses in Poultry. Revue Scientifique et
Technique, 15, 1495-1525. https://doi.org/10.20506/rst.15.4.986

Stepien-Pysniak, D., Marek, A. and Rzedzicki, J. (2009) Occurrence of Bacteria of
the Genus Staphylococcus in Table Eggs Descended from Different Sources. Polish
Journal of Veterinary Sciences, 12, 481-484.

Benskin, C.M.H., Wilson, K., Jones, K. and Hartley, I.R. (2009) Bacterial Pathogens
in Wild Birds: A Review of the Frequency and Effects of Infection. Biological Re-
views, 84, 349-373. https://doi.org/10.1111/j.1469-185X.2008.00076.x

McMullin, P.F. (2020) Diseases of Poultry 14th Edition: David E. Swayne, Martine
Boulianne, Catherine M. Logue, Larry R. McDougald, Venugopal Nair, David L.
Suarez, Sjaak de Wit, Tom Grimes, Deirdre Johnson, Michelle Kromm, Teguh Yodi-
antara Prajitno, Ian Rubinoff & Guillermo Zavala (Eds.), Hoboken, NJ, John Wiley &
Sons, 2020, 1451 pp., £190 (hardcover)/£171.99 (e-book), ISBN 9781119371168.
Avian Pathology, 49, 526. https://doi.org/10.1080/03079457.2020.1794237

Teillant, A. and Laxminarayan, R. (2015) Economics of Antibiotic Use in US Swine
and Poultry Production. Choices, 30, 1-11.

Abd El-Hack, M.E., El-Saadony, M.T., Salem, H.M., El-Tahan, A.M., Soliman,
M.M., Youssef, G.B., Taha, A.E., Soliman, S.M., Ahmed, A.E., El-Kott, A.F., et al.
(2022) Alternatives to Antibiotics for Organic Poultry Production: Types, Modes of
Action and Impacts on Bird’s Health and Production. Poultry Science, 101, Article
101696. https://doi.org/10.1016/j.psj.2022.101696

Robinson, K., Becker, S., Xiao, Y., Lyu, W., Yang, Q., Zhu, H., Yang, H., Zhao, J.
and Zhang, G. (2019) Differential Impact of Subtherapeutic Antibiotics and Iono-
phores on Intestinal Microbiota of Broilers. Microorganisms, 7, Article 282.
https://doi.org/10.3390/microorganisms7090282

Muaz, K., Riaz, M., Akhtar, S., Park, S. and Ismail, A. (2018) Antibiotic Residues in
Chicken Meat: Global Prevalence, Threats, and Decontamination Strategies: A Re-
view. Journal of Food Protection, 81, 619-627.
https://doi.org/10.4315/0362-028X.JFP-17-086

DOI: 10.4236/fns.2024.151002

49 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.1186/1751-0147-47-1
https://doi.org/10.3382/japr.2013-00925
https://doi.org/10.3748/wjg.v20.i23.7416
https://doi.org/10.1002/9781119371199.ch19
https://doi.org/10.1002/9781119350927.ch57
https://doi.org/10.14715/cmb/2022.68.4.11
https://doi.org/10.20506/rst.15.4.986
https://doi.org/10.1111/j.1469-185X.2008.00076.x
https://doi.org/10.1080/03079457.2020.1794237
https://doi.org/10.1016/j.psj.2022.101696
https://doi.org/10.3390/microorganisms7090282
https://doi.org/10.4315/0362-028X.JFP-17-086

A. Meza-Rios et al.

(43]

[44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

[54]

(55]

(56]

ten Doeschate, R. and Raine, H. (2006) History and Current Use of Feed Additives
in the European Union: Legislative and Practical Aspects. 28th Poultry Science
Symposium of the World s Poultry Science Association (UK), Bristol, September
2005, 3-12. https://doi.org/10.1079/9781845931803.0003

Shehata, A.A., Yal¢in, S., Latorre, J.D., Basiouni, S., Attia, Y.A., Abd El-Wahab, A.,
Visscher, C., El-Seedi, H.R., Huber, C., Hafez, H.M., et al. (2022) Probiotics, Pre-
biotics, and Phytogenic Substances for Optimizing Gut Health in Poultry. Microor-
ganisms, 10, Article 395. https://doi.org/10.3390/microorganisms10020395

Reuben, R.C., Sarkar, S.L., Roy, P.C., Anwar, A., Hossain, M.A. and Jahid, LK.
(2021) Prebiotics, Probiotics and Postbiotics for Sustainable Poultry Production.
World s Poultry Science Journal, 77, 825-882.
https://doi.org/10.1080/00439339.2021.1960234

Abd El-Hack, M.E., El-Saadony, M.T., Shafi, M.E., Qattan, S.Y., Batiha, G.E., Khaf-
aga, A.F., Abdel-Moneim, A.-M.E. and Alagawany, M. (2020) Probiotics in Poultry
Feed: A Comprehensive Review. Journal of Animal Physiology and Animal Nutri-
tion, 104, 1835-1850. https://doi.org/10.1111/jpn.13454

Soccol, C.R.,, de Souza Vandenberghe, L.P., Spier, M.R., Medeiros, A.P., Ya-
maguishi, C.T., De Dea Lindner, J., Pandey, A. and Thomaz-Soccol, V. (2010) The
Potential of Probiotics: A Review. Food Technology and Biotechnology;, 48, 413-434.

