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PREFACE

he book Gut Health, Microbes, and Animal Diseases examines gut health,

microbes, and animal diseases in livestock and poultry. The book mainly

covers the use of probiotics and prebiotics in intestinal diseases, the effect

of probiotics on the animal production cycle, the optimization of new feed
additives, the effectiveness of probiotics in the control of parasites, the relationship
between Toxoplasma gondii and intestinal flora, and the pathogenesis of Escherichia coli
in piglets. In recent years, the scientific community has made impressive progress in gut
health and microbial communities and their impact on animal diseases. The gut is not
only a site of food digestion but also a complex ecosystem in which the role of
microorganisms is crucial. The microbial community's balance and dysbiosis directly
affect the host's health and especially play a key role in the development and progression
of animal diseases. This book aims to unravel the mysteries of this complex system by
synthesizing the latest research findings and providing insights into the structure and
function of the gut microbiota and how they affect the health status of animals. The book
focuses on the effects of probiotics and other beneficial ingredients on the microbiota and
discusses the relationship between microbial imbalances and animal diseases and how
gut health can be maintained through feed additions and other interventions.

With the progress of modernization of agriculture, livestock, and poultry farming is
becoming more and more prominent as its share in the overall agricultural economy is
gradually increasing. However, the intestinal health problems of livestock and poultry
are still plaguing the development of the livestock industry. Livestock and poultry
intestinal health problems in all months of the year uninterruptedly scattered in the
occurrence of a variety of livestock and poultry, its total number of morbidity and
mortality than other various diseases, not only to reduce the quality and quantity of
livestock and poultry products but also increased feed consumption, which brings a more
significant burden on the development of animal husbandry. The application of modern
science and technology in livestock and poultry farming has brought great changes to
livestock production, which is the specialization and factorization of livestock and
poultry farming. The use of prebiotics and probiotics, combined feed additives, and the
addition of bioactive ingredients have significantly increased productivity. The intestinal
health of animals is also the main issue that we, as veterinarians, are diligently working
on to accelerate the modernization of animal husbandry. How to protect the intestinal
health of livestock and poultry and the preventive and curative measures to ensure the
development of livestock and poultry farming production also deserve universal
attention.
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ABSTRACT

In the past two to three decades, efforts to enhance human health have concentrated on developing live microbial
supplements, or "probiotics," that can alter the body's natural gut flora. Probiotics constitute a significant and continuously
expanding portion of the global functional food market, accounting for around 65% of this enormous industry with a
projected value of US$75 billion. Lactic acid bacteria, which include bifidobacteria, enterococci, and lactobacilli, are the
most common active ingredients in probiotic products. Probiotics have been linked to a wide range of health benefits, like
immune system stimulation, reduction of lactose intolerance, maintenance of normal and healthy intestinal flora, and
protection from infections. Probiotics are a group of strains that have been shown to have positive effects and can be
found in products in rather large quantities. Furthermore, typically present in the human gastrointestinal tract,
bifidobacteria and lactobacilli are thought to be advantageous. They can be promoted by non-digestible food elements
such as oligosaccharides, which are referred to as prebiotics. Probiotics and prebiotics can be combined to create a food
product known as a synbiotic, which is likely intended to target two "target regions" of GIT.

KEYWORDS Received: 17-May-2024 ST, A Publication of
Probiotics, Prebiotics, Synbiotics, Gut disease Revised: 15-July-2024 % US%«‘% Unique Scientific
Accepted: 18-August-2024 | “T— Publishers

Cite this Article as: Farooq J, Zahra S, Fatima M, Talib S, Sattar SA, Umm-e-Abiha, Kausar T, Fatima U and Anjum M, 2024. Recent
trends on probiotics and prebiotics in the gut health of animals. In: Liu P (ed), Gut Heath, Microbiota and Animal Diseases. Unique
Scientific Publishers, Faisalabad, Pakistan, pp: 1-10. https://doi.org/10.47278/book.CAM/2024.167

INTRODUCTION

Probiotics were first proposed in 1908 by Nobel Prize winner Eli Metchnikoff, who hypothesized that Bulgarian
peasants' long lives were because of the use of fermented milk products. Stillwell and Lilly used the word "probiotic" in
1965 to mention chemicals generated by one organism promoting the growth of another. They were designated as
“microbial components of microbial cells that have a beneficial effect on health and well-being" (Gareau et al., 2010).

Numerous microorganisms that are present in the gastrointestinal tract, in the mouth, and on the skin, coincide
closely with humans. With a surface area of around 400m?, the Gl tract has the largest concentration of commensal
microorganisms. This constitutes the body's second largest surface area, behind the respiratory tract. More than 500
different bacterial species are found in the rich flora of the gastrointestinal tract (GIT), and some of them offer substantial
health benefits such as improving the immune system, shielding the host from invasive viruses and bacteria, and
facilitating the digestion. The gut microbiota is critical to maintaining human homeostasis, and is acquired quickly after
birth, and stays mostly constant throughout life. An individual and distinct intestinal immune system evolves as a result of
connections between the developing intestinal microbiota and the host. The task of the host mucosal immune system is to
differentiate between benign and infectious species by inducing protective immunity while evading an overabundance of
inflammation that could compromise the integrity of the gastrointestinal mucosa. (Tsilingiri and Rescigno 2013).

Among other forms of treatment, the usage of immunosuppressive medication, antibiotics, and radiation may change
the composition and impact of the flora. Therefore, recreating the microbial equilibrium and preventing disease may be
made easier by the introduction of beneficial bacterial species into the GIT (Marteau et al., 2002).

The Greek word "for life" is where the term "probiotics" originated. The probiotics are "live micro-organisms,”
which, when given in sufficient proportions, impose health advantage on the host, according to an expert panel that
was commissioned by the Food and Agriculture Organization (FAO) and World Health Organization (WHO). The
bacterial genera Enterococcus, Streptococcus, Bifidobacterium, Bacillus, Escherichia, and Lactobacillus are most
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frequently utilized in the formulations of probiotics. Moreover, a few Saccharomyces fungal strains have also been
employed (Di Lena et al., 2015).

The first probiotic, Lactobacillus rhamnosus GG (LGG), has gotten the most medicinal interest thus far. Since the
Lactobacillus strain that dairy companies had previously employed for fermentation could not colonize the gut,
Lactobacillus rhamnosus strain GG was identified in 1985 through the creation of a list of optimal characteristics for
probiotics. It has been demonstrated that Lactobacillus rhamnosus strain GG improves gut immunity. Payer's patches
experience an increase in antigen uptake due to the increased number of IgA and other immunoglobulin -secreting cells
in the intestinal mucosa, localized release of interferons, and facilitated antigen transport to core lymphoid cells
(Zendeboodi et al., 2020).

Prebiotics are indigestible food elements that work to improve the health of the host by favourably provoking the
development of a specific bacterium or a group of related microbes in the colon. Prebiotics are dietary carbohydrates, such
as inulin, gluco-oligosaccharides, and fructo-oligosaccharides circumventing the digestion in the upper gastrointestinal
tract and alter the type of substrate that is available to the gut's resident bacteria population. This leads to changes in the
bacterial composition of the gut. Probiotics as well as prebiotics are examples of synbiotics. They raise the likelihood that
bacteria will survive in the gastrointestinal tract, which increases their beneficial effects (Gupta and Garg 2009).

Selection Criteria of Probiotic Strain

A methodical approach is necessary for the selection of probiotic bacteria, employing a procedure similar to the one
illustrated in Fig. 1. Most of the time, a "step-by-step approach" involving a series of tests to gradually narrow down a pool
of potential probiotic candidates is necessary due to the high number of isolated strains. The strains exhibiting the greatest
number of efficient qualities and, consequently, no unfavorable features are chosen after this process.
«  Microorganisms should be capable to communicate or send messages to immune cells linked with the stomach.
«  The capacity to endure in the intestine even if the probiotic strain is unable to colonize the stomach
«  Should be nonpathogenic
+  Resistance to processing

1) Stress
Tolerance
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Fig. 1: Depicts the screening methods used for characterizing probiotic strains. According to studies by (Chang et al., 2001;
Divya et al., 2012; Fiorda et al., 2016; Luna and Foster, 2015; Maragkoudakis et al., 2006; Ooi and Liong, 2010; Persichetti et
al, 2014; WHO/FAO).



Table 1: Micro-organisms used as Probiotics (Jin et al., 2000)

Lactobacillus Bifidobacterium Streptococcs Saccharomyces Others

Spps. Spps. Spps. Spps.

Lparacasei Lplantarum L.reuteri B. adolescentis S. thermophiles S. boulardii Bacillus cereus

L.salivarius L.bulgaricus B. infantis S.salivarius subsp Escherichia coli

L. johnsonii B. longum thermophilus Propionibacterium
B. lactis

Mechanism of Action
Probiotics can be categorized according to how the bacteria specifically affect the immune system, allergy disorders,
microbial milieu, cancer, intestinal epithelium, and distant mucosal locations.

Antimicrobial Effects on Microflora

Probiotics have long been thought to work by altering the microbiota in the body. A number of studies indicate
that eating specific species of lactobacilli can raise endogenous levels of these bacteria and decrease concentrations
of E. coli and Bacteroides clostridium in feces. However, the most significant effect is on the flora's metabolic
activities, as these bacteria have been shown to reduce the production of substances that cause cancer, like fecal
azoreductase, B-glucoronidase and nitroreductase (Wollowski et al., 2001). It's still unclear if colonization is necessary
for probiotics to work.

Neonatal reaction to preparations of probiotics depends on gestational age, postnatal age, weight, and previous
exposure to antibiotics. A study on infants, found that colonization with Lactobacillus GG happened in 21% of infants
weighing less than 1500g compared to 47% of bigger infants. The antibiotic's usage interfered with the probiotic's
capability to colonize (Shi and Walker 2004).

Production of Antimicrobial Factors

Short-chain fatty acids, which probiotics produce, can decrease the pH of the colon and promote the growth of
less harmful microorganisms. Antimicrobial proteins, called bacteriocins, are produced by probiotic organisms and
particularly are potent against Gram-Positive Bacteria. Moreover, lactobacilli generate chemicals that render virus
particles inactive (Cadieux et al., 2002). Within minutes, soluble compounds generated by Lactobacillus fermentum
RC-14 and Lactobacillus rhamnosus GR-1 render vesicular stomatitis virus and adenovirus inactive. Lactobacillus GG is
a producer of antimicrobial chemicals like lactic acid, hydrogen peroxide, and pyroglutamate, which hinder the
growth of several gram-negative and gram-positive bacteria. Furthermore, Lactobacillus acidophilus strain LA1
generates an antibacterial agent that is not lactic acid nor bacteriocin and that is effective against a range of gram-
negative and gram-positive bacteria (Lievin et al., 2000).

Competition for Nutrients

Probiotics can also compete with pathogenic organisms for the nutrients that they would then absorb. For instance, a
probiotic that consumes monosaccharides may inhibit the growth of Clostridium difficile, a bacterium that needs
monosaccharides to flourish.

Probiotics as Inmune Modification Vehicles

It is possible to genetically modify probiotics like lactobacilli to emit chemicals like IL-10 that have an anti-
inflammatory impact. The gastrointestinal tract's inflamed parts may locally release anti-inflammatory cytokines when the
host consumes these genetically modified probiotics. (Steidler et al., 2000).

Effect on Humoral Immunity

Numerous studies show that a wide range of probiotics can reliably and powerfully induce a certain type of antibody
response. IgA antibody responses specific to the rotavirus are induced by the viable L. casei strain GG. Furthermore, by
influencing the generation of virus-neutralizing antibodies, the two strains of probiotics—Lactobacillus acidophilus CRL431
and Lactobacillus rhamnosus GG induced an immunologic reaction against the poliomyelitis vaccine virus. Additionally, in
an animal model, eaten B. bifidum markedly augmented the amount of immunoglobulin (IgA, IgG, and IgM) secreting cells
in the spleen and mesenteric lymph nodes. (Saikali et al., 2004).

Anti-proliferative Effect of Probiotics

Probiotics have the ability to affect several intestinal processes, including immunological status, transit, detoxification,
and colonic fermentation. These effects may be linked to the emergence of colon cancer. Probiotic use has been shown to
have direct antiproliferative effects on immunological and malignant cells. It has been demonstrated that modulating gut
and systemic immunity in rats and specifically reducing carcinogenic bacterial enzymes have the potential to have major
antiproliferative effects against colon cancer. The indication is still growing, and additional study is needed, but data point
to a favorable role for probiotics in preventing colon cancer (Marotta et al., 2003).



Functional Properties
Growth Promotion in Farm Animals

Probiotic bacteria break down hydrocarbons, which implies food is being broken down into its utmost basic
components. This permits nearly complete absorption via the gastrointestinal tract. Probiotics, therefore, significantly
improve overall nutrition and promote cellular development and growth at a rapid pace. For example, in young pigs,
Bifidobacteria and Lactobacillus boosted weight gain and decreased mortality. Additionally, pigs fed Bacillus coagulans
performed better than pigs treated with sub-therapeutic antibiotics, with reduced mortality, improved feed conversion,
and weight gain compared to un-supplemented piglets.

Defense against Intestinal Infections in the Host

Probiotics help to cleanse the gastrointestinal tract. They penetrate the intestinal walls' layer of filth, attach
themselves, and lift the buildup of deterioration. After that, this waste naturally disappears. Probiotic supplements help
avoid and occasionally treat fungal and yeast infections. By the production of antimicrobial compounds competing with
the pathogens for nutrients, encouraging the intestinal immune system, and adhering to the intestinal mucosa, probiotic
bacteria added to feed may defend piglets against pathogens of the intestine through a diversity of potential mechanisms
(Ellin, 2001).

Relief of Constipation

Probiotics rapidly alleviate constipation and restore regular bowel motions. You can take lactobacillus both during and
after an antibiotic course of therapy. This lessens the symptoms of antibiotic-induced diarrhea, which is brought on by the
gastrointestinal tract's "bad" and "good" bacteria dying off randomly.

Anti-carcinogenic Effect

Carcinogenic intestinal beta-glucouronidase and nitroreductase are rendered inactive by Lactobacillus. Research
conducted at the University of Nebraska and Sloan Kettering Institute for Cancer Research demonstrated that Lactobacillus
inhibits the growth of tumors and has a clear anti-tumor effect. Further research is necessary; however, animal studies have
indicated that some lactic acid bacteria may aid prevent colon cancer (Walker and Duffy, 1998; Zabala et al., 2001).

Nutrient Synthesis and Bioavailability

Probiotic strains of Lactobacillus plantarum produce lysine, one of the amino acids that are immediately digested by
the body. They generate B vitamins, which function as biocatalysts in the metabolism of food and combat stress. These
include pantothenic acid, B6, niacin, folic acid, B12, and riboflavin (Koop-Hoolihan, 2001).

Diseases Treated by Probiotics

«  Treating atopy

« Irritable bowel syndrome

« Antibiotic-associated diarrhea

»  Traveler's diarrhea

* Infectious diarrhea

»  Necrotizing enterocdiarrheaolitis

Prebiotic Introduction

One may quite readily impact nutrition, which is continuously recognized as one of the most important environmental
elements influencing human health, both individually and as a whole in the population. Functional meals have gained
popularity recently among lay people who are attempting to live better lives as a result of education and training, as well
as among professionals. Food that offers additional health advantages from nutrients whose nutritional value improves the
consumer's physical and mental well-being in addition to traditional elements is referred to as functional food. Particularly
useful ingredients in nutritious foods are minerals, vitamins, prebiotics, and probiotics. The notion of prebiotics and
probiotics is often regarded as the most noteworthy development in the realm of intestinal microbiota support and
nutrition. (Hijova et al., 2019)

Prebiotics are beneficial food ingredients, produced artificially by converting carbohydrates through an enzyme
process or naturally occurring in foods derived from plants. These substances are often soluble dietary fibers or
carbohydrate structures that are preferentially digested by bacteria both within and outside the body. Thus, this activity
promotes the growth of particular microorganisms and benefits the host's health. (Gibson et al, 2010). A fresh definition
that defies the notion that prebiotic effects must be specific/selective has recently been put out in light of the rapidly
expanding field of diet-gut microbiota interactions (Bindels et al., 2015). For generations, people have been consuming
foods high in prebiotics; estimates place daily consumption for hunter-gatherer populations as high as 135g (Leach et al,,
2010). Banana, sugar beet, beans, human breast milk, artichokes, rye, barley, cow's milk, onion, garlic, tomato, and
asparagus are natural sources of prebiotics (Cooper et al., 2022).
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Professors Roberfroid and Gibson coined the term "prebiotics" in 1995. Prebiotics were part of the functional food
concept that was prepared by both of them. In general, prebiotics are described as "nondigestible food components that
pass into the colon in their undamaged state, are resistant to the action of hydrolytic enzymes at the top of the GIT, and
beneficially affect the microflora of the host organism by selectively stimulating the growth and/or activity of one or
limited number of bacteria in the colon and thus improving the host's health" (Gibson and Roberfroid 1995). The term
"selectively fermented ingredients that allow specific changes, both in the composition and/or activity in the
gastrointestinal microflora that confer benefits upon the host well-being and health” was added to prebiotics definition in
2004 (Gibson et al., 2004). Prebiotics are now defined to include non-carbohydrates and their mode of act is no longer
restricted to the gastrointestinal system or to specific foods (Gibson et al., 2017).

Substances used as Prebiotics

According to earlier research, prebiotics are oligosaccharide carbohydrates, primarily xylooligosaccharides (XOS),
lactulose, inulin, and the fructose-oligosaccharides (FOS) that are generated from them (Yin et al.,, 2022; Zhao et al., 2021).
Recent research, however, has shown that prebiotics also include other non-carbohydrate substances that satisfy the
prebiotic requirements, such as polyphenols that have been extracted from fruits like black raspberries (Gu et al., 2019) and
blueberries (Jiao et al., 2019).

Fructans

The most varied class of prebiotics that are commercially accessible are called fructans, and they comprise fructose
polymers that are not digested. A review of their impacts on bone mineral density and calcium absorption has been
conducted (Roberfroid et al., 2010). The bulk of glycosidic links in every chain of these molecules is beta (b) (2-1) fructosyl-
fructose connections, which is one of their defining characteristics. In addition to being naturally occurring in plant-based
foods including asparagus, bananas, artichokes, onions, and wheat, these chemicals can also be produced synthetically
(Sabater-Molina et al., 2009).

Galactooligosaccharide

Oligosaccharides galacturonic GOS is a novel functional material with inherent qualities that the body finds difficult to
absorb and digest. GOS are made up of two to eight sugar units, of which two are galactose and disaccharides (which
contain two galactose units) and one is terminal glucose (Delgado-Fernandez et al., 2021).

A combination of galactose-based oligosaccharides with variable DP and connections to various monomers of sugar,
such as lactose, and glucose, results in GOS, a well-known prebiotic component. The various health benefits of GOS are
explained by their unique oligosaccharide composition. Research has demonstrated that GOS promotes the development
of useful gut flora like lactobacillus, and bifidobacteria in early life stages because these substances resemble human milk
oligosaccharides which support immunity and gut health in nurturing newborns (Fanaro et al.,, 2005).

Research on animals has shown that the ingestion of GOS in postmenopausal rat models led to a noteworthy
elevation in the calcium content of the skeleton in ovariectomized rats (Chonan et al.,, 1995) and mineralization of bone in
male rats (Weaver et al., 2011). It has also been shown that dietary GOS increases postmenopausal women's absorption of
calcium (van den Heuvel et al., 2000).

Lactose Derivatives

The main disaccharide included in dairy products is lactose. It is a combination of galactose and glucose sugar
monomers linked by glycosidic bonds. It has been demonstrated that rats fed a diet high in lactose and calcium had
stronger and more mineralized bones (Schaafsma et al, 1987). Lactase's enzyme activity diminishes with age in humans,
which may permit microbes to break down this sugar when it enters the lower gastrointestinal tract (Misselwitz et al.,
2013). Since people with lactose intolerance absorb more calcium from milk containing lactose than people with usual
lactase action, this could lead to a larger absorption of minerals (Griessen et al., 1989). Some examples of prebiotics
production are given in Fig. 2.

Functional Properties of Prebiotics

When consumed in suitable amounts, probiotic-living microorganisms benefit the health of the host by colonizing the
body. Probiotics have the capability to transform the human intestinal microbes’ composition and prevent harmful bacteria
from colonizing the intestines. Additionally, probiotics have been shown to have the capacity to support the body's
development of a robust intestinal mucosa layer, strengthening the function of the intestinal barrier and boosting
immunity (Wang et al, 2021). The promotion of prebiotics is necessary for the growth and replication of probiotics.
Prebiotics are substances—mostly polysaccharides—that the body is unable to process and absorb. They can aid in the
development or propagation of live microorganisms within the host (Li et al., 2021).

Prebiotics influence metabolism, strengthen immune regulation, fend off infections, improve mineral absorption, and
generally improve health (Peredo-Lovillo et al., 2020) (Fig. 3). Prebiotics come from a diversity of sources and are typically
defined as certain microalgae, oligosaccharides, polysaccharides, and natural plants. The main sources of emerging
prebiotics include seeds, peels, fruit juice, algae, polysaccharide- and polyphenol-containing microorganisms, and
traditional Chinese medicine (Quigley 2019).



Fig. 2: Example of prebiotic production
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Fig. 3: Benefits of Prebiotics

Mode of Action

Prebiotics can generally withstand digestion in the small intestine by remaining in the gastrointestinal system because
of absence of enzymes in the human gut that break down their polymeric bonds. Prebiotics are subsequently supported by
the body intact to large intestine, where intestinal flora breaks them down and selectively ferments them to produce
definite secondary metabolites. These types of metabolites are then engrossed by intestinal epithelium or go to the liver
via the portal vein. These metabolites have positive impacts on the physiological processes of the host, including pathogen
resistance, immunity regulation, and increased absorption of minerals, decreased blood lipid, and improved intestinal
barrier function (Guarino et al., 2020).
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Beneficial bacteria in the gut metabolize the most prevalent SCFAs, such as propionate, butyrate, and acetate, which
are good for preserving systemic and intestinal health (Baert et al, 2020) (Fig. 4). Additionally, one particular benefit of
prebiotics is that they support the growth of the target bacteria. By safeguarding or encouraging the creation of
advantageous fermentation products, they might encourage the proliferation of useful flora to contend with other species
following the consumption of particular prebiotics (FOS, inulin, and GOS) (Ashaolu 2020).
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Fig. 4: The prebiotics role in the maintenance of health

Synbiotics and their Importance for Animals

The word "synbiotic" has historically been used to describe a mixture of probiotics and prebiotics increasing the
survivability of probiotics that are eaten (Pandey et al., 2015). Combining prebiotics with different chain lengths and
monomer connections is one way to use synbiotics; this has been demonstrated to extend the prebiotic impact over a
wider Gl tract (Coxam 2005). The criterion that each independently delivers a health benefit and that each dose be
sufficient to independently accomplish those benefit(s) is shared by definitions of prebiotics and probiotics (Gibson et al.,
2017). Long-chain prebiotics such as inulin may be digested more distally or beside a prolonged stretch of the gut, but
short-chain prebiotics like oligofructose are thought to be processed in the proximal colon. Often referred to as ITF-mix,
this most frequently reported prebiotic mixture has variable chain lengths and is made up of inulin-type fructans. It has
been proved that this combination improves bone health outcomes and the absorption of magnesium and calcium in both
postmenopausal ladies and adolescents (Abrams et al., 2007).
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Prebiotics and plant polyphenols work synergistically, and this has extensive implications for bone health as well
(Devareddy et al., 2006). Research on synbiotics—which assesses how well prebiotics work in conjunction with probiotics—
is expanding quickly. At the moment, Bifidobacterium species are the most researched in synbiotic applications concerning
the health of bones. According to a study, adding GOS to two species of Bifidobacterium—aBifidobacterium bifidum and
longum—markedly improved the bioavailability of calcium, magnesium, and phosphorus as well as the mineral content of
the hind limbs (Pérez-Conesa et al., 2007).

Up until now, prebiotics and probiotics have had an excellent safety record (Van den Nieuwboer and Claassen 2019),
and synbiotics made with them may likewise be considered safe for the same purposes. Nonetheless, new formulations
need to be properly evaluated for safety (loannidis et al., 2004).

Future Prospects of both Probiotics and Prebiotic

Research on the impact of probiotics on cardiovascular conditions, such as atherosclerosis and myocardial
infarction, is being focused on a large scale (Loscalzo et al., 2011). According to neuro-gastroenterologist Dr. Gershon's
working hypothesis, there is an enteric nervous system that plays a part in gut physiology and other related gut
illnesses (Gershon, 1998). By comprehending the function of BMicrobials endocrinology, the study of the ability of
microorganisms to produce and respond to neurochemicals that originate either within the microorganisms themselves
or within the host they inhabit, the aforementioned notion can be addressed. Probiotics both produce and react to
neuroactive substances (Roshchina 2010).

Conclusion

It is commonly well-known that intestinal flora plays a substantial part in both maintaining health and also preventing
disease. Its constant "communication" or interaction with the immune system, endocrine system, central nervous system,
and environment reveals the intricate underlying systems. If this delicate equilibrium is upset, it can cause various
problems and make it easier for a disease to spread. In particular, it has been proposed that microbiologists ought to be
heavily involved in strain isolation, mechanism of action testing, and "packaging these into steadfast products for usage of
humans (Potera, 1999). Probiotics and prebiotics most likely have distinct "target" areas. Important information is still
required despite the surge in papers on probiotic organisms published in recent years by microbiologists, nutritionists,
food scientists, and doctors. More cutting-edge techniques should be created to track modifications in gut flora's makeup
and how they interact with the host's metabolism and immune system.
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ABSTRACT

Lactic acid bacteria (LAB) are the most common probiotics. It prevents many gastrointestinal (Gl) tract diseases such as
obesity, inflammatory bowel disease (IBD), dysbiosis, and chronic infection. They produce lactic acid that lowers the pH
of the Gl tract and inhibits the growth of different pathogenic bacteria. They also provide competition for food and
produce different antimicrobial peptides known as bacteriocins, which can effectively kill or inhibit closely related
bacterial strains as well as bacterial pathogens such as E.coli, and Salmonella. Bacteriocins are small cationic peptides
that lead to bacterial cell death by forming pores and the release of cytosolic contents. Lactic acid bacteria as probiotics
maintain homeostasis and have many beneficial effects on gastrointestinal tract health. They also play an important role
in boosting the immune response of the host by stimulating the host immune cells of the intestine, which further
activates the other cells by signal complex.
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INTRODUCTION

The gut microbiota plays a crucial role in developing the host's immune system, protecting against harmful
microorganisms, and increasing the integrity of the gut. The important gut bacteria include Bacteroidetes, Firmicutes,
Actinobacteria, and Proteobacteria (Zhang et al., 2015) Dysbiosis is a disease, that occurs when there is a disturbance in the
normal balance of the gut microbial flora. This can be caused by various factors such as antibiotic use, an unbalanced diet,
and infection. Various diseases such as inflammatory bowel disease (IBD), viral infections, and obesity are also linked to the
imbalance of intestinal microbiota (Kim et al., 2019). These disturbances can lead to alteration in the gut microbiota, which
in turn increases the risk of developing numerous serious diseases (Lange et al., 2016). Dysbiosis also leads to the
emergence of diseases associated with immunological dysregulation, such as allergies, autoimmune disorders, and
inflammatory conditions (D'Amelio and Sassi, 2018). Probiotics are the living bacteria that are used to treat the imbalance
of intestinal microbiota, when consumed in sufficient quantities, they enhance the intestinal beneficial microbiota and give
health benefits to humans (Binda et al., 2020).

Bacteriocin-producing probiotics colonize the gut and prevent the adherence of pathogens to intestinal epithelial cells
by competing for food and producing inhibitory compounds (Figure 1) (Vieco-Saiz et al, 2019a). Bacteriocins have a
distinct method of action compared to antibiotics since they eliminate target cells by creating pores and disrupting the cell
membrane (Yang et al,, 2014). In addition, bacteriocins possess a more simple biosynthetic process, and having a greater
specific activity against microorganisms that are resistant to several drugs provides benefits for their use in medical
treatments (Pérez-Ramos et al., 2021a). Bacteriocins are the proteins synthesized by ribosomes and are broken down by
proteolytic enzymes. As a result, bacteria are unable to acquire resistance in the gut. Hence, the use of probiotics is an
innovative strategy for treating various disorders such as enteric infections, and restoring a beneficial microbial community
to promote health (Fong et al.,, 2020).

Gut Microbiota
The microorganisms that inhabit the digestive tract of humans including viruses, bacteria, and fungi are referred as
Gut Microbiota. The gut microflora of mammals contains trillions of bacteria and around 500 different microbial strains
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and some of the strains are used as probiotics. Microorganisms naturally reside on the skin, mouth cavity, vagina, and
gastrointestinal system of humans by birth. Early infancy is a critical phase for the development of the microbiota, which is
influenced by factors such as delivery method (vaginal versus cesarean section), gestational age, and usage of antibiotics
throughout the perinatal period. Compared to cesarean section deliveries, vaginal births are linked to higher intestine
colonization with Bifidobacteria but not lactobacilli Conversely, greater colonization by hospital-associated
microorganisms such as Enterobacter, Klebsiella, and Clostridium is linked to cesarean section births.
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Fig. 1: Pathogen Inhibition mechanism by LAB, (Vieco-Saiz et al., 2019a)

Human microbiota changes during the course of life, from childhood to adulthood and old age. There appears to be a
correlation between a lower microbial diversity during infancy and a higher chance of developing disease in later
childhood. Reduced diversity of the gut microbiome is a common feature in several disorders that may be associated with
dysbioses, necrotizing enterocolitis, chronic diarrhea, and IBD. Early exposure to specific bacteria and variations in the
composition of the gut microbiome due to any factor have a lasting impact on an individual's health (Gareau et al., 2010a).

Probiotics

Probiotics are bacteria that have positive health effects on the host when consumed in a specific quantity. Their
primary functions in the gut include modulating the immune system and maintaining the balance between beneficial and
harmful microbes in the gut (Choi et al., 2010). The important probiotic includes many lactic acid-producing lactobacilli
strains and several Bifidobacteria. Probiotics are typically regarded as safe for consumption, however, they may produce
bacteria-host interactions and unpleasant side effects in rare situations (Gareau et al., 2010a).

Probiotic organisms have many beneficial impacts on intestinal epithelial cells. Certain strains can produce a mucus
barrier by releasing mucus from goblet cells or by offering a physical barrier known as colonization resistance that
prevents the entry of pathogens into the epithelial cell. They also help in maintaining the permeability of the intestine by
more expression of the zona occludens (Gareau et al., 2010a).

Lactic Acid Bacteria

Lactic acid bacteria (LAB) are the important flora of the gut microbiota and have a crucial function in balancing the
overall microbial population. Probiotic lactic acid bacteria (LAB) are a diverse collection of non-pathogenic, Gram-positive
bacteria that do not produce spores and lack the enzyme catalase. They convert glucose into lactic acid, together with
many growth-restricting compounds (Mokoena, 2017). They may be found in different foods such as fermented meats,
seafood, drinks, and pickled vegetables, and in the oral and nasal cavities of humans. Significant genera in this context are
Lactococcus, Enterococcus, Streptococcus, Pediococcus, Aerococcus, and Lactobacillus. Lactobacilli are the most abundant
probiotics present in humans' gastrointestinal tracts. Sometimes, more than one probiotic is used to treat the disease and
regain the host's normal microbiota. They produce different kinds of antimicrobial compounds which help in the
prevention of disease (Table 1). Probiotic bacteria play a crucial role in immunoregulation by mediating the signal
formation that activates other immune cells through intestinal immune system stimulation. Probiotics also lead to more
IgA production which may stimulate interactions between dendritic cells and B and/or lymphocytic T cells (Anjana and
Tiwari, 2022). In addition to LAB, Bifidobacterium is the predominant microorganism that colonizes the gut of the host and
provides health advantages. (O'Callaghan and Van Sinderen, 2016).

LAB and Bifidobacterium are used as a cure for several gastrointestinal (Gl) diseases. They limit harmful microbes,
strengthen the Gl barrier, and inhibit the production of proinflammatory cytokines (Xue et al., 2017). Apart from the lactic
acid bacteria (LAB), other types of bacteria also prevail in the gut and have essential roles. For instance, the innocuous E.
Coli Nissle, a probiotic often present in the gut, is mostly used to maintain a healthy balance of intestinal microbiota. It
also stimulates the reestablishment of human B-defensin 2 synthesis, which can effectively protect the intestinal barrier
against attachment of the pathogenic E. coli (Anjana and Tiwari, 2022).
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Bacteriocin-producing LAB Bacteria

Lactobacilli bacteria that can produce bacteriocin, are used in treating several diseases of the Gl tract. They prevent
the colonization of the pathogenic bacteria in the human Gl tract. When a bacteriocin-producing bacteria is administered
orally, it does not alter the general structure of the gut, but it does cause some positive changes at a lower taxonomic
level. However, some of these changes were reversed following the treatment (Umu et al, 2017). Probiotics, such as
Lacticaseibacillus casei, and Streptococcus thermophiles may be taken orally and increase the expression of Ig-A and Ig-G in
a way that depends on the dosage. When administered 8 days before infection with vancomycin-resistant Enterococcus,
the use of nisin Z and pediocin AcH resulted in a decrease in pathogen colonization (Millette et al., 2008).

Table 1: Antimicrobial compounds produce by LAB

Molecule Examples Producer Spectrum References
Bacteriocins Nisin Lc.lactis subsp. lactis ~ Broad spectrum (de Arauz et al., 2009)
Pediocin PA-1 Ped.acidilactic Broad Spectrum (Rodriguez et al., 2002)
Enterolysin AS48 Ent.faecalis Gram-positive and many (Karpinski and
Enterobacteriaceae Szkaradkiewicz, 2013)
Bacteriocin-like Ped.acidikactic Kp10 ~ L.monocytogenase (Wong et al.,, 2017)
inhibitory substances Leuc.mesenteroides 406 L.monocytogenase (Arakawa et al., 2016)
Antibiotic Reutericyclin Lb.reuteri Gram-positive (Rattanachaikunsopon
and Phumkhachorn, 2010)
Reuterin Lb.reuteri DSM 20016  Gram-positive (Stevens et al.,, 2011)
Organic acid Lactic acid, acetic acid LAB Broad spectrum (Vieco-Saiz et al.,, 2019a)

Bacteriocin, Abp118, which is produced by the L. Salivarius UCC118, has anti-listerial action in the gastrointestinal tract
(Riboulet-Bisson et al., 2012). The L. Plantarum P-8 produces plantaricin, which leads to alterations in the fecal bacteria
community in humans (Kwok et al., 2015). Thuricin CD, a bacteriocin, consists of two peptides, Trna and Trnf3, and can kill
several strains of C. difficile showing that it is possible to target difficult-to-treat bacteria without impacting the normal
bacteria in the distal colon (Anjana and Tiwari, 2022b). Bacteriocin produced by lactic acid bacteria (LAB) has also shown
great efficacy against foodborne pathogens such as Listeria monocytogenes found in the human gut (Harris et al., 1989;
Millette et al., 2008).

Bacteriocins

Bacteriocins are small peptides, effective at low concentrations, and typically target closely related bacterial species,
but there is evidence of some bacteriocins having a broader range of activity as well (Chi and Holo, 2018; Goyal et al.,
2018). Bacteriocins modulate the levels of anti-inflammatory and pro-inflammatory cytokines via several signaling
pathways and play a crucial role in maintaining the host's health via various actions (Sassone-Corsi et al., 2016).
Bacteriocin-producing bacteria exhibit resistance to these antimicrobial peptides due to the presence of the immunity
proteins on the cell membrane. There are three classes of bacteriocin, Class 1 referred to as lantibiotics, has a molecular
weight of less than 5 kDa. They undergo posttranslational modifications, resulting in methyllanthionine formation. On the
other hand, Class 2 is categorized as non-lantibiotics. They are heat stable and have a molecular weight of less than 10 kDa
(Nishie et al., 2012). Class Il comprises bacteriocins that are heat-stable, with a molecular weight of more than 30 kDa.
Examples of Class Il bacteriocins include enterolysin (Yang et al., 2014).

Bacteriocins have efficiency against several pathogens, making them beneficial in combating numerous human
infectious disorders as shown in Table 2. Nisin has great efficacy in treating meningitis, and sepsis resulting from
Streptococcus pneumonia. The cyclic bacteriocin griselimycin successfully eradicated tuberculosis (Anjana and Tiwari, 2022).
Nisin inhibits cancer through ion channel formation on the cell membrane, resulting in the release of lactate
dehydrogenase, and mitochondrial respiration disruption in cancer cells. Nisin, when used along with cancer medications,
has been shown to have a synergistic effect in eliminating tumors (Preet et al., 2015).

Gut-Brain Axis and Microbial Community

The gut microbiota responds to the pattern of chemical messengers in the central nervous system (CNS) by secretion
of different compounds (Anjana and Tiwari, 2022). The vagus nerve, which is tactile to deviated fibers, terminates in the
nuclei within the brain stem. The brain stem nuclei may therefore affect a variety of bowel functions and transmit gestures
to further CNS zones, including the cerebral cortex and midbrain (Wang and Wang, 2016). Systemic blood flow can
potentially facilitate an exchange between the central nervous system and the colon (Gibson and Mehler, 2019). The
immunological and endocrine systems participate in duplex transmission halfway and sideways along the brain and
microbiota axis (Borre et al., 2014). First, bacteria can replace, combine, and degrade neurotransmitters as well as
transmodulators (Anjana and Tiwari, 2022). Additionally, cytokines and activator B cells in the host are produced by the gut
microbiota, which operates as a harmful alternative to CNS (Alam et al, 2017). Therefore, through a variety of routes
including antibody-mediated neuronal and endocrine systems, microbiota can affect the microbiota-gut-brain axis.
Destruction, hypertension, and other coherent disorders may result from these neurological alterations in the brain.
Changes in the gut microbiota have been linked to a number of neurological conditions. These include refractory epilepsy
and neurodegenerative diseases (Nagpal et al., 2018).
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Table 2: LAB involved in different bacterial disease treatment and immune modulation

Lactic acid bacteria Bacteriocins Target Pathogen Animal Model Reference

L. lactis NisinZ Immunomodulatory effect Murine (Millette et al., 2008)

L. lactis NisinF Respiration effect Murine (De Kwaadsteniet et al., 2009)
L. lactis NisinZ Enteric pathogen Mouse (Millette et al., 2008)

L. lactis Nisin Stress reduction Mouse (Jia et al,, 2018a)
Lactobacillus salivarius BacteriocinAbp118 Listeriosis Murine (Riboulet-Bisson et al., 2012)
L.salivarius NRRLB BacteriocinOR-7 ~ Campylobacter jejuni Chicken (llinskaya et al., 2017)
Pediococcus acidilactici PediocinPA1 Listeriosis Murine (Dabour et al., 2009)
Enterococcus Mundtii RL35 EnterocinCRL35 Listeriosis Murine (Salvucci et al., 2012)

As of right now, no concrete data support the involvement of LAB in the gut-brain axis. On the other hand, some
strains have the potential to modify the gut microbiota and hence indirectly impact the gut-brain axis. Some sequencing
analyses revealed the correlation between the gut microbiota and the neurochemicals that influence communication
between the gut and the brain (Jia et al., 2018a).

Immune Modulation

The immune system defends the gastrointestinal tract against invading microorganisms. The immune system primarily
consists of mucosa-associated lymphoid tissue (MALT), and the epithelial layer. Interaction between dendritic cells and
Lactobacilli in the human gastrointestinal tract activates the adaptive immune system, leading to the production of pro and
anti-inflammatory cytokines. Probiotic strains' antigenic fragments have been exposed to M cells in Peyer's patches and
intestinal epithelial cells, therefore modulating both the innate and adaptive immune system. Probiotic bacteria also play a
crucial role in immunoregulation by mediating the signal formation that activates other immune cells through intestinal
immune system stimulation. Probiotics lead to more IgA production which may stimulate interactions between dendritic
cells and B and/or lymphocytic T cells (Gareau et al., 2010a)

The Bifidobacterium breve boosts the maturation and survival of the dendritic cells. The extended lifespan of dendritic
cells (DC) is attributed to heightened amounts of antiapoptotic protein, ultimately enhancing the expression of CD86 and
CD83 maturation markers. It plays a role in enhancing the immune response by increasing the ability of the antigen-
presenting cells to stimulate the differentiation of the T-cells (Hoarau et al, 2006). Dendritic cells safeguard viable
microbiota of the gut and transport germs to "mesenteric lymph nodes," leading to the generation of antibodies that
protect against mucosal invasion (Macpherson et al., 2005; Macpherson and Uhr, 2004). The naive T cells differentiated into
several cell lineages, based on the interaction between dendritic cells (DCs) and certain pattern recognition factors.
Cytophage-Bacteroides are necessary for the TH17 development in the lamina propria, contributing to maintaining the
balance between regulatory T-cell populations and TH-17 cells (Delcenserie et al., 2008; Foligne et al., 2007). Nisin had an
immunomodulatory impact, and prolonged treatment of nisin may potentially restore the equilibrium between B and T
lymphocyte levels (Shin et al., 2016).

Role of Probiotics in the Treatment of Diseases

The gut microbiota dysbiosis leads to the development of multiple chronic illnesses, such as arthralgia, immune-
mediated disorders, metabolic abnormalities, hepatic conditions, and different gastrointestinal ailments (Carding et al.,
2015). The potential functions of probiotics in preventing diseases are shown in Figure 2. Bacteriocins produced by lactic
acid bacteria and probiotics themselves could influence the composition of the host's microbiota, and immune system and
contribute to the treatment of many diseases (Anjana and Tiwari, 2022).

Colonic Infections

Bacteriocins-producing probiotics inhibit certain foodborne and clinical pathogens that cause serious illnesses.
Bacteriocins function as pore formers, disrupting the potential of the cell and causing ATP to be expelled, ultimately
resulting in the death of the cell. Therefore, the bacteriocins produced by LAB have the potential to be used as a substitute
for conventional antibiotics in infection treatment (Li et al., 2022; Pérez-Ramos et al., 2021b; Sheoran and Tiwari, 2021).
Clostridium difficile is the primary pathogenic bacteria responsible for colonic infection. The nisin exhibited a specific ability
to deplete C. difficile. 1t is challenging to manipulate the fecal microbial ecology without impacting the existing gut
microbiota (Papaconstantinou and Thomas, 2007). The GJ7 Kimchicin is manufactured by L. Citreum GJ7 suppressed the
growth of S. typhi bacteria (Chang and Chang, 2011). The bacteriocin BM1829 is generated by the bacterium L. Crustorum
MNO047 suppressing the growth of S. typhi (Yan et al., 2021).

During the current era, viral infections have led to the occurrence of serious health issues. Several antiviral medicines
have been developed and tried, and they have lately been shown to be effective in treating these infections. Nevertheless,
these treatments exhibited toxicity and failed to achieve full symptom reduction. Bacteriocins have antiviral properties
against many viruses by inhibiting the glycoprotein production during the last phase of virus replication (Anjana and
Tiwari, 2022). Rotavirus, norovirus, and adenovirus are the primary causes of acute gastroenteritis in children under the age
of 5. Rotavirus is a non-enveloped virus with double-stranded RNA that specifically targets and damages the epithelial cell
lining in babies, leading to the development of diarrhea (Li et al., 2022).
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Bacteriocin prevents the several enzymatic activities that are essential to viral infection (Salman et al., 2020). The
Enterococcus faecium CRL35 bacteria produces enterocin CRL35, which prevents the herpes simplex virus (Wachsman et al.,
1999). Among enteric viruses, the norovirus possesses single-stranded RNA. After infection with the norovirus, the person
has less Bacteroidetes and more proteobacteria. Influence on the gut microbiota composition is shown by the direct
interaction between norovirus and proteobacteria isolated from feces samples. Furthermore, L. casei BL23 may prevent the
virus's P-particles from attaching to epithelial cells (Salman et al.,, 2020).

Inflammatory Bowel Disease (IBD)

Inflammatory Bowel disease includes Crohn's disease (CD) and ulcerative colitis (UC). IBD is a chronic gastrointestinal
disorder. It is currently unknown what causes inflammatory bowel disease. Depression, microbiological imbalance, and
poor diet often make the problem worse. Still, a limited number of intestinal bacteria, like Mycobacterium avium, C.
concisus, and E. Coli, are thought to be involved in the development of IBD (Toumi et al., 2021). The complicated origins of
chronic inflammatory diseases, ulcerative colitis (UC), and Crohn's disease (CD) include hereditary genetics, environmental
triggers, immune system changes, and aberrant gut microbiome response. A patient with dysbiosis has an imbalance of
bacteria associated with certain diseases (Sidhu and van der Poorten, 2017). Although it is a potential treatment for IBD,
fecal microbiota transplantation has limited effectiveness (Colman and Rubin, 2014).

Probiotics have been demonstrated to be effective and tolerable for people with IBD; nonetheless, it is unknown
what bacteriocin's precise role and mechanism are. Inflammatory bowel disease (IBD) patients have a different
microbiome than healthy individuals have (Shadnoush et al., 2015). Proteobacteria and Actinobacteria increased
whereas Firmicutes, like Faecalibacterium prausnitzi, and Bacteroidetes decreased during IBD. To fight with infections, it
is therefore essential to stabilise the gut flora. Probiotics that generate bacteriocins might be rather helpful as they
encourage the development of a normal healthy microbiota (Gourbeyre et al., 2011). Probiotic supplementation,
however, has been shown to be less successful in treating Crohn's disease than ulcerative colitis. Disturbance in gut
microbiota leads to mucus layer changes, which increases the ability of bacteria to travel into the intestines, thereby
triggering an immune response (Sicard et al, 2017). Bacteriocin directly kills or inhibits the pathogen, therefore
preserving the structural integrity of the gut epithelium. It may also serve as a colonizing normal microbiota, helping L.
Reuteri, a gut-dwelling bacterium species that generates reuterin, occupy niches in the intestine. Fungi and viruses are
among the pathogenic microbes, inhibited by reuterin, and facilitate beneficial bacteria growth. Inflammatory bowel
disease, probiotics, and the products of them, including short-chain fatty acids, significantly affect the immune system's
reaction and the disturbance of the intestinal microbiological balance. The acidophilus strain isolated from breast milk
reduced cholesterol, displayed competitive interactions with intestinal bacteria, and inhibited the growth of human
colorectal adenocarcinoma cells (HT-29) (Toumi et al., 2021).

Colorectal Cancer

Colorectal cancer occurs when cells in the colon or rectum grow out of control. It is also known as "colon cancer.” The
colon is a big gut or bowel. The rectum is a canal that links the colon with the anus. The large intestine sections, the
rectum, and the colon are the particular targets of colorectal cancer. The two main symptoms of this disease are a
discernible drop in body weight and blood in the stool. The result depends on a number of factors, such as food, way of
life, and the aging process itself (Center et al, 2009). L. acidophilus strengthens the immune response against colorectal
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cancer. Among the substances released by probiotic bacteria include toxins, enzymes, and bacteriocins, all of which have
been shown to combat cancer. The bacteria Lactococcus lactis synthesizes nisin A. In liver hepatocellular carcinoma
(HepG2) lactis changes the structural integrity of the cell membrane and inhibits the growth of cancer cells. Nisin opens up
the cell membrane and, via an innate process, starts apoptosis. Its ability to slow down the proliferation of melanoma cells
also makes it an antimetastatic medication (Norouzi et al., 2018). Moreover, P. acidolactici K2a2-3 produces pediocin,
which inhibits the development of human colon cancer cells (HT29) (Taherikalani and Ghafourian, 2021). Microcin causes
caspase activation, phosphatidylserine release, DNA damage, and depolarization of the cell membrane (Baindara et al,,
2018). Moreover, pediocin—produced by the bacterium Pediococcus acidilactici K2a2-3—was able to stop cancer cells. The
dose of pediocin affect its ability to stop the proliferation of cancer cells. This suggests that colorectal cancer therapy may
include bacteriocin, either directly or indirectly (Kaur and Kaur, 2015).

Obesity

It is one of the metabolic disorders closely associated with dysbiosis, an imbalance in the gut flora. Obesity is
also influenced by a number of different variables including a poor lifestyle, hormonal imbalances, brain chemistry, and
genetic and epigenetic modifications. The complex pathophysiology of obesity may help to explain why clinical obesity
therapy is a significant public health policy concern. Although bariatric surgery has been shown to reduce body weight and
treat comorbidities associated with obesity, it is a highly intrusive process. Adverse events are highly likely, and
pediatric groups have safety concerns. Therefore, it would appear that the most effective way to treat obesity would
involve a multimodal strategy that includes medication, behavior therapy, food modifications, and physical activity (Cerdd
et al, 2019).

The gut microbiota is an important mediator between the host and the environment, controlling both fat deposition
and energy homeostasis and probiotics help to control the flora of the stomach. Gut peptide signaling and neurological
system modulation are two ways that gut bacteria affect calorie intake and satiety. The regulatory signaling peptide's
balance may be upset if the gut flora changes. Thus, the re-establishing of the intestinal flora could be able to cure obesity.
(Turnbaugh et al,, 2008). Bacteriocin-producing probiotics reduce adipocyte size, increase the expression of genes linked to
fatty acid oxidation, and reduce fatty acid absorption. L. Plantarum increases TNFa production and controls leptin
hormone release. Probiotics control bacterial composition by generating bacteriocin, which affects obesity. Research is still
needed to determine the best way to provide probiotics for the prevention or treatment of obesity, including the dosage,
length of treatment, and long-term benefits of the various strains. (Million et al., 2013).

Adverse Effect

Probiotics are usually considered to be safe, however recent research has shown that they might not be the best
choice for certain patient populations. For instance, probiotic-using children with short bowel syndrome and central
venous catheters have sporadic reports of bacteremia, sepsis, and meningitis (Barton et al., 2001; Land et al., 2005).
These people are more likely to experience the translocation of microorganisms, such as probiotic strains of live
bacteria and fungi used in clinical settings. A probiotic mixture of six bacteria was administered intraduodenally to
patients with severe pancreatitis who were receiving care in an intensive care unit (van Minnen et al., 2007). This human
experiment did not lower the incidence of infectious complications of acute pancreatitis, despite preliminary animal
research suggesting a possible benefit. Moreover, the population taking the probiotic formulation was found to have a
markedly higher chance of poor outcomes. Necrotizing jejunitis was seen in the deceased patients. This discovery
suggests that the splanchnic circulation may have already been weakened and that the proximal intestine may have
been directly exposed to a large concentration of bacteria. Nonetheless, it is still unclear if using living organisms in
high quantities puts some patient populations at an excessive risk of developing severe side effects, such as sepsis
(Gareau et al., 2010b).

Conclusion

The bacteriocins are the small cationic peptides, produced by different lactic acid bacteria that has the ability to kill
different pathogenic bacteria by pore formation. They had antimicrobial activity against many pathogenic bacteria of the
human intestine including Salmonella, Listeria, Clostridium, and Enterococcus. They are also effective against diseases
caused by viruses like noroviruses, rotavirus, etc. The gut is a very important human body part that helps in food digestion
and stabilizing different functions. Most diseases of the gut are caused by an imbalance in the gut microbiota, i.e., IBD and
obesity. Probiotics help in regaining the normal microbiota by providing food competition to pathogenic bacteria and the
production of bacteriocin which has an antimicrobial affect on the pathogenic bacteria as well as they also boost the
immunity of the host against pathogens.
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ABSTRACT

The livestock industry relies heavily on maintaining optimal intestinal health for maximizing productivity. However,
concerns regarding antibiotic resistance and environmental impact have prompted the search for alternative feed
additives. This comprehensive review explores the latest advancements in feed additives and their impact on animal
health and sustainability. Various categories of feed additives are examined, including natural additives such as herbs
and phytochemicals, technological additives like organic acids, and alternatives to antibiotic growth promoters such as
tannins, Dicarboxylic acids, and ionophores. Additionally, the potential of phytogenic feed additives, Phytases, and
nonstructural polysaccharides in enhancing nutrient utilization and animal health is discussed. Probiotics have emerged
as a promising alternative to antibiotics, promoting gut microbiota balance and enhancing immune function. Recent
research highlights the efficacy of probiotics in improving animal performance while reducing reliance on antibiotics.
Furthermore, advancements in feed additives aim to mitigate environmental impact, with additives like zeolites and
phyllosilicates showing excellent results in reducing enteric methane emissions and improving feed conversion
efficiency.

KEYWORDS Received: 18-May-2024 S78%  APublication of
Gut health, Feed additives, Antibiotics, AGPs, Phytases, Tannins, | Revised: 12-June-2024 % US%’% Unique Scientific
Dicarboxylic acids Accepted: 02-August-2024 | "7 Publishers

Cite this Article as: Qayum A, Ahmad MT, Anjum MG, and Sulamani M, 2024. Probiotics and innovative feed additives for optimal
gut health. In: Liu P (ed), Gut Heath, Microbiota and Animal Diseases. Unique Scientific Publishers, Faisalabad, Pakistan, pp: 20-29.
https://doi.org/10.47278/book.CAM/2024.002

INTRODUCTION

Production of animals is the most important aspect of the economy, and maintaining intestinal health is crucial to
their peak performance. The intestine is composed of a single layer of cells known as the intestinal epithelium (IEC).
Maintaining an optimal state ensures proper nutrient absorption and digestion, intestinal barrier integrity, and gut
bacteria balance (Ji et al, 2019). The GIT functions include defense against pathogens and non-pathogens,
transportation of digested and ingested feed along the GIT, energy, and nutrient absorption, secretion of endogenous
materials, hosting of intestinal microbiota, and excretion of digested feed and metabolic waste (Yegani and Korver,
2008). The gastrointestinal tract's homeostasis is developed and maintained by a variety of physiological and
functional elements that make up gut health. These include the mucus layer's growth and maintenance, the control of
barrier function, the synchronization of energy generation and host metabolism, appropriate nutritional uptake and
digestion, and a variety of mucosal immunological responses (Kogut and Arsenault, 2016). It takes much more than
simply probiotics and prebiotics to modify the gut microflora to maintain or improve "gut health”. In contrast to
commensal bacteria, which are essential to host health and metabolism, which might have detrimental consequences
directly or indirectly, pathogenic bacteria interact with their host, with themselves, and with the host's nutrition (Yadav
and Jha, 2019). Therefore, anything that impacts the condition of the gut will surely have an effect on the animal as a
whole, changing its requirements for and ability to absorb nutrients. As a result, "gut health" is a very complicated
terminology that includes the immune system's state, the micro- and macro-structural integrity of the gut, and the
balance of micro flora (Kelly and Conway, 2001). To ensure optimal gut function feed additives must be used which
include antibiotics, prebiotics, probiotics, enzymes, organic compounds etc. Antibiotics have been used extensively in
livestock management to reduce disease, enhance performance, and boost output. Furthermore, probiotic, prebiotic,
postbiotic, and symbiotic supplements have become the most widely utilized antibiotic substitutes (Hamasalim, 2016).
Throughout the world, animal feed additives are used to improve feed utilization, support growth performance, and
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give livestock especially poultry vital nutrients. Industry norms and customer awareness are driving an increase in
demand for natural and non-residual substitutes. Additives to herbal feed, such as ascorbic acid, prebiotics, probiotics,
and herbal extracts, have therapeutic properties that improve immune-stimulant activity, digestibility, antibacterial,
anti-inflammatory, and antioxidant traits. The key to sustained cow production is standardizing dose schedules (Pallauf
and Mdiller, 2006).

Feed Additives

Feed additives are the products used in animal nutrition to improve the quality of feed and food obtained from
animals or to improve the animals' overall health and performance. Increasing the digestibility of the feed
ingredients is one of the examples. Sensory additives are a type of additive used to make a diet more appealing, thus
encouraging voluntary consumption. They usually work by changing the diet’s flavor or color. For instance, additives
like vanilla extract can stimulate piglets to consume their feed. To improve the appeal of feed and zootechnical
performance, sensory feed additives often include aromatic herbs, spices, and essential oils. These are commonly
used in pig farming to stimulate consumption and promote growth. This approach leverages the natural appeal of
these substances to enhance the effectiveness of animal feed (Clouard and Val-Laillet, 2014). Nutritional additives are
additives that give animals the precise nutrition they need for healthy growth. A vitamin, amino acid, or trace
minerals are a few examples. Vitamins have catalytic properties that aid in the synthesis of nutrients, regulating
metabolism and impacting the well-being and productivity of poultry. Vitamin-supplemented diets are essential for
the treatment and prevention of disease because they enable an animal to use proteins and energy for growth,
reproduction, FCR, and overall health (Whitehead, 2002). Zoo technical additives are the additives that supply
nutrients and facilitate the more effective utilization of the nutrients already present in the feed. These additions
enhance the nutrient status and productivity of the livestock. An example of such an additive would be a direct-fed
microbial product or an enzyme, both of which improve digestive tract conditions, making it possible to take
nutrients from food more efficiently. Coccidiostats and histomonostats are the chemicals that have a direct influence
on poultry health management. These substances are not categorized as antibiotics and are used to regulate the
intestinal health of chickens. They work directly on the parasite organisms that live in the intestines (Amit Kumar
Pandey, 2019). Technological additives are A set of additives that affect the feed's technological features are
included in this classification. These additions may have an indirect impact on the feed's nutritional value by
enhancing its handling or hygienic qualities, but they have no direct effect on it. An organic acid for feed
preservation is an example of such an addition (Amit Kumar Pandey, 2019).

Importance of Feed Additives in Animal Health
Natural Feed Additives

Natural feed additives are important for nutrition and overall wellness. The emergence of microbial resistance to
antibiotic medications and the ensuing health effects on humans, as well as consumer demands that animal diets be
devoid of all non-plant xenobiotic substances, have led to an increased interest in the use of natural feed additives in
livestock production(Muneendra Kumar, 2014). Feed additives enhance the flavor of farm animal’s feed, and as a result,
they can affect the feeding habits, digestive fluid output, and overall amount of feed consumed. Through their
antimicrobial properties or by favorably stimulating the eubiosis of the micro biota, herbs or phytochemicals can
specifically affect microorganisms. Most natural feed additives work by denaturing and coagulating proteins in the
bacterial cell wall, which is how they have their antibacterial action(Muneendra Kumar, 2014).

Antibiotics as Feed Additives

Antibiotics are a class of natural, semi-synthetic, or chemical compounds that have anti-microbial activity. They are
widely used to treat and prevent infectious diseases in humans and animals, and they are also added to animal feed as
growth promoters to aid in the animals' development (Apata, 2009). Antibiotics are frequently used as a treatment,
preventative measure, and growth stimulant. Because antibiotics have generally enhanced chicken performance both
economically and effectively, farmers and the economy as a whole view the use of antibiotics in poultry and cattle
production as beneficial (Apata, 2009). Animal welfare, quality and growth efficiency, feed efficiency boosters, economic
output, carcass quality, and public health were the primary reasons why antibiotics were used in livestock production (Van
Boeckel et al, 2015). Antibiotic growth promoters reduced the populations of potentially harmful bacteria such as
Salmonella, E. coli, and Clostridium perfringens and enhanced their growth performance (ME, 2011). Feed additives
enhance animals' energy balance by focusing on four key objectives: (i) shifting methane production towards propionate;
(i) minimizing protein degradation in feed to boost amino acid availability in the small intestine; (iii) slowing down the
breakdown of rapidly fermentable carbohydrates like starch and sucrose, while managing lactic acid levels; and (iv)
optimizing fiber digestion. lonophore antibiotics in the rumen have been effective in achieving these goals, particularly in
reducing acid production and preventing lactic acidosis when consistently given at low concentrations (20-40 p.p.m.) in
meals (Osborne et al., 2004).They decreased the deamination of amino acids, which increased the passage of peptides
from the rumen into the small intestine and decreased foamy bloat in cattle feeding on legume pastures; these actions
alleviated methane generation by redirecting metabolic H use towards propionate production. There have also been
reports of ionophores' post-ruminal effects. They have demonstrated efficacy against coccidiosis, for instance (Gallardo et
al., 2005; Wallace, 1990).
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Negative Effect of Antibiotics as Growth Promoters

The development of "antibiotic alternatives" has been spurred by concern about the growing number of bacteria
that are resistant to antibiotics as a result of the overuse of antibiotics and a decline in the number of innovative
antibiotics (Cheng et al,, 2014). The reduced activity of bile salt hydrolyase, an enzyme generated by gut bacteria that
negatively affects host fat digestion and utilization, was linked to the growth-promoting action of antibiotics (Lin,
2014). Concerns about the emergence of resistant bacteria and the potential for these bacteria to spread from animals
to people have been provoked by the overuse of antibiotics. Resistance to drugs that were never used on farms is
among the multidrug-resistant (MDR) infections that are associated with non-therapeutic antimicrobial usage (Cheng
et al., 2014). The health and feed efficiency of farm animals has improved due to the use of antibiotics as growth
promoters in commercial animal production, which has increased overall growth performance by about 18% (Duckett
and Pratt, 2014).

Alternatives to Antibiotic Feed Additives

Concerns about the use of antibiotics as feed additives in animal agriculture are growing among the scientific
community and the public. Many human pathogenic microorganisms are becoming resistant to antibiotics, which is a
cause for concern (Manero et al., 2006; Parveen et al., 2006). The possibility that meals derived from animals may
include antibiotic residues that promote growth. Due to all these factors, the European Union (EU) decided, on
September 22, 2003, by EU regulation no. 1831/2003 of the European Parliament and the Council, that the use of
antibiotics in cattle as production enhancers would be prohibited as of January 1, 2006. This prohibition essentially
puts an end to the non-therapeutic usage of antibiotics for almost 50 years. It includes all types of antibiotics,
including ionophores, a class of compounds widely employed in chicken production as coccidiostats and in ruminant
agriculture as growth promoters or productivity enhancers (Gallardo et al., 2005; McDougall et al., 2004; Melendez et
al., 2006).To lessen the risk of drug resistance in human health, and experts have searched for natural substitutes for
feed additives.

Tannins

Plants rich in tannins have been explored as potential ruminant feed additives. These plants, high in protein and
available during hot, dry seasons when other feeds are scarce, play a crucial role in animal nutrition (Yang et al., 2015).
Many forage species contain high levels of tannins, a type of plant-based phenolic compound (Han-Chung Lee, 2005;
Makkar, 2003). Tannins are naturally occurring secondary plant chemicals that have varying molecular weights. They are
found in nearly all vascular plants and are typically given to ruminants(Wang et al., 2015). There are two types of tannins:
condensed tannins (CT) and hydrolyzable tannins (HT).

Particularly, tannins have strong anti-bloat properties that prevent proteins from being broken down by the rumen
and lower intestinal parasites, urine nitrogen excretion, and enteric methane emission (greenhouse gas). These benefits
can then be transferred to increased milk production, wool growth, immunological responses, and reproductive efficiency
(Attia et al., 2016; Aufrere et al., 2012; Min and Hart, 2003; Ramirez-Restrepo and Barry, 2005; Waghorn, 2008).

Dicarboxylic Acid

Additives to acidifier feed are thought to be essential for promoting rumen fermentation, which enhances animal
health, productivity, and product quality. Acidifiers are often used as alternatives to antibiotic development marketers
because of their ability to create an ideal digestive environment for beneficial microbes that may lead to increased
nutritional digestibility, increased growth performance, and decreased diarrhea (Vassilis Papatsiros and Billinis, 2012). Since
they function as "hydrogen sinks" during the conversion of Dicarboxylic acids e.g. aspartate, malate, and fumarate to
propionate, some of the significant acidifying chemicals that dairy producers now utilize have been studied for use as feed
additives (Newbold and Rode, 2006).

lonophore

The most researched and utilized substances in cow diets are ionophores, which are primarily used to optimize
fermentation pathways, change the ruminal microbiota, and lower the incidence of digestive problems (Duffield et al,
2012; Nagaraja and Lechtenberg, 2007; Tedeschi et al. 2003). lonophores are naturally occurring antibiotics that are
carboxylic polyethers, generated by a strain of Streptomyces spp. Utilizing ionophores to alter the ruminal environment
and fermentation dynamics also enhances the absorption of protein and dietary energy (McGuffey et al., 2001; Russell and
Strobel, 1989; Weimer et al.,, 2008). As a result of the diet's inclusion of rapidly fermentable carbohydrates, ionophores also
help to prevent bloat and the buildup of short-chain fatty acids (SCFA), which includes lactic acid (acidosis) (Nagaraja and
Lechtenberg, 2007; Tedeschi et al., 2003). As a result, ionophores have been utilized to enhance beef cattle's health,
ruminal fermentation characteristics, and performance. lonophores in diets improve feed efficiency and performance in
ruminants by modulating the rumen microbiome and fermentation routes, increasing energy and nitrogen efficiency
metabolism. However, their effects may vary depending on dosage, animal, and diet. In feedlot diets, ionophores improve
body weight gain and reduce feed intake, while in forage-based diets, they increase body weight gain but increase feed
intake (Tedeschi et al., 2003).
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Phytogenic Feed Additives

An increasing amount of research has demonstrated that adding plant-based feed additives or phytogenic feed
additives (PFAs) to diets improves zoo technical and animal health indicators. This suggests the potential of PFAs in animal
nutrition. Herbs, spices, essential oils, and non-volatile extracts from plants like clove, anise, thyme, fennel, or Melissa,
among many others, are examples of phytogenic compounds used in PFAs (Steiner and Shah, 2015). A primary benefit of
PFAs is thought to be enhanced digestibility and feed conversion. PFAs affect several parameters, such as the release of
digestive juices and enzymes, immune system modulation, alterations in intestinal morphology, and enhanced nutrition
utilization, all of which lead to increased performance. Reduced amounts of microbial metabolites in the digestive tract as
a result of intestinal microbiota stabilization soothe the immune system and increase the amount of energy available for
muscle accretion (Steiner and Syed, 2015).

® Metabolic Acidosis
® Decrease Milk Production
@ Decrease Performance

neow®

® Increase Milk Production
@ Increase Performance
@ Anti-Inflammatory Effects

Fig. 1: Effect of phytogenic feed additives on the heat stressed animals (Swelum et al., 2021)

Phytases

Enzymes may cut feed costs by enhancing feed use, which will result in less feed being consumed. Enzymes are also
necessary to enhance the sustainability of meat and egg production due to the higher feed utilization
efficiency(Bundgaard et al., 2014). Phytase is added to animal feed to counteract the antinutritional effect of phytate,
increase the availability of myoinositol, decrease phosphate emissions to the environment, and make use of an existing
phosphorus source in the feed (Selle and Ravindran, 2007). The usage of phytate has increased after the use of animal
protein sources, such as meat and bone meal, was prohibited. In poultry, it raises the digestion of phytate from about 25%
to 50-70% (Papadopoulos and Lioliopoulou, 2023).

Nonstructural Polysaccharides (NSPs)

Nonstructural polysaccharide includes all plant polysaccharide except starch. NSPs can make up as much as 90% of a
plant's cell wall (Selvendran and Robertson, 2005), are primarily found in plant cell walls as structural polysaccharides
where they are associated with and/or substituted for other polysaccharides, proteins, and phenolic compounds like lignin
(Kumar et al,, 2012). Typically, they make up less than 10% of the grain's weight. The three NSPs that are most prevalent in
plant cell walls are cellulose, hemicelluloses, and pectin; fructans, glucomannans, and galactomannans are the storage
polysaccharides that are part of the less prevalent NSP category. When combined with water, soluble NSPs can create
dispersions and increase the viscosity of digesta; insoluble NSPs, on the other hand, cannot do this but are distinguished
by their capacity for fecal-bulking(Davidson and McDonald, 1998; Habte-Michael Habte-Tsion, 2018). Cereal-based diets
have high concentrations of soluble NSPs, which have a negative impact on animal performance and the effectiveness of
the digestive system. Animal diets are frequently supplemented with marketed exogenous enzyme combinations, which
include NSP enzymes, to lessen the adverse effects of dietary NSPs. These enzymes can partially hydrolyze NSPs, lower the
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viscosity of the gut's contents, and enhance the digestion and absorption of nutrients (Almirall et al., 1995; Bedford and
Apajalahti, 2001; Sternemalm et al., 2008). By decreasing undigested substrates and antinutritive factors and maybe by
generating oligosaccharides from dietary NSPs with possible prebiotic effects, dietary added enzymes can benefit the
ecology of the digestive microbial population (Habte-Tsion and Kumar, 2018).

Probiotics for Optimal Animal Health

The use of growth promotants and antibiotics, however, has raised concerns about the emergence of food-borne
allergies, an increase of bacteria resistant to these drugs, and the harm that these substances due to the environment,
including runoff from agriculture. Moreover, growing concern among consumers regarding the impact of growth
promotants and antibiotics on human health is a factor that is still being discussed. Researchers employed Probiotics
supplementation as a substitute, either as a single strain or multiple strains in the diet of animals to solve this issue
(Lipsitch et al., 2002).