Ricke, S.C., Lee, S.I., Kim, S.A., Park, S.H. and Shi, Z. (2020) Prebiotics and the
Poultry Gastrointestinal Tract Microbiome. Poultry Science, 99, 670-677.
https://doi.org/10.1016/j.psj.2019.12.018

Al-Sheraji, S.H., Ismail, A., Manap, M.Y., Mustafa, S., Yusof, R.M. and Hassan, F.A.
(2013) Prebiotics as Functional Foods: A Review. Journal of Functional Foods, 5,
1542-1553. https://doi.org/10.1016/].jf.2013.08.009

Sugkovig, J., Kos, B., Beganovi¢, J., Lebo$ Pavunc, A., Habjani¢, K. and Matosi¢, S.
(2010) Antimicrobial Activity—The Most Important Property of Probiotic and
Starter Lactic Acid Bacteria. Food Technology and Biotechnology, 48, 296-307.

Ahmad, S., Saad, C.R., Mohd Daud, H. and Abdelhadi, Y.M. (2015) Status and Po-
tential of Herbal Applications in Aquaculture: A Review. Iranian Journal of Fisher-
ies Science, 14, 27-44.

Delgado, Y., Cassé, C., Ferrer-Acosta, Y., Suarez-Arroyo, L]., Rodriguez-Zayas, J.,
Torres, A., Torres-Martinez, Z., Pérez, D., Gonzalez, M.]., Velazquez-Aponte, R.A.,
et al. (2021) Biomedical Effects of the Phytonutrients Turmeric, Garlic, Cinnamon,
Graviola, and Oregano: A Comprehensive Review. Applied Sciences, 11, Article
8477. https://doi.org/10.3390/app11188477

Zhang-Barber, L., Turner, A. and Barrow, P. (1999) Vaccination for Control of
Salmonella in Poultry. Vaccine, 17, 2538-2545.
https://doi.org/10.1016/S0264-410X(99)00060-2

Nyaga, P. (2007) Good Biosecurity Practices in Small Scale Commercial and Scav-
enging Production Systems in Kenya. FAO.

Jang, H.-]., Lee, H.-]., Yoon, D.-K,, Ji, D.-S., Kim, J.-H. and Lee, C.-H. (2018) Anti-
oxidant and Antimicrobial Activities of Fresh Garlic and Aged Garlic By-Products

Extracted with Different Solvents. Food Science and Biotechnology, 27, 219-225.
https://doi.org/10.1007/s10068-017-0246-4

Fratianni, F., Ombra, M.N., Cozzolino, A., Riccardi, R., Spigno, P., Tremonte, P.,
Coppola, R. and Nazzaro, F. (2016) Phenolic Constituents, Antioxidant, Antimicro-
bial and Anti-Proliferative Activities of Different Endemic Italian Varieties of Garlic
(Allium sativam L.). Journal of Functional Foods, 21, 240-248.

DOI: 10.4236/fns.2024.151002

50 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.1079/9781845931803.0003
https://doi.org/10.3390/microorganisms10020395
https://doi.org/10.1080/00439339.2021.1960234
https://doi.org/10.1111/jpn.13454
https://doi.org/10.1016/j.psj.2019.12.018
https://doi.org/10.1016/j.jff.2013.08.009
https://doi.org/10.3390/app11188477
https://doi.org/10.1016/S0264-410X(99)00060-2
https://doi.org/10.1007/s10068-017-0246-4

A. Meza-Rios et al.

(57]

(58]

(59]

(60]

[61]

[62]

(63]

[64]

(65]

(6]

(67]

(68]

(69]

(70]

https://doi.org/10.1016/].iff.2015.12.019

Shealy, C.N. (2012) The Healing Remedies Sourcebook: Over 1000 Natural Reme-
dies to Prevent and Cure Common Ailments. Da Capo Lifelong Books, Lebanon.

Zhang, Y., Liu, X,, Ruan, J., Zhuang, X., Zhang, X. and Li, Z. (2020) Phytochemicals
of Garlic: Promising Candidates for Cancer Therapy. Biomedicine & Pharmaco-
therapy, 123, Article 109730. https://doi.org/10.1016/j.biopha.2019.109730

Mirzaei-Aghsaghali, A. (2012) Importance of Medical Herbs in Animal Feeding: A
Review. Annals of Biological Research, 3, 918-923.

Subroto, E., Cahyana, Y., Tensiska, M., Lembong, F., Filianty, E., Kurniati, E., Wu-
landari, D., Saputra, R. and Faturachman, F. (2021) Bioactive Compounds in Garlic
(Allium sativum L.) as a Source of Antioxidants and Its Potential to Improve the
Immune System: A Review. Food Research, 5, 10-26656.
https://doi.org/10.26656/{r.2017.5(6).042

El-Ratel, I.T., Abdel-Khalek, A.-K.E., Gabr, S.A., Hammad, M.E. and El-Morsy, H.L
(2020) Influence of Allicin Administration on Reproductive Efficiency, Immunity

and Lipid Peroxidation of Rabbit Does under High Ambient Temperature. Journal
of Animal Physiology and Animal Nutrition, 104, 539-548.
https://doi.org/10.1111/jpn.13316

Adjei-Mensah, B., Oke, E., Ali, M., Hamidu, J. and Tona, K. (2022) Response of
Layer Chicks to the Dietary Inclusion of Allicin-Rich Extract. Journal of Applied
Poultry Research, 31, Article 100291. https://doi.org/10.1016/j.japr.2022.100291

Strika, I., Basic, A. and Halilovic, N. (2017) Antimicrobial Effects of Garlic (Allium
sativum L.). Bulletin of the Chemists and Technologists of Bosnia and Herzegovina,
47,17-22.

Gardner, C.D., Messina, M., Lawson, L.D. and Farquhar, J.W. (2003) Soy, Garlic,
and Ginkgo Biloba: Their Potential Role in Cardiovascular Disease Prevention and
Treatment. Current Atherosclerosis Reports, 5, 468-475.
https://doi.org/10.1007/s11883-003-0037-7

Plata-Rueda, A., Martinez, L.C., Santos, M.H.D., Fernandes, F.L., Wilcken, C.F.,
Soares, M.A., Serrdo, J.E. and Zanuncio, J.C. (2017) Insecticidal Activity of Garlic
Essential Oil and Their Constituents against the Mealworm Beetle, Tenebrio mo-
litor Linnaeus (Coleoptera: Tenebrionidae). Scientific Reports, 7, Article No. 46406.
https://doi.org/10.1038/srep46406

Diaz, J.H. (2016) Chemical and Plant-Based Insect Repellents: Efficacy, Safety, and
Toxicity. Wilderness & Environmental Medicine, 27, 153-163.
https://doi.org/10.1016/j.wem.2015.11.007

Boleij, A. and Tjalsma, H. (2012) Gut Bacteria in Health and Disease: A Survey on
the Interface between Intestinal Microbiology and Colorectal Cancer. Biological Re-
views, 87, 701-730. https://doi.org/10.1111/j.1469-185X.2012.00218 x

Bhatwalkar, S.B., Mondal, R., Krishna, S.B.N., Adam, J.K., Govender, P. and Anu-
pam, R. (2021) Antibacterial Properties of Organosulfur Compounds of Garlic (A/-
lium sativum). Frontiers in Microbiology, 12, Article 1869.
https://doi.org/10.3389/fmicb.2021.613077

Rouf, R, Uddin, S.J., Sarker, D.K., Islam, M.T., Ali, E.S., Shilpi, J.A., Nahar, L., Ti-
ralongo, E. and Sarker, S.D. (2020) Antiviral Potential of Garlic (Alium sativum)
and Its Organosulfur Compounds: A Systematic Update of Pre-Clinical and Clinical
Data. Trends in Food Science and Technology, 104, 219-234.
https://doi.org/10.1016/].tifs.2020.08.006

Liu, P., Weng, R, Xu, Y., Feng, Y., He, L., Qian, Y. and Qiu, J. (2020) Metabolic

DOI: 10.4236/fns.2024.151002

51 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.1016/j.jff.2015.12.019
https://doi.org/10.1016/j.biopha.2019.109730
https://doi.org/10.26656/fr.2017.5(6).042
https://doi.org/10.1111/jpn.13316
https://doi.org/10.1016/j.japr.2022.100291
https://doi.org/10.1007/s11883-003-0037-7
https://doi.org/10.1038/srep46406
https://doi.org/10.1016/j.wem.2015.11.007
https://doi.org/10.1111/j.1469-185X.2012.00218.x
https://doi.org/10.3389/fmicb.2021.613077
https://doi.org/10.1016/j.tifs.2020.08.006

A. Meza-Rios et al.

(71]

(72]

(73]

(74]

[75]

[76]

(77]

(78]

(79]

(80]

(81]

(82]

(83]

Changes in Different Tissues of Garlic Plant during Growth. Journal of Agricultural
and Food Chemistry, 68, 12467-12475. https://doi.org/10.1021/acs.jafc.0c04178

Pedraza-Chaverri, J., Yam-Canul, P., Chirino, Y.I., Sanchez-Gonzéilez, D.J.,
Martinez-Martinez, C.M., Cruz, C. and Medina-Campos, O.N. (2008) Protective
Effects of Garlic Powder against Potassium Dichromate-Induced Oxidative Stress
and Nephrotoxicity. Food and Chemical Toxicology, 46, 619-627.
https://doi.org/10.1016/j.fct.2007.09.088

Li, W.-R,, Shi, Q.-S., Dai, H.-Q., Liang, Q., Xie, X.-B., Huang, X.-M., Zhao, G.-Z.
and Zhang, L.-X. (2016) Antifungal Activity, Kinetics and Molecular Mechanism of
Action of Garlic Oil against Candida albicans. Scientific Reports, 6, Article No.
22805. https://doi.org/10.1038/srep22805

Ming, L., Li, Z, Li, X., Tang, L. and He, G. (2021) Antiviral Activity of Diallyl
Trisulfide against HON2 Avian Influenza Virus Infection in Vitro and in Vivo. Vi-
rology Journal, 18, Article No. 171. https://doi.org/10.1186/s12985-021-01641-w

Ahmed, T. and Wang, C.-K. (2021) Black Garlic and Its Bioactive Compounds on
Human Health Diseases: A Review. Molecules, 26, Article 5028.
https://doi.org/10.3390/molecules26165028