Probiotics are defined as mono or mixed strains of living microorganisms that, when used appropriately, confer a
desirable health benefit on the host (FAO/WHO. Guidelines for the Evaluation of Probiotics in Food., 2002). A microorganism
is considered probiotic if it is nonpathogenic, able to produce a viable cell count, beneficial to the host's health, and
improves intestinal tract functioning. Probiotics must meet certain requirements to be used and stored: (i) Probiotic
bacteria must be prepared in a viable way and on a large scale; (ii) they must be able to survive in the digestive tract; (iv)
the probiotics must have both direct and indirect positive effects on the host (better intestinal microflora); and (v) their
safety must be obvious (Vanbelle et al., 1990). Probiotics can be made as capsules, paste, powder, granules, fermented
feed, pelleted feed, and more. It has recently been suggested that inactivated bacteria should be broadly classified as
probiotics since they too have probiotic effects, especially immunological ones (Tsukahara T, 2005).

Common Probiotics

Lactobacillus acidophilus, Lactobacillus lactis, Lactobacillus plantarum, Lactobacillus bulgaricus, Lactobacillus casei,
Lactobacillus helveticus, Lactobacillus salivarius, Bifido bacteria, Enterococcus faecium, Enterococcus faecalis, Streptococcus
thermophilus, Escherichia coli bacteria, and other probiotic fungi like Saccharomyces cerevisiae and Saccharomyces boulardii
are the most widely used probiotics(McFarland, 2006; Naseem et., 2023). The assertion is that microbial products enhance
performance and feed conversion for the targeted species, lower morbidity or mortality, and benefit consumers by
improving the quality of the product. Genetically modified organisms (GMOs) are being used for biomedical purposes in a
novel way, with recombinant probiotics and alternative gene therapy as their basis. There are no clinical adverse effects
from probiotic therapy.

Mechanism of Action of Probiotics

Since Lactobacillus and Bifidobacterium are not pathogenetic, they are typically regarded as beneficial bacteria for
health. As a result, fostering these beneficial bacteria may enhance host health. The use of live bacterial supplements
improves the intestinal microbial equilibrium of the host animal, which has a positive impact on the animal's health(Ohashi
and Ushida, 2009).

Pathogens struggle to survive in the gut because probiotics compete with them for nutrition and receptor-binding
sites. Short-chain fatty acids (SCFA), organic acids, hydrogen peroxide, and bacteriocins are produced by probiotics and
serve as anti-microbial agents, reducing the number of harmful bacteria in the gut. Probiotics also help the intestinal
barrier.

Function by promoting the synthesis of mucin proteins, controlling the expression of tight junction proteins like
claudin 1 and occluding, and controlling the immunological response within the gut (Latif et al., 2023).

Probiotics have several important methods of action, including modifying the gut microbiota by feeding some helpful
bacteria and preventing harmful bacteria from colonizing the gut, which preserves the integrity of the gut mucosa.
Probiotics provide a food supply for host-beneficial bacteria like Lactobacillus (LAB) and Bifidobacteria in the lower GIT
rather than being digested or absorbed in the upper GIT(Adhikari and Kim, 2017).In the end, this prevents infections, such
as Salmonella, from attaching and fosters gut flora. Certain sugars can prevent infections from adhering to the mucosa. For
instance, MOS can attach to the mannose-specific lectin of gram-negative bacteria, including E. coli that produces Type-1
fimbriae, causing the bacteria to be expelled from the intestine. Yeast and the outer cell of yeast are common sources of
MOS. It has been discovered that MOS alters the immune system and gets rid of infections in the digestive tract. (Adhikari
and Kim, 2017)

Recent Advancements in the Feed Additives

As grazers, livestock production also contributes significantly to the restoration of carbon (C) to grassland
ecosystems, as well as to the improvement of biodiversity and wildlife habitat. Therefore, strategies for reducing enteric
CH4 emissions must be developed without compromising cattle output. In addition to adding to the greenhouse gas
emissions from the production of livestock, enteric CH4 emissions also represent an energy loss of up to 11% of the
gross energy intake from food (Moraes et al., 2014). Enteric CH4 emissions can be effectively reduced by changing the
diet and adding feed additives. Since feed additives may be more economical, they might end up being an effective
approach (Roque et al.,, 2019). Feed additives can reduce enteric CH4 emissions from ruminants by directly interfering
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with the methanogenesis process, which prevents the production of CH4. Chemical inhibitors are the term for these
additives (Kelly and Kebreab, 2023). Numerous studies have demonstrated that adding zeolites to the diet increases
feed conversion and/or average daily gain in pigs, sheep, and broiler chickens. Zeolites also improve sows' ability to
reproduce, raise dairy cows' milk yields and laying hens' egg output, and have positive impacts on egg weight and
internal egg features(Filippidis et al., 1996; Mumpton and Fishman, 1977). Zeolites supplementation appears to be an
effective, supplementary, supportive strategy in the prevention of certain diseases and the improvement of animals'
health condition, aside from the good impacts on animals' performance(Placinta et al., 1999). Because they have layered
crystalline structures and comparable physicochemical properties to zeolites, phyllosilicates like bentonite and hydrated
sodium calcium aluminosilicates (HSCAS) have been successfully applied to poultry, pigs, sheep, cattle, and lab animals
for this reason (Papaioannou et al., 2005) represented in table 1.

Mechanism of Action of Probiotics
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Fig. 2: Mechanism of action of probiotics.

Table 1: Effects of Various Feed Additives on Ruminant Health and Performance

Feed additive Source Effects References

Essential oils Anise, thymol, eugenol, Decrease protozoa Increase S.ruminatum, R.albus, (Cardozo et al., 2006;
cinnamon B.fibrisolvens fungi Fraser et al., 2007)

Condensed  Calliandra calothyrsus, Decreased cellulolytic and proteolytic bacteria, strong (McSweeney et al,

tannins waterdock roots, antiparasitic properties 2001; Mueller-
persimmon fruit Harvey et al., 2019)

Saponins Chinese chives, tea, yam Decreased protozoa, decreased CH4, improved feed (Ramdani et al.,
tubers digestion and ruminal fermentation 2023)

lonophores  Monensin, lasalocid, Improve ruminal fermentation, decreased acidosis and (de Sales Silva et al.)
narasin, salinomycin bloat, reduced methane production

Probiotics Aspergillus oryzea, S. Increase weight gain and feed conversion, decrease (Al-Jaf and Del, 2019)

cerevisea,B.cereus, E.facieum incidence of diarrhea

Conclusion

In the commercial livestock industry, ensuring sustainable animal production requires addressing several important
issues, including environmental protection, public acceptance, consumer safety, animal welfare, and sustainability. Protein,
phosphate, and water resources can be maintained, contaminants can be decreased, and performance can be improved by
raising feed conversion. So, further advancements in Supplements containing probiotics, prebiotics, and probiotics lead to
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the stimulation of animal development, boosting immunological function and improving health in animals. Probiotics such
as Lactobacillus and Bifidobacterium help to maintain gut microbiota. The development of animals' digestive tracts
depends on pro- and prebiotics, metabolic modifiers, and antibacterial agents. Metabolic modifiers affect the metabolism
of antimicrobial drugs, but pro- and prebiotics have distinct effects on digestive processes. Enzymes enhance general
health, decrease digestive problems, and facilitate digestion. They can be applied to elderly animals to improve on-site
feedstuffs with high dietary fiber content or nutrients that are poorly digested, while also reducing nutrient release.
Additive feeding appears to have a promising future. To boost meat production, conserve feed, and resist disease,
nutritionists are always creating new and improved additives.
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ABSTRACT

Probiotics are live microorganisms that, when administered in adequate amounts, confer a health benefit to the host.
Currently, seven different bacterial genera are used as probiotics. The extensive investigation of probiotic microbes is
mostly because of their promising health benefits. They have a broad spectrum of health benefits that range from gut
restoration to disease treatment and from the eradication of pathogens to increasing the shelf life of food. The
production of antimicrobial substances like bacteriocins can also enhance their usage potential. Probiotics are used in
medical practices, clinical settings, agriculture, aquaculture, disease treatment, enhancing host functionality, improving
mental health, the food industry, healthcare industries, and beautification. Due to the overwhelming effects, the
medicinal aspects of probiotics are also explored, and surprisingly, they were found to be astounding. Strains from
different sources, both in single and multiple forms, with different formulations and a vast route of administration, are
used for the treatment of digestive, respiratory, and other diseases. Unlike medicine, there are no strict criteria, but
different guidelines are proposed that must be followed while administering probiotic products. The most commonly
used probiotics for medicinal purposes are from Lactobacillus, while strains from other sources are also used. Some often,
i.e., blotting, mild gas production, and headaches, and others, like sepsis and infections, are the rare, documented
shortcomings in the medicinal potential of probiotics. The medicinal potential of probiotics can be advanced by using
state-of-the-art technologies that focus on accurate strain identification, deep genomic analysis, and the design of new
probiotic strains with the desired properties. The application of artificial intelligence can also help in their
advancement. This chapter will explain the potential of probiotics as medicine, shed light on their therapeutic potential,
the advantages and disadvantages of using probiotics as therapeutic agents, and explain the guidelines that help
consumers while taking probiotics as medicine. Moreover, the Islamic perspective of probiotics as medicine is also
elucidated.
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INTRODUCTION

The overwhelming and potential spectrum of probiotics confirms a stronghold in almost all aspects of life and the
scientific field. The field is growing exponentially, and currently, thousands of scientific publications are dedicated to
exploring new areas and potential applications. For instance, in the first decade of the 21st century, over 5000 publications
were dedicated to their medical aspects (Rijkers et al., 2011; Verna and Lucak, 2010). It is anticipated that the commercial
market for probiotics will touch 77 billion USD in 2025, indicating their huge application in a vast area, including
pharmaceuticals (Baral et al., 2021). The concept, which was developed a century ago, now has roots in biotechnology,
medicine, pharmaceuticals, and industries. Different potential applications have been identified and are still ongoing.
Nobel laureate Elie Metchnikoff in 1907 proposed the idea of enhancing lifespan by changing gut-healthy bacteria. He
proposed that if the gut microbiota is changed with healthy bacteria (now called probiotics), it will help to increase the life
of an individual. The idea became more prompting when, in the 1950s, it was described by Vergin that these are active
substances that help in healthy development. In 1965, Lilly and Stillwell coined the term probiotics and described them as
an immune-modulatory substance that has the potential to alter host immunity and enhance intestinal functions (Hussain,
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2023a; Butel, 2014). In the 21st century, the World Health Organization in 2002, and the International Scientific Association
for Probiotics and Prebiotics (ISAPP) in 2013 defined probiotics as “live microorganisms that, when administered in
adequate amounts, confer a benefit to the host” (Hussain et al., 2023; Maftei et al., 2024; Hill et al., 2014; Nueno-Palop and
Narbad, 2011; Damodharan et al., 2020). Thus, new, and emerging applications are identified in many areas and have
become one of the most researched topics.

The human and other animal intestine is a complex and dynamic population of 1000 species, constituting
approximately 10" microorganisms (Piqué et al., 2019; George Kerry et al.,, 2018; Heshmati, 2021; Sharma et al,, 2013). The
bulk of these bacteria in the human body are thought to reside in the gastrointestinal tract (GIT), with an estimated ten
times more bacteria than body cells (Fijan, 2014). Normally, there is an eubiosis status of all gut microbiota (the presence
of all types of microorganisms in the gut), which can lead to dysbiosis once the balance is changed. Different systems, i.e.,
quorum sensing, are involved in inter- and intra-bacterial communication, which is facilitated by small peptides called
auto-inducers (Khoso et al., 2024). Likewise, the gut microbiota can also affect the physiology, endocrinology, and
psychological aspects of the individual, and thus, any dysbiosis in the gut microbes can lead to vast detrimental effects.
Collectively, all these microbes create micro-ecological niches in the gut. Similarly, probiotics are also considering the
common residents of the gut with potential positive attributes. The word probiotics has its roots in Greek, which means
“for life" (Maftei et al., 2024; George Kerry et al,, 2018).

The potential positive attributes of probiotics give them unique properties, including strain safety, safe origin,
production of antimicrobial substances, etc., and hence limit the number of probiotic microorganisms. Currently, seven
genera are proposed to have probiotic strains dominated by the lactic acid bacteria (Lactobacillus, Bifidobacterium, and
Enterococcus), followed by some yeast species (Hussain et al., 2023; Maftei et al, 2024). This strain constraint in
probiotics is due to its strain-dependent nature and selection criteria. The strain-dependent phenomena explains that
we cannot generalize a statement about a genus, and even the presence of one or two virulence traits (negative
characters) did not exclude the species from probiotic selections. There are selection criteria that must be followed to
propose or claim a strain for its probiotic potential. These criteria comprise non-pathogenic nature, no antibiotic and
virulence characteristics, capacity of bacteriocin production, killing of pathogens, immunomodulatory potential,
tolerance properties, aggregation formation capacity, long shelf life, short generation time, and viability and
survivability during and after processes. Some criteria are proposed for their specific applications (Piqué et al., 2019;
Hussain, 2023a).

The clear mechanism of action is not completely understood, but the proposed mechanisms are largely dependent
on their viability and effectiveness in the host. Their effectiveness can be affected by the secretion of metabolites and
proteins, the expression of surface molecules, and their direct interaction with the host cells, similarly, their survivability
is related to their potential to endure harsh gut conditions and their adherence potential to mucosal surfaces (Hussain,
2023a).

Probiotics covered a wide range of health benefits in animals and humans through direct and indirect usage.
Particularly, their treatment potential for different diseases has increased very rapidly and is still ongoing, though
there is no pure dose-dependent profile like drugs (Tachibana et al., 2020; Naseem et al., 2023). Their health benefits
include strengthening of the immune system; improvement in intestinal function (Hill et al., 2014); reduction in
allergic reactions (Pandey et al, 2015; Araljo and Ferreira, 2013); and metabolic illnesses; alteration in pain
perceptions; and advancement in food consumption (Pandey et al, 2015). Diseases caused by T-cell imbalance
(asthma, rhinitis, dermatitis, eczema, etc.) are also treated with probiotics (Fijan, 2014; Benyacoub et al., 2003; Piqué
et al., 2019; Islam, 2016; Hussain, 2023b).

However, the development of probiotics, particularly their commercialization, is not an easy task but rather a
dangerous, expensive, and complex process in terms of their selection, processing, safety assessment, and authorization.
Commercially, probiotics come in many forms, including powder, gel, capsules, tablets, granules, etc., and all have the
exact information of their respective genus, species, strains, shelf life, number of colonies per ml, storage conditions,
serving size, and associated health claims and consumer information (Sharma et al., 2013; Sanders et al., 2019; Pandey et
al,, 2015; Anaddn et al.,, 2006). The production of different probiotic metabolites, including short-chain fatty acids, nitrous
oxide, hydrogen peroxide, etc,, is also used in different applications.

Besides the well-established, validated, and authentic applications, there are still some areas in which ambiguities are
found. The scarce area is due to no or fewer clinical trials, small, tested populations, limited efficacy, poor genomic analysis,
and post-experiment operational analysis. There is also a controversial debate about whether a probiotic strain can be
used as medicine, although there are examples indicating the medicinal properties and therapeutic potential of probiotics.
The regulatory authorities have strict guidelines that must be followed by probiotic strains that are proposed to be used as
medicine. To the best of our knowledge, the available data on this aspect is not sufficient and well documented. Hence,
keeping in mind the literature gap, this article aims to provide recent, updated, and conclusive literature about the
medicinal properties, potential, and recommendations of probiotics. We also enlist some basic guidelines and proposed
properties that are followed during this probiotic potential.

The Health Profile of Probiotics
Probiotics have an excellent health profile, indicating their intrinsic potential to treat or reduce disease prevalence.
These huge benefits are due to their intrinsic potential, and recently, some have been developed due to their genome
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editing capabilities. The benefits of probiotics are equally applicable to humans and other animals, besides their
biotechnological and industrial aspects (Hussain, 2023b). The beneficial spectrum of probiotics imparts some widespread
applications, some with frequent benefits, and others are specific, as summarized in Fig 1. Additional benefits include
regulation, stimulation, and modulation of immunity; improving intestinal barrier function (Hill et al., 2014); helping in the
treatment of necrotizing enterocolitis (George Kerry et al., 2018; Nueno-Palop and Narbad, 2011); being used in the
treatment of enteric infection (Shanahan, 2003; Damodharan et al., 2020); and increasing cell survivability by preventing
apoptosis (O'Hara and Shanahan, 2007). The metabolites produced by probiotics, commonly called postbiotics, also have
potential health effects. For instance, the production of hydrogen peroxide (H»O;), organic acids, and short-chain fatty
acids (SCFAs) enables them to survive in the gut and is greatly involved in psychological disorders (Hussain et al., 2023).
Probiotics also have the potential to restore gut dysbiosis and help in the treatment of nonalcoholic fatty liver disease
(NAFLD) (Heshmati, 2021; Plaz-Diaz et al., 2019). Probiotics are also used as an alternative to antibiotics; this area was
recently summarized (Rabetafika et al., 2023).
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Fig. 1: The different potentials of probiotics in their health profiles—gut restoration and antimicrobial—are the exceptional
benefits of probiotics (Hussain A. 2023b)

The concept of the gut-brain axis revolutionized the potential use of gut microbiota, particularly probiotics, in
the field of psychological disorders. It's now well established that probiotics can greatly affect brain and mental
function, helping in the treatment of neurodegenerative disorders. The term psychobiotics (coined in 2013) is
dedicated to potentially describing those probiotics that have a role in cognition. Other physiological properties, like
sleep, mood, personality, etc., are greatly influenced by probiotics (Fuochi and Furneri, 2023). A pretty well-known
body of literature is available describing the association, role, mechanisms, and pathways that are involved in the
gut-brain axis. This potential confirmed the probiotic role in clinical settings and medicine (Hussain, 2023a; Hussain,
and Ali, 2024a).

Aging, which is considered the natural and progressive loss of physical and physiological aspects of body cells, is
creating a new horizon in the area of probiotics research. The advancement in geroscience entails the process of reducing
cell age and enhancing life span. The concept of gerobiotics (probiotics with anti-aging potential) attracts researchers to
determine the exact role and mechanisms of how probiotics help in this regard. Although this area is of limited research,
different strains have been identified that show promising anti-aging properties in animal models {Abrarand-Arisha;2023).
Some of the currently available probiotics products include Florastor (Saccharomyces boulardii), Florajen, RisaQuad, Bacid
(LAC), Risa-Bid, Novaflor, Dofus, Flora-Q, (L. acidophilus) Intestinex (L. acidophilus), Florajen3, Zelac, Prodigen, Provella
(Bifidobacterium and Lactobacillus), Floranex (L. acidophilus and bulgaricus), etc. (Drug.com). The currently used probiotics
in human applications are summarized in Table 1.
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Table 1: The currently used probiotic strains in humans for medicinal purposes (B; Bifidobacterium, L; Lactobacillus, S;
Streptococcus, E; Enterococcus, AAD; antibiotic associated diarrhea (AAD), IBS; Irritable bowel syndrome)

Probiotics Description References

E. faecium SF68 (NCIMB It is used in the treatment of enteritis and diarrhea, to prevent cell (Holzapfel et al., 2018;

10415) death, and to enhance immune responses. Fu et al., 2022;
Lodemann et al., 2015).

E. faecalis (Symbioflor 1) Regulate immune diseases like chronic sinusitis or bronchitis. (Cebrian et al., 2012)

E. faecium EK 13 It causes a reduction in fecal E. coli counts. (Franz et al,, 2011;
Suvorov et al., 2019).

L. rhamnosus GG It affects IBS. (Chapman et al., 2011)

E. faecium L3 It shows antimicrobial, antiviral, anti-pathogenic, and anti-fungal  (Aziz et al., 2019)

activities.

B. breve M-16-V It suppresses the pro-inflammatory cytokine production. (Piqué et al.,, 2019)

E. faecium CRL 183 It helps with colon tumors and enhances IL-4, IFN-y, and TNF-a.  (Hanchi et al.,, 2021)

L. johnsonii It inhibits the growth of H. pylori. (Piqué et al., 2019)

E. faecium (PR88) Relief symptoms in IBS (Ferreira et al., 2013)

S. thermophilus CRL1190 It enhanced protection against H. pylori. (Piqué et al.,, 2019)

L. reuteri 17938 It is widely studied for the treatment of colic in infants. (Sanders et al.,, 2018)

VSL#3 (multi-strain probiotic) It is used in the treatment of IBS and the prevention of endotoxin  (Chapman et al., 2011;

passage. Piqué et al., 2019;

Weichselbaum, 2009).

B. breve C50 and S. Reduce atopy in children (Piqué et al.,, 2019)

thermophilus 065
L. reuteri, L. rhamnosus, and P. This combination was found to enhance IBS symptoms and reduce (Chapman et al., 2011)

freudenreichii mucin degradation.

B. bifidum (MG731), L. reuteri The mixture significantly induces apoptosis in human gastric (Fuochi and Furneri,
(MG5346), and L. rhamnosus cancer 2023)

(MG5200)

L. rhamnosus 19070-2 and L. It was found to improve the symptoms of atopic dermatitis (AD).  (Chapman et al., 2011)
reuteri DSM 122460

B. lactis and L. rhamnosus GG These can reduce the severity of eczema. (Kechagia et al., 2013)
E. coli Nissle 1917 It can relapse in Crohn'’s disease patients. (Santosa et al., 2006)
L. fermentum CECT5716 It can decrease the incidence of GIT and respiratory infections in ~ (Butel, 2014)
infants.
L. reuteri and B. breve It regulates the intestinal microbiota and improves the metabolism (Fuochi and Furneri,
of tryptophan. Also used in the treatment of diarrhea. 2023; Piqué et al., 2019).
Saccharomyces cerevisiae Help in the regulation of antibiotic-associated (Piqué et al., 2019)
pseudomembranous colitis
L. acidophilus HA122 It is commercialized for the treatment of infantile colic. (Piqué et al.,, 2019)
S. thermophilus Help in the production of IgA (Piqué et al., 2019;
Maftei et al., 2024)
Saccharomyces boulardii Have the potential to treat AAD (Santosa et al., 2006)
L. paracasei subsp. paracasei It has preventive effects on upper respiratory tract infections. (Maftei et al., 2024)
CNCM 1-1518

Safety and Guidelines for Human Consumption of Probiotics

The safety of probiotics in animals’ usage can be determined at different levels. Probiotics are widely used in
husbandry science and pet foods, while their administration in humans is limited. (Sanders et al, 2018). The quality,
amount, storage, reliability, accuracy, and proper labeling of probiotic products for animal use must be clearly stated. To
ensure the safe use of probiotics in animals, certain autonomous regulatory bodies provide an unbiased opinion on
probiotic products Likewise, before a probiotic product is commercialized, its excellent safety profile must be maintained
and properly stated to the target consumers (Sanders et al., 2018). Data suggests that before taking a probiotic product, it
is important to study its mode of action, preventive or treatment properties, and clinical trials (Maftei et al., 2024). These
properties can be studied from the available literature, consumers’ information, the country’s guidelines, etc., for probiotic
products. For instance, the American Gastroenterological Association (AGA) documented the use of probiotic products for
the treatment of gastrointestinal disorders (Maftei et al., 2024). According to the literature, the widely available data about
probiotic's potentials are based on skepticism. Earlier, Reid (2005) analyzed 25 probiotic products and reported that less
than 1% of the claimed viability is present instead of the billions of bacteria mentioned (Reid, 2005). Thus, it is suggested
that many probiotic products have been mislabeled and don’t have the labeled cfu/mL in the products (Reid, 2005). The
use of probiotics in humans has some criteria and guidelines proposed for safe usage and precautions that are followed.
These guidelines and precautions are represented in Fig. 2. (data collected from (Sanders et al, 2018; Tegegne and
Kebede, 2022; Rijkers et al., 2011; Maftei et al., 2024; Reid et al., 2003; Gupta and Garg, 2009; Quijano, 2011)).



34

~

+ The probiotic must be well identified
until strain level
+ There must be complete information
about amounts, dosage, viability,
storage, etc.
* The developer and manufacturer should and
clearly document the most advanced
nomenclature.

* Pregnant women have a chance of

Guidelines having an allergic child.

* Individuals with anti-rejection
medication after transplant.

precautions fo * Patients with immunocompromised
conditions or who have cancer

L st;x;i&:sct“;;:y;%‘%zrct;)med that be followed chemotherapy.
* The probiotics must be administered while using ® Beoplewith a hstory of heart ('ilseases
while there is no food in the stomach. pl‘Obi Oti C or complzrgl::rt'ﬁlli)t){e:alvular
* Clinical trials (i.c. phasel, !I’ and Il d + Person’s having neutropenia or have
must be performed for thp:r disease prO ucts as infestina] lcakage dinorders
treatment potential. s ’
+ The food-probiotic interactions must be medicine Infants have a greater chance of
. allergies after probiotic treatment, it
clearly validated. o be eatated

+ For human usage, the strain must be
named the same as in the experimental

\ analysis. J

Fig. 2: The schematic illustration shows the guidelines and precautionary measurements while taking probiotics or their
products for animal and human usage, particularly as medicine.

Routes of Administration of Probiotics in Humans

Probiotics are developed in different forms, each with their pros and cons. These forms include capsules, sprays,
granules, powders, etc. The administration of probiotics in humans depends on the type of formulation, purpose of usage,
and strains of probiotics. Probiotics may be administered via mouth, vagina, injection, or in spray form, depending on the
objectives. The route of intake of probiotics also has its advantages and disadvantages (Verna and Lucak, 2010). Recently,
Baral et al. (2021) summarized the formulation, dosage, and route of administration of probiotics (Baral et al., 2021).

Oral administration of probiotics is considered an easy and potential route of intake as different formulations are
taken via mouth. More versatile probiotic species are taken via rectal therapy, but they fail if the probiotics don't have
strong pH resistance (Mombelli and Gismondo, 2000). Vaginal intake of probiotics is good for lactobacilli repopulation and
is used during bacterial vaginosis (Mombelli and Gismondo, 2000). Besides the routes of intake and form of probiotics,
how they will be taken is also important. Food additives and the yogurt vs. milk delivery system have their properties
(Verna and Lucak, 2010). Besides the administration, probiotic therapy also has the advantages of low cost and fewer
negative reactions (Sarkar, 2013). A new combinatorial approach of probiotics with other substances (for instance, plant
oils) is used to achieve maximum benefits (Hussain, 2023c). The medicinal aspects of probiotics, their pros and cons,
challenges, advancements, future perspectives, etc. are summarized in Fig 3.

Medicinal Applications of Probiotics and their Safety Concerns

The health profile of probiotics is vast and has proven usage in animals and humans. Nasreen et al. (2024)
documented that 76% of physicians are confident that probiotics could help in patient management (Nasreen et al.,, 2024).
Their potential in these subjects enhanced the value of probiotics, particularly their medicinal aspects. As described,
commercialization of probiotic strains is not an easy task, and it has become more tedious and requires more investigation
when it is used in animal settings. The use of probiotics in humans even required more clarification, investigations,
experimental validations, animal studies, and clinical trials (Sanders et al., 2018). However, the application of probiotics in
humans is much less than that which is claimed and submitted for approval. These regulations become more severe when
the selected strains are from doubtful sources; for instance, the genus Enterococcus has a doubtful nature but is still used
as a probiotic and hence requires more careful evaluation when used in humans (Hussain et al., 2023; Butel, 2014). The
bacterial therapy or probiotic medicinal domains are illustrated in Fig 4.

The dependency on probiotics for medicinal value also depends on the age and gender of an individual and also on
the probiotic’s formula, amounts, forms, and duration (Sarkar, 2013; Santosa et al., 2006). Recently, Poindexter et al. (2021)
documented the role of probiotics in preterm infants and concluded that a good number of clinical trials were dedicated
to this aspect (Poindexter et al, 2021). Different studies were conducted which show that single and multiple-strain
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probiotic combinations have a role in the treatment of necrotizing enterocolitis (NEC) in preterm infants (Poindexter et al.,
2021). Likewise, it is more important to carefully select a probiotic for elderly people, as they have weak immunity and
multiple disease statuses (Baker et al., 2009). Lactobacillus rhamnosus GG (LGG) and B. lactis BB-12 are the most studied
probiotics for disease prevention, and L. reuteri SD2222 is the most investigated probiotic for disease treatment (Gupta
and Garg, 2009; Reid et al., 2003). The different human diseases that are treated with single or multiple probiotics are
compiled in Table 2.
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Fig. 3: A dashboard exploring the medicinal aspects of probiotics, reflecting the potential usage of probiotics as medicine
and their allies.

The Harmful Nature of Probiotics in Human Usage

Probiotics, although having a broad spectrum of health benefits, also have negative aspects. The harmful nature
of probiotics may be due to the strain's intrinsic properties, the potential of acquired traits, or whether they are
developed after usage. Blotting, mild gas production, vomiting, headaches, etc. are the well-known negative
consequences of probiotics (Islam, 2016; Maftei et al., 2024). Allergy to probiotic usage is also one of the key harmful
aspects. The production of postbiotics with toxic effects in animals can enhance their harmful aspects. For instance,
postbiotic D-lactate in children with short bowel syndrome may create an acidosis condition that leads to
hyperventilation or encephalopathy (Butel, 2014). Some probiotics produce thirst in the body when taken for the first
time. Some probiotics have less capacity to colonize in the host, thus creating problems. Likewise, poor viability
during storage, single and multiple strain effects, and some strain's intrinsic drawbacks makes them of less use in
humans (Sarkar, 2013).

Different studies were conducted to evaluate the various aspects of probiotics in animals and humans. It is also known
that not only the probiotic microbes but also their products (metabolites/ postbiotics) have disease treatment potential
and have good health benefits (Fuochi and Furneri, 2023; Piqué et al., 2019). The safety concerns with probiotics in animal
and human usage are timely compiled by the European Food Safety Authority (EFSA) (Piqué et al, 2019). It was also
established that single strains and multiple strains have different effects on the health profile (Poindexter et al., 2021).
Chapman et al. (2011) documented the health benefits of probiotics in terms of single and multiple-strain approaches,
both in animals and humans (Chapman et al., 2011).

The acquisition of foreign genetic materials creates a great risk of probiotic usage in humans. For example, the
transfer of antibiotic resistance genes from the host to the probiotic strains and then to the common commensal of gut
produce creates antibiotic resistance, and thus, the potential of antibiotics vanishes (Butel, 2014). Sepsis, endocarditis, liver
abscess, etc. are the rare side effects of probiotics (Islam, 2016; Snydman, 2008).
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Table 2: The different types of human diseases that are prevented or treated with probiotics (L; Lactobacillus, B;

Bifidobacterium)

Diseases Probiotics References

Gastrointestinal tract

Inflammatory S. boulardii and L. rhamnosus GG (Weichselbaum, 2009; Santosa et al,,
bowel disease (IBD) 2006; Maftei et al., 2024).

Irritable bowel L. plantarum 299v, L. plantarum, and B. breve (Santosa et al,, 2006; Islam, 2016).

syndrome (IBS)
Ulcerative colitis Escherichia coli Nissle (EcN), VSL#3

(UaQ

Crohn’s disease L. rhamnosus GG (LGG), B. breve, B. longum, and L. casei

(CD)

Pouchitis L. paracasei subsp. paracasei, L. plantarum, L. acidophilus, L.
delbrueckii. bulgaricus, B. longum, B. breve, and S. salivarius

Constipation L. casei Shirota (LcS)

Infantile colic L. reuteri 17938

Necrotizing B. breve BBG-001, L. acidophilus, B. infantis

enterocolitis (NEC)

Gastroenteritis L. rhamnosus GG, L. rhamnosus GR-1, and L. fermentum RC-
14

Antibiotic- L. casei DN-114 001, L. bulgaricus, S. thermophilus, L.

associated diarrhea acidophilus, L. rhamnosus, L. reuteri, L. bulgaricus, L.

(AAD) rhamnosus GG, and S. boulardii

Acute diarrhea S. boulardii, LGG, B. lactis BB-12, and L. reuteri SD 2222

Traveler's diarrhea  S. boulardii, LGG, L. acidophilus, L. bulgaricus, B. bifidum, and
S. thermophilus

Immune system diseases

Common cold L. gasseri PA 16/8, B. longum SP 07/3, and B. bifidum MF 20/5

Type 1 diabetes B. (longum, infantis, breve); L. (acidophilus, delbrueckii.
Bulgaricus, plantarum

Japanese cedar L. casei Shirota (LcS), L. rhamnosus ATCC 53103, and L.

pollen (JCP) acidophilus L-92

Eczema/dermatitis L. rhamnosus HNOO1, B. animalis subsp. lactis HNO19

Infections

Helicobacter pylori L. gasseri OLL 2716(LG21), L. casei, L. gasseri, L. johnsonii, and

infections L. reuteri DSM 17648

Chronic kidney L. casei HY2743 and L. casei HY7201

disease (CKD)

Urinary tract L. (fermentum, brevis, casei, vaginalis, delbrueckii, salivarius,

infections (UTI) reuteri, and rhamnosus).

Surgical Infections L. fermentum RC-14, L. plantarum 299, L. acidophilus, L. lactis,
L. casei. B. longum, B. bifidum, and B. infantis

Vaginosis L. johnsonii, L. acidophilus, L. rhamnosus GR-1, L. fermentum
RC-14, and L. crispatus CTV-05

Uro-genital L. rhamnosus GR-1 and L. fermentum RC-14

infections

Clostridium difficile L. rhamnosus GG, S. boulardii, and L. casei

colitis (CDCQ)

Genitourinary tract L. GR-1 and B-54 or RC-14

infections

Dermatological L. salivarius LS03; Lactococcus and Streptococcus salivary; B.
diseases adolescentis SPM0308

Virus related disorders

SARS-CoV-2 Bacillus (coagulans, subtilis, clausii), L. plantarum, KABP022,

KABP023, and KAPB033

(Weichselbaum, 2009; Sanders et al.,
2018; Islam, 2016).

(Weichselbaum, 2009; Santosa et al.,,
2006; George Kerry et al., 2018; Verna
and Lucak, 2010).

(Maftei et al.,, 2024; Verna and Lucak,
2010).

(Weichselbaum, 2009).

(Sanders et al.,, 2018).

(Sanders et al., 2018; Poindexter et al.,
2021; Gupta and Garg, 2009).

(Brown and Valiere, 2004; Reid et al.,
2003).