Mehrbod, P., Amini, E. and Tavassoti-Kheiri, M. (2009) Antiviral Activity of Garlic
Extract on Influenza Virus. Iranian Journal of Virology, 3, 19-23.
https://doi.org/10.21859/isv.3.1.19

Saravanan, G. and Prakash, J. (2004) Effect of Garlic (A/ium sativum) on Lipid
Peroxidation in Experimental Myocardial Infarction in Rats. Journal of Ethno-
pharmacology, 94, 155-158. https://doi.org/10.1016/j.jep.2004.04.029

Miiller, A., Eller, J., Albrecht, F., Prochnow, P., Kuhlmann, K., Bandow, J.E., Slu-
sarenko, A.]. and Leichert, L.I.O. (2016) Allicin Induces Thiol Stress in Bacteria
through S-Allylmercapto Modification of Protein Cysteines. Journal of Biological
Chemistry, 291, 11477-11490. https://doi.org/10.1074/jbc.M115.702308

Yewdell, J.W., Bennink, J.R., Smith, G.L. and Moss, B. (1985) Influenza A Virus
Nucleoprotein Is a Major Target Antigen for Cross-Reactive Anti-Influenza A Virus
Cytotoxic T Lymphocytes. Proceedings of the National Academy of Sciences of the
United States of America, 82, 1785-1789. https://doi.org/10.1073/pnas.82.6.1785

Mehrbod, P., Aini, 1., Amini, E., Eslami, M., Torabi, A., Bande, F. and Kheiri, M.
(2013) Assessment of Direct Immunofluorescence Assay in Detection of Antiviral

Effect of Garlic Extract on Influenza Virus. African Journal of Microbiology Re-
search, 7, 2608-2612. https://doi.org/10.5897/ATJMR12.2329

Fleischauer, A.T. and Arab, L. (2001) Garlic and Cancer: A Critical Review of the
Epidemiologic Literature. Journal of Nutrition, 131, 1032S-1040S.
https://doi.org/10.1093/in/131.3.1032S

Fukushima, S., Takada, N., Hori, T., Min, W., Wanibuchi, H. and Yamamoto, S.
(2001) Suppression of Chemical Carcinogenesis by Water-Soluble Organosulfur
Compounds. Journal of Nutrition, 131, 1049S-1053S.
https://doi.org/10.1093/jn/131.3.1049S

Dong, M., Yang, G., Liu, H,, Liu, X,, Lin, S., Sun, D. and Wang, Y. (2014) Aged
Black Garlic Extract Inhibits HT29 Colon Cancer Cell Growth via the PI3K/Akt
Signaling Pathway. Biomedical Reports, 2, 250-254.
https://doi.org/10.3892/br.2014.226

Munday, R. (2012) Harmful and Beneficial Effects of Organic Monosulfides, Disul-
fides, and Polysulfides in Animals and Humans. Chemical Research in Toxicology,
25, 47-60. https://doi.org/10.1021/tx200373u

DOI: 10.4236/fns.2024.151002

52 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.1021/acs.jafc.0c04178
https://doi.org/10.1016/j.fct.2007.09.088
https://doi.org/10.1038/srep22805
https://doi.org/10.1186/s12985-021-01641-w
https://doi.org/10.3390/molecules26165028
https://doi.org/10.21859/isv.3.1.19
https://doi.org/10.1016/j.jep.2004.04.029
https://doi.org/10.1074/jbc.M115.702308
https://doi.org/10.1073/pnas.82.6.1785
https://doi.org/10.5897/AJMR12.2329
https://doi.org/10.1093/jn/131.3.1032S
https://doi.org/10.1093/jn/131.3.1049S
https://doi.org/10.3892/br.2014.226
https://doi.org/10.1021/tx200373u

A. Meza-Rios et al.

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

Tang, F.-Y., Chiang, E.-P. and Pai, M.-H. (2010) Consumption of S-Allylcysteine
Inhibits the Growth of Human Non-Small-Cell Lung Carcinoma in a Mouse Xeno-
graft Model. Journal of Agricultural and Food Chemistry, 58, 11156-11164.
https://doi.org/10.1021/jf102539k

Guy, J.S. (1998) Virus Infections of the Gastrointestinal Tract of Poultry. Poultry
Science, 77, 1166-1175. https://doi.org/10.1093/ps/77.8.1166

Adere, T. and Mukaria, M. (2023) The Epidemiology of Avian Influenza and Its
Significance for Public Health. Journal Healthcare Treatment Development, 3,
48-58. https://doi.org/10.55529/jhtd.31.48.58

Moustapha, A., Talaki, E., Akourki, A. and Gagara, H. (2023) Impact and Preva-
lence of Newcastle Disease and Associated Risk Factors in Village Chickens in
Southern Niger. Online Journal of Animal and Feed Research, 13, 209-216.
https://doi.org/10.51227/0jafr.2023.32

You, R, Liu, K., Huang, M., Tang, L., Zhang, X., Huang, Y., Zhao, J., Zhao, Y., Ye,
L. and Zhang, G. (2023) Identification and Comparison of the Sialic Acid-Binding
Domain Characteristics of Avian Coronavirus Infectious Bronchitis Virus Spike
Protein. Journal of Virology, 97, €00489-23. https://doi.org/10.1128/jvi.00489-23
Mosa, M.I,, Salem, H.M., Bastamy, M.A. and Amer, M.M. (2023) Pathogenic and
Non-Pathogenic Factors; Especially Infectious Bursal Disease Viruses; Affect

Chicken Digestive System Microbiota and Methods of Its Evaluation and Recovery:
A Review. Egyptian Journal of Veterinary Sciences, 54, 733-760.