(Weichselbaum, 2009; Santosa et al.,
2006; Sanders et al., 2018; Maftei et al,,
2024; Brown and Valiere, 2004).
(Weichselbaum, 2009; Islam, 2016;
Brown and Valiere, 2004; Gupta and
Garg, 2009).

(Weichselbaum, 2009; Santosa et al.,
2006; Islam, 2016; Brown and Valiere,
2004).

(Weichselbaum, 2009).
(Tegegne and Kebede, 2022).

(Weichselbaum, 2009).
(Weichselbaum, 2009; Islam, 2016).

(Brown and Valiere, 2004; Gupta and
Garg, 2009; Kimura, 2004; Sarkar, 2013;
Reid et al., 2003; Rabetafika et al., 2023).
(Ranjha et al., 2021).

(Mombelli and Gismondo, 2000; George
Kerry et al., 2018).

(Gupta and Garg, 2009; Rabetafika et
al., 2023).

(Mombelli and Gismondo, 2000; Cheng
et al, 2019; Reid et al., 2003; Rabetafika
et al., 2023).

(Gupta and Garg, 2009).

(Reid et al.,, 2003; Verna and Lucak,
2010; Rabetafika et al., 2023).
(Brown and Valiere, 2004).

(Maftei et al., 2024).

(Maftei et al., 2024).
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Respiratory tract L. paracasei subsp. paracasei CNCM 1-1518; L. plantarum (Maftei et al., 2024; Rabetafika et al,,

infections HEALY; L. paracasei 8700 2023).

Influenza L. paracasei CNCM 1-1518 (Maftei et al., 2024).

HIV L. plantarum, Pediococcus acidilactici, Lactobacilli (Maftei et al., 2024; Gupta and Garg,
2009).

HPV L. rhamnosus GR-1, Limosilactobacillus reuteri RC-14 (Maftei et al., 2024).

Cancer

Breast cancer B. infantis and L. acidophilus (Brown and Valiere, 2004; Gupta and
Garg, 2009).

Bladder cancer L. casei, B. longum (Mombelli and Gismondo, 2000).

Colon cancer L. johnsonii, L. reuteri, L. bulgaricus, B. longum, L. rhamnosus  (Santosa et al., 2006; Tegegne and

GG, B. lactis Bb12, and L. fermentum NCIMB-5221 and -8829 Kebede, 2022; George Kerry et al,,

2018).

Metabolic disorders

Hypercholesterole L. johnsonii and L. reuteri (Mombelli and Gismondo, 2000;

mia Quijano, 2011).

Bloating L. reuteri and B. breve (Piqué et al., 2019).

Hepatic diseases VSL#3 (Brown and Valiere, 2004).

Lactose digestion  Streptococcus salivarius subsp. thermophilus and Lactobacillus (Brown and Valiere, 2004).
delbrueckii subsp. bulgaricus

Hyperlipidemia L. reuteri, L. gasseri (Brown and Valiere, 2004).

Lactose intolerance Lactobacilli, L. bulgaricus B. animalis, L. paracasei, B. animalis. (Mombelli and Gismondo, 2000; Singh
lactis BB12, L. acidophilus NFCM, S. thermophilus, and L. et al., 2011; Quijano, 2011; Sarkar,
Johnsonii La1 2013).

Anti-obesity L. gasseri BNR17, L. casei, L. acidophilus, and B. longum (George Kerry et al., 2018).

non-alcoholic fatty B. infantis, L. acidopilus, and Bacillus cereus (Cheng et al., 2019).

liver disease

Others

Oral candidiasis B. animalis, Lactococcus lactis, L. helveticus, L. rhamnosus GG (Gupta and Garg, 2009; Singh et al,,
ATCC53103, L. rhamnosus LC705 2011; Allaker and Stephen, 2017).

Halitosis Streptococcus salivarius K12, L. salivarus WB21 (Ranjha et al.,, 2021; Allaker and

Stephen, 2017).

Mental health L. rhamnosus, L. helveticus, L. brevis DPC6108, L. plantarum, L. (Cheng et al,, 2019; Roobab et al., 2020;
fermentum, B. longum spp. Infantis, L. acidophilus, and L. casei George Kerry et al., 2018).

Anti-sclerosis B. subtilis and B. coagulans (Roobab et al.,, 2020).

Osteoporosis L. reuteri and B. longum. (Ranjha et al., 2021).

Antiparasitic L. acidophilus NCFM (Nasreen et al.,, 2024).

Obesity B. pseudocatenulatum SPM 1204, B. longum SPM 1205, and B. (Ranjha et al., 2021).

longum SPM 1207

Probiotics as Medicine: The Islamic Perspective

Probiotics, as described, have a crucial role in the prevention and treatment of different diseases. Humans are facing
plenty of diseases that need to be treated with different substances. Disease occurring is natural, and it was created by
ALLAH Almighty. Islam, which is a comprehensive religion that covers all aspects of someone's life, is hence called the
complete code of life. Islam is the second-largest religion in the world, with approximately 1.8 billion followers, and this
number is increasing rapidly (Hussain, 2024). Islam has a complete set of rules, commands, and guidelines that compel
Muslims to follow them in every situation except in emergencies. Emergency, from an Islamic perspective, has its criteria
and is known as Durrha (Badiuzzamani and Gunardi, 2021). Halal and haram are the two opposite terms in Islam, in which
the former is allowed or permissible for use or doing, while the latter is non-permissible or not allowed to do or use. The
effect of halal and haram is not only because of religious commands but in a real sense, these have a bad effect on
humans if the harm is used. As the ALLAH almighty, create the human, and ALLAH knows what is good for us and what is
not good to use, even if it seems the other way around, i.e., the haram seems good or beneficial for usage. Currently, the
halal food industry is growing fast and has become the leading industry, particularly among the Muslim population (Yap
and Al-Mutairi, 2023) (Hussain A, & Ali, S.A, 2024b).

The concept of halal and haram is vast and similarly applicable to food substances. Halal food means that is free
from any haram or najas source, does not contain haram ingredients, and is not processed in haram or najas
instruments. In the Quran, it is mentioned that “eat halal and tayybha,” which means the item must be halal and
should be clean for usage (Mohd et al., 2018). Haram is the opposite of halal and is not allowed to be used except in
Durrah situations. Almost all things must be halal until they are not declared haram in Islam. Halal pharmaceutical
substances must be taken using the described halal criteria (Mohd et al., 2018). The Islamic approach to medicine
and its aspects are shown in Fig 5.
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In medicine, the same halal and haram concepts are applied, as medicine is something that is ingested or taken inside
the body. The source, process, ingredients, usage, etc. must be halal for any medicine to be taken. In the case of probiotics,
most strains are isolated from human organs, and according to Islamic guidelines, the use of any human organ is not
allowed, thus creating doubt about the use of probiotics. With the exception of two-year-old babies, which are fed with
breastfeeding, they have advantages as their derived strains are used for human consumption, as the urine of a two-year-
old baby is considered clean, as described in a hadith (Badiuzzamani and Gunardi, 2021; Yap and Al-Mutairi, 2023). The
pivotal points that determine the halal perception of microbial products are the source, nature of microbes, growth media
compositions, metabolites, production process, and the additives that help them be used for specific functions (Kurniati
and Hafsan, 2022). Hence, it is important to check the halal and haram nature of probiotic medicine before administration.

Challenges
The literature showed the potential of probiotics or their products to be used as medicine or as a therapeutic agent to
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reduce and treat animals' diseases. The key mechanisms for this are their gut restoration and immunity modulation
abilities, which help to repopulate the normal flora and, thus, aid in disease treatment. Currently, there is strong evidence
that shows their medicinal potential, but it still needs to be complemented with more experimental data and animal
studies (Stavropoulou and Bezirtzoglou, 2020). The antibiotic resistance potential is considered a positive attribute for
probiotics but it creates problems when the person is infected so the antibiotic will not be working, thus creating a greater
risk in disease treatment. The potential challenges associated include (i) the authorization and regulation of probiotic
strains; (i) the safety profile in terms of genetic stability, i.e., no acquisition of foreign substances; (iii) the creation of a
dose-dependent profile; (iv) due to the strain-dependent nature, one strain may show different effects; and (v) the
individual genetic profile, which showed different reactions against probiotics (Mejia-Caballer et al., 2021; Wolfe et al.,
2023; Nami et al,, 2015).

Recent Advancement and Future Perspectives

Modern technologies enable researchers to play with the genetics of microorganisms. New methods, procedures, and
protocols are constantly developed for the better usage of microorganisms. Biotechnology, in this regard, contributes
significantly. Genetic tools like the CRISPR-Cas system and genomic analysis deeply reflect the potential of microorganisms
for any possible application. In the same area, the field of probiotics has advanced with different technologies. The
development of CRISPR-biotics, next-generation probiotics, psychobiotics, gerobiotics, immunobiotics, and engineered
probiotics are a few glimpses of using advanced technologies (Tegegne and Kebede, 2022).

Likewise, the competitions are still ongoing and are anticipated to be more precise, advanced, and accurate in the
future. These advancements are supposed to help in strain identification, enhance reliability, and improve reproducibility
(Maftei et al., 2024).

The future perspectives in the field of probiotic medicine include, but are not limited to, the following developments:

e The development of designer probiotics with the required properties is currently getting attention. These probiotics
have advanced properties and have greater potential.

e Synthetic biology and probiotics are a new approach that has the potential to aid more probiotic products and
elucidate new applications.

e The recent trend of fecal bacteriotherapy or fecal microbiota transplantation (FMT) (the transferring of good or
healthy bacteria to the patient for gut restoration) can be more productive when probiotic strains are used (Tegegne

and Kebede, 2022).

e The role of probiotics in gnotobiotics can be experimentally validated.
e The development of emerging technologies like 3D bioprinting can also be applied to enhance the field with more

potential and accuracy (Hussain et al., 2024).

e Next-generation probiotics development is increasing, identifying different novel strains with probiotic potential using
genetic analysis methods.

e The development of CRISPR-biotics (using the CRISPR-Cas system for probiotic development) is also a new trend in
the probiotic field, which enhances the properties of probiotics (Hussain, A. & Ali, SA. 2023d).

e  Gerobiotics, which are anti-aging probiotics, also received greater attention and showed their potential in combating
aging processes.

e Psychobiotics, which are probiotics with the potential to treat cognitive function impairments, are currently under
consideration.

e The potential role of artificial intelligence (Al) and allied technologies can be used to identify more advanced applications.

Conclusion

The spectrum of different applications of probiotics confirms their roots in multiple domains of life. Ranging from
food and biotechnological applications to human disease treatment, this is just a glimpse of their strength. Due to the
overwhelming effects, the medicinal aspects of probiotics are also explored, and surprisingly, they were found to be
astounding. Strains from different sources, both in single and multiple forms, were screened for different diseases, and
they showed promising results. Although, unlike medicine, there are no strict criteria, different guidelines are
proposed that must be followed while administering probiotics. The formulation of probiotics, route of administration,
delivery system, etc. are the contributing factors to the therapeutic potential of probiotics. Some often, i.e., blotting,
mild gas, and allergies, and others, like sepsis and infections, are the documented shortcomings in the medicinal
potential of probiotics. This study is limited to providing the theory and guidelines about probiotics medicine,
although there is no case study or particular population studied, were added. Advancement in the field can be
elaborated by fast and accurate methods of identification, genetic manipulation for profound properties, and the
development of new aspects of applications using advanced technologies of artificial intelligence, machine learning,
and deep learning.
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ABSTRACT

Livestock is a significant source of income for small-scale farming and agriculture. The primary element of livestock
farming, which has drawn extra attention for enhancing animal performance, is feed. Numerous studies have been
conducted to enhance feed utilization by incorporating feed additives. Antibiotics have long been a common addition to
livestock diets to promote growth. The search for substitute feed additives has gotten more intense since they are
prohibited in many countries. Probiotics are substitutes that are known to be safe for animals. It has been demonstrated
that probiotic use of probiotics in livestock has been demonstrated to enhance immunity, productivity, and animal health.
Probiotics increased feed conversion rate, nutrient digestibility, and the rumen microbial ecosystem to improve growth
performance. The purpose of this review article is to discuss the role of probiotics in livestock production. This paper
reviews the beneficial effects of probiotics on the animal production cycle, encompassing aspects of growth promotion,
disease prevention, feed efficiency, and environmental sustainability. Probiotics exert their effects through mechanisms
such as competitive exclusion of pathogens, modulation of the gut microbiota, enhancement of nutrient absorption, and
modulation of immune responses. In poultry production, probiotics have been shown to improve growth performance,
reduce the incidence of digestive disorders, and enhance resistance to pathogens such as Salmonella and Campylobacter.
This review attempts to discuss the potential roles of probiotics on productive performance, health, digestive system and
immune system of animals.

KEYWORDS Received: 07-Jun-2024 | &', APublication of
Animal health, Digestibility, Disease prevention, Livestock Revised: 21-Jul-2024 % US%E Unique Scientific
Accepted: 12-Aug-2024 | """ Publishers

Cite this Article as: Laghari SA, Kalwar Q, Rahimoon MM, Kolachi HA, Hussain F, Uddin |, Muhammad T, Razzaque A, Jarwar N
and Ramzan M, 2024. Beneficial effects of probiotics on the animal production cycle: An overview of clinical impacts and
performance. In: Liu P (ed), Gut Heath, Microbiota and Animal Diseases. Unique Scientific Publishers, Faisalabad, Pakistan, pp: 44-
50. https://doi.org/10.47278/book.CAM/2024.255

INTRODUCTION

Probiotics, defined as live microorganisms that confer health benefits when administered in adequate amounts, have
emerged as valuable tools in optimizing animal production cycles across various agricultural sectors (WHO, 2001). Probiotics,
which are classified as non-pathogenic microorganisms, are now frequently added to livestock feed. By maintaining a healthy
gastrointestinal environment and enhancing intestinal function, their use aims to improve production performance and
disease prevention (Chaucheyras-Durand et al., 2008; Mountzouris et al., 2009).

Antibiotics have been utilized for a very long time in animal husbandry, both as treatments for bacterial infections and
as growth promoters (Beyene, 2016). Breeders are under increasing pressure to find alternative, more environmentally
friendly techniques due to the ban on using antibiotics as growth promoters and the negative effects of overusing them,
such as antibiotic resistance and the presence of antibiotic residues in food and the environment (AMCRA, 2020). From long
time nutritionists are interested to manipulate the microbial environment of the rumen to improve feed utilization, thereby
improving animal production and health and, in recent years, the safety and quality of ruminant food products. Antimicrobial
resistance has emerged as a result of the therapeutic use of these antibiotics in animals as a result, antimicrobial medications
are less effective in treating human illnesses and can potentially spread antibiotic resistance to humans (Prestinaci et al.,
2015). For this reason, probiotics are thought to be a great alternative to antibiotics or antimicrobial agents in the fields of
animal health and livestock production.
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Probiotics have been the subject of numerous studies suggesting that they may have a significant impact on
breeding as a potential replacement for conventional antibiotics or as a straightforward supplement with positive effects
on growth (Nikoskelainen et al., 2003; Biavati et al., 2018). Probiotics are beneficial microorganisms that, when taken in
sufficient amounts, can change the microflora in the gut of the host leading to better health (Rook and Brunet, 2005).
Several types of bacteria (mainly Lactic acid and Non-Lactic Acid Bacteria), yeasts (milk strains) or fungi can be
considered probiotics (Tripathi et al., 2008). The traditional uses of probiotics to improve gut health, such as reducing
lactose intolerance, boosting intestinal immunity to infections, reducing traveler’s diarrhea, and relieving bloating, have
been extensively studied and documented (Tellez et al., 2001). Probiotic studies have been conducted in pets, equine
and livestock, with chickens and pigs being the main focus of the research. Clinical studies have shown that probiotics
can improve the growth of a variety of domestic animals, including cows, newborn calves, piglets and broilers (Kurtoglu
et al., 2004).

Beneficial Effects of Probiotics for Livestock

Probiotics enhance growth rate and feed conversion efficiency (Haddad and Goussous, 2005). They also strengthen
defense against infectious diseases (Collado et al., 2007; Vanderpool, 2008; Yan and Polk, 2010), improve nutritional
absorption and digestion (Soren et al., 2013), and enhance the quality and yield of milk (Kritas et al., 2006; Reklewska et
al., 2000). Additionally, probiotics reduce contamination and improve carcass quality (Abdelrahman and Hunaiti, 2008).
Probiotics offer numerous benefits, including enhanced nutrient absorption and digestibility, accelerated growth and
productivity (Soren et al.,, 2013), and the inhibition of disease-causing organisms. They help prevent bacterial infection-
related diarrhea, reduce stress following vaccination, antibiotic therapy, and travel, and stimulate the immune system
(Collado et al.,, 2007; Vanderpool, 2008). Regular and sensible intake of probiotics significantly impacts the immune system
by increasing the production of natural interferons and immunoglobulins, and stimulating cell-mediated immunity
(Koenen et al., 2004). The strain should possess the ability to confer advantageous effects on the host animal, such as
heightened growth or resilience against illnesses. It must not be harmful or pathogenic. It must exist as live cells, ideally
in big quantities. It must be able to survive and undergo metabolism in the gastrointestinal tract; for instance, it must be
resistant to low pH and organic acids. It must be stable and able to endure extended periods of time in both field and
storage conditions (Ezema, 2013).

Table 1: Microorganisms used as probiotics and their beneficial effect in animals

Genus Species Benefits in livestock References

L. acidophilus Reduced scouring (Retta, 2016)

L. casei Improved feed intake (Rahimoon et al.,, 2023)

L. rhamnosus Enhanced live weight gain (Fooks and Gibson, 2002)
Lactobacillus L. reuteri Bacillus (Lodemann et al., 2006)

L. plantarum (Seo et al., 2010)

L. fermentum

L. brevis

L. helveticus

L. delbruckei

L. gallinarum

L. salivarius

B. subtilis Incease in live weight gain (Kritas et al., 2006)

B. cereus Enhanced milk production (Qiao et al., 2009)
Bacillus B. toyoi increased ruminal digestibility

B. natto

B. mesentericus
B. licheniformis

B. bifidum Increased feed efficiency and Reduced (Abe et al., 1995)
Bifidobacterium B. pseudolongum incidence of diarrhea.

B. breve

B. thermophilum

S. cerevisiae enhanced humoral immunity (Roos et al., 2010)
Saccharomyces S. boulardii
Aspergillus A.oryzae Improved feed intake (Beharka et al., 1991)

A. niger Live weight gain
Enterococcus E. faecium Increased production of milk (Nocek and Kautz, 2006)
Streptococcus S. thermophiles Improved feed intake (Retta, 2016)

Reduced scouring

Pediococcus P. acidilactici Deffence against Salmonellosis (Rahimoon et al.,, 2023)
Lactococcus L. lactis Deffence against Salmonellosis (Rahimoon et al.,, 2023)
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Mode of Action of Probiotics

Probiotics may function through the following mechanisms, according to theories: (1) production of anti-pathogenic
compounds; (2) competition for nutrients; (3) immune system stimulation; and (4) competition for colonization sites.
Antagonism with the pathogen by immunomodulation of the host and prevention of bacterial toxin production (Isolauri et
al, 2001; (Guillot, 2003). While yeasts are specifically linked to the final two mechanisms, lactic bacteria are typically
responsible for the first three. Probiotic bacteria differ in how they act depending on the host and strain; therefore, combining
probiotics with various modes of action may increase the range of protection offered by biotherapeutic preparations (Lima-
Filho et al., 2000).

Other action such as bacterial probiotics produce organic acids that can lower the pH of the stomach in monogastric
animals improving the environment for the microbiota living there and decreasing the likelihood of pathogen colonization
(lactic or acetic acid). It has been demonstrated that some bacteria are capable of producing enzymes that can hydrolyze
bacterial toxins or of emitting antimicrobial peptides like bacteriocins, which can stop the growth of harmful bacteria. The
ability of certain probiotics to metabolize inhibitory substances like amines or nitrates and assist in their detoxification is
crucial for the anaerobic ecology of the gut (Jouany et al., 2008).

Role and Impact of Probiotics on Animal Production

An early increase in the animal's ability to digest and absorb its food has been associated with a change in the
makeup of the bacteria that live in the rumen. A higher forage intake can improve live weight gain, milk output, and fat
contents of milk, but in dairy cows, the effects are frequently negligible (Cammack et al., 2018). Probiotics have been
linked to a decrease in coliform bacteria in newborn calves, according to numerous studies, indicating that they are crucial
for establishing and preserving a balanced microbiota in dairy cattle, probiotics can improve milk production. Enterococcus
faecalis, Bacillus sublitis, and Saccharomyces cerevisiae are examples of probiotic microorganisms that can improve milk
secretion (Ma et al., 2020). Probiotics have the ability to increase the body weight of ruminants. One probiotic combination
that was taken from a fine goat and fed to other goats for about two months included Lactobacillus reuteri DDL 19,
Lactobacillus alimentarius DDL 48, Enterococcus faecium DDE 39, and Bifidobacterium bifidum DDBA. As a result, the goat's
standard bodyweight increased by 9% (Apas et al., 2010). Numerous studies have demonstrated that probiotics have no
effect on a carcass's dressing percentage, marbling score, yield grade, or quality grade. Yet, hot carcass weight was
generally greater when probiotics were incorporated into the diet. Nonetheless, compared to heifers not given the
probiotic, those given a Propionibacterium probiotic both during the receiving and finishing stages had a higher
percentage of carcasses graded (Filho-Lima et al., 2000). Increased production of volatile fatty acids, nutrient digestibility,
feed conversion rate, and stimulation of lactic acid-dependent protozoa were used to confirm that probiotics improved
growth performance (Abd El-Tawab et al., 2016). Probiotics have been used to boost milk production, decrease diarrhea
in both pigs and cattle, and prevent Salmonella from colonizing chickens' digestive tracts. They have also been used to
improve the efficiency with which feed is utilized (Bernardeau and Vernoux, 2013). According to a study, probiotics
improved performance. Sheep that were allowed to graze in the trials showed increased feed intake and growth. Certain
animals were classified as having "high" performance (Seo et al., 2010). A small ruminant study found that in a single trial,
the number of "low" emitters per unit of feed intake may increase, and it was confirmed in a follow-up trial that these
differences in growth rate, nutrient digestibility, and fermentation persisted when the same type of diet was fed (Oetzel
et al, 2010).

Role and Impact of Probiotics on Animal Health

Probiotics have been used as livestock feed supplements. Initially, the idea behind adding them to feed was to
boost the animal's resistance to illness, thereby promoting growth and overall health (Kesarcodi-Watson et al., 2008).
Probiotics have a proven ability to treat a variety of diseases such as cancer prevention, intestinal health enhancement,
orodental disease, or hypercholesterolemia (Kechagia et al., 2013). However, these probiotics must be able to be used
against other conditions, including lactose intolerance, acute diarrhea, and antibiotic-associated diarrhea. (Nazir et al.,
2023). In the first twenty-four hours following feeding, yeast cultures can accelerate the breakdown of rumen fiber,
thereby increasing the amount of fodder consumed by ruminants. Moreover, a correlation has been observed between
reduced incidence of diarrhea and higher rates of Lactobacillus loss. On the other hand, when animals experience
stress, the Lactobacillus population declines, and infant diarrhea becomes more prevalent. Performance responses are
probably not as important as reducing the prevalence of diarrhea, which is particularly common in young pre-
ruminants (especially within the first three weeks of life). Beef calves must endure several hardships prior to joining
the feedlot, such as weaning, transport, fasting, assembly, immunization, castration, and dehorning (Jouany et al.,
2008).

Probiotic supplements have been demonstrated in a few recent studies to improve gut microbiota, lower pathogen
shedding and disease symptoms, boost gut immunity, and enhance health and disease resistance in animals (Cao et al., 2019,
Chaves et al,, 2017, Yang et al., 2015; Vendrell et al., 2008; Sorroza et al., 2013). Probiotics also have an antagonistic effect on
foodborne pathogens like Salmonella, Clostridium perfringens, Escherichia coli, Listeria monocytogenes, and Staphylococcus
aureus, as well as the capacity to regulate the gut microflora (Van Immerseel et al., 2006; Giannenas et al., 2012; Jungersen
et al., 2014)
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Role of Probiotics on Digestive System of Livestock

Probiotics help maintain a healthy balance between beneficial and pathogenic bacteria in the stomach, intestine, and
cecum, which speeds up an animal's rate of digestion and makes it easier for absorb nutrients. Additionally, they will help
broilers' body weight, digestibility of amino acids, and capacity to be stimulated by calcium be improved (Bai et al., 2013).
Probiotics can increase the digestibility of food by increasing the activity of the host's digestive tracts enzymes.

Probiotics provide digestible proteins, vitamins, enzymes, and other cofactors; they also produce lactic acid, which aids
in better digestion, nutritional metabolism, and nutrient utilization. The amylase, protease, and lipase content of lactic acid
contributes to better feed conversion efficiency by facilitating better feed digestion and absorption of fat, protein, and
carbohydrates (Awad et al., 2009). Probiotics improve the host's ability to digest food by boosting the activity of digestive
enzymes in the GIT. Lactobacillus acidophilus, for instance, is present in probiotic feed that has been shown to increase dry
matter intake, daily feed conversion efficiency, and apparent digestibility of nutrients in buffalo calves when compared to
the control group (Sharma et al., 2018). In animals, probiotics speed up the digestive process. In broilers, probiotics can
improve the composition of cecal microorganisms and the way they digest nutrients (Khalid et al., 2021).

Role of Probiotics in the Immune System

Probiotics have a variety of ways to strengthen the host's immunity. Probiotics have been shown in numerous studies
to have immunostimulatory properties (Bilal et al., 2021; Kong et al., 2020; Punetha et al, 2018; Terada et al, 2020).
Lactobacillus fermentum and Saccharomyces cerevisiae probiotics stimulated the gut T-cell immunity, as evidenced by the
increased production of CD3+, CD4+, and CD8+ T-lymphocytes in the chicken gastrointestinal tract (Bai et al., 2013). When
fed food containing probiotics Lactobacillus jensenii TL2937 and Lactobacillus gasseri TL2919, the expression of CD3+, IL-2,
and IFN-y genes was higher in the small intestine of neonatal chicks that were three and seven days old (Sato et al., 2009).
In chickens, probiotics can also raise serum immunoglobulin levels. IgA and IgM serum levels were increased in chickens by
a probiotic feed supplement that included Lactobacillus acidophilus, Bacillus subtilis, and Clostridium butyricum (Zhang and
Kim, 2014).

Lactic acid bacteria, or LABs, have the ability to produce a wide variety of antimicrobial compounds that prevent
pathogenic invasions. Defensins, organic acids, bacteriocins, ethanol, carbon dioxide, and diacetyl are a few examples of
antimicrobial peptides (AMPs) (Liao and Nyachoti, 2017). It has been demonstrated that organic acids such as lactic acid,
formic acid, and short-chain fatty acids can suppress potentially harmful microbes that are significant for farm animals. Lactic
acid is the primary byproduct of glucose metabolism that can be produced by Lactobacillus bacteria (Russo et al., 2017).

Table 2: Major beneficial effects for probiotics used in livestock (Ahasan et al., 2015, Newbold, 2006)
Animal Common benefits
Cattle Increase in efficiency of feed
enhancing health and preventing acidosis
Increase milk yield and quality
Promote weight gain
Young ruminants Promote maturation of rumen microflora
Minimize the colonization of pathogen within the body
Boosting the safety of digestion during weaning
Equine improved digestibility of the diet
Reducing diarrhea in foals
Prevent digestive disorders such as Colic
Reduce stress in a racing horse
Poultry Maintain intestinal microbiota healthy.
Increased weight gain
Enhance broiler carcass/meat
Adjust the immune response
Risk reduction of salmonellosis in layers
Pig Enhance milk quality and quantity, as well as colostrum quality.
Boost the vitality and size of the litter
Reduce the occurence of diarrhea by increasing piglet weight
Increase meat quality, digestibility, and feed efficiency
Minimize constipation

Conclusion

Probiotics enhance the health and performance of livestock, which ultimately benefits their productivity. Probiotics help
to enhance digestion by lowering clinical and subclinical acidosis, raise ruminal pH, and enhance the ecology of ruminal
microflora. Probiotics improve the quality and quantity of milk and meat produced, as well as the growth of many domestic
animals. Additionally, probiotics have the potential to defend animals from infections and strengthen the immune system.
In simple words use of probiotics enhance production of livestock by enhancing health, digestion and immune system.
Particular probiotic strains need to be carefully chosen for each species of animal in a given environment in order to avoid
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any potential harm. Since every probiotic has a unique behavior, it is crucial to determine the ideal circumstances in a given
setting for a probiotic to flourish, colonize, multiply, and benefit the host animals. It is important to have a comprehension
knowledge of the immunomodulatory impacts of different probiotics and their viability prior to adding probiotics to farm
animals' dietary feed. Furthermore, comprehensive studies that are dependent on dosage should be carried out, and
molecular testing at a reliable laboratory should be used to confirm the identity of the organisms. Before creating thorough
guidelines for the safe and efficient use of probiotics, more research is required.
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ABSTRACT

Obesity/overweight is caused by imbalanced energy between intake and expenditure of calories, leading to excessive
fat accumulation that impairs healthy. As a lifestyle illness, excess body fat is a determinant for numerous chronic
conditions and is linked to significant morbidity and mortality. Scientific evidence has in past decades established a
connection between the intestinal microbiota and obesity as individuals with obese conditions have shown altered
gut microenvironment that contributes to mild forms of inflammation. Since gut dysbiosis promotes overweight and
obesity, prebiotic and probiotic therapy has emerged as a potent therapeutic strategy to normalize the intestinal
microbiota composition. In this chapter, the mechanisms of select prebiotics and probiotics have been investigated as
part of understanding how they help in treating obesity. By enhancing beneficial bacteria and reducing the
composition of pathogenic microorganisms, prebiotic/probiotic therapy has been shown to produce anti-
inflammatory effects that is crucial in reducing body fat in patients with obesity. It has also been established that
prebiotics and probiotics are involved in the expression of hunger-reducing hormones and promotes satiety that is
essential in reducing energy intake.
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INTRODUCTION

According to the World Health Organization (WHO), obesity is an excessive fat buildup capable of impairing health,
fundamentally caused by an energy imbalance between caloric consumption and caloric expenditure (Safaei et al., 2021).
Obesity and overweight remain a major public health concern globally and represent the main lifestyle illnesses that
contribute to further health concerns and are implicated in numerous chronic illnesses like cardiovascular diseases,
malignancies, diabetes, and metabolic syndrome. Overweight and obesity rates continue to rise worldwide and are linked
with increased chronic morbidity and mortality. The World Obesity Atlas 2023 reports that in 2020, approximately over 2.6
billion people were affected by overweight and obesity globally, and this figure is projected to reach 4 billion by 2035 and
representing an increase from 38% to over 50% of the world’s population (Lobstein et al., 2023). Figures from the WHO
also estimated about 2 billion and 600 million adults with overweight and obesity in 2014 respectively (Simo et al., 2021).
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The annual mortality figures show that in 2019, there were an estimated 5 million obesity-related deaths globally, with
the age-standardized death rate (ASDR) approximated at 62.59 per 100,000 population (Chong et al., 2023). Despite public
health efforts to manage overweight and obesity, the disorders continue to rise and contribute to excess morbidity and
mortality. The complex, multifactorial, and relapsing nature of these chronic conditions and associated significant
implications for the health of individuals have led scientists to consider novel therapies with the potential to ameliorate the
complications (Guerra et al, 2021). Obesity and overweight are significantly linked to premature death and chronic
conditions that compromise life expectancy and overall quality of life for patients and the goal of therapy is to improve
outcomes for individuals. There is urgency to fully comprehend mediating mechanisms of overweight and obesity since its
worldwide prevalence continues to rise as it would inform the discovery of novel targets for safe and effective treatments
and to identify biomarkers for tracking the disorder and the efficacy of the strategies to reduce weight (Clark et al., 2023).

Gut Microbiota Role in Obesity

Scientific knowledge of the intestinal microbiome, as well as its intricate relationship to pathophysiology, has grown
substantially in recent years. Obesity alters the intestinal microenvironment required for the survival of diverse viral species
than those identified in individuals without obesity, leading to susceptibility to detrimental variants capable of causing
more serious disorders (Lin and Li, 2021). The gut flora variations alter the weight and metabolism of the host and any
microbial population imbalances or ‘dysbiosis’ results in various diseases. Animal studies show that host-microbiota
alteration can lead to mild inflammatory responses marked by moderate increases in proinflammatory gene expression
associated with metabolic syndrome, such a Toll-like receptor (TLR) 5, TLR2, and NOD-like receptor family pyrin domain
containing 6 genes (NLRP6) (Chassaing et al, 2017). The results of the loss of genes include changed microbiota
combination, low levels of inflammation, and a metabolic syndrome-like composition transferrable via fecal transplant. A
healthy gut microbiota maintains the metabolism and energy balance of the body by releasing health-beneficial products
like neurotoxins, immunotoxins, and carcinogens which infiltrate the blood and directly modulate gene expression and
influence the immunity and metabolic processes in humans (Liu et al., 2021). Any imbalance results in metabolic conditions
and increased central appetite that cause obesity.

Further animal studies demonstrate the major role gut microbes play in extracting energy from food through
diverse mechanisms. Davis (2016) underline how the host cannot digest many polycarbohydrates from plants and
starches, and it is the gut microbes that metabolize them to short chain fatty acids (SCFA), such as butyrate, acetate,
and propionate that serve as primary energy sources for colonic epithelium and for processes like lipogenesis and
glucogenesis in the liver. Germ-free rat models have been used to establish the link between the intestinal bacteria and
adiposity, with studies showing conventionally raised mice that ingest less food exhibited 40% higher body fat content
and 47% higher gonadal fat content compared with axenic mice. Transplanting the distal colon microorganisms from
the normal mice into their gnotobiotic counterparts also resulted in increased body fat by 60% within 2 weeks without
food intake increases or obvious variations in energy expenditure. The findings confirmed the role of intestinal bacteria
in affecting the phenotype that is linked to host adiposity. Sarmiento-Andrade et al. (2022) confirmed certain groups of
bacteria efficiently absorb nutrients and energy and rapidly metabolize nutrients to boost calories absorbed and
increase BMI, with examples showing overgrowth of the phylum Firmicutes bacteria and Bacteroidetes decrease
characterize obese mice and human intestines. Through shotgun sequencing, the profile and composition of intestinal
microbiota and their effects on human metabolism has been identified. Based on several studies, bacteria number
variations in individuals with obesity versus normal weight individuals has been documented, as shown in how
gestational obesity alters the gut bacteria where Bacteroides increased levels in the third trimester correlates with twice
the susceptibility to neonatal obesity (Gorczyca et al., 2022).

Marvasti et al. (2020) study of 50 normal and 50 obese subjects investigated the relative abundance of gut microbiota
and their correlative with the body mass index (BMI) of individuals. They examined the ratio of Firmicutes and Bacteroidets
(F/B), which make up the most frequent phyla of gut microbiota, as well as anaerobic intestinal commensal bacteria such
as F. prausnitzii, A. muciniphila, Bifido-bacterium, Roseburia, and Prevotella. The findings showed the F/B ratio was markedly
elevated in subjects with obesity versus the control group, and Firmicutes abundance significantly increased while
Bacteroidetes reduced in obese and control groups respectively. A. muciniphila relative abundance also significantly
reduced in parallel with BMI increase in obese vs. normal weight, and Bifidobacterium relative abundance reduced in the
obese group. Conversely, there was substantial elevation of F. prausnitzii relative abundance in the subjects with adiposity
compared to their counterparts with normal weight.

Overview of Probiotics and Prebiotics

Owing to the role of gut dysbiosis in promoting increased weight and adiposity through promoting inflammation,
reduced metabolism of fat and cholesterol, and decreased insulin sensitivity, microbial-level intervention with probiotics
for gut ecological dysbiosis has been shown to alter gut flora composition. Several novel therapies like prebiotics and
probiotics potentially normalize the intestinal flora (Cai et al., 2023). Biomedical research studies of probiotic species have
examined the lactic acid bacteria group whereby treatment of subjects with Lactobacillus and Bifidobacterium have shown
to significantly alter the gut microbiota composition (Azad et al., 2018). Probiotics also have effects on appetite and energy
homeostasis by increasing SCFA production, with some Bifidobacterium spp. and Lactobacillus spp. helping the production
of prohealthy conjugated linoleic acid (CLA) responsible for body weight control through metabolizing energy and aiding
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lipolysis (Wicinski et al., 2020). Prebiotics as well have been considered for managing obesity. The prebiotics that are
commonly used are carbohydrate-based, with lactose-produced fructans and Galacto-oligosaccharides (GOS) researched
widely. Mechanism of prebiotics in metabolic improvement where they underscore their role in modulating the
enteroendocrine function representing their systematic effects on lipid and glucose homeostasis and in controlling satiety.
Prebiotic supplementation induces heightened glucagon like peptide-1 (GLP-1) and anorexigenic peptide YY (PYY)
circulation induced by SCFA, as well inducing the proliferation of commensal bacteria to alter mucosal architecture (Wang
et al,, 2023). Based on this background, this chapter sets out to evaluate prebiotics and probiotics anti-adiposity action and
altering gut bacteria in obese and overweight individuals.

Alteration of Intestinal Microbiota

The intestinal microflora of obese subjects potentially promotes more efficient dietary energy extraction and storage
as opposed to lean individuals. There is further evidence from research showing that obesogenic intestinal microbiota is
associated with intestinal inflammation as proinflammatory tumor necrosis factor-a (TNF-a) messenger RNA levels in the
ileum are strongly correlated with increased weight, fat mass, and the levels of plasma insulin and glucose when exposed
to a high-fat diet (HFD) (Klancic and Reimer, 2019). Hence, enteric bacteria are essential for triggering intestinal
inflammation with an HFD as TNF-a mRNA levels are only upregulated in conventionally raised animals as opposed to
germ-free (GF) animals (Malesza et al, 2021). The mechanisms of prebiotics and probiotics alteration of intestinal
microbiota in obesity management is a crucial focus of research. Important considerations should be made for how
prebiotic therapy acted on Bifidobacterium spp. deficiency and promoted SCFA production by the obesogenic intestinal
bacteria (Dahiya et al.,, 2017).

Enhancement of Beneficial Bacteria

Salazar et al. (2015) investigated 30 obese women to determine how inulin-type fructans (ITF) change gut microbiota
composition and activity with the goal of determining fecal SFCA concentration disparities and exploring the correlation of
Bifidobacterium, SCFA, and host metabolism biological markers. The subjects were categorized in two groups that received
16 g of ITF or maltodextrin (placebo group) over 3 months. According to the findings, the post-intervention period showed
that the obese women receiving ITF had significantly increased Bifidobacterium genus as well as certain species genus as B.
adolescentis, B. longum, and B. pseudocatenulatum. Further, a Spearman correlation analysis revealed an inverse association
of the alterations in B. bifidum and B. adolescentis with the percentage of fat mass. The fecal SCFA profiles also indicated
that acetate, propionate, and total SCFA markedly reduced after prebiotic treatment. Overall, the findings confirmed that
ITF selectively modulated the composition of the intestinal microbiome as exhibited by the Bifidobacterium spp. which
significantly increased. Accordingly, prebiotic treatment in obese individuals selectively enhance beneficial bacteria mainly
identified in the adult intestinal flora (Cerdd et al., 2019). It was also found that Bifidobacterium had a negative correlation
with anthropometric/biological parameters such as levels of serum lipopolysaccharides (LPS), meaning prebiotics
potentially improve metabolic endotoxemia in obesity as they reduce gut permeability. The reduced fecal SCFA further
indicated prebiotic treatment potentially reduced adiposity in obese individuals.

Table 1: Mechanisms of Select Prebiotics and Probiotics in Gut Alteration and Body Fat Reduction

Gut Alteration Prebiotic Probiotic References

Enhancing beneficial bacteria Inulin-type fructans (Salazar et al., 2015)
Lactobacillus salivarius, Lactobacillus (Chen et al., 2022)
rhamnosus, Bifidobacterium animalis

Gut barrier regulation Akkermansia, Bifidobacterium, (Fijan et al., 2023; Everard et
Lactobacillus, Leucononstoc al,, 2013)

Lactobacillus plantarum bacteriocin (Heeney et al., 2018)
plantaricin (PInEF)

Short-chain fatty acid production Inulin and GOS (Holmes et al., 2020)
VSL#3 (Yadav et al,, 2013)
Reduction of Body Fat
Satiety Inulin-type fructans (Hamilton and Bomhof, 2023)
Polydextrose (Olli et al, 2015; Daud et al,,
2014)

Additional research has been done examining the reshaping of obesity-related gut dysbiosis using multi-strain
probiotic supplementation as well as its effects on lipid metabolism in managing obesity. In a study by Chen et al.
(2022), they treated 82 overweight and obese children with three strains of supplementary prebiotics: Lactobacillus
salivarius AP-32, L. rhamnosus bv-77, and Bifidobacterium animalis CP-9. The analysis showed that probiotic
supplementation significantly reduced BMI, total cholesterol (TC), low-density lipoprotein (LDL), leptin, and TNF-a in
the subjects and there was an alteration of the gut microbiota composition, such as significant increase of the
beneficial bacteria B. animalis after prebiotic administration. Investigations of gut microbial communities after treating
obese diabetic mice with prebiotics have also reported increased Bifidobacterium spp. and the Eubacterium



54

rectale/Clostridium coccoides groups while reducing Firmicutes and Roseburia spp. (Everard et al, 2011). The gut
bacterial populations also showed significant phylum-wide shift where Bacteroides increased while Firmicutes
decreased after prebiotic treatment, and Actinobacteria and Proteobacteria also increased. These gut microbiota
composition alterations were associated with significantly reduced levels of fasting glycemia and improved glucose
tolerance. When treated with dietary a-cyclodextrin prebiotics, HFD-fed obese mice exhibited increased total number
of bacteria: Bacteroides, Bifidobacterium, and Lactobacillus, which were reduced in gut microbiota after feeding the
HFD (Nihei et al., 2018).

Regulating Gut Barrier Function

Excessive adiposity correlates with gut permeability as exhibited by the loss of epithelial integrity causing upregulated
LPS infiltration and the circulation of other inflammation agents (Di Vincenzo et al., 2024). The shift if gut microbiome
adversely affect intestinal permeability and probiotic intervention may attenuate this negative impact by promoting
beneficial bacteria. Probiotics role in restoring gut permeability after the effects of excess adiposity. They noted that
dysbiosis, inflammatory cytokines, immune cell activation, and enterocyte health alter intestinal permeability (DiMattia et
al,, 2023). Pro-inflammatory agents like interferon-y (IFN- y) and TNF-a temporarily compromised the gut barrier integrity
through tight junction (TJ) protein rearrangement in the enterocyte membrane via myosin light chain kinase (MLCK) gene
activation (Al-Sadi et al., 2016). Evidence shows that probiotic supplementation ameliorates increased intestinal
permeability by potentially promoting the production of TJ protein, increasing mucus secretion and the metabolism of
ethanolamine, and producing butyrate that enhances enterocyte health.

Heeney et al. (2018) also assessed the ability of Lactobacillus plantarum bacteriocin plantaricin EF (PInEF) to
maintain gut barrier integrity when administered to a mouse model of diet-induced obesity. PInEF, a two-peptide
bacteriocin, has been confirmed to induce cell membrane disruption in bacteria. The mice exhibited significantly
increased production of the TJ protein Zonula Occludens-1 (ZO-1) when fed with L. plantarum with an HFD, and the
transcript levels of ZO-1 mRNA were also elevated in whole ileal tissues. Further, PInEF peptides prevented IFN-y and
TNF-a induced reductions in transepithelial resistance. Overall, LP probiotics fortified TJ between intestinal epithelial
cells as PInEF peptides sufficiently prevented cytokine-induced disruptions to epithelia barrier integrity. Akkermansia
muciniphila probiotic has also been investigated for safeguarding gut barrier integrity when a prebiotic like
oligofructose is administered (Everard et al., 2013). The evidence showed that A. muciniphila normalized metabolic
endotoxemia, adiposity, and the CD11c adipose tissue marker. The enhancement of gut barrier function by A.
muciniphila was linked with epithelia signaling mechanisms by acting on the intestinal mucosa that secretes
antimicrobial peptides for innate immunity to maintain the gut barrier.

Production of Short-Chain Fatty Acids

SCFAs are carboxylic acids produced when microorganisms ferment various dietary compounds, majorly fibers.
Propionate (Prop), butyrate (Bu), and acetate (Ac) are the most extensively studied as they are produced in the colon (llyés
et al,, 2022). Studies have shown that microbial action of fermenting indigestible dietary carbohydrates to produce SCFAs
has proven to be critical in protecting against pediatric obesity and metabolic syndrome. Holmes et al. (2020) conducted
an in vitro study to examine fecal microbiota production of SCFAs from 17 children with obesity treated with over-the
counter (OTC) prebiotic supplements. From the assessment of diverse prebiotic supplements like inulin and GOS, it was
proven that administration showed efficacy in increasing the total SCFAs. SCFA production after administering prebiotics
also correlated with the relative abundance of beneficial bacterial genera, including Akkermansia, Methanobrevibacter, and
Lactobbacillus.

OH OH OH

Acetate Proprionate Butyrate

Fig. 1: Short-Chain Fatty Acid Substrates
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Yadav et al. (2013) investigated VSL#3 probiotic beneficial metabolic effects when administered to HFD mice to
counter obesity and diabetes. Their findings showed that probiotic supplementation reduced the gain in weight
corresponding to feeding with a low-fat diet (LFD) while further decreasing fat depot size, fat mass, and adipocyte size
without alteration in lean mass. The mechanism of enhancing metabolism in obesity/overweight was linked to significant
decrease in the circulating levels of IL-6, TNF-a, and MCP-1, further resulting in decreased food intake, body weight gain,
and enhanced glucose homeostasis. The enhanced metabolic function was also exhibited by the decreased insulin,
triglycerides, free fatty acids (FFAs), and resistin while adiponectin was elevated and anti-inflammation improved. It was
additionally noted that VSL#3 probiotics promoted GLP-1 secretion, mediated by butyrate, from the intestinal L-cells as it
modified gut microbiota and altered the level of gut hormones involved in food intake regulation. GLP-1 is a hunger
reducing hormone, which was significantly increased with probiotic supplementation. The process causing the
upregulation of GLP-1 was the marked decrease in Firmicutes and an upsurge in Bacteriodetes and Bifidobacteria (Cabral
et al.2021). Gut flora alterations were linked to the increased levels of SCFA butyrate as the gut flora composition
alterations contributed to the transformed gut metabolic environment.

Prebiotic and Probiotic Reduction of Body Fat
A. Stimulating the Expression of Satiety Hormones

Scientists have documented the role of inulin-type fructans (ITFs) in stimulating anorectic gut hormones release
that act to reduce appetite and energy intake. In a randomized crossover study of ITFs mechanisms of inducing satiety,
Hamilton and Bomhof (2023) administered sweetened milk (SM) or sweetened milk plus oligofructose-enriched inulin
(Ol) to participants and recorded the perceived measures of hunger after intervention. In this human trial involving 14
participants between the ages of 18 and 50 years, the subjects exhibited increased GLP-1 and PYY concentrations post-
treatment. The appetite perceptions also showed that SM+OI reduced overall hunger relative to SM, and a tendency
towards reduced satisfaction with prebiotic supplementation. There was further increased flatulence for SM+OI
compared to SM, and increased abdominal discomfort was marked with SM+Ol. Hence, the study reported the acute
effect of Ol after exercise as long-term physical activity is usually related to increased hunger and energy compensation.
Overall, Ol prebiotics elevated GLP-1 and PYY while reducing acyl-gherin post-exercise, with evidence of Ol
fermentative activity in the gut.

In another study, Olli et al. (2015) investigated the polydextrose (PDX) prebiotic for its postprandial effects on satiety
hormone responses in obese participants with subjective feelings of appetite. The trial involved 18 subjects who consumed
a high-fat meal with or without PDX (15 g) assessed postprandial concentrations of peptides ghrelin, cholecystokinin (CCK),
GLP-1, and PYY, as well as SCFAs and lactic acid. The subjects exhibited elevated levels of GLP-1 release into the plasma
after PDX consumption compared to the placebo, while the rest of the peptides did not show statistically different
variations. Lactic acid concentrations significantly decreased post-treatment, and acetic acid marginally reduced. PDX
significantly reduced hunger during the satiety period (40.4%), and marginally enhanced satisfaction by 22.5% compared
to the placebo. Overall, the downregulated concentrations of postprandial plasma lactate after PDX in obesity implied that
prebiotics have a lipolytic effect after consuming an HFD. The reduced food intake due to prebiotic promotion of satiety
translates too reduced body fat for individuals and improved obesity outcomes. Daud et al. (2014) investigate 22 healthy
overweight and obese participants, oligofructose prebiotics reduced hunger and motivation to eat and decrease energy
intake (EI). Slight reductions in intrahepatocellular lipids (IHCL) and glutamyl transferase gamma (yGT) suggested how
prebiotics protected against fat accumulation in the liver. More trials can be done to determine the fat-reducing effects of
prebiotics and probiotics in obesity.

B. Gut-Brain Axis Modulation

Gut microbiota interacts with diverse organs such as the brain as they might target the brain directly through vagal
stimulation or indirectly via immune-neuroendocrine mechanisms (Asadi et al., 2022). Research supports the bidirectional
signaling within the gut-brain axis (GBA) in obesity pathophysiology facilitated by mechanisms like the metabolic,
endocrine, neural, and immune system. The role of intestinal microbiota in obesity is also linked with regulating adiposity,
homeostasis and energy balance, and central appetite and food reward signaling (Rautmann and de La Serre, 2021). The
nervous system is instrumental among the probiotic pathways in lipid metabolism regulation, with SCFAs and secondary
bile acids induced by probiotic metabolism triggering the intestinal-brain axis by prompting intestinal hormone
production. The hypothalamus activation by gut hormones like GLP-1 and PYY alters the intake and expenditure of energy
to achieve metabolism balance (Song et al, 2023). Additionally, leptin hormones secreted by the adipose tissue affects
appetite when probiotics are administered as the hormones synthesize fat by preventing fatty acid synthase expression
and suppressing appetite by stimulating hypothalamic receptors, which also alter the consumption of energy, and
enhancing nervous system lipid metabolism.

Wang et al. (2020) have reported on the effects of intestinal bacteria in neuroendocrine modulating carbohydrate and
lipid metabolism, specifically focused on the microbiota-gut-brain-liver axis. They noted that intestinal microbiota affected
intestinal movement, metabolism, immune responses, and behaviors through the mediation of enteric neurons. SCFAs,
such as acetate, propionate, and butyrate activate the vagal afferent pathway and suppress consumption of food. The
intestinal LPS influence the vagal pathway and instigates inflammatory responses and obesity, with TLR4 receptor
expressed on the afferent fibers capable of sensing LPS and transferring the signal to the brain. Prebiotic and probiotics
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induce gut peptides that act through the vagal and non-vagal neuronal relays that trigger the gut-to-brain signaling
pathways to reduce the ingestion of food and increase energy expenditure (Bauer et al., 2015).

Conclusion

Obesity and overweight remain a significant public health concern worldwide and is one of the major lifestyle diseases
contributing to further health concerns and numerous chronic ilinesses. The burden of disease has made it an imperative
to consider the mediating mechanisms of obesity as this would inform novel therapies after the discovery of new targets.
The association between the gut microbiome and obesity has been documented in research, which makes prebiotics and
probiotics potential therapeutic candidates for reducing body fat and altering intestinal microbiota. SCFA production and
elevated levels of GLP-1 and PYY peptides, as well as proliferation of beneficial bacteria are likely mechanisms through
which prebiotics and probiotics modulate obesity outcomes. Future research focused on the metabolic effects of different
strains of prebiotics and probiotics can be considered, as well as combination therapies.
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ABSTRACT

Despite significant efforts in prevention and control, bacterial illnesses such as Clostridium perfringens-induced
necrotic enteritis, continue to pose a serious threat to poultry producers in terms of economic losses and market
limitations. Antibiotics have been utilized for growth promotion in addition to the prevention and management of
such illnesses. Thus, these behaviours have been connected to the development and spreading of microorganisms
that are resistant to antibiotics, posing a serious worldwide risk to people, animals, and the environment. Probiotics,
prebiotics, and synbiotics are being used with great expectations. Primarily utilized to preserve the balance of the
intestinal microbiota in cattle, they prove to be a successful strategy in combating infections that endanger both
consumers and animals. This chapter provides a quick overview of the role that antimicrobial resistance plays in
combating various bacterial infections, particularly clostridial infections, as well as the replacement of the antibiotics
with probiotics, prebiotics, and synbiotics.
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INTRODUCTION

Finding high-quality feed that is both sustainable and reasonably priced is the largest obstacle to commercial chicken
production. Despite this obstacle, commercial chick farming is one of the best ways to obtain animal protein (lyayi, 2008).
Compared to other animal sectors that produce food, the poultry business has grown at a higher rate. Parallel to the sharp
rise in the world's output of chicken meat and eggs, there has been a rise in the volume of poultry goods traded
(Windhorst, 2006).

The information at hand suggests that during the past few years, the chicken meat sector has experienced greater
growth than the egg sector (Windhorst, 2006). In the chicken business, feed accounts for a large portion of the entire cost
of production for producing meat and eggs. Under better conditions, five to six weeks can be required for broiler chickens
to reach a weight of 2-3 kg. It is now difficult to prevent bacterial infections of the intestines without the need for
medication in poultry production in Europe and America due to the ban on antibiotic growth boosters. Infection-related
mortality is an important problem for the chicken sector.These illnesses cause decreased growth rates in poultry, which
leads to financial losses. The primary instruments used to treat or prevent these diseases are antibiotics. The integrity of
gastrointestinal tract (GIT) is vital to the health of birds because it acts as their intial defence against foreign invaders and
facilitates the absorption of nutrients (Pan and Yu, 2014).

Numerous types of bacteria can be found in the GIT that make up the gut microbiota. These include Lactobacillus,
Clostridium, Ruminococcus, Salmonella enterica serovars, Enterococcus spp., and Escherichia coli. They also maintain
homeostasis and aid in the processing of nutrients. Mobile genetic elements like plasmids and transposons have the ability
to horizontally transfer genes, hence introducing antimicrobial resistance genes (ARGs) into the gut microbiota. Antibiotics
can alter the gut microbiota of chickens by lowering the number of harmful bacteria present, improving intestinal
absorption of nutrients, and eventually improving growth characteristics (Diarra et al., 2007). Therefore, it's critical to
comprehend how dietary habits affect the intestinal microbiota of chickens (Pan and Yu, 2014; Islam et al, 2019).
Necrotizing enteritis (NE), a prevalent avian disease, is caused by the Gram-positive, spore-forming, obligate anaerobic
bacterium C. perfringens and the global poultry business loses six billion dollars annually as a result of it(McDevitt et al.,
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2006). This bacterium is environmental pathogen and normally present in the digestive tracts of humans and animals, and
when body undergo stress, it also poses a threat to food safety (Collier et al., 2003). Subclinical NE causes poor feed
conversion ratios and decreased weight growth, which in turn causes production losses (Stutz and Lawton, 1984). When C.
perfringens causes intestinal injury, the germs have access to the bile duct and bloodstream, which destroys other organs
in birds (Timbermont et al., 2011). Common antibiotics used to prevent NE in poultry include avilamycin and bacitracin
methylene disalicylate. Controlling this infection has therefore become extremely important due to the AMU limits in
poultry, not only for the gut health of the birds but also for the sake of food safety (McDevitt et al., 2006). Unfortunately,
extended and irrational use of antibiotics in animals can ultimately select for strains or species resistant to the drugs
(Aarestrup, 1999). Because genes encoding this resistance can spread to other bacteria that were previously vulnerable, the
health of humans and animals may be in danger (Montagne et al., 2003). Consequently, several countries like European
Union in January 2000 have limited or completely forbidden (Sweden, January 1986) the use of in-feed medications as
growth promoters for animals (Montagne et al., 2003). To enhance performance and control iliness, Antibiotic growth
promotants (Nagpal et al.) are added to the diets of food animals. The use of enzymes, probiotics, prebiotics, symbiotic
products, and even nutrition to improve chicken gut health and prevent or reduce production losses due to enteric
illnesses has been investigated by researchers as a potential more effective feed additive than AGP.

Probiotics

The Greek terms "pro" and "bios" give rise to the English word "probiotic," which means "for life." It is likely that
Mechnikov, who observed that the initial concept of probiotics was introduced in 1907, suggesting that bacteria could
positively impact the normal microflora in the intestinal tract (Miecznikow, 1907). Ferdinand Vergin is credited with coining
the word "probiotic" in his 1954 study "Anti- und Probiotika," which compared the beneficial effects ("probiotica") of
specific bacteria with the harmful effects of antibiotics and other antimicrobial drugs on the gut microbiota (Vergin, 1954).

Probiotics are defined as “live isolates of strictly specified microbes which, when supplied in sufficient quantities,
confer beneficial health effects on the host” in the definition that was developed in 2002 by experts from the FAO and
WHO working groups (Joint, 2002). In 2013, ISAPP upheld the idea. A recipe or product is only considered "probiotic” if it
satisfies certain tight requirements. The three most crucial of these requirements are: a suitable number of functional cells;
a positive impact on the host's health (which may include growth promotion); and a positive impact on the alimentary
tract's performance. The effectiveness of probiotic supplements is determined by various factors. It is therefore essential to
select the appropriate bacterial strains and utilize the appropriate dosage.Probiotics are beneficial to health and promote
growth, that's why they are frequently utilized in animal feed, particularly for chickens and pigs. These kinds of formulas
could include one or more carefully selected bacterial isolates, and their administration methods may include powder,
suspension, capsules, pellets, gels, or pastes, contingent on the host animals' age and species. These are added to feed and
premixes or utilized as a direct peros supplement on a periodic or continuous basis. When probiotic cultures are added to
feed, they have to fulfil certain requirements (Markowiak and Slizewska, 2018).

Probiotic Microorganisms

Products that contain probiotics may contain one or more particular bacterial isolates. In the EU, the majority of
microbes utilized as feed additives are bacteria. Pediococcus, Lactobacillus, Enterococcus, Bacillus, and Streptococcus are the
genera from which they are usually Gram-positive bacteria. Probiotics include certain yeast strains from Kluyveromyces
species and Saccharomyces cerevisiae. Bacteria from the genera Lactobacillus and Enterococcus, which are normally found
in levels of 107-108 and 105-106 CFU/g, respectively, make up the natural microflora of the animal gastrointestinal tract.
However, the digestive system typically does not include yeast or bacteria from the Bacillus genus. Most of the microbes
listed above ought to be potentially harmless to the host. Some of them, though, could be problematic. For example,
antibiotic resistance may spread due to bacteria belonging to the Enterococcus genus and certain strains of B. cereus could
create the endotoxins and emetic toxins (Anadén et al., 2006).

Mode of Action of Probiotics

Diseases may arise based on how the host and microorganism interact (Garcia et al., 2010). The exact mode of action
of SFPs remains unclear. Nonetheless, it has been found that SFPs function via the same mechanism as regular probiotic
microbes (Cartman et al.,, 2008). Probiotics' working principle in poultry has been described in a variety of ways (Figure no
1). The first method was termed as "competitive exclusion."; it works by preventing harmful germs from colonizing sites of
adhesion through competition for them (Chichlowski et al, 2007). Beneficial bacteria's adherence allowed for this
competitive exclusion to occur (Chichlowski et al., 2007). The capacity of the SFP strain to cling to the intestinal wall is
necessary for the continuation of this mechanism of action (Fuller, 1989). The metabolites produced by gut bacteria
compete with pathogenic substances for adherence in the epithelium of the intestine and regulate their growth. These
metabolites include hydrogen peroxides, bacteriocins, and short-chain organic acids. (Dankowiakowska et al., 2013) assist
in adhesion to the mucosal layer of the intestine (Buck et al., 2005). The newborn's digestive tract is sterile, and germs from
the surroundings begin to infiltrate the gut before its organs can manufacture antibodies. As a result, using probiotics
helps to naturally inhibit the microorganisms that cause sickness because of their capacity to adhere to the gut mucosa
(Dankowiakowska et al.,, 2013). Probiotics have been shown to have a second mode of action that involves regulating
dysbiosis. Enteric dysbiosis has the potential to modify host-microbe interactions, resulting in medical disorders (Byndloss
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and Baumler, 2018; Plaza-Diaz et al., 2018). Probiotics may be able to treat dysbiosis and balance out the disturbed or
unbalanced microflora, according to recent research (Vieira et al., 2016; Mendes et al.,, 2018). Probiotics' antagonistic action
enabled the third mechanism to function. A class of tiny antimicrobial compounds produced by probiotics (called
bacteriocins, mucins, and defensins) prevents infections from colonizing (Khan and Naz, 2013). The most significant
advantage of probiotics is thought to be their ability to modify Gl immunity, which is known to be the fourth mode of
action. Numerous investigations have demonstrated that probiotics stimulate the production of anti-inflammatory
mediators, including transforming growth factor beta (TGF-B), thymic stromal lymphopoietin (TSLP), and interleukin-10 (IL-
10). Additionally, concurrently reduces the generation of pro-inflammatory cytokines such as TNF-a and interleukin 8 (IL-8)
(Georgieva et al.,, 2015). The ways in which probiotics work are:

1. Competitive exclusion of harmful bacteria by probiotics.

2. Probiotics restore dysbiosis resulting from any cause.

3. Probiotics generate bactericidal chemicals that lyse infections, whereas probiotic surface receptors deactivate and
disrupt microbes.

4.  When intestinal cells come into contact with pathogens, they release pro-inflammatory substances such as TNF-q,
interleukin-8, and interleukin- 12. By producing more anti-inflammatory mediators like TGF-B and TSLP, probiotics reduce
the synthesis of pro-inflammatory chemicals and help transform premature dendritic cells into regulatory dendritic cells.
TGF-B, or transforming growth factor-f3; TSLP, lymphopoietin in stroma of thymus (Khalid et al., 2022).
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Prebiotics

Prebiotics are another type of natural feed additive used in addition to probiotics. The addition of lactic bacteria to
the human gut microbiota after carbohydrate eating was originally documented by Rettger and Cheplin in
1921.(Rettger, 1921). The notion of prebiotics was initially introduced in 1995 (Gibson and Roberfroid, 1995). The
definition used nowadays was coined in December 2016 by ISAPP. Prebiotics, by definition, are a class of substances
that function outside of the digestive tract. These substances include molecules other than carbohydrates, like
polyphenols and polyunsaturated fatty acids that have been changed into fatty acids that are conjugated that are
comparable. They may now be considered for other groups, such as nourishment for animals, and are no longer just for
human consumption, which is another significant development. However, standards regarding the specific processes of
microflora manipulation and the requirement of proven positive impacts on host health have been upheld (Gibson et
al., 2017). Numerous substances, including cellulose, xylanes, and pectins, promote the growth of diverse gut microbes.
Prebiotics should stimulate specific metabolic pathways rather than being heavily metabolized in order to promote the
host's ecosystem's health. Benefits from using indigestible oligosaccharides, like fructans and galactans, have been well -
documented (Rastall and Gibson, 2015).

Prebiotic Substances

Prebiotic compounds include proteins, lipids, peptides, and carbohydrates that are not absorbed (oligosaccharides
and polysaccharides). Fruit, cereals, and legumes are organic sources of prebiotic bacteria. However, commercial chemical
and enzymatic processes are used to produce numerous comparable compounds (Slizewska et al., 2013). Several prebiotics
are often used, including FOS, oligofructose, gluco-oligosaccharides, glico-oligosaccharides, lactulose, lactitol, malto-
oligosaccharides, xylo-oligosaccharides, stachyose, and raffinose. (Monsan and Paul, 1995; Orban et al., 1997; Patterson et
al, 1997; Collins and Gibson, 1999; Patterson and Burkholder, 2003). Upon arrival in the large intestine, those materials
serve as nourishing substrates for healthy intestinal microorganisms (Grajek et al., 2005). These are the classes into which
prebiotics fall based on characteristics that indicate a positive impact on the health of host: not broken down (or only
partially broken down), not absorbed in the small intestine, inadequately fermented by bacteria in the mouth, well-
fermented by gut microbes that seem to be beneficial, and poorly fermented by possible intestinal microbes (Markowiak
and Slizewska, 2018). Lactol, lactulose, cereal fiber, isomalto-oligosaccharides (IMO), xylo-oligosaccharides (XOS), FOS, and
GOS are the prebiotics that are most frequently used in animal feeding.Determining the right dosage is crucial when
creating prebiotic formula compositions. Flatulence and diarrhoea may result from taking too many prebiotics. However, a
big benefit of such kinds of formulae is that they have no known side effects and can be used long-term as a preventative
measure (Olveira and Gonzélez-Molero, 2016; Markowiak and Slizewska, 2018).

Mode of Action of Prebiotics

As was previously indicated, there are many different kinds of prebiotics; in this case, we will only talk about fructans
and how they work. Fructans, which are usually produced by microbes or hydrolyzed from polysaccharides, have been
added to broiler diets recently. There are three different groups of fructans: the branching group, the levan group, and the
inulin group. Initially, according to DP (degrees of polymerization), the inulin group, commonly referred to as
fructooligosaccharides (FOS), can be categorized into the following groups: The DP of inulin, which is typically derived
from chicory roots (Cichorium intybus L.), ranges from 3 to 60. Oligofructose (OF), on the other hand, has a DP of 2 to 10
and can be produced by partial breakdown of inulin, lactose or sucrose conversion via catalysis (Ritsema and Smeekens,
2003; Rossi et al., 2005). Oligosaccharides containing B-2,1 fructosyl-fructose linkage and a glucose terminal unit are found
in plants, which makes up the majority of the inulin group. Second, there is another group of fructans called the levan
group that are mainly linked by B-2,6 fructosyl fructose bonds. Last but not least, fructans, which are members of the
branching group, have fair proportions of both B-2,1 fructosyl-fructose and B-2,6 fructosyl fructose linkages (Zhao et al.,
2013). Because of their B-glycosidic link, fructans are protected from being broken down by the digestive enzymes of fowl,
which increases the amount of good bacteria (like Bifidobacteria and Lactobacilli) and decreases the amount of bad
bacteria (like E. coli and C. pefringens) in the broiler's intestine (Xu et al., 2003; Kim et al., 2011; Ricke, 2015). Long-chain
fructans can cross the small intestine and ferment in the distal sections of the intestine, despite their slow breakdown in
the animal gut. As a result, the inulin group with higher DP may not have a substantial impact on the jejunum's microbiota,
rather, it could change the composition of microorganisms and raise the levels of lactic acid or SCFA in broiler ceca.
(Rehman et al.,, 2008). The effects of fructans on intestinal microbiota are demonstrated by the increased levels of two
important beneficial microbes, Bifidobacteria and Lactobacillus, in the feed of broilers and hens that contain fructans (Rada
et al,, 2001; Xu et al,, 2003; Rebolé et al., 2010; Zhao et al., 2013). In addition to producing extracellular enzymes to break
down fructooligosaccharides (FOS), Lactobacillus and Bifidobacteria also acted as competitors with other gut microbe
species, stop harmful microbes from multiplication (Rossi et al., 2005). For example, broilers given FOS had lower levels of
Campylobacter titers in the large intestine and ceca (Zhao et al, 2013). In the ileocecal junction or ceca of broilers, a
decrease in C. perfringens titers was seen irrespective of the addition of long- or short-chain FOS (Xu et al., 2003; Biggs et
al., 2007; Zhao et al., 2013). In contrast, the colonization of cecal C. perfringens and Salmonella typhimurium in E. coli and
FOS alone or in combination with the products that cause the removal of harmful pathogens, reduced the number of
chickens challenged with Salmonella(Yang et al., 2008; Telg and Caldwell, 2009). Additionally, diets ranging in FOS
concentration from 0.25 to 1% may lessen the amount of Salmonella and E. Coli in broiler cecum (Xu et al., 2003; Li et al.,
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2008; Kim et al., 2011; Zhao et al.,, 2013). Lactic acid and cecal SCFA may have contributed to the decrease in these harmful
bacteria. Similar to in vitro findings, broilers fed inulin had much higher levels of lactic acid and cecal butyric acid (Rehman
et al., 2008; Rebolé et al,, 2010). Butyrate is the primary short-chain fatty acid that is metabolized by epithelial cells in the
intestine, serving as a vital fuel for the growth of intestinal epithelium (Topping and Clifton, 2001). It has been proposed
that improved mucosal structure is related to increased butyric acid levels. According to earlier research, In the ceca, FOS
enhanced the villus to crypt depth ratio.and the height of microvillus in the ileum and jejunum. Yet, fructan additions,
might have detrimental effects on broilers (Xu et al., 2003; Rebolé et al., 2010). The intestine's bacteria may ferment food
too quickly, producing an excess of SCFA that damages intestinal mucosal barriers and increases intestinal permeability.
This can lead to diarrhoea, poor development, and invasion by pathogens (Wu et al., 1999; Wu et al., 2005). Yet, High
fructan additions, might have detrimental effects on broilers. The intestine's bacteria may ferment food too quickly,
producing an excess of SCFA that damages intestinal mucosal barriers and increases intestinal permeability. This can lead
to diarrhoea, poor development, and invasion by pathogens (Wu et al,, 1999; Wu et al.,, 2005). Through these two main
pathways, fructans enhanced the immunological responses of the immune system of body and lymphoid tissue present in
gut. First of all, fructans can raise Bifidobacteria levels, which may alter cytokine or antibody production. Second, after
leukocytes' receptors react to metabolites of fructans, like SCFA, leukocytes may become activated. All things taken into
account, fructans may affect intestinal microbes, intestinal SCFA levels, mucosal architecture, and immunological
responses. In the intestinal microbiota of broilers, there will be an increase in Lactobacillus, Bifidobacteria and there will be
a decrease in pathogens like E. coli, C. perfringens, and Salmonella (Figure 2). There will be immune system modulation due
to lactobacillus and bifidobacteria production. Fermentation of fructans will give rise to (SCFA's) short-chain fatty acids,
which will cause an increase in MUC gene expression, an increase in microvillus height, decrease in depth of crypt, increase
in height of Villus: crypt depth and these changes will also inhibit the pathogen colonization (Teng and Kim, 2018).
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Fig. 2: Mode of action of prebiotics.
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Synbiotics

In animal nutrition, the combination of probiotics and prebiotic are also utilized. When they used the term "synbiotic"
in 1995, Gibson and Roberfroid described it as " a probiotic-prebiotic blend that enhances the host's ability to survive and
introduce nutritional supplements containing live microorganisms into the gastrointestinal system,by enhancing host
welfare by the targeted stimulation of one or a small development of numerous microorganisms that promote health and
metabolism" (Gibson and Roberfroid, 1995). The term "synbiotic" should only be applied to products where a prebiotic
component preferentially benefits a probiotic bacterium since it suggests synergy (Cencic and Chingwaru, 2010).
Enhancing the survival of probiotic bacteria in the gastrointestinal system is the main goal of that kind of combination.
Synbiotics were developed to address potential obstacles to probiotic survival in the gastrointestinal system. They possess
both probiotic and prebiotic qualities (Rioux et al., 2005). Probiotics operate as a barrier to protect the gastrointestinal
tract and have a favorable impact on intestinal balance. Conversely, probiotic bacteria receive their energy and
nourishment from prebiotics (Gibson and Roberfroid, 1995). In light of this, a product containing both ingredients in a
suitable ratio ought to have a greater impact than just the probiotic or prebiotic acting individually (Panesar et al., 2009).