Ravikumar, R., Chan, J. and Prabakaran, M. (2022) Vaccines against Major Poultry
Viral Diseases: Strategies to Improve the Breadth and Protective Efficacy. Viruses,
14, Article 1195. https://doi.org/10.3390/v14061195

Birhane, N. and Fesseha, H. (2020) Vaccine Failure in Poultry Production and Its
Control Methods: A Review. Biomedical Journal of Scientific & Technical Research,
29, 22588-22596. https://doi.org/10.26717/BJSTR.2020.29.004827

Arshad, M.I., Wensman, J.J. and Munir, M. (2023) Immunopathogenesis and Infec-
tion Characteristics of Zoonotic Viral Diseases. Frontiers in Cellular and Infection
Microbiology, 13, Article 1198392. https://doi.org/10.3389/fcimb.2023.1198392

Sing, A. (2014) Zoonoses-Infections Affecting Humans and Animals: Focus on Pub-
lic Health Aspects. Springer, Berlin. https://doi.org/10.1007/978-94-017-9457-2
Abdelwhab, E.M. and Mettenleiter, T.C. (2023) Zoonotic Animal Influenza Virus
and Potential Mixing Vessel Hosts. Viruses, 15, Article 980.
https://doi.org/10.3390/v15040980

Chai, H., Liu, Q., Gaudreault, N.N. and Zhang, W. (2023) Zoonotic Diseases Origi-
nating from Wildlife: Emergence/Re-Emergence, Evolution, Prevalence, Pathogene-

sis, Prevention, and Treatment. Frontiers in Microbiology; 14, Article 1165365.
https://doi.org/10.3389/fmicb.2023.1165365

European Food Safety Authority, European Centre for Disease Prevention and
Control, European Union Reference Laboratory for Avian Influenza, Adlhoch, C,,
Fusaro, A., Gonzales, J.L., Kuiken, T., Marangon, S., Mirinaviciute, G., Niqueux, E,
Stahl, K., et al. (2023) Avian Influenza Overview December 2022-March 2023. EFSA
Journal, 21, e07917. https://doi.org/10.2903/j.efsa.2023.7917

Kobasa, D., Warner, B., Alkie, T., Vendramelli, R., Moffat, E., Tailor, N., Audet, J.,
Gunawardena, T., Safronetz, D., Mubareka, S., et al. (2023) Transmission of Lethal
H5N1 Clade 2.3.4.4b Avian Influenza in Ferrets.
https://doi.org/10.21203/rs.3.rs-2842567/v1

Oscar, T.P. (2023) Poultry Food Assess Risk Model for Salmonella and Chicken

DOI: 10.4236/fns.2024.151002

53 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.1021/jf102539k
https://doi.org/10.1093/ps/77.8.1166
https://doi.org/10.55529/jhtd.31.48.58
https://doi.org/10.51227/ojafr.2023.32
https://doi.org/10.1128/jvi.00489-23
https://doi.org/10.3390/v14061195
https://doi.org/10.26717/BJSTR.2020.29.004827
https://doi.org/10.3389/fcimb.2023.1198392
https://doi.org/10.1007/978-94-017-9457-2
https://doi.org/10.3390/v15040980
https://doi.org/10.3389/fmicb.2023.1165365
https://doi.org/10.2903/j.efsa.2023.7917
https://doi.org/10.21203/rs.3.rs-2842567/v1

A. Meza-Rios et al.

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Gizzards: II. Illness Dose Step. Journal of Food Protection, 86, Article 100091.
https://doi.org/10.1016/].jfp.2023.100091

Tarig, S., Samad, A., Hamza, M., Ahmer, A., Muazzam, A., Ahmad, S. and Amhabj,
A.M.A. (2022) Salmonella in Poultry: An Overview. International Journal of Mul-
tidisciplinary Sciences and Arts, 1, 80-84. https://doi.org/10.47709/ijmdsa.v1i1.1706

Tellez-Isaias, G., Vuong, C.N., Graham, B.D., Selby, C.M., Graham, L.E,
Senas-Cuesta, R., Barros, T.L., Beer, L.C., Coles, M.E., Forga, A.]., et al. (2021) De-
veloping Probiotics, Prebiotics, and Organic Acids to Control Salmonella Spp. in
Commercial Turkeys at the University of Arkansas, USA. German Journal of Vet-
erinary Research, 3, 7-12. https://doi.org/10.51585/gjvr.2021.3.0014

Kowalska, J.D., Nowak, A., Slizewska, K., Stanczyk, M., Lukasiak, M. and Dastych, J.
(2020) Anti-Salmonella Potential of New Strains with the Application in the Poultry
Industry. Polish Journal of Microbiology, 69, 5-18.
https://doi.org/10.33073/pjm-2020-001

Hoque, M., Mohiuddin, R.B., Khan, M.M.H., Hannan, A. and Alam, M.]. (2019)
Outbreak of Salmonella in Poultry of Bangladesh and Possible Remedy. Journal of
Advanced Biotechnology and Experimental Therapeutics, 2, 87-97.
https://doi.org/10.5455/jabet.2019.d30