Synbiotics in Use

Probiotic bacteria and prebiotic materials most frequently utilized in animal feeding were covered in earlier sections.
The most widely used combination in synbiotic products appears to be FOS with bacteria from the Lactobacillus or
Bifidobacterium genera (Markowiak and Slizewska, 2018).

Synbiotics for Animals

Conventional DNA-based molecular tools have made significant strides in recent years in terms of both research and
application, giving microbiologists new and unparalleled capabilities for characterizing and comprehending microbial
populations (Pontes et al., 2007). Microbiologists can examine a more comprehensive picture of environmental
microbiological communities through metagenomic investigations, which include clone library construction and screening
as well as the isolation of entire microbial community genomes. This helps them to better understand the interactions
between microbes and their surroundings (Singh et al., 2008). Metagenomics appears to be a viable method for evaluating
the synbiotic impact of animal gut microbiota.

It has been confirmed that FOS and Lactobacillus paracasei bacteria have a synergistic effect on piglets' gut
microbiome (Nemcova et al., 1999). An increase in the total count of obligate aerobes and as well as an increase in the
quantity of beneficial Lactobacillus and Bifidobacterium genus bacteria has been observed in the animal group by
researches. Simultaneously, the number of bacteria belonging to the species Clostridium, E. coli, and Enterobacteriaceae
reduced in the stool of the piglets under study (Nemcova et al., 1999). The impact of the product that contain Enterococcus
faecium bacteria as probiotic and fructooligosaccharides (FOS) as prebiotic, and immune-modulating compounds derived
from marine algae (ficophytic chemicals) on the health of broiler chickens was investigated by (Awad et al., 2009). Five
weeks of breeding 600 broiler chickens were examined. FCR, BW gain on daily basis, and carcass ratio, all showed a
discernible increase in comparison to control animals (Awad et al., 2009). In summary, researchers agree that applying
probiotics and prebiotics separately is less beneficial than utilizing synbiotic products (Biggs et al., 2007; Awad et al., 2009;
Revolledo et al., 2009).

Conclusion

Prebiotics, probiotics help in maintaining a healthy gut microbiota in poultry. Prebiotics function as a dietary source
for beneficial bacteria and probiotics introduce beneficial bacteria in the gut. To strengthen poultry's defenses against a
variety of intestinal ailments, probiotics and prebiotics are recommended. They cause the activation of cytokines, other
immune mediators and induce the synthesis of immunoglobins, thus enhancing the competitive exclusions of enteric
bacteria by occupying attachment sites in the gut lining, thereby reducing the colonization and proliferation of enteric
pathogens. Prebiotics and probiotics offer a natural and sustainable approach to disease prevention without contributing
to the development of antibiotic-resistance strains. Prebiotics and probiotics can improve the feed efficiency, nutrient
utilization and growth performance in poultry. They contribute to the sustainability of poultry production summary. In
summary, a comprehensive strategy for boosting gut health, boosting immunity, lowering pathogen load, and boosting
overall performance while addressing antibiotic resistance problems is provided by the use of prebiotics and probiotics in
chicken production.
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ABSTRACT

The symbiotic relationship between the microbiome and reproductive health is among the most discussed topics of the
last decade. Live microorganisms, probiotics with multiple physiological functions, are considered alternative therapeutic
agents in improving reproductive ability. It has been evidenced that there is a great diversity of microbes in the
reproductive systems of both sexes, suggesting the gut microbiome is a factor in maintaining reproductive health.
Dysbiosis of the reproductive microbiome is linked with various reproductive disorders and adverse pregnancy
outcomes, indicating that probiotic therapy may be an option for microbiome balance restoration and reproductive
function mitigation. Probiotics work by adjusting the bacterial population and the microbiota's activity, regulating the
host's metabolism and immune response. Prebiotics, which are non-living substrates that preferentially support the
development of beneficial microbes, are a complementary method of promoting reproductive health by promoting the
growth of probiotic strains. This chapter explores the potential of prebiotics and probiotics to be utilized as novel
therapeutic modalities to improve reproductive health, emphasizing their clinical applications and future research and
practice trends.
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INTRODUCTION

Probiotics are live microbes with an extensive variety of the effects they have on their hosts. The food, especially
fermented products such as yogurt, makes the majority of the commercial probiotics. Probiotics have several health
benefits that can be categorized into four key domains: reduction of pathogen growth (Yan et al., 2007), enhancement of
intestinal barrier function (Yan et al, 2011), regulation of the immune system (La Fata et al,, 2018), and control of pain
perception (Rousseaux et al., 2007). Thus, use of probiotics may be helpful therapeutically when treating the vastness of
diseases. It has been comprehensively recognized that there exists a diverse microbiome in the animal system and that it
plays the role of maintaining a normal physiology and favorable health of an organism (Dominguez-Bello et al., 2019).
Scientific research has also focused on the discovery of microbes in the reproductive organs of both male and female
sexes. The reproductive microbiota were primarily detected in semen from males (Lundy et al., 2021), whereas
microbiomes were found everywhere in the reproductive tract from females (Heil et al., 2019), and each part or tissue of
the reproductive system was colonized by a distinctive microbiome with a particular composition. With commensal
microorganisms, the ecosystem is balanced in the reproductive process, thereby, increasing host fertility and performance
(Rowe et al., 2020).

Dysbiosis of the microbiota of the reproductive tract may promote various diseases, aberrant pregnancy outcomes,
and embodiment in the female reproductive system (Schoenmakers et al., 2019). Furthermore, numerous studies have
demonstrated that gut microbiota also plays an important role in the regulation of some relatable diseases and
preservation of the reproductive system basal state of health (Quaranta et al., 2019). Probiotic treatments, which address
the microbiome, are becoming another logical alternative treatment modality when conclusive evidence reveals that the
microbiome is linked to reproductive health and related conditions. Lots of recent researches have established a probiotic-
based medicine or supplements prevent related diseases and reproductive disorders (Helli et al, 2022). Given the
correlation between metabolic health and reproductive function, probiotics may enhance host reproductive function by
controlling host metabolism (Palmer et al., 2012). Probiotics can affect the various membrane structures associated with
reproduction. They also support epithelial barrier function and membrane integrity, which are necessary for successful
blastulation and the development of the amnion, chorion, and placenta (Reid et al., 2013). Additionally, numerous studies
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have demonstrated the immunomodulatory effect of probiotics, and because some probiotics can disrupt the
inflammatory cascade, they may be beneficial in certain reproductive functions and diseases related to them (Sanz, 2011).

On the other hand, prebiotics are described as "non-viable substrates that act as nutrients for beneficial microbes
possessed by the host, such as administered probiotic strains and indigenous (resident) microorganisms" (Gibson et al.,
2017) by the International Scientific Association for Probiotics and Prebiotics (ISAPP). This is a substance that the human
body cannot break down, as it is resistant to gastric acid and is not broken down by enzymes found in mammals or
consumed by the gastrointestinal system. The intestinal flora digests prebiotics and specifically activates some of the
colon’s bacteria, changing their development and activity in the host's favor (Gibson and Roberfroid, 1995). According
to another study prebiotics are substances that can be deliberately fermented to change the structure and activity of
the gut's beneficial host health flora, often known as "bifidogenic factors." (Gibson et al., 2004). Prebiotics were
redefined in 2016 by the International Scientific Association for Probiotics and Prebiotics as compounds that the host
intestinal flora may utilize and alter selectively, expecting to improve host health. The term "prebiotics" has been
redefined to encompass non-carbohydrates, and its mode of action is no longer restricted to the gastrointestinal
system or food (Gibson et al., 2017).

Typically, they are plant-based products like polysaccharides (FOS, GOS, fructose- or galactooligosaccharides, inulin)
or non-sugar molecules that are fermented by the microbiota instead of being broken down by the host's enzymes and
enhance the host's health. Another critical source of prebiotics in the human diet may be dairy products, most notably
yogurt. The following substances have prebiotic qualities: Lactose, phosphates, oligosaccharides, especially those that
contain N-acetylglucosamine, lactoperoxidase enzymes, nucleotides, lysozyme enzymes and alfa-lactoalbumin,
glycomacropeptide (GMP) and lactoferrin (Vega-Bautista et al., 2019). This chapter will profile the prebiotic and probiotic
novel therapeutic modalities that can play a pivotal role in improving reproductive health. It will focus on their clinical
applications and future trend specialization for research and practice.

Diversity of Probiotics and Prebiotics
Probiotics

Probiotics are a diverse group of organisms with a broad distribution range that can be classified into three main
categories: Lactobacilli, Bifidobacteria, and some others. Considering the fact that L. acidophilus, the most widely consumed
as well as studied due to its probiotic characteristics, forms the largest group within the LAB group, the majority of
investigation in respect of probiotic species deal with this group. Notably, Lactobacillus goes to open the way for good
flora dominance by inhibiting the growth of the pathogens. Such microbes are one of the most important probiotics,
therefore generating lots of interest in the research on the human gastrointestinal microbiome, which is closely related to
human health. Lactobacillus also functions to synthesize vitamins and amino acids that are essential yet, it facilitates the
intake and absorption of minerals (Milani et al., 2017).

The word bifidobacterium is a translation of the genus of the bacteria which frequently possess the branching ends
(the term " bifidobacterium " comes from the Greek word "bi" which means two and "defidia" which means splitting)
(Henrick et al., 2018). It is the set of microorganisms that is essential physiological bacteria to the human health and are
often found in large amounts in dietary supplements. For proper intestinal health, Bifidobacterium species can grow and
metabolize in both the middle and end of the small and large intestine and adapt to being anaerobic, and also secrete
bifidogenic substances specific to the type of probiotics (Bested et al., 2013). The diversity of the Bifidobacterium class,
which currently consists of 32 species and nine subspecies, includes 14 species that were isolated by human feces
(Klaassens et al., 2009).

Gram-positive parthenococci as well as Enterococcus, Lactobacillus and Bifidobacterium are extensively applied in food
production. As a significant feature of Enterococcus strains that constitute a probiotic, they can concurrently coexist,
compete, and adhere to cells in the digestive tract. Besides, Enterococcus has a great tolerance to a wide range of
temperatures and pH values because of its ability to produce the bacteriocins, the natural antibacterial agent useful in the
food sector (Hanchi et al., 2018).

As technology is advancing, Saccharomyces cerevisiae is used by the industries because of its historical safety record
and the identification of favourable strains. For instance, S. boulardii are popularly used in the treatment of digestive
disorders, among others, diarrhea symptoms. It has been thoroughly studied for its probiotic effect; it is beneficial when
used with antibiotic therapy. Furthermore, it possesses immunomodulatory properties that help regulate immune
pathways in the context of infectious or chronic conditions (Czerucka and Rampal, 2019). Other more widely available
probiotic groups are Streptococcus species, Bacillus species, and E. coli, alongside the yeasts and Enterococci already
discussed. The pictorial representation of probiotics diversity is shown in Fig. 1.

Prebiotics

According to previous investigations, prebiotics are oligosaccharide carbohydrates, primarily xylooligosaccharides
(XOS), lactulose, galactooligosaccharides (GOS) inulin, and the fructose-oligosaccharides (FOS) (Yin et al., 2022). But recent
investigation indicates that prebiotics aren't just carbs—they can also be other non-carbohydrate substances that comply
with the prebiotic profile, like polyphenols that are extracted from fruits like blueberries 21 and black raspberries (Jiao et
al, 2019). New prebiotic species are continually being generated due to ongoing optimization processes for prebiotic
production; these mainly consist of polyphenols, polysaccharides, and polypeptide polymers, all of which have promising
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future directions for research. The pictorial representation of prebiotics diversity is shown in Fig. 2. The primary sources of
emerging prebiotics are microorganisms from a variety of sources: fruit juices, waste products from fruits, algae, and herbal
remedies (Rezende et al., 2021). Even while the understanding of these prebiotics is not as advanced as that of GOS and
FOS, their potential warrants further investigation and appears to have an exciting future.

Fig. 1: A pictorial representation of
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Harnessing the Potential of Probiotics

Probiotics, have recently been under focus for their benefits on the gut and now the researchers are looking into their
effect on fertility. Recent findings propose that these beneficial microorganisms can help improve fertility and reproductive
health in the male and female. Through enhancing hormonal balance and reproductive organs, probiotics could be a
natural approach to treating several reproductive concerns.

Effect of Probiotics on Male Reproductive Health

Probiotics can definitely play a role in male reproductive health since they have a potential to enhance sperm quality
and movement. They also aid in the regulation of the flora in the gastrointestinal tract with beneficial impact in relation to
testosterone and reproductive system. Recent works have also indicated the benefits of using probiotics in reducing
oxidative stress, inflammation and therefore male fertility.

Semen Quality and Spermatogenesis

Although, there is a lack of research on the effects of probiotics on male fertility. Probiotic strains, however, have been
found to improve semen mobility and kinematic characteristics in vitro and in vivo, as well as in specific disease models.
When Lactobacillus rhamnosus PBO1 was added to diet-induced obese mice, the percentage of progressively motile sperm
increased and there were beneficial implications for weight loss as well as reproductive hormones (Dardmeh et al., 2017).
In asthenozoospermic males, on the other hand, Lactobacillus and Bifidobacterium improved sperm motility and decreased
the percentage of DNA fragmentation in sperm. It was also discovered that mice fed alginate oligosaccharide, which
promotes the growth of probiotic bacteria in the gut, had higher sperm quality and spermatogenesis after fecal microbiota
transplantation (FMT) (Zhang et al., 2021).

Probiotic supplementation can improve spermatogenesis, testosterone levels, and seminiferous tubule cross-sectional
profiles in aged mice, suggesting that probiotics may influence testicular function and therefore, semen quality (Poutahidis
et al.,, 2014). Studies have suggested that the gut microbiota may be responsible for controlling the testicular function and
also change the blood-testis barrier (BTB) permeability (Al-Asmakh et al, 2014). If the data above are proven to be so
through further study, it might herald great advances in treating infertility. In this respect, various theories have emerged
to explain better the role of probiotics in improving spermatozoa function. By conducting the in vitro experiment, Zhang et
al. (2020) found out the inhibitory effect of the harmful species (Pseudomonas aeruginosa) and the helpful species
(Lactobacillus casei) in the poultry serum. They found that, although L. casei treatment alone did not improve these
parameters, it significantly lowered the decline in sperm motility and the impairment of mitochondrial activity caused by P.
aeruginosa. This suggests that Lactobacillus may improve semen quality by resisting the detrimental effects of
predominantly harmful bacteria on sperm.

More in vivo research has shown that probiotic administration may influence spermatogenesis and testicular function
by altering the gut flora and serving as an antioxidant. Spearman's correlation analysis was used to examine the links
between testicles and essential gut microbiota (Tian et al, 2019). According to studies, giving sperm L. rhamnosus
CECT8361 and Bacteroidetes longum CECT7347 enhanced sperm motility, lowered sperm intracellular H202, and
decreased DNA fragmentation. Therefore, by functioning as antioxidants, these probiotic strains may improve sperm
quality (Valcarce et al., 2017).

Prostatic Health

The effects of probiotics on the prostate have been rarely examined, with only a few studies in recent years. Several in
vitro experiments have shown that treatment of human prostate cancer cells with specific probiotic strains (L. rhamnosus
GG, L. acidophilus La-05, L. casei-01, and Bifidobacterium animals Bb12) strongly induced apoptosis (Rosa et al., 2020),
indicating the potential of probiotics to suppress prostate cancer. Furthermore, probiotics have been demonstrated to
improve the prevention of episodes and alleviate symptoms in chronic bacterial prostatitis caused by Enterobacteriaceae
(Chiancone et al., 2019). In addition, decreased bacterial load of E. coli and Enterococcus faecalis in urine cultures was
observed after probiotic administration in prostatitis (Pacifici et al.,, 2021). However, no clear etiology exists for prostate
disease; thus, the relationship between prostate microbiota, prostatitis, and prostate cancer, as well as the potential role of
probiotics in alleviating them, is worth further investigation.

Effects of Probiotics on Female Reproductive Health
Follicular Dynamics

The impact of probiotics on follicular growth in women having healthy ovaries has not been extensively studied. In
menopausal women, Probiotic supplements are believed to help prevent related symptoms, such as obesity
and dyslipidemia, among others, by delaying the decline in estradiol production and ovarian activity. Probiotics derived
from the feces of healthy women were given to ovariectomized menopausal rats and they settled in the gut, which
changed some metabolites and increased estrogen circulation (Chen et al., 2021). Probiotics are found to profoundly
impact the post-partum estrus in cows, particularly for the sows. The investigation revealed that sows with diverse
parities (Hayakawa et al., 2016) would have shorter estrus intervals when using probiotics (single or in a cocktail). From
these results, the probiotics could cause changes in weaning estrus periods through the regulation of hormone
secretion or gut microbiota.
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Placenta

During the fetus development, a transient tissue connected to the mother called placenta joins the fetus to the uterus.
In order to support proper growth of the foetus, the placenta's function is to effectively transfer oxygen and nutrients from
the mother to the foetus. Various published studies have shown that oral probiotics may play a role in the regulation of
the placental function. Dietary intake of probiotics might result in altering the composition of the placental microbiota and
thus have any impact on the placental function as the studies have revealed that probiotics are able to cross the placental
barrier from the gut to amniotic fluid by genetically labeled E. faecium strain (Voreades et al., 2014). The in vitro studies
proved that L. rhamnosus GR-1 decreased the secretion of TNF-a from human placental trophoblast cell following
activation by lipopolysaccharide. Probiotics also play a special role in mitigating placental inflammatory responses, thereby
minimizing the chances of developing severe preeclampsia (Brantsaeter et al., 2011). Hence, the probiotics may influence
the placental function by changing the microbiota profile, stimulating the immune system, and improving the placental
metabolic regulation which might occur during pregnancy.

Pregnancy

Research has proven that expecting mothers, who take probiotic supplements, have improved metabolism and
composition of gut microbiota that, in turn, have a direct impact on improved fetal development (Jarrett et al.,, 2019). The
studies conducted on probiotics have evaluated a positive influence of the gut microbiota in the immune development of
the fetus. Specific probiotics like Bifidobacterium lactis, B. longum and L. rhamnosus particularly, have been identified to
show prominent changes in the expression of TLR-related genes in the fetal gut during the period of pregnancy (Rautava
et al, 2012). Concerning the pigs after weaning, and neonatal piglet mortality rate, the maternal fetus growth during
pregnancy defines also the birth weight (Rootwelt et al., 2012). Studies have demonstrated the probiotic treatment for
pregnant sows during the last trimester of the pregnancy improves litter and the birth weight in sows of their early and a
higher parity (B6hmer et al., 2006). Moreover, the concurrent use of Bacillus and prebiotics (isomaltooligosaccharide) has
been reported in improving fetal growth, thereby enhancing serum levels of growth hormone (Gu et al,, 2019) and the
placental antioxidant capacity.

Reproductive Diseases

Probiotic consumption is recommended as a therapeutic strategy to modify the gut microbiota structure in the
treatment of the PCOS (Shirvani-Rad et al., 2021). The results of a recent study show that the frequency of remission in
PCOS can be reduced when FMT re-establishes eubiotics in the gut flora after dysbiosis (Corrie et al., 2021). This indicates
the possibility of using beneficial probiotic bacteria in PCOS. Probiotics are believed to be one of the effective modalities
of bacterial vaginosis (BV) treatment as they increase the rate of colonization of lactobacillus and help with the elimination
of discomfort and the restoration of the vaginal flora. Oral administration of L. crispatus will contribute to the decrease of
abundance in patients with BV after enteric probiotic administration (Rostok et al, 2019), and application of vaginal
probiotic supplementation will help to colonization of Lactobacilli in BV patients, thus lowering vaginal pH and increasing
the production of antimicrobial substances that both prevent probiotics have a long list of attributes as well on
endometrium. A lab investigation demonstrated that endometrial epithelial cells wounded by HIV-1 could restore their
barrier function when treated with probiotic Lactobacilli (Dizzell et al., 2019). Moreover, probiotics fortify the uterine barrier
function and lower inflammation, which are key in preventing endometritis induced by Staphylococcus aureus (Hu et al.,
2019). The functioning of Lactobacillus in managing the endometriosis-associated pain has been confirmed (Leonardi et al.,
2020)). The research cited indicates that probiotic activate the epithelial integrity, restructure the endometrial biome and
minimizes inflammation to cure endometritis and endometriosis, respectively.

Harnessing the Potential of Prebiotics

A healthy environment within the genital tract prevents infection and inflammation. It is currently understood that
treating diseases and infections of the reproductive system requires restoring the balance of this intricate ecosystem.
Employing probiotic bacteria, which promote the growth of advantageous microbes, can help accomplish this goal.
Prebiotics that are intended to improve the state of resident microorganisms and used probiotics may also have an extra
benefit. Table 4.1 summarizes the application of prebiotics to increase probiotic levels and eventually improve reproductive
health.

Future Directions

In the field of reproduction, we are constantly amazed by the discoveries in prebiotics and probiotics that can benefit
overall health. In the future, more attention should be paid to developing specialized interventions, tapping into the latest
discoveries in microbiome science, and creating prebiotic and probiotic supplementations to suit individual microbiome
composition. Besides that, more detailed clinical trials and studies would clarify the efficiency and safety of the treatments
in different populations. The integration of microbiome engineering with precision synthetic biology and targeted therapy
at the level of reproductive health challenges may be the future of reproductive health treatment, contributing to the
development of therapeutics for reproductive diseases. In the end, the amusement of microbial matrimony, which deals
with the combination of prebiotics and probiotics, depicts a new era in reproductive medicine. Exploiting the symbiosis
among microbes and hosts which provides an all-round solution is a new method of optimizing reproductive health
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through genetic engineering. It is possible that the clinical practice will be transformed radically, thereby producing
successful results for individuals globally.

Table 4.1: A Summary of Clinical Application of Prebiotics to Enhance Reproductive Health

Prebiotic Treatment Specie Clinical Effects References

FOS+XOS Pregnant  Reduced oxidative stress, enhanced mitochondrial and cholinergic (Krishna et al,
women function in fetal and maternal brain 2015)

XOS Hy-Line Increased ovarian weight and follicular size, increased level of (Wen et al., 2022)
brown reproductive hormones (LH, FSH, P4), improved lipid metabolism
laying hens

Short chain GOS+ long Pregnant  Increased tolerogenic immune reaction, decreased Th-1 dependent (Van Vlies et al,

chain FOS mice delayed-type hypersensitivity response 2012)

GOS Pregnant  Decreased level of LachnospiraceaeUCG_001 but increased level of (Van Vlies et al,
women Paraprevotella and Dorea. 2012)

No significant effect on gestational week, birth weight, chest
circumference, head circumference, and delivery mode

Mannan- Zebrafish  Increased sperm production, no significant effect on oocyte (Forsatkar et al,

oligosaccharides (MOS) maturation and levels of 17b-estradiol and testosterone. 2018)

MOS Male Rats Decreased level of corticosterone, increased level of testosterone, (Rodrigues et al,
increased seminiferous tubules’ radii and sperm production 2021)

Bovine lactoferrin+L. Women Increased levels of vaginal L. acidophilus and L. rhamnosus on days (De Alberti et al,

acidophilus  La-14+L. 14 and 21 2015)

rhamnosus HNOO1
Bovine lactoderrin+L. Women Decreased vaginal pH, decreased vaginal discharge, itching and (Russo et al,

acidophilus GLA-14+ L. fishy odor, increased vaginal colonization of these two probiotics  2018)

rhamnosus HN0O1

Lactoferrin Women Optimization of vaginal flora (significantly increased level of (Otsuki and Imai,
Lactobacillus) 2017)

Lactoferrin Women Increased level of vaginal Lactobacillus helveticus, decrease in the (Pino et al,, 2017)
levels of bacterial species causing BV, decreased vaginal pH

Lactoferrin Women Increased level of vaginal Lactobacillus (Otsuki et al.,

2014)
Conclusion

There has been growing interest in the link between the microbiome and reproductive health, and probiotics as
therapeutic candidates. There are different microbes in female and male reproductive systems, which proves that the gut
microbiome affects reproductive health. Probiotics offer potential for promoting health and reducing disorders, as
dysbiosis correlates with adverse pregnancy outcomes. They modulate bacterial concentrations, control the metabolic rate
and are involved in immune defence mechanisms. Prebiotics work hand in hand with probiotics in that they support
growth of desirable bacteria. In males, probiotics positively affect sperm characteristics such as quality, motility and
testicular functionality, while in females, they help maintain estradiol levels and promote normal growth of the follicles in
addition to enhancing the functionality of the placenta. Specifically, prebiotics such as oligosaccharides promote probiotic
activity, anti-oxidant protection, and hormonal balance. Subsequent studies should concentrate on specific therapy for the
specific microbial composition, advancing microbiota modulation to precision medicine, and performing clinical trials on
safety and efficiency in relation to infertility, which can expand the opportunities for solving reproductive issues.
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ABSTRACT

The goals of veterinary medicine are on getting maximum production and maintaining the health of dairy animals. The
use of probiotics is one of the methods to achieve this goal. The probiotics are required in adequate amounts to get the
maximum benefit. They are also a solution to antimicrobial resistance because they limit the irrational use of antibiotics.
A variety of chemicals are released by these probiotics that are harmful to pathogenic microbes. These chemicals include
proteases, hydrogen peroxide, and bacteriocins. They also help in the regulation of the immune system by regulating the
expression of cytokines. Various gram-positive and gram-negative bacteria are sources of probiotics. Similarly, some
species of fungi are also potential probiotics. They improve the health of dairy animals by maintaining the microflora in
the gut of these animals and help in the maximum absorption of nutrients from the intestines of these dairy animals.
They improve the normal physiological processes of the gut, thus helping a dairy animal to reach its maximum
production. However, their exact mechanisms of actions at molecular levels are still unknown to us. So, there is a need
for further research studies in this field, so that probiotics can be efficiently utilized.
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INTRODUCTION

Probiotics maintain the microbial population in the gastrointestinal tract (GIT). They are nonpathogenic
microorganisms (Williams, 2010). They are living organisms (Gupta and Garg, 2009). They are microorganisms with
health benefits. Their dosages depend upon the product (Kligler and Cohrssen, 2008). Their adequate amounts are
required for a proper benefit to a host's body (Baumgardner et al., 2021). Probiotics use can be a promising approach
to prevent a number of diseases by improving the immune system (Stavropoulou and Bezirtzoglou, 2020). They can
also have functions such as immuno-regulatory functions (Wieérs et al., 2020). The probiotics produce lysozymes,
proteases, hydrogen peroxides, and bacteriocins which limit the multiplication of other harmful microbes (El-Saadony
et al., 2021). The bacteriocins produced by probiotics can help us to combat with the problem of antimicrobial
resistance for example, nisin is a bacteriocin produced by the probiotics. It has been used in the treatment of mastitis
caused by gram-positive bacteria such as Staphylococcus and Streptococcus species (Hernandez-Gonzalez et al., 2021).
The probiotics in animals regulate the expression of cytokines and interact with immune system of the animal’s body
(Refeld et al., 2020). These probiotics have the ability to survive in the challenging environment within the host’'s body
such as gastric acidity and pH variations to give benefits to the animal's body (Melara et al., 2022). Various feed
additives are being added to the feed of dairy animals, either nutritional or non-nutritional, and they are maintaining
the balance of gut microbiota, thus improving the health nutrient utilization capacity, and productivity of dairy
animals. Since the emergence of antimicrobial resistance in dairy animals, they have gained great value. Two types of
probiotics are being used in the dairy animals. Some of these are monostrain probiotics containing a single strain of
probiotics, while some of the administrated probiotics are multistrain probiotics having two or three strains of
probiotics (Lambo et al., 2021). The probiotics improve the feed conversion ratio in dairy animals (Maake et al., 2021).
As it has been established that probiotics also regulate the production of volatile fatty acids and nitrogen flow, their
molecular and metabolic mechanism of action is still unknown to us (Nalla et al., 2022). It is suggested that probiotics
improve mucosal immunity by inhibiting the attachment of pathogens to the mucosa of the gastrointestinal tract of
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animals (Uyeno et al., 2015). Furthermore, the health benefits of probiotics for the animal’s body include the control of
acidosis, reduction of methanogenesis, enhanced growth of epithelium, and increased nutrient uptake (Abd El-Trwab
et al. 2016). This chapter describes the importance of probiotics for the animal’s health and also explains how they
regulate the gut of dairy animals.

Important Probiotics of Dairy Animals of Bacterial and Fungal Origin
Probiotics that are beneficial for the animal microbiota have been listed in Table 1. Most of these are bacterial in

origin and a few of them are fungal in nature.

Table 1: Probiotics of dairy animals

Organism Species Reference
Lactobacillus L. acidophilus Sharma et al., 2018b
L. alimentarius Apés et al, 2014
L. amylorvous Maldonado et al., 2012
L. animalis Ayala et al., 2018
L. casei Ayala-Monter et al,, 2019
L. mucosae Royan et al., 2021
L. plantarum lzuddin et al.,, 2019
L. amylovorus Fernandez et al,, 2018
L. rhamnosus Maake et al., 2021
L. salivarius Stefanska et al., 2021
L. sporogenes Shreedhar et al., 2016
L. sakei Sasazaki et al., 2020

Other lactic acid bacteria

Bacillus

Other

Fungi

Bifidobacterium

Streptococcus bovis
Lactococcus lactis
Enterococcus faecalis
Pediococcus acidilactici
Propriobacterium freudenreichii
B. licheniformis

B. subtilis

B. subtilis natto

B. toyonensis

B. amyloliquefaciens

E. coli

Megasphaera elsdenii
Butyrivibrio fibrisolvens
Prevotella bryantii
Aspergillus oryzae

Candida rugosa, Candida pararugosa

Debaryomyces hansenii
Saccharomyces cerevisiae
Candida tropicalis

B. animalis

B. pseudolongum

B. ruminantium
B.bifidum

Aphale et al., 2019
Armas et al., 2017
Maake et al., 2021
Reddy et al., 2011
Vasconcelos et al., 2008
Devyatkin et al., 2021
Devyatkin et al., 2021
Chang et al., 2021
Santos et al., 2021
Schofield et al., 2018
Tkalcic et al.,, 2003
Carey et al.,, 2021
Fukuda et al., 2006
Chiquette et al., 2012
Sucu et al., 2018
Fernandes et al., 2019
Angulo et al., 2019
Shakira et al., 2018
Suntara et al., 2021a
Bunesova et al., 2012
Maake et al., 2021
Vlkova et al,, 2009
Apés et al. 2014

Probiotics as Gut Regulators in Dairy Animals

Probiotics have different roles like antimicrobial, gut homeostasis, enhancement of digestion, productivity and growth

of the dairy animals. It is summarized in Table 2.

Future Perspectives and Challenges

Livestock is a growing economy of the world. Among the livestock sector, the dairy sector has a significant impact on
the economy. The developed countries are now towards the peak production of their dairy animals as they are using the
latest products such as probiotics as feed additives. There is a lack of proper knowledge about using these probiotics in
developing countries. However, some commercial dairy farms are adding probiotics in the feed of animals as feed
additives to get maximum milk production from their dairy animals but household farmers lack proper knowledge about
these products and are not using them. As a result, milk production of the dairy animals in most of the developing
countries is not according to the nutritional requirements of the people living there. So, it is need of the hour that farmers
should be given knowledge about the adequate use of probiotics to keep their animals healthy and get proper production
from their dairy animals.