El-Saadony, M.T., Salem, H.M., El-Tahan, A.M., Abd El-Mageed, T.A., Soliman,
S.M., Khafaga, A.F.,, Swelum, A.A., Ahmed, A.E.,, Alshammari, F.A. and Abd
El-Hack, M.E. (2022) The Control of Poultry Salmonellosis Using Organic Agents:
An Updated Overview. Poultry Science, 101, Article 101716.
https://doi.org/10.1016/j.psj.2022.101716

Andrew Selaledi, L., Mohammed Hassan, Z., Manyelo, T.G. and Mabelebele, M.
(2020) The Current Status of the Alternative Use to Antibiotics in Poultry Produc-
tion: An African Perspective. Antibiotics, 9, Article 594.
https://doi.org/10.3390/antibiotics9090594

Eid, K. and Iraqi, M. (2014) Effect of Garlic Powder on Growth Performance and
Immune Response for Newcastle and Avian Influenza Virus Diseases in Broiler of
Chickens. 2nd International Conference on Biotechnology Applications in Agricul-
ture (ICBAA), Benha University, Moshtohor and Hurghada, 8-12 April 2014, 7-13.

Shojai, T.M., Langeroudi, A.G., Karimi, V., Barin, A. and Sadri, N. (2016) The Effect
of Allium sativum (Garlic) Extract on Infectious Bronchitis Virus in Specific
Pathogen Free Embryonic Egg. Avicenna Journal of Phytomedicine, 6, 458-467.

Ao, X, Yoo, ]., Zhou, T., Wang, J., Meng, Q., Yan, L., Cho, J. and Kim, I. (2011) Ef-
fects of Fermented Garlic Powder Supplementation on Growth Performance, Blood

Profiles and Breast Meat Quality in Broilers. Livestock Science, 141, 85-89.
https://doi.org/10.1016/j.livsci.2011.05.002

Asrat, M., Zeryehun, T., Amha, N. and Urge, M. (2018) Effects of Supplementation
of Different Levels of Garlic (A/fum sativum) on Egg Production, Egg Quality and
Hatchability of White Leghorn Chicken. Livestock Research for Rural Development,
30, 37.

Al-Aqil, A.A. (2016) Effects of Adding Different Dietary Levels of Garlic (Alium
sativum) Powder on Productive Performance and Egg Quality of Laying Hens. /n-
ternational Journal of Poultry Science, 15, 151-155.
https://doi.org/10.3923/ijps.2016.151.155

Karangiya, V., Savsani, H., Patil, S.S., Garg, D., Murthy, K., Ribadiya, N. and
Vekariya, S. (2016) Effect of Dietary Supplementation of Garlic, Ginger and Their
Combination on Feed Intake, Growth Performance and Economics in Commercial

DOI: 10.4236/fns.2024.151002

54 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.1016/j.jfp.2023.100091
https://doi.org/10.47709/ijmdsa.v1i1.1706
https://doi.org/10.51585/gjvr.2021.3.0014
https://doi.org/10.33073/pjm-2020-001
https://doi.org/10.5455/jabet.2019.d30
https://doi.org/10.1016/j.psj.2022.101716
https://doi.org/10.3390/antibiotics9090594
https://doi.org/10.1016/j.livsci.2011.05.002
https://doi.org/10.3923/ijps.2016.151.155

A. Meza-Rios et al.

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

Broilers. Veterinary World, 9, 245-250.
https://doi.org/10.14202/vetworld.2016.245-250

Elmowalid, G.A., Abd El-Hamid, M.I., Abd El-Wahab, A.M., Atta, M., Abd
El-Naser, G. and Attia, A.M. (2019) Garlic and Ginger Extracts Modulated Broiler
Chicks Innate Immune Responses and Enhanced Multidrug Resistant Escherichia
coli O78 Clearance. Comparative Immunology, Microbiology & Infectious Diseases,
66, Article 101334. https://doi.org/10.1016/j.cimid.2019.101334

Jimoh, A., Ibitoye, E., Dabai, Y. and Garba, S. (2013) In Vivo Antimicrobial Poten-
tials of Garlic against Clostridium Perfringens and Its Promotant Effects on Per-

formance of Broiler Chickens. Pakistan Journal of Biological Sciences, 16,
1978-1984. https://doi.org/10.3923/pjbs.2013.1978.1984

Cai, P., Zhu, Q., Cao, Q., Bai, Y., Zou, H,, Gu, J., Yuan, Y., Liu, X,, Liu, Z. and Bian,
J. (2021) Quercetin and Allicin Can Alleviate the Hepatotoxicity of Lead (Pb)

through the PI3K Signaling Pathway. Journal of Agricultural and Food Chemistry,
69, 9451-9460. https://doi.org/10.1021/acs.jafc.1c03794

Sari, N.F., Ray, P., Rymer, C., Kliem, K.E. and Stergiadis, S. (2022) Garlic and Its
Bioactive Compounds: Implications for Methane Emissions and Ruminant Nutri-
tion. Animals, 12, Article 2998. https://doi.org/10.3390/ani12212998

Rana, S., Pal, R., Vaiphei, K., Sharma, S.K. and Ola, R. (2011) Garlic in Health and
Disease. Nutrition Research Reviews, 24, 60-71.
https://doi.org/10.1017/S0954422410000338

El-Khayat, Z., Rasheed, W., Ramzy, T., Hussein, J., Agaiby, M., Morsy, S., Morsy, F.
and Shaffie, N. (2010) Protective Effect of Garlic Oil against Liver Injury in Experi-
mental Animals. Journal of Medicinal Plants Research, 4, 2359-2369.

Shang, A., Cao, S.-Y., Xu, X.-Y., Gan, R.-Y., Tang, G.-Y., Corke, H., Mavumeng-
wana, V. and Li, H.-B. (2019) Bioactive Compounds and Biological Functions of
Garlic (Allium sativum L.). Foods, 8, Article 246.
https://doi.org/10.3390/foods8070246

Amagase, H. (2006) Clarifying the Real Bioactive Constituents of Garlic. The Jour-
nal of Nutrition, 136, 716S-7258S. https://doi.org/10.1093/in/136.3.716S

El-Barbary, M.I. (2016) Detoxification and Antioxidant Effects of Garlic and Cur-
cumin in Oreochromis niloticus Injected with Aflatoxin B: with Reference to Gene
Expression of Glutathione Peroxidase (GPx) by RT-PCR. Fish Physiology and Bio-
chemistry, 42, 617-629. https://doi.org/10.1007/s10695-015-0164-4

Sahidur, M., Islam, I. and Jahurul, M. (2023) Garlic (A/ium sativum) as a Natural
Antidote or a Protective Agent against Diseases and Toxicities: A Critical Review.
Food Chemistry Advances, 3, Article 100353.
https://doi.org/10.1016/j.focha.2023.100353

Arify, T., Valavan, S.E., Manimaran, K., Sundaresan, A. and Varun, A. (2018) Effect
of Supplementation of Garlic (Alium sativum) and Nilavembu (Andrographis

paniculata) on Hematological and Serum Biochemical Parameters of Commercial
Broiler Chicken. International Journal of Current Microbiology and Applied Sci-
ences, 7, 3649-3656. https://doi.org/10.20546/ijcmas.2018.710.422

El-Saber Batiha, G., Magdy Beshbishy, A., Wasef, L.G., Elewa, Y.H., Al-Sagan, H.A.,
Abd El-Hack, M.E., Taha, A.E., Abd-Elhakim, Y.M. and Prasad Devkota, H. (2020)
Chemical Constituents and Pharmacological Activities of Garlic (Aljum sativum

L.): A Review. Nutrients, 12, Article 872. https://doi.org/10.3390/nul2030872

Navidshad, B., Darabighane, B. and Malecky, M. (2018) Garlic: An Alternative to
Antibiotics in Poultry Production: A Review. [ranian Journal of Applied Animal

DOI: 10.4236/fns.2024.151002

55 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.14202/vetworld.2016.245-250
https://doi.org/10.1016/j.cimid.2019.101334
https://doi.org/10.3923/pjbs.2013.1978.1984
https://doi.org/10.1021/acs.jafc.1c03794
https://doi.org/10.3390/ani12212998
https://doi.org/10.1017/S0954422410000338
https://doi.org/10.3390/foods8070246
https://doi.org/10.1093/jn/136.3.716S
https://doi.org/10.1007/s10695-015-0164-4
https://doi.org/10.1016/j.focha.2023.100353
https://doi.org/10.20546/ijcmas.2018.710.422
https://doi.org/10.3390/nu12030872

A. Meza-Rios et al.

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

Science, 8, 9-17.

Sarfraz, M., Nasim, M.]., Jacob, C. and Gruhlke, M.C. (2020) Efficacy of Allicin
against Plant Pathogenic Fungi and Unveiling the Underlying Mode of Action Em-
ploying Yeast Based Chemogenetic Profiling Approach. Applied Sciences, 10, Arti-
cle 2563. https://doi.org/10.3390/app10072563

Ownagh, A., Fallahi, M., Rahman, B. and Mohammadzadeh, D. (2015) Effect of Sa-
vory Essential Oil, Garlic Powder, and Garlic Aqueous Extract on Fungal Load of
Poultry Feed. Journal of Mycology Research, 2, 23-30.

Prasad, G. and Sharma, V. (1981) Antifungal Property of Garlic (Allium sativum
Linn.) in Poultry Feed Substrate. Poultry Science, 60, 541-545.
https://doi.org/10.3382/ps.0600541

Verma, T., Aggarwal, A., Dey, P., Chauhan, A.K., Rashid, S., Chen, K.-T. and
Sharma, R. (2023) Medicinal and Therapeutic Properties of Garlic, Garlic Essential
Oil, and Garlic-Based Snack Food: An Updated Review. Frontiers in Nutrition, 10,
Article 1120377. https://doi.org/10.3389/fnut.2023.1120377

Aulina, A., Bahi, M., Eriana, C.N. and Sriwati, R. (2019) Fungicidal Activity of Gar-
lic (Allium sativum) Bulbs Extracts against Plants Phatogenic Fungi. Jurnal Hama
dan Penyakit Tumbuhan Tropika, 19, 23-32.
https://doi.org/10.23960/j.hptt.11923-32

Kothari, D., Lee, W.-D., Niu, K.-M. and Kim, S.-K. (2019) The Genus Allium as
Poultry Feed Additive: A Review. Animals, 9, Article 1032.
https://doi.org/10.3390/ani9121032