78

Table 2: Probiotics as gut regulators in dairy animals

Probiotic

Function Reference

Lactobacillus Jjohnsonii,
Lactobacillus reuteri
Lactobacillus casei,
Streptococcus faecalism,
Bacillus cerevisiae
Bifidobacterium adolescentis,
Lactobacillus acidophilus,
Bifidobacterium longum
Bacillus subtilis natto

Live yeast

Paenibacillus fortis
Lactobacillus

Saccharomyces  cerevisiae,
Lactococcus

Lactobacillus casei
Lactobacillus gasseri
Lactobacillus casei,
Lactobacillus salivarius,
Lactobacillus sakei

Bacillus  amyloliquefaciens,
Bacillus subtilis

Bacillus amyloliquefaciens
Bacillus licheniformis,
Lactobacillus plantarum,
Bacillus subtilis
Saccharomyces cerevisiae
Lactobacillus casei

Pichia kudriavzevii, Candida
tropicalis

Saccharomyces cerevisiae
Lactobacillus plantarum

Lactobacillus paracasei
Weissella confusa

Bacillus amyloliquefaciens
Lactobacillus fermentum

Lactobacillus plantarum
Lactobacillus paraplantarum
Pediococcus pentosaceus
Pediococcus acidilactici
Enterococcus lactis
Lactobacillus rhamnosus
Lactobacillus fermentum
Enterococcus faecalis
Bacillus amyloliquefaciens

Bacillus amyloliquefaciens

Lactobacillus kunkeei

Increase the beneficial microflora in the gut of young calves. Zhang et al., 2016

Population of opportunistic pathogens in the gut declines Guo et al,, 2022

Digestion of dry feed increases when used in combination with Kondrashova et al., 2020
vanillin

Improvement in concentrations of ammonia nitrogen, volatile fatty Chang et al., 2021
acids, and microbial protein
Stabilize rumen pH Maamouri and Ben
Salem, 2022

Latham et al., 2019

Pyar and Peh, 2014

Gao et al,, 2020

Reduce nitrite toxicosis
Assistance in body defence mechanisms
Reduction in inflammation of mammary glands

Reduction in infections caused by Staphylococcus aureus Souza et al., 2018
Reduction in infections caused by E. coli and Staphylococcus aureus Blanchet et al., 2021
Improved ruminal fermentation Stefanska et al., 2021

Concentration of intestinal fibre degrading bacteria increases Du et al., 2018

Schofield et al., 2018
Chen et al,, 2021

Methane emission decreases
Protein fermentation increased

Decreases the protozoa population Phesatcha et al., 2021
Improved milk production by the increased absorption of nutteints So et al., 2021
Increase in milk protein contents Suntara et al,, 2021b

Sun et al., 2021
Angelescu et al, 2019;
Beck et al., 2019

Mulaw et al., 2019
Sharma et al,, 2018a

Lee et al.,, 2017a
Owusu-Kwarteng et al.,
2015

Oguntoyinbo and
Narbad, 2015
Antimicrobial activity against food-borne microbes Peres et al., 2014
Prevention of invasion of Salmonella Chiu et al., 2008
Antibacterial activity against Mycobacterium smegmatis, Bacillus Bhagat et al., 2020
subtilis, Proteus vulgaris, Staphylococcus aureus, and Escherichia coli

Antimicrobial activity against Lactobacillus sakei, Enterococcus Uymaz Tezel, 2019
faecalis, Listeria monocytogenes, and Staphylococcus aureus

High fat contents in milk
Antibacterial activity

Antibacterial activity

Cholesterol removing properties
Antimicrobial properties
Antibacterial activity against E. coli

Antibacterial activity against Salmonella enterica

Adherence to epithelial cells
Antimicrobial properties
Adhesion to epithelial cells

Antibacterial activity against
monocytogenes, and Salmonella enterica

Kumar and Kumar, 2015
Pan et al.,, 2011
Kook et al., 2019

Listeria Lee et al., 2017b

Antimicrobial activity against Staphylococcus aureus, E. coli, and Zulkhairi Amin et al,

Bacillus cereus

Antibacterial activity against Salmonella typhimurium and E. coli

2020
Sakandar et al., 2019

Conclusion

The probiotics are living microorganisms and are nonpathogenic in nature. They improve the health of animals by
regulating the growth of harmful microbes. They help a dairy animal reach its maximum production by allowing the
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maximum absorption of nutrients from the intestines. They attach to the gut mucosa of animals, thus inhibiting the
attachment of pathogens to the mucosa and limiting their pathogenesis. They release various chemicals that are toxic to
harmful bacteria such as hydrogen peroxide, bacteriocins etc. Both the fungi and several species of bacteria are potential
probiotics for the animals. Some of these fungi are Aspergillus oryzae, Debaryomyces hansenii, and S. cerevisiae. The bacterial
classes include both gram-positive and gram-negative bacteria. The Gram-positive bacteria include Lactobacillus, Bacillus,
and other lactic acid-producing bacteria. On the other hand, important gram-negative bacteria include nonpathogenic
strains of E. coli and Prevotella bryantii. Some of the very important functions of these probiotics include antibacterial activity
against pathogenic strains of E. coli, Salmonella enterica, Salmonella typhimurium, and Staphylococcus aureus. Similarly, they
also regulate the normal physiological processes ongoing in the gut of dairy animals like reducing the chance of nitrite
toxicity, improving microbial fermentation, enhancing the metabolism of dry feed, and increasing the milk production of
dairy animals. These probiotics are helping dairy animals reach their maximum production capacity. However, there is a lack
of proper knowledge about the use of these probiotics in developing countries, as a result of which their dairy animals lack
proper health and adequate nutrition. They should be given information about the use of these probiotics.
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ABSTRACT

Necrotic enteritis (NE) is an economically significant intestinal disease of poultry caused by toxigenic strains of the
Clostridium perfringens (C. perfringens) type A, C, and G. The worldwide effort to restrict the use of antibiotic
growth promoters (AGPs) in livestock has resultantly caused a rise in the occurrence of NE in chickens, particularly
in the broiler flocks. Among various non-antibiotic interventions for NE management studied so far, probiotics
have provided a potential solution. This chapter highlights studies that evaluate the influence of different probiotic
strains on the proliferation of C. perfringens and the incidence of NE. Various probiotic strains derived from
bacterial genera including Lactobacillus, Bacillus, Enterococcus, Bacteroides, and some yeast species have been
studied in chickens to assess their effectiveness in preventing the occurrence of NE. Probiotics can improve gut
health by modulating microbial balance, tight-junction protein expression, and decreasing inflammatory cytokines.
In conclusion, these characteristics indicate that probiotics may be a suitable replacement for AGPs in reducing NE.
Hence, further investigation is required to ascertain the effectiveness of probiotics in preventing NE in commercial
broiler farms.
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INTRODUCTION

Enteric diseases pose a significant threat to the poultry industry as they result in reduced bird well-being,
decreased production, elevated mortality rates, and an increased likelihood of contamination in chicken products meant
for human consumption. Various pathogenic organisms, including bacteria, parasites, viruses, and other infectious and
non-infectious agents, have been recognized as sources of enteric diseases, either alone or in combination.
Gastrointestinal issues include dysbacteriosis, malabsorption syndrome, moist droppings, diarrhea, colibacillosis,
coccidiosis, and necrotic enteritis (Hafez, 2011).

Necrotic enteritis (NE), which was first documented in 1961, is a significant enteric disease of poultry. The disease is
caused by a bacterium; Clostridium perfringens toxinotypes A, C, and G (Abd El-Hack et al, 2022). There are seven
toxinotypes (A-G) of C. perfringens based on whether or not six major toxins are present (Boulianne et al., 2020).
Clostridium perfringens is a rod-shaped bacterium that is anaerobic, gram-positive, encapsulated, spore-forming, and non-
motile. It is commonly found in both the soil and intestines of all endothermic animals. The population of C. perfringens in
healthy birds is typically around 102-10* colony-forming units (CFUs) per gram of small intestine digesta. Under disease-
challenge conditions, the number increases to 107-10° CFUs per gram of intestinal digesta (Shojadoost et al.,, 2012). The
overgrowth of C. perfringens, which triggers the disease, is caused by alterations in the gut's physical qualities and the
immunological condition of birds (Moore, 2016).
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Implications of NE on Broiler Health and Productivity

Necrotic enteritis usually affects broilers between the ages of 2 to 6 weeks, and it can result in abrupt mortality
without any warning symptoms (Cooper et al., 2013). Many factors, such as an imbalanced ration composition, intestinal
hypomotility, immunosuppression, stress, excessive stocking density, and simultaneous coccidial infection, predispose
birds to this condition. The disease manifests in both subclinical and clinical forms. Clinical necrotic enteritis is
characterized by symptoms such as ruffled feathers, diarrhea, weight loss, pseudo-membrane formation, necrotic foci in
the intestinal mucosa with “Turkish Towel” appearance, foul-smelling gas accumulation, and high mortality. The sub-
clinical form (being 80% prevalent in the worldwide commercial flocks) is; however, associated with less prominent signs,
i.e. poor nutrient digestion and absorption, poor feed conversion ratio (FCR), and cholangiohepatitis. Necrotic enteritis
causes 10-40% mortality, costing the worldwide poultry sector 2-6 billion US $ annually (Wade and Keyburn, 2015; Wang
et al., 2020). Clostridium perfringens type A and C are infectious in humans and can cause foodborne disease. Therefore,
reducing the occurrence of NE in poultry is of critical importance (Mora et al., 2020).

Use of Antibiotic Growth Promoters in Broilers

Antibiotics have historically been administered at non-therapeutic levels to maximize animal productivity. Antibiotic
growth promoters (AGPs) have the following benefits: they decrease subclinical diseases, reduce morbidity and mortality,
enhance growth rate, decrease feed cost by 10-15% while achieving the desired growth, optimize the conversion of feed
into animal products, and enhance reproductive and meat quality (Rathnayaka et al., 2021).

So far, the functioning of AGPs remains unclear, and understanding their modes of action could help in developing
efficient non-antibiotic alternatives. Although the precise mechanisms of action are not well defined, AGPs are believed to
enhance performance by modulating the gut microflora (Brown et al, 2017). To account for the enhanced antibiotic-
mediated growth in animals, at least four mechanisms of action have been suggested: (1) a reduction of polarized
epithelium thickness, which improves the nutrients absorption and utilization; (2) prevention of the subclinical infections;
(3) an increase in the nutrient availability by decreasing the competition among microorganisms for nutrients in the
intestines; and (4) a reduction in the levels of microbial metabolites in the intestines that hinder the growth (Fig. 1)
(Niewold, 2007).
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For several decades, adding AGPs to chicken feed has proven to be an effective and sustainable way for avoiding and
treating NE infections. Commonly utilized antibiotics for prophylaxis and treatment of NE include bacitracin, amoxicillin,
avoparcin, virginiamycin, lincomycin, and tylosin (Abd El-Ghany et al., 2022).

Concerns Pertaining to the Utilization of AGPs

The use of antibiotics has drawn more attention from consumers, government organizations, and researchers due
to an upsurge of the antibiotic resistance. The use of AGPs in poultry and livestock farming presents many notable issues:
(1) the development of strains resistant to antibiotics as a result of selection pressure; (2) the horizontal or vertical transfer
of antibiotic-resistant genes (3) the dissemination of antibiotic-resistant bacteria into the environment; and (4) the
discharge of antibiotic residues and their byproducts into the surroundings (Kumar et al., 2020; Wang et al., 2021).

Rationale for Alternatives to AGPs

The excessive utilization of AGPs in poultry feed has resulted in the emergence of antibiotic-resistant bacteria and the
detection of antibiotics residues in the chicken products, thereby compromising the health of both animals and humans.
Moreover, consumers now have a demand for animal products that are free from antibiotics. As a result, several countries
such as the European Union (EU), Canada, the USA, Hong Kong, and Japan have gradually banned or severely restricted
using AGPs in poultry (Salim et al., 2018). Broilers raised without antibiotics are; however, more vulnerable to enteric
illnesses, which can have a detrimental effect on their overall welfare and intestinal health. Some of the economic effects of
AGPs restrictions on chicken production include lower growth rates and feed efficiency, more mortality and morbidity, and
higher veterinary costs due to more therapeutic treatment, which drives up meat prices. Countries that have restricted the
use of AGPs in poultry diets have experienced a notable rise in the economically consequential infections such as NE.
Hence, it is imperative to find and develop efficient substitutes for AGPs. Prebiotics, probiotics, synbiotics, acidifiers,
enzymes, phytochemicals, antimicrobial peptides, and bacteriophages are among the most researched and effective
alternatives to replace AGPs (Fig. 2) (Rahman et al., 2022).
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While the majority of these suggested alternatives to antibiotics for poultry production have garnered increasing
attention over time, probiotics have been the subject of extensive research with greater international interest. At present,
synthetic biological techniques are also being utilized to develop genetically modified probiotics (engineered probiotics)
that possess improved therapeutic potentials and greater specificity (Aggarwal et al., 2020).

Probiotics: Tailoring Solutions for Broilers

Lilly and Stillwell coined the term "probiotic" in 1965 to denote growth-promoting substances generated by
microorganisms. The World Health Organization (WHO) defines probiotics as “mono or mixed cultures of living
microorganisms that provide a health advantage to the host when provided in adequate amounts” (Krysiak and Konkol,
2021).

Characteristics of an Ideal Probiotic

The first important step in selecting a microbial strain for the prospective probiotic usage is determining its taxonomic
classification, which can provide information about the strain's origin, domain, and physiological characteristics. The
schematic way for the selection of probiotic strains involves consideration of their technological usability (efficient
production of large amounts of biomass, viability, stability, desired sensory properties, genetic stability), functionality
(resistance to enzymes and bile salts, competitiveness, antagonistic activity towards pathogens, adherence and ability to
colonize), and safety (Joint, 2002).

Ideal probiotics have the following characteristics: (1) they are non-toxic, and generally recognized as safe; (2) have a
positive effect on the host; (3) can adhere to and colonize the intestinal mucosa; (4) can fight off pathogens; (5) can
withstand the acid and bile salts in the gut; (6) can endure the contractions of the intestinal wall and so not be washed out
of the gut (7) remain viable during storage and processing operations (Steczny and Kokoszynski, 2021).

Modes of Action of Probiotics

Broilers' diets supplemented with probiotics have many positive effects, such as: (1) changing the composition of the
intestinal microbiota by producing metabolites that inhibit pathogen growth, such as hydrogen-peroxide (H20>),
bacteriocins, and short-chain fatty acids (SCFAs); (2) increasing feed efficiency and, consequently, production performance;
(3) boosting the immune system, which increases the levels of immunoglobulins in the serum and mucous membranes,
while simultaneously decreasing the intensity of pro-inflammatory processes; (4) competitively excluding pathogens
and/or neutralizing their toxins; (5) lower blood cholesterol levels by controlling lipid metabolism; (6) enhance digestion
and nutrient absorption; (7) control ammonia production for better litter quality; (8) regulate production of cytokines (9)
decrease stress related to the antibiotic administration, temperature fluctuations, vaccination, and transportation; and (10)
quickly remove the mycotoxins and other similar substances from the body (Alagawany et al., 2021). The general
mechanisms of action of probiotics against pathogens are depicted (Fig. 3).
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Fig. 3: Diagrammatic depiction of the interaction between gut mucosa and probiotic bacteria (Source: Ng et al. (2009)).

Key Probiotic Strains for the Poultry Industry

Probiotics can be classified as either allochthonous, which refers to microbes that are not naturally found in the
intestinal flora of animals, or autochthonous, which refers to microbes that are naturally present in the intestinal flora of
animals. Furthermore, probiotics are either bacterial or non-bacterial. In broilers, fallowing probiotic species are commonly
employed for improving performance, meat quality, intestinal microbiota modulation, and pathogen inhibition (Table 1)
(Bajagai et al., 2016).

Table 1: Probiotic microorganisms commonly used in broiler chickens (Hazards et al., 2017).

Lactobacillus spp. Bifidobacterium spp. Other lactic acid bacteria Other microorganisms

L. johnsonii B. animalis Enterococcus faecium Bacillus licheniformis

L. acidophilus B. infantis Leuconstoc mesenteroides B. subtilis

L. paracasei B. bifidum Lactococcus lactis B. coagulans

L. reuteri B. lactis Streptococcus thermophilus B. cereus

L. plantarum B. longum Pediococcus acidilactici Saccharomyces cerevisiae
L. casei B. breve Enterococcus faecalis Saccharomyces boulardii
L. rhamnosus B. adolescentis Aspergillus niger

L. amylovorus Aspergillus orizae

Probiotics against Necrotic Enteritis
Specific Mechanisms/Actions against NE

The processes by which probiotics suppress NE rely on a variety of factors such as age and type of the bird, the
species and strain of the probiotic agent, the host immunological condition, and particularly the severity of the disease. In
general, probiotics work by reestablishing the disturbed microbiota, producing antimicrobial compounds, preventing
pathogens from colonizing through competitive exclusion, and modifying the host immune system. However, in the
context of NE, specific mechanisms are highlighted (Fig. 4).

Efficacy of different Probiotic Strains against NE in Broilers

The most commonly used probiotics for necrotic enteritis include various strains of lactic acid producing bacteria
such as Lactobacillus acidophilus, L. fermentum, L. casei, L. reuteri, L. johnsonii, L. plantarum, L. salivarius, L.
rhamnosus, and others, Bacillus species like B. subtilis, B. licheniformis, B. coagulans, and B. amyloliquefaciens;
Enterococcus faecium, Clostridium butyricum, Butyricicoccus pullicaecorum, and certain yeasts including Pichia
pastoris and Saccharomyces cerevisiae (Caly et al., 2015). The beneficial effects of various types of probiotics are
summarized in Table 2.
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Table 2: The ameliorative effects of different types of probiotics on NE in broiler chickens induced by C. perfringens.

References Genera

Strains

Concentrations Main outcomes

Cao et al. Lactobacillus L. plantarum 1.2567

(2019)

Qing et al.
(2017);
Wang et al.
(2018)

Li et al
(2022)

Vieco-Saiz
et al. (2022)

Shojadoost
et al. (2022)

Gharib- Bacillus
Naseri et
al. (2021)

Zhang et
al. (2022)
Wu et al
(2018)

Keergin et
al. (2021)
Sokale et
al. (2019)
Hussein et
al. (2020)
Liu et al
(2021)

Hussein et
al. (2020)
Koli et al.
(2018)

Chen et al.

(2024)

Zhao et al.
(2020)

L. Jjohnsonii BS15
(CCTCCM2013663)

Lactobacillus fermentum

Limosilactobacillus  reuteri
ICV416,

Ligilactobacillus salivarius
ICv421,

L. salivarius 1CV430

L. crispatus +
Ligilactobacillus salivarius+
L. johnsonii

+Limosilactobacillus reuteri
B.amyloliquefaciens
(CECT 5940)

B.amyloliquefaciens
(BLCC1-0238)
B. coagulans

B. subtilis
(DSM29784)
B. subtilis
(DSM32315)
B. subtilis
(DSM 17299)
B. subtilis PB6

CloStat
(B. subtilis)
B. subtilis

B. subtilis HW?2

B. licheniformis H2

Increased average daily gain (ADG),
1 x 10° CFU/Kg feed Reduced gross necrotic intestinal lesion
scores, Decreased inflammatory responses
High dose enhanced serum IgA and IgG levels
10° and 10° CFU/g on 21d, Positive effects on peripheral blood
feed T-lymphocyte subpopulations,
Improved ADG and FCR, Increased gut-
friendly microbes
1 x 10° CFU/g in Decreased lesion score in  jejunum,
feed Reduced coccidial oocyst counts in ileal
digesta
Increased body weight,
107 CFU/mL orally Decreased lesion scores with  mixed
Lactobacilli

1 x 107 or Reduced NE lesions in birds treated with 108

1 x 108 CFU orally ~ CFU of the mixed Lactobacill,
Improved the ratio of villus height to crypt
depth (VH/CD)

1.0 x 10® CFU/g of Enhanced body weight gain (BWG),

diet Improved FCR,
Increased Ruminococcus populations and
butyrate amount in the ceca,
Reduced C. perfringens numbers,
Enhanced digestibility of amino acids

2x10° CFU/g diet Improved performance,
Reduced mortality and intestinal NE lesions

4 x 10° CFU/Kg of Enhanced BWG (15-28d),

diet Improved FCR,
Decreased lesion scores and crypt depths in
the small intestine,
Reduced Coliform and C. perfringens counts
in the cecal contents,
Increased Lactobacilli and Bifidobacterium
counts

108 CFU/Kg feed Increased BWG (4% improvement) than the
NE-challenged birds

1 x 108 CFU/g of Improved BWG,

feed Reduced mortality and mean lesion score

0.2 g/Kg feed Increased feed efficiency and livability,
Reduced intestinal NE lesions score

4 x 107 and Increased BWG and ADFI (Average daily feed

6 x 107 CFU/Kg feed intake) with high-dose,
Decreased lesion score,
Restored ileal microbial composition
0.5 g /Kg feed Improved the feed efficiency and livability,
Decreased intestinal NE lesions score
1.2 x108 CFU/g feed Improved BWG and FCR,
Reduced counts of Cperfringens in the small
intestine
1 x 108 CFU/g, 5 x All doses improved growth, intestinal
10% CFU/g, and 1 x morphology, gut barrier function, immune
107 CFU/g response, gut microbial and short chain fatty
acids profile
1 x 10° CFU /g feed Ameliorated the negative effects on growth
performance at 28 days,
Improved VH/CD ratio in ileum
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Zhou et al. B. licheniformis Enhanced BWG and
(2016) 1.0 x 10® CFU/g feed Improved FCR (1-14d)
Emami et B. licheniformis spores Reduced mortality (0-14d),
al. (2020) 3.2 x 10° CFU/g feed Decreased lesion scores in the duodenum
Musa et al. B. subtilis B21 (BS) Both at 2 x 10° Improved ADFI (1-21d) in the BL group,
(2019) and B. licheniformis B26 CFU/g feed Increased ADG in BS group,

(BL) Improved VH/CD ratio in both groups
Sandvang B. amyloliquefaciens (DSM 1.6 x 10°® CFU/g in Improved BWG and FCR (0-42d), Reduced
et al. (2021) 25840) + feed mortality and intestinal lesion score

B. subtilis (DSM 32325) +
B. subtilis (DSM 32324)

Ramlucken B. subtilis (CPB 011, CPB 1 x10° CFU /g feed Improved FCR (>35d), Increased VH/CD ratio
et al. (2020) 029, HP 1.6, and D 014) +
B. velezensis (CBP 020 and
CPB 035)
Wu et al. Enterococcus E. faecium 2x 108 CFU/Kg of Increased BWG compared with NE-challenged
(2019) (NCIMB 11181) diet birds, Decreased gut lesion score at three
days post-infection
Xu et al Clostridium C. butyricum 2 x 108 CFU/g of diet Increased ADG and ADFI, Improved FCR and
(2021) (GCMCCO0313.1) intestinal morphology
Huang et C. butyricum 1 x 10° CFU/g feed  Reduced C. perfringens counts
al. (2018) (YH 018)
Eeckhaut et Butyricicoccus B. pullicaecorum strain 25- 10° CFU/Kg feed Improved FCR
al. (2016) 3T (LMG 24109)
Sun et al. Compound L. johnsonii BS15+ B. 1x10% CFU/ml + 10° Improved FCR
(2021) Probiotics licheniformis H2 CFU/g in feed Improved intestinal morphology parameters

Reduced intestinal lesions and inflammation

Probiotic mechanisms against
Clostridium perfringens

s

Improve nutrient
absorption

Modulate intestinal
inflammation

* Increased nutrient transporter and
lipid metabolism gene expression
* Reduced hepatic lipid

* Modulate expression of pro-
inflammatory (IL-1p. IL-6, IL-
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Fig. 4: Anti-C. perfringens mechanisms of probiotics (Kulkarni et al., 2022).

Factors Influencing Probiotic Efficacy

The complex and multi-faceted impacts result from the interactions between microbial additives and the microflora of
the host's digestive system. Listed below are a few elements that have an impact on this ultimate result (Afshar
Mazandaran and Rajab, 2001).
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Quality assurance

Consumption amount and method

Age and type of animal

Microbial flora composition of the host's digestive tract
Composition and type of product

Production methods

Challenges and Considerations in Probiotic Application for Broilers
Stressors Affecting Performance of Probiotics

The use of probiotics in poultry production has associated risks and constraints. Newly hatched poultry species are
exposed to various stress factors in the environment that can weaken their maternal antibody defense system. These
stressors hinder the normal colonization of beneficial microorganisms in the birds' gut, making them wvulnerable to
pathogens during early life (Edens, 2003).

Resistance of Bacteria to Probiotics

The use of various probiotic strains in animal diets has sparked concerns about the possibility that bacteria in the gut
microbiota may become resistant to antibiotics. The pathogenic bacteria can acquire antibiotic-resistant genes from
probiotic strains by horizontal gene transfer, as these probiotic strains carry genes that confer immunity to some
antimicrobials as well as antibiotic resistance (Alayande et al., 2020). To reduce this risk, it is critical to examine the
potential presence of possibly transmissible resistance genes in a prospective probiotic strain. The best outcomes will be
achieved by testing a range of different strains of probiotics. Protocols for assessing the safety of probiotics have also been
developed to mitigate various risks related to the incorporation of probiotics in animal feed (Choi et al., 2020).

SWOT Analysis of Probiotics
The SWOT analysis for probiotics is described in Table 3. The majority of research

Table 3: The SWOT analysis of probiotics.

Strengths (Angelin and Kavitha, 2020) Weaknesses (Joshi et al., 2018)

e Certain probiotic strains can endure harsh conditions, ¢ The process of preparing, transporting, and storing

such as stomach acid and bile acid feed can readily make bacterial strains inactive

e Enhance nutritional value, sensory and chemical ® It is not possible to label items that contain probiotics

properties of meat due to the absence of relevant regulations and standards

e Avoid diarrhea and intestinal disturbances e Intestinal and bile acid pH levels are too low for the

e  Produce more enzymes to improve feed digestion majority of bacteria to survive

e  Produce organic acids e Probiotics may pose a risk to animals that are born
with a weakened immune system

Opportunities (Markowiak and Slizewska, 2018) Threats (Cheng et al.,, 2014)

e  Multistrain probiotic bacteria are utilized for the e Interactions between epithelial cells, pathogens, and

prevention of neonatal diarrhea probiotics

e  Probiotics derived from the intestines of animals and ¢ The gut microbiota has a strong correlation with
people are a safer and more efficacious option for several neurological diseases

consumption by both humans and animals e Antibiotic resistance genes can be passed on by
e  Probiotics can attach to and eliminate various substances probiotic bacteria, which can also promote the
such as heavy metals and aflatoxin by excretion in feces development of antibiotic resistance.

Conducted on the utilization of probiotics in animal diets has documented a diverse range of advantageous impacts on
animal growth and well-being. In addition to positively affecting gut microbiota and inflammation, probiotics have been
found to decrease diarrhea and enhance feed digestion through the production of enzymes or by stimulating the secretion
of digestive enzymes in the intestines (Angelin and Kavitha, 2020). However, the use of probiotic-based products may be
limited due to various concerns. These concerns include inconsistencies in the quality and dosage of probiotics, low
survival rates in the GIT, inactivation during the production, transportation, or storage of the feed, potential allergenic
reactions, possible interactions between probiotics, pathogens, and epithelial cells, as well as the potential transmission of
antibiotic-resistant genes (Hmidet et al., 2009).

Conclusion and Future Perspectives

Gut health is an important determinant of animal health, and nutritional interventions can improve it. Due to rising
limitations on the antibiotics use in chicken production, there is a pressing need for effective alternatives to manage
enteric diseases i.e., necrotic enteritis. Among various approaches, probiotics appear to provide a promising option for
controlling NE. Several essential elements must be taken into account when selecting a probiotic formulation to manage
NE in chickens such as: type of bird, species, breed, and age, probiotic strains of choice, route, and frequency of
administration. Although there is a significant amount of literature demonstrating the beneficial effects of probiotics in
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chicken feed, further extensive research is necessary to completely understand the molecular changes induced by
probiotics and the interactions between epithelial cells, pathogens, and probiotics. This will necessitate the integration of
metagenomic, nutrigenomic, and metabolomic studies. The elucidation of these unknowns will result in a deeper
understanding of probiotics' function in enhancing the broilers' health and growth. Future research should also focus on
identifying the precise mechanism of action of probiotics, figuring out the optimal dosage for single or multi-strain
probiotics, assessing the impact in birds with intestinal disorders, removing the possibility of antibiotic resistance gene
transfer, and establishing selection criteria for novel probiotic species.
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ABSTRACT

The poultry industry is crucial to the economy, providing essential protein sources through chicken meat and eggs.
However, it encounters challenges such as stress, health issues, and harsh environmental conditions, leading to
significant economic losses. Antibiotics are added in poultry feeds as growth promoters and as an effective approach to
lessen the number of detrimental bacteria that harbor the gastrointestinal tract. The antibiotics used in feed can also
eradicate beneficial bacteria and the unrestricted use can increase the chances of antibiotic resistance in pathogenic
bacteria. So, to resolve this problem, researchers have considered a great interest in promoting remedies to antibiotics.
The probiotics are used as a feed supplement to replace the feed antibiotics. The probiotics are commonly used in
chicken production. It improves the quality of eggs, meat, bones, and growth performance of birds. The probiotics can
alter the intestinal microbes, GIT microbes, and defense system stimulation. The main theme of this chapter is to
emphasize on the advantages of feed supplements (probiotics) as an alternative to antibiotics in poultry.
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INTRODUCTION

The poultry industry has a great role in the economy of any country (Shahbaz et al, 2024). Poultry rearing is
extensively exposed to numerous problems such as stress, health-related problems, and harsh environmental conditions
leading to huge economic losses to the chicken industry (Lutful Kabir, 2009). The chickens were domesticated around 5000
years ago, and people used to consume chicken meat and eggs as a source of protein (Rychlik, 2020). Since the 1940s,
poultry feed has been supplemented with antibiotics (Streptomyces aureofaciens), which led to growth enhancement and
feed additives (Eckert et al., 2010). However, there has been comparatively less emphasis on managing microbial infectious
diseases caused by a variety of bacteria such as Klebsiella, Yersinia, Enterococcus, Proteus, Pseudomonas, Salmonella,
Bacillus, Clostridium, Mycobacterium, Campylobacter, and Escherichia Coli. To mitigate this risk, broiler chicks are typically
housed in enclosed facilities (Shurson et al., 2022). Many farmers administer antibiotics mixed in the feed to chicks (Mehdi
et al, 2018), a practice that has been prevalent in traditional commercial chicken production for decades. The
administration of antibiotics, mainly aims to boost feed utilization, growth rates, and chicken health, thus boosting
production and profitability (Lourenco et al, 2019). Chickens serve as a principal food source globally, with antibiotics
frequently employed to combat microbial threats. This results in the emergence of antibiotic-resistant genes, which may
propagate to other bacteria (Zbikowska et al., 2020).

The essential natural or synthetic compounds known as antimicrobial agents can eliminate or hinder the growth of
hazardous bacteria. The control of microorganisms that cause acute or chronic infection is extremely difficult despite
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antibiotics (Lewis, 2013). The pursuit of discovering novel antibiotics entered a significant phase following Alexander
Fleming's discovery of penicillin, which effectively inhibited the growth of Staphylococcus aureus. Penicillin marked the
advent of genuine antibiotic therapy (Khan, 2017). The tendency of these resistant germs to propagate, either directly or
indirectly from one host to the other has resulted in antibiotic resistance (Zhao et al., 2020). The human and animal welfare
are affected when antibiotics are used in larger doses or sub-therapeutic doses and it has a detrimental impact on both
humans and animals (Grenni et al., 2018). The staphylococci associated with poultry farms have been discovered to be
resistant to tetracycline and oxacillin. Distinct Staphylococcus species that frequently cause infection in chickens result in
septicemia, and pododermatitis, together with evolving resistance to beta-lactam drugs (Pal et al., 2020).

Additionally, E. coli has become more resistant to most antibiotics which are frequently used in poultry including
tetracycline (Varga et al.,, 2019). However, the discovery that antibiotic growth promoters contribute to the development of
multi-drug-resistant microbes has sparked worries about the health of the world's populations. Antibiotic-resistant genes
may have transferred from animals to humans as a result of an upsurge of antibiotic-resistant microbial communities in
animals (Olusegun Oyebade et al., 2022). Many European countries have banned antibiotics in the feed of chickens since
2006 (Muhammad et al., 2020). Likewise, in 2015, the US Food and Drug Administration implemented veterinary feed
directives, advising restricted use of antibiotics solely for animal treatment purposes (Yagoob et al., 2022). Antimicrobial
drugs for prophylaxis and as growth promoters were declared illicit in Sweden in 1986 and 1988, respectively (Neveling
and Dicks, 2021). Similarly, in July 2011, the first Asian country, in which antibiotics growth boosters were banned was
South Korea (Muhammad et al., 2019). The ban on the antibiotics used in feed increases the demand for substitutes to
prevent loss in animal output. Over the last 20 years, nutritionists who specialized in poultry have observed a significant
increase in the application of fatty acids, essential oils, prebiotics, symbiotics, and probiotics.

Additionally, probiotics have been demonstrated to enhance immunological response, GIT anatomy, and biological
processes. Consequently, this improves the health and performance of chickens. Feed additives known as probiotics
include useful fungi such as (Aspergillus awamori, A. oryza, and A, noryi), yeast (Candida and Saccharomyces), and
beneficial bacteria such as Bifidobcterium, lactobacillus, and streptococci, all of which have the power to alter intestinal
microflora and modulate the immune system (Abdel-Moneim et al., 2021).

Role of Probiotic in Growth Performance

Salmonella is the most common pathogen found in the lower GIT of poultry, especially broilers. Probiotics have
evolved as the viable substitutes for growth advancement in most poultry farms after the antibiotic growth promoters
were removed from poultry feed. Antibiotic growth promoters cause disturbance in gut microbiota by preventing the GIT
pro-inflammatory cytokines from being produced and secreted (Adedokun and Olojede, 2018). The probiotics are non-
pathogenic microorganisms in the GIT of broilers that compete with harmful bacteria for nutrition. Additionally, they
colonize in the intestines, hindering the growth of hazardous bacteria and boosting the digestive enzymes (galactosidase
and amylase) which enhances their growth performance by enhancing the absorption of nutrients (Al-Khalaifah, 2018).
Employing a strain of Lactiplantibacillus plantarum (LT-113), the vaccinated chicks were found to be shielded against
Salmonella typhimurium but minimizing intestinal cell production of tight junction genes and gastrointestinal invasion.
Salmonella infection eroded the intestinal mucosal barrier in the control group (Wang et al, 2019). Alternatively, oral
Lactobacillus jhonsonii treatment suppressed the bowel incursion of Clostridium perfringens and Salmonella. Furthermore, it
has been proven that xylanase and multi-strain probiotics boost the bowel's absorption of food-derived energy and the
liver's retention of that energy (Olnood et al.,, 2015).