Krstin, S., Sobeh, M., Braun, M.S. and Wink, M. (2018) Tu/baghia violacea and Al-
lium ursinum Extracts Exhibit Anti-Parasitic and Antimicrobial Activities. Mole-
cules, 23, Article 313. https://doi.org/10.3390/molecules23020313

Wagas, M., Akhtar, R., Akbar, H., Lateef, M., Rashid, I. and Ijaz, M. (2018) Evalua-
tion of Anti-Coccidial Activity of Different Extraction Products of Allium sativum

(Garlic) in Broilers. Journal of the Hellenic Veterinary Medical Society, 69,
1055-1058. https://doi.org/10.12681/jhvims.18872

Adulugba, 1., Goselle, O., Ajayi, O. and Tanko, ]. (2017) Development of a Potent
Anti-Coccidial Drug: A Phyto-Synthetic Approach. American Journal of Phy-
tomedicine and Clinical Therapeutics, 5, 2.

Adulugba, I., Goselle, O., Ajayi, O., Pam, K., Friday, S. and Tanko, J. (2017)
Phyto-Synthetic Combination as Great Enhancers of Haematological Parameters: A

Case Study in Poultry. American Journal of Phytomedicine and Clinical Therapeu-
tics, 5, 9.

Adjei-Mensah, B. and Atuahene, C. (2023) Avian Coccidiosis and Anticoccidial Po-
tential of Garlic (A/lium sativum L.) in Broiler Production: A Review. Journal of
Applied Poultry Research, 32, Article 100314.
https://doi.org/10.1016/j.japr.2022.100314

Ali, M., Chand, N., Khan, R.U,, Naz, S. and Gul, S. (2019) Anticoccidial Effect of
Garlic (Allium sativum) and Ginger (Zingiber officinale) against Experimentally

Induced Coccidiosis in Broiler Chickens. Journal of Applied Animal Research, 47,
79-84. https://doi.org/10.1080/09712119.2019.1573731

El-Banna, H., Abd El Latif, A. and Soliman, M. (2012) Anticoccidial Activity of A/-
lium sativum and Aloe vera in Broilers. International Journal for Agro Veterinary
and Medical Sciences, 7, 117-125.

El-Khtam, A., Abd El Latif, A. and El-Hewaity, M. (2014) Efficacy of Turmeric
(Curcuma longa) and Garlic (Allium sativum) on Eimeria Species in Broilers. /n-

DOI: 10.4236/fns.2024.151002

56 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.3390/app10072563
https://doi.org/10.3382/ps.0600541
https://doi.org/10.3389/fnut.2023.1120377
https://doi.org/10.23960/j.hptt.11923-32
https://doi.org/10.3390/ani9121032
https://doi.org/10.3390/molecules23020313
https://doi.org/10.12681/jhvms.18872
https://doi.org/10.1016/j.japr.2022.100314
https://doi.org/10.1080/09712119.2019.1573731

A. Meza-Rios et al.

[138]

[139]

[140]

[141]

ternational Journal of Basic and Applied Sciences, 3, 349-356.
https://doi.org/10.14419/ijbas.v3i3.3142

Fallah, R. (2015) Effect of Adding Aloe vera Gel and Garlic Powder on Carcass
Characteristic and Internal Organ Mass of Broiler Chickens. Global Journal of
Animal Scientific Research, 3, 136-141.

Velkers, F., Dieho, K., Pecher, F., Vernooij, J., Van Eck, J. and Landman, W. (2011)
Efficacy of Allicin from Garlic against Ascaridia galli Infection in Chickens. Poultry
Science, 90, 364-368. https://doi.org/10.3382/ps.2010-01090

Tesfaye, A. (2021) Revealing the Therapeutic Uses of Garlic (Alium sativum) and
Its Potential for Drug Discovery. The Scientific World Journal, 2021, Article ID:
8817288. https://doi.org/10.1155/2021/8817288

Burt, D.W. (2005) Chicken Genome: Current Status and Future Opportunities.
Genome Research, 15, 1692-1698. https://doi.org/10.1101/gr.4141805

DOI: 10.4236/fns.2024.151002

57 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2024.151002
https://doi.org/10.14419/ijbas.v3i3.3142
https://doi.org/10.3382/ps.2010-01090
https://doi.org/10.1155/2021/8817288
https://doi.org/10.1101/gr.4141805

	The Beneficial Effects of Components of Garlic (Allium sativum L.) in the Poultry Industry
	Abstract
	Keywords
	1. Antibiotic Growth Promoters Used in Animal Husbandry
	2. Bacterial Diseases in Poultry 
	3. AGPs in Poultry 
	4. Use of Alternatives to AGPS in Poultry 
	5. Benefices of Garlic (Allium sativum L.) 
	6. Garlic Chemical Components and Bioactive Molecules
	7. Biological and Therapeutic Effects of Garlic 
	8. Applications of Garlic in Poultry
	8.1. Effects of Garlic on Viruses of Poultry
	8.2. Effects of Garlic on Poultry Production Performances 
	8.3. Use of Garlic in Hepatic Intoxication
	8.4. Garlic and Bioactive Compounds against Fungi in the Poultry
	8.5. Garlic (Allium sativum L.) and Its Components against Parasites in the Poultry

	9. Garlic in Human Clinical Trials, Prospects for Its Possible Application in Hens and Chickens
	10. Conclusions 
	Author Contributions
	Funding
	Conflicts of Interest
	References