The probiotics have been phased out for the ability to enhance the development of incorporated chicken outputs
since the evaluation of antibiotic growth promoters but hinder the yield and secretion of metabolic regulators by intestinal
cells which results in a reduction of intestinal microflora (Jha et al.,, 2020). Adversely, probiotics can increase growth by
modifying the GIT premises and promoting GIT function through the fortification of useful microbes, defense system
modification, and pathogenic competitive exclusion. Probiotics supplementation, beneficial microbes confront hazardous
microbes for nutrition; and grow in the intestine, which inhibits detrimental microbes and secrete enzymes (beta-
galactosidase and alpha-amylase), which accomplice in the assimilation of a nutritious diet and enhances the productivity
of animals (Olnood et al., 2015).

Effects of Probiotics on Gut

The well-being and efficiency of the chickens are directly proportional to the GIT environment and microbes. The
intestines of poultry are the main harbor of different beneficial microflora which disintegrate complex compounds
into simple molecules that are easily digested (Olnood et al., 2015). Different techniques are utilized for the
investigation of the beneficial effects of probiotics on GIT microbial activity, composition, and differences, which
consist of culture-dependent techniques, genotyping, and in-vivo assays. In addition, in-vivo administration is the
most fruitful and beneficial method for gaining better results. The most significant procedures for measuring the
antagonistic potentials of probiotics include the low GIT pH, modification of the defense system, and secretion of
organic acid. In addition, the supplementation of diet with probiotics has been researched to increase the GIT
microbes by hindering pathogen multiplication and increasing the number of good microbes (Abdel-Moneim et al.,
2021). The destruction of intestines by Eimeria not only damages epithelium, but also disrupts GIT microbial colonies,
enhancing colonization and multiplication of pathogens Clostridium perfringens, increasing the chances of secondary
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diseases, and increasing mortality (Macdonald et al., 2019). The Eimeria invasion results in an imbalance in the gut
microbial community known as dysbiosis (Ducatelle et al., 2015).

Antibiotic Resistance

Antibiotics have been used to treat infectious diseases in poultry. Since the discovery of antibiotics, poultry feed has
been supplemented with antibiotics to enhance the growth of animals. Antibiotics have been crucial in the development of
animal husbandry. Poultry farmers use antibiotics to raise chickens in better conditions and prevent different infections in
poultry (Boamah and Agyare, 2016). It has been recognized that numerous zoonotic pathogens including Salmonella,
Clostridium sp., Escherichia coli, and Campylobacter, may be found in animal dung (Jones and Martin, 2003). Antibiotics are
used in poultry farming however, they kill susceptible strains of bacteria and abandon or enhance variants with traits that
are resistant to them. These resistant bacteria proliferate up to a million times per day, promoting resistance by mutation
and plasmid mediation (Gould, 2008). Antibiotic resistance is the main outcome of antibiotics being excessively used in the
poultry industry (Tiwari et al., 2014).

Probiotics as an Alternative to Antibiotics

The probiotics are defined as feed supplemented with live beneficial microbes (Bifidobacterium, lactobacillus, and
streptococci), yeast cultures (Saccharomyces and Candida), fungi (Aspergillus awamori, Aspergillus niger, and Aspergillus
oryza). It is crystal clear that probiotics lessen the risk of coccidiosis by enhancing the immune system, intestinal flora
balance, and poultry performance (Ahmad et al, 2022). In another study, it was observed that infusing probiotics
comprising Lactobacillus salivarius, Enterococcus faecium, and Bacillus animalis into broiler feed decreased the frequency of
infections with Eimeria tenella, Eimeria maxima, and Eimeria acervulina. Lowering the lesion score and oocyst numbers in
the duodenum, jejunum, and caeca were seen and also modulate the immune system and reduce the shedding oocysts
from E. acervulina, and E. tenella, probiotics such as Pediococcus and Saccharomyces were added to the feed (Adhikari et
al, 2020). In contrast, the administration of Bacillus subtilis (orally) significantly decreases the number of Eimeria tenella
lesions in the caeca (Wang et al, 2019). The results revealed that while probiotic bacteria contend with Eimeria for
attachment sites in the Gut, they may occupy similar receptors in the epithelium. This analogy prevents Eimeria from
proliferation and releasing oocysts. However, severe coccidiosis can diminish the potency of probiotics or prebiotics, so
more research needs to be evaluated (Adhikari et al., 2020). The biological efficacy of probiotics is becoming more and
more verified through research, although employing these microbes for therapeutic purposes should be done with caution
(de Melo Pereira et al., 2018).

Technique for Assessing Probiotic’s Antibacterial Efficacy against Microbes

The antibacterial activity of probiotics can be assessed using a wide range of in-vitro techniques. However, it is viable
to figure out whether probiotic cultures and pathogenic strains are directly antagonistic or whether probiotic extracts'
antibacterial activity (Sabina, 2016). The microbial antagonist tests on solid media are most applicable when the main goal
of the analysis is to identify microorganisms' antagonistic interaction (Balouiri et al., 2016). This technique entails
identifying the indicator strain's growth suppression imposed by the test culture. This section provides a detailed
examination of the primary techniques that are currently employed in probiotics’ antibacterial activity in-vitro. Different
other techniques are also reported in different research such as the agar well diffusion assay which describes, to figure out
whether cell-free supernatants have antagonistic effects performed the agar well diffusion assay. Multiple nutrients are
synthesized using selective or differential media. The indicator microbe is injected into the plates. Afterward, each plate
with 6-7 mm wells was made in it. The probiotics microorganisms' supernatant is pipetted into the well following
centrifugation and dilution in aliquots at different doses. The antibacterial activity is expressed as an inhibition zone or as
arbitrary units (AU/ml) following incubation (Parente et al., 1995).

The probiotics that are utilized nowadays are Lactobacillus acidophilus, lactobacillus casei, Lactobacillus plantarum,
Shirota, Lactobacillus paracasei, Limosilactobacillus reuteri, Limosilactobacillus johnsonii, Limosilactobacillus. rhamnosus
(Sikorska and Smoragiewicz, 2013). The probiotic supplementation has been demonstrated to deliver advantages in recent
years, with outcomes ranging from direct pathogen exclusion to strengthened host immune system performance (Rossoni
et al,, 2017). The purpose of probiotics is to enhance the host's health. Numerous probiotic-related studies have reported
that most of these studies merely demonstrated how probiotics helped the host's intestinal health. Probiotics work by
various techniques, including the generation of compounds that hinder gram-negative and gram-positive bacteria, such as
hydrogen peroxide and bacteriocins, blocking of adhesion sites, and many more processes (MORAES et al., 2019). The
probiotics modulate the immune response in numerous ways, including improving macrophage-mediated non-specific
phagocytic activity (Jain et al., 2008). Numerous probiotics are used to alter the pro-anti-inflammatory cytokines (Plaza-
Diaz et al,, 2017) and have also been reported in different research (Villena et al., 2012). The benefits are antimutagenic (Yu
and Li, 2016), anticarcinogenic, and anti-diarrheal (Devaraj et al., 2019). The probiotics are considered to enhance human
health such as immunomodulatory effects or competition between bacteria (Piewngam et al., 2019). The antibiotics that
are used in daily life possess adverse effects, are expensive, and face resistance (Vitor and Vale, 2011). The idea of a
combination of probiotic microbes with traditional medication has been explored. This synergism has several advantages
such as quicker healing, less dose of traditional medicine, lowering the side effects, and boosting the rate at which
microbial diseases are eliminated.
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Future Perspectives

As the poultry industry expands, the need for sustainable and effective antibiotic alternatives will become increasingly
important. Future research should aim to optimize the use of probiotics to maximize their benefits in poultry farming. By
understanding the specific roles and interactions of various probiotic strains, tailored formulations can be developed to
address specific health issues or enhance aspects of poultry growth and productivity. Investigating the synergistic effects
of combining probiotics with other natural feed additives, such as prebiotics, essential oils, and organic acids, could lead to
more robust and comprehensive strategies for improving poultry health and performance. Raising consumer awareness
about the advantages of probiotics in poultry farming and their role in reducing antibiotic resistance can drive demand for
poultry products raised with probiotic supplements, encouraging a shift towards more sustainable farming practices. By
focusing on these areas, the poultry industry can fully utilize the potential of probiotics to enhance animal health, boost
productivity, and ensure food safety, thereby contributing to a more sustainable and resilient global food system.

Conclusion

The poultry industry is vital to the global economy, supplying a substantial portion of protein through chicken meat
and eggs. Despite its importance, the sector faces significant challenges such as stress, health issues, and adverse
environmental conditions, all of which can lead to considerable economic losses. Probiotics have emerged as a promising
alternative to antibiotics in poultry farming. These beneficial microorganisms enhance gut health and the immune system
in chickens, improve nutrient absorption, and outcompete harmful bacteria, leading to better overall growth performance.
Probiotics such as Lactobacillus, Bifidobacterium, and Saccharomyces have demonstrated significant potential in reducing
diseases like Salmonella and Eimeria infections in poultry. Furthermore, they help maintain a balanced gut microflora,
which is crucial for the effective breakdown and absorption of nutrients. Probiotics can effectively replace antibiotic growth
promoters, thereby mitigating the risks associated with antibiotic resistance. They promote the formation of fatty acids,
boost the immune system, and improve gut morphology and function. Nonetheless, the effectiveness of probiotics can be
influenced by several factors, including the specific strains used and the conditions under which they are administered.
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ABSTRACT

Probiotics and prebiotics are essential for enhancing gut health and overall wellness. Prebiotics are indigestible fibers
that feed good bacteria on the gastrointestinal tract, whereas probiotics are live microorganisms that, when taken in
adequate proportions, have been shown to have positive health effects. Prebiotics are plant-based foods that provide
food for beneficial microbes in the gut. Examples of these foods include onions, garlic, bananas, and whole grain
products. They improve mineral absorption, promote overall gut health, and aid in digestion by promoting the
proliferation and activity of these microorganisms. Prebiotics can be ingested at any time of day as long as they are
part of a balanced diet; however, they are best taken throughout the day. Probiotics, on the other hand, are live
microorganisms that can be found in supplements and dairy products like yogurt, and cabbage. These good bacteria
and yeasts colonize the gut, supporting a variety of biological processes, such as immunological response and
digestion, and fostering a healthy microbial habitat. While the best time to take probiotics is dependent on the
person and stress, some people find that taking them with meals helps them survive the acidic environment of the
stomach, while others find that taking them on an empty stomach is beneficial. Maintaining a healthy gut microbiota
and general well-being can be greatly improved by knowing the differences between these two entities and how best
to use them.
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INTRODUCTION

In the past ten years, probiotic and prebiotic demand has increased globally. The ignorance of patients and medical
professionals on the use of probiotics and prebiotics is a significant problem (Sanders et al., 2019). According to
statistics examining hospitalized patients' perspectives, understanding, and usage of probiotics and prebiotics, patients
take probiotics (56%) and prebiotics (33%) for health purposes. However, few know the item's proper usage (Betz 2011).
The phrase "gut microbiota" describes the community of bacteria that may amount to 100 trillion in the gastrointestinal
tract. Studies on the impact of chemicals that may positively modify gut microbiota, such as probiotics and prebiotics,
are being carried out due to the possible benefits of the microbiota to host wellbeing. Probiotics and prebiotics may
influence immunological response, gastrointestinal absorption and metabolic processes, and cholesterol metabolism,
among other gut microbial activities (Gareau et al., 2010). The World Health Organization (WHO) states that probiotics
are live bacteria that, when consumed in the right amounts, can help the host. Probiotic efficacy and usefulness are
dependent on the specific strain utilized and its ability to survive and colonize the gastrointestinal tract (Cani, 2018).
Probiotic use may aid in the treatment of several conditions, such as necrotizing enterocolitis, antibiotic-associated
diarrhea, ulcerative colitis, and irritable bowel syndrome, according to new research (Shen et al., 2014).

A prebiotic is a material that has undergone specific fermentation, altering the gut microbiota's composition and/or
activity to have the intended effects on the host's health. While there isn't as much data to support prebiotics' advantages
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for these conditions, those with gastrointestinal disorders may benefit from them the most (Scaldaferri et al., 2013). While
some evidence does support the use of probiotics and prebiotics as dietary supplements for specific illnesses, not all
studies support their use as supplements (Szajewska et al., 2012). The adaptability and efficiency of the gut microbiota are
important characteristics. A healthy gut community assists in immunological control, homeostasis maintenance, and
defense of the host against invasive microbes (Coyte et al, 2015). Atopy, metabolic syndrome, colon cancer, and
inflammatory intestinal disorders are just a few of the inflammatory, pathogenic, and metabolic ilinesses that can be
supported by a gut microbiota that is disturbed by dietary changes, antibiotic use, aging, or infection (Walker and Lawley,
2013). The makeup and/or function of the gut microbiota can be altered by several techniques, including intestinal
microbiota transplants, the use of probiotics and other live microorganisms, and the administration of non-digestible
dietary supplements like prebiotics (Deehan et al., 2017).

Probiotics

Live bacteria known as probiotics enhance the health of the host when given in the right amounts. (Hill et al., 2014).
Probiotics contain a wide variety of microorganisms. Therefore, it's critical to keep in mind that they are classified
according to their genus, species, and strain names. Using Lactobacillus rhamnosus, a well-researched probiotic, as an
example. The strain identifier is GG, the genus is Lactobacillus, and the species is Rhamnosus. It takes all three elements to
recognize a probiotic. The reader can connect a particular strain to papers outlining safety evaluations and health
advantages by using the complete name. Furthermore, even within the same species, the health benefits of one strain may
not translate to another, even while shared processes between strains occasionally lead to comparable clinical results
(Ritchie and Romanu, 2012).

Most species of Lactobacillus and Bifidobacterium can produce organic acids, such as lactate and acetate. The
digestive system and other organs may gain from the organic acids that colon microorganisms create in several ways. By
preventing the growth of dangerous bacteria and promoting the growth of advantageous gut microbes, they significantly
contribute to the improvement of the gut environment. Butyrate is produced as a result, and intestinal epithelial cells are
powered by it (Sanders et al., 2018).

Depending on the product category and region, probiotic product quality might vary greatly, including dependability
and accuracy of the label. The regulatory frameworks controlling the manufacture of probiotics and the conditions for
claim substantiation are not yet harmonized globally (O'Toole et al., 2017). A panel of probiotic specialists has been
assembled by the US Pharmacopeia (Rockville, Maryland, US) to provide advice and guidelines on quality-related matters,
including the recognition, counting, and standards for contaminating bacteria about probiotic dietary supplements (Flach
et al, 2018). Probiotics have the potential to significantly impact the gut ecosystem's functioning to enhance health and
nutritional condition (Versalovic, 2013).

Source of Probiotics

The principal sources may originate from human sources, including human breast milk or the large or small intestine.
It could also come from animal sources or other dietary biotopes, such as fermented foods or raw milk. High levels of
adherence to the human intestinal epithelial barrier set apart probiotic strains isolated from human microflora from other
strains, perhaps increasing their safety. It has not been demonstrated that certain bacteria and germs found in probiotic-
containing dietary goods and supplements are safe for ingestion by humans or other animals (Zommiti et al., 2020).
Probiotic dietary supplements and foods contain bacterial strains that may be important participants in the following
processes: cholesterol levels and metabolism; colonization in the gastrointestinal, respiratory, and urogenital tracts; lactose
metabolism; calcium absorption and vitamin synthesis potential; the reductive potential of yeast and vaginal infection;
alleviation of constipation and diarrheal disorders; reduction of gastritis and ulcers; alleviation of acne, rash faces, and skin
issues; and the production of natural antimicrobials (Ricci et al., 2017).

Probiotics Action Mechanism

For the past 20 years, probiotic microbe research has progressed substantially, mostly in areas related to probiotic
cultures' properties and selection criteria, potential uses, and direct and/or indirect benefits on human health (Carter
et al., 2017). Probiotics are vital to the growth of the microflora that lives in the human gastrointestinal tract (GIT)
because they maintain homeostasis or the optimum microbial equilibrium surrounded by pathogens and beneficial
bacteria. These beneficial bacteria may aid in the native microbiota's recovery from antibiotic therapy by maintaining
this equilibrium (Oelschlaeger, 2010). Probiotics also possess the extraordinary capacity to prevent harmful gut
bacteria from doing their activities. Probiotics therefore have a great deal of potential to prevent food poisoning
because they inhibit the growth of resistant pathogens such as C. perfringens, Campylobacter jejuni, Salmonella
enteritidis, Escherichia coli, multiple species of Shigella, Staphylococcus, Yersinia, Campylobacter coli, and Listeria sp.
(Saint-Cyr et al., 2017).

The research found that the synthesis of antimicrobial compounds, phagocytosis stimulation, resistance to
colonization, anti-mutagenic effects, chemokine production, and impacts on enzyme activity and transport are some of the
factors that influence the mechanism of action of probiotic bacteria (Zommiti et al., 2017). The basic theory underlying the
health benefits of good bacteria, or "probiotics," has also been unraveled through extensive molecular, bioengineered, and
genetic studies. These four mechanisms are closely linked to competition with pathogenic bacteria for nutrition and
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adherence to the epithelium; host immunomodulation; and inhibition of bacterial toxin synthesis. Microbial antagonism is
achieved through the use of antimicrobial agents (Zommiti et al., 2018).

Probiotic Role in Gut Barrier Function

The mucus layer, the epithelium lining the mucosal tissues, and the immune cells at the sub-epithelial level make up
the mucosal barrier. Therefore, by positively impacting barrier robustness, alteration at any of these levels can alter disease
states. At the molecular level, epithelial cells play a major role in mediating the barrier effect (Hyland et al., 2014). They
communicate with immune cells underneath and with the body as a whole using signaling chemicals. The gut lumen sends
chemical signals to them as well. Many gastrointestinal disorders, including irritable bowel syndrome, viral enterocolitis,
celiac disease, and inflammatory bowel disease (IBD), are significantly impacted by the gut barrier (Blaut and Klaus 2012).
Therefore, choosing probiotic strains that can fortify the gut barrier seems like a pertinent approach with a wide range of
effects on many illnesses. L. rhamnosus GG or the probiotic blend may interact directly with intestinal epithelial cells and
preserve the integrity of the epithelial barrier, according to several experiments conducted on Caco-2 intestinal cells and
animals. The ability of LGG to stay in the GIT has been associated with the in vivo creation of pili with a mucus-binding
domain (van Hemert et al., 2013).

If these outcomes are repeatable in vivo, they might aid in maintaining homeostasis and excluding pathogens.
Additionally, it shows the different ways that different probiotic strains affect the same tissue, in this case, the epithelium
all of which help to maintain the barrier effect. In a therapeutic environment, lactobacillus plantarum is administered to the
small intestines of healthy persons. (Lebeer et al., 2012. As a result, there are structural alterations in epithelial tight
junctions as well as an increase in the tight junction-specific proteins occludin and zonula occludens-1. The L. plantarum
strain yielded results that are pertinent to an intervention in the corresponding subjects because several diseases, including
IBD, IBS, and celiac disease, are linked to increased intestinal permeability to macromolecules and a loss of tight junction
integrity (Liu et al., 2011).

Treatments with different strains and species of Lactobacillus, such as L. plantarum, L. acidophilus, L. casei, and L.
rhamnosus, result in different gene-regulatory networks and pathways in the human mucosa. One of these pathways is the
up-regulation of IL-1b, an activator of the NF-kB signaling cascade, which may stimulate the transcription of genes linked
to B-cell maturation and lymphogenesis, ultimately improving the function of the barrier (Van Baarlen et al, 2011).
Differential expression of genes involved in wound healing and repair, angiogenesis, the IFN response, calcium signaling,
and ion homeostasis affect the vascularization and feeding of epithelial cells. Furthermore, the changes in transcriptional
networks that have been discovered bear resemblance to the responses that bioactive substances and drugs evoke,
indicating a novel use of probiotics in conjunction with therapeutic and/or preventive nutritional regimes (Wang et al.,
2014).

Security of Probiotics

Probiotic bacteria are generally recognized for their safety, having been granted the World Health Organization's
GRAS (Generally Regarded as Safe) designation (WHO). The primary factor in the choosing of probiotics is safety for
human health. According to Snydman, probiotic strains should be identified by their low level of antibiotic resistance and
absence of virulent character (Hanchi et al., 2018). An update on safety concerns and the probiotic potential of the genus
Enterococcus. The usage of Lactobacilli and Bifidobacteria strains has historically resulted in an excellent safety record for
these helpful germs. There is little field research and experience with other bacteria species that are utilized as probiotics.
From a conventional frame of view, host susceptibility is never completely safe. While looking for new potential probiotic
microorganisms, it might be challenging to identify novel bacterial strains and even new genera with more specialized
traits and/or greater potential for good health. A thorough examination, risk-benefit analysis, and safety assessment are
required when introducing novel bacteria. In general, probiotics are safe (Landete, 2017). Care should be taken to prevent
any potentially harmful effects, while there have been sporadic instances of bad outcomes. Probiotics may theoretically
result in four different kinds of side effects, according to a 2002 report jointly released by the Food and Agriculture
Organization (FAO) and the World Health Organization (WHO): (i) systemic infections; (ii) detrimental metabolic activities;
(iii) excessive immune stimulation in susceptible individuals; and (vi) potential gene transfer (Bull et al., 2013).

Probiotics are becoming more and more popular, and this growth is due to both the diversity of probiotic products
available and the introduction of new strains of probiotics. Future studies and research should give a more thorough
description of the probiotic microbe under investigation, including its genus, species, and strain level, as well as the daily
dosage and duration of treatment (Zoumpopoulou et al., 2018). The three key stakeholders that need to get over the
challenges surrounding probiotics are the general public, healthcare professionals, and probiotic manufacturers. They
should focus on worldwide regulations and standards and provide recommendations for strain-specific evidence-based
therapy (de Melo Pereira et al., 2018).

Pre-biotics

The prebiotics theory was first put forth by Glenn Gibson and Marcel Roberfroid in 1995. "A non-digestible food
ingredient that selectively stimulates the growth and/or activity of one or a limited number of bacteria in the colon,
thereby improving host health," according to the definition of prebiotics. For more than fifteen years, this definition stayed
mostly unchanged (Trompette et al,, 2014). A restricted set of carbohydrate group molecules, including lactulose, GOS, and
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short- and long-chain B-fructans [FOS and inulin], can be categorized as prebiotics according to this criterion. "A
selectively fermented ingredient that results in specific changes in the composition and/or activity of the gastrointestinal
microbiota, thus conferring benefit(s) upon host health" is the definition given to "dietary prebiotics" at the 2008
International Scientific Association of Probiotics and Prebiotics (ISAPP) 6th Meeting (Gibson et al., 2010).

While not all prebiotics originate from carbs, the two following characteristics can be used to differentiate between
prebiotics that do and those that don't: Fibers are defined as carbohydrates that have three or more degrees of
polymerization (DP), and they can't be hydrolyzed by the small intestine's natural enzymes. Remember that it's not
required for the fiber to be soluble or fermentable (Slavin, 2013). Cross-feeding, or when one species eats the products of
another, was found to enhance the prebiotic effect in 2013. This suggests that the term "selectivity" used in the definition
of prebiotics may not be entirely accurate. Although there is ongoing debate on the precise definition of prebiotics
(Hutkins et al., 2016).

Sources of Pre-biotics

Prebiotics are vital for human health. Some dietary food products in which they naturally occur are asparagus, sugar
beet, garlic, chicory, onion, Jerusalem artichokes, wheat, honey, bananas, barley, tomatoes, rye, soybeans, human and cow's
milk, peas, beans, and, more recently, seaweeds and microalgae (Al-Sheraji et al, 2013). Because of their poor food
content, they are made industrially. The main components utilized to create prebiotics include lactose, sucrose, and starch.
The industrial synthesis of prebiotics has been the subject of numerous pertinent studies, the majority of which fall into the
GOS and FOS categories (Varzakas et al., 2018).

Mechanism of Pre-biotics:

Prebiotics alter the makeup and activity of the gut microbiota by giving these microbes sources of energy. Phylogeny
indicates that distant bacterial species can frequently ingest a certain prebiotic. Additionally, a functional metagenomics
technique was recently published on it. This technique identifies genes from a human microbiota metagenomic collection
that break down various forms of prebiotics using a heterologous host, such as Escherichia coli (Cecchini et al., 2013).
Several species' clones are capable of fermenting FOS, GOS, and xylooligosaccharides (XOS). Among these organisms are
Firmicutes, Bacteroidetes, and Actinobacteria. However, some research indicates that a certain prebiotic might be broken
down by a particular species.

Two examples of this include the fermentation of fructans and starch by Bifidobacterium spp. (Ze et al., 2012). Chain
length is another key characteristic that helps toidentify species that can ferment a certain prebiotic. Cross-feeding occurs
when complex prebiotic ferments and produces a byproduct that serves as a substrate for another microbe. Resistance
starches can be broken down by Ruminococcus bromii, and the fermentation products that are produced can be utilized by
several species (Scott et al., 2013). Conversely, certain items might negatively impact other species. Prebiotics also can
change the environment in the stomach. As mentioned previously, the main products of prebiotic fermentation are acids,
which cause the stomach's pH to decrease. Research has demonstrated that a single unit shift in the gut pH from 6.5 to 5.5
can alter the quantity and makeup of the gut microbiota. Changes in pH can affect the populations of species that are
sensitive to acid, like Bacteroids, and can also encourage Firmicutes to produce butyrate. The "butyrogenic effect” is the
name given to this mechanism (Scott et al., 2014).

Safety of Pre-biotics

Prebiotics are thought to have no negative or potentially lethal side effects. Both polysaccharides and
oligosaccharides are indigestible to intestinal enzymes. The gut bacteria carry them to the colon, where fermentation
takes place. Thus, the primary reason why prebiotics have adverse consequences is because of their osmotic actions.
In this instance, prebiotic users may experience bloating, cramps, gas, and osmotic diarrhea as adverse effects
(Svensson and Hakansson 2014). One factor that affects how their detrimental effects appear is how long the prebiotic
chain is. It's noteworthy to notice that shorter chain-length prebiotics can be more detrimental. One reason for this
phenomenon could be that longer-chain inulin molecules ferment later and more slowly in the distal colon, while
shorter-chain inulin molecules are mainly digested and ferment more quickly in the proximal colon (Davani-Davari et
al., 2019).

Its safety profile can be influenced by the prebiotic dose in addition to chain length. For instance, osmotic diarrhea
and flatulence may result from large dosages of prebiotics (40-50 g/day) and low dosages (2.5-10 g/day), respectively.
Note that for prebiotics to be helpful to human health, a daily consumption of 2.5-10 g is necessary. This implies that
prebiotics may have mild to moderate adverse effects if used as directed. The majority of prebiotic products on the
market contain 1.5-5 g of probiotics per serving (Garg et al., 2018). As potential replacements or additional therapies
(synbiotics), prebiotics may provide similar safety concerns as probiotics. Particularly in those with severe malnutrition, a
compromised intestinal epithelial barrier (such as severe diarrhea or NEC), or a marked immunodeficiency (e.g., HIV,
cancer, transplant). Prebiotics provides a high safety risk of bacteremia, sepsis, or endocarditis. Surprisingly, relevant
clinical trials that have solely examined prebiotics have not considered or at least not recorded these potential adverse
effects (Tsai et al., 2019).

Difference between Prebiotics and Probiotics
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Probiotics are live bacteria or yeast that are consumed in large enough amounts to provide health benefits. These
microorganisms naturally resemble the beneficial bacteria present in the human stomach. Probiotics boost immunity,
facilitate better digestion, enhance nutritional absorption, colonize the stomach maintain a balance of healthy bacteria, and
even promote mental health. Probiotics are frequently found in foods including several yogurt varieties, kefir, sauerkraut,
kimchi, miso, tempeh, and other dietary supplements (Quigley, 2019).

Prebiotics are indigestible fibers or substances that provide nourishment for probiotics and other advantageous
microorganisms in the gastrointestinal tract. Unlike probiotics, which are real living organisms, prebiotics are substances
that promote the growth and activity of helpful bacteria in the stomach. Prebiotics are transported undigested down the
digestive tract to the colon, where the local bacteria ferment them. During this fermentation process, short-chain fatty
acids are created, including butyrate, acetate, and propionate, which provide energy to the lining cells of the colon and
maintain the health of the gut environment. Along with other fruits and vegetables, whole grains, legumes, apples,
bananas, onions, garlic, and various nutritional supplements are common sources of prebiotics. Galacto-oligosaccharides
(GOS), fructo-oligosaccharides (FOS), inulin, and other prebiotic fibers (Briissow, 2019).

Best Time of use:

By protecting the bacteria from stomach acid and bile salts, probiotics eaten with food increase the likelihood that the
bacteria will enter the intestines alive and begin to function. Oftentimes, timing consistency matters more than the precise
time of day. Choose a time that works for your schedule and stick to it each time if you want to get the most out of it (Gu
and Roberts, 2019).

By taking prebiotics before meals, you can encourage the growth of beneficial bacteria in your stomach and enhance
their fermentation process during digestion. Many different foods, such as whole grains, fruits, and vegetables, contain
prebiotics (Cunningham et al., 2021).

Conclusion

In conclusion, probiotics and prebiotics are equally important for maintaining gut health, yet they function differently
and offer distinct advantages. Live bacteria known as probiotics can improve gut microbiota balance and replenishment
when taken in sufficient quantities. They can strengthen the immune system, promote better digestion, increase nutritional
absorption, and enhance general well-being. Probiotics work best when taken with meals, right before bed, or right after
taking antibiotics. Indigestible fibers or compounds known as prebiotics nourish the beneficial bacteria in the stomach. By
promoting the development and activity of probiotics and other beneficial bacteria, they maintain a healthy gut
environment. Prebiotics can be consumed throughout the day by eating foods high in prebiotics, or they can be taken
before meals. Probiotics and prebiotics can both offer complete support for gut health and general well-being when
added to your routine. Timing and consumption must be consistent, but the ideal strategy may vary depending on
personal tastes and lifestyle choices. Speaking with a healthcare provider can provide tailored advice on the best ways to
use probiotics and prebiotics, especially for those with certain health issues or illnesses.
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ABSTRACT

The poultry industry as a key player in food industry saw tremendous growth since its establishment. However, this
growth was not free from various types of type’s challenges including diseases and management of birds. The challenge
of controlling and eradicating diseases mainly focused on bacterial and viral diseases for most of the time. Later on,
several other types of ailments were also observed among poultry birds. The most prominent out these was the problem
of coccidiosis among birds. Coccidiosis is a disease marked by bloody diarrhea, loose droppings and is caused by
protozoan species of Eimeria. Coccidiosis markedly affected the production of birds led to severe economic losses as it
directly affected the GIT tract. Various types of drugs were introduced for treating coccidiosis. At later stages these drugs
became ineffective as resistance against them developed in the pathogens. This trend soon led rise of consideration
among researchers to find medicinal alternatives against coccidiosis beyond traditional drugs.
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INTRODUCTION

One of the key protozoan ailments in poultry is coccidiosis. Coccidiosis is reported to occur due to the infection of the
Eimeria genus including a number of notable species ranging up to seven (Blake and Tomley, 2014; Abbas et al., 2019;
Khater et al., 2020). In terms of pathology the infection severity depends on the site of infection in the alimentary tract and
the impact of infection on the efficiency of the host's immune response. The effect of infection is predominantly seen
locally on the immune response state of the intestine (Alnassan et al,, 2014; Ali et al., 2015). Parasitic infestation can be
seen in the lumen of the intestine of the host. Their presence in the intestine leads to sloughing of intestinal epithelial cells.
Sloughing of epithelial cells in turn results in impairment of nutrient absorption from the intestinal lumen. Lack of nutrients
reaching body cells can consequently induce diarrhea, weight loss and weakness (Bozkurt et al., 2013; Bachaya et al., 2015;
Abbas et al, 2017a; Abdel-Saeed and Salem, 2019). Studies conducted by some researchers in the past estimated (Peek
and Landman, 2011; Seddiek, 2015), that USD 3 billion were lost due to coccidial infections in the poultry industry all
across the globe. The utilization of drugs used against coccidiosis as feed additives or feed supplements in drinking water
became a regular habit for the farmers to treat and save their birds from avian coccidiosis (Lillehoj et al., 2008; Arczewska-
Wiosek and Swigtkiewicz, 2013). This strategy that was useful for some time turned out to be even more damaging than
the disease itself as the frequent use of coccidiostats lead to the rise of resistant strains against anticoccidial drugs among
Eimeria species. This problem was global as these drugs were available all over the world and were being commonly used
by farmers (Abbas et al., 2019; Zhang et al., 2020). A few steps were taken to replace the commonly used anticoccidial
drugs, most effective of them being use of vaccines (Khater et al., 2020), utilizing extracts drive from plants and essential
oils (Idris et al., 2017; Abbas et al, 2017b), antioxidant species (Markowiak and Slizewska, 2017), probiotic chemicals (Ritzi
et al,, 2014) and prebiotic compounds (Hutsko et al.,, 2016). Vaccination takes the central stage in terms of controlling a
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disease like coccidiosis effectively controlled (Dalloul et al., 2005). Vaccines also enhance the health status of birds by
improving their overall immunity strength against parasites like the Eimeria. Although, there is also a chance that if a flock
is poorly managed the administration of live vaccines may lead to severe reactions that can ultimately lead to coccidiosis
becoming an outbreak (Chapman, 2000). On the other hand, the high production costs may make the attenuated vaccines
seem like a less attractive alternative but they also have lower chances of starting a reaction outbreak among birds
(Sharman et al., 2010). Essential oils are another useful alternative that can have a serious impact on the viability of
coccidiosis in poultry flocks, hence effectively controlling the disease (Christaki et al., 2012; Idris et al., 2017). The catch with
use of essential oils is that they may induce cytotoxic effects of the cells leading to destruction of cell membrane of the
birds (Christaki et al., 2004). Another approach considered best for control of enteric problems is the use of probiotics that
can help in treating various maladies including coccidial infections (Christaki et al, 2004; Eckert et al., 2010; Ritzi et al.,
2014). Probiotics contain live microorganisms, that are useful for gut health and help in maintaining the populations of
intestinal microbes that are essential for proper functioning of intestines (Ohimain and Ofongo, 2012; Abdou et al., 2019;
Mousa and Marwan, 2019; Sarwar et al., 2019). Probiotics can be utilized effectively in various ways against coccidiosis
infection among poultry birds. Some of the effect aspects for use of probiotics include immunomodulation (Ritzi, 2015),
antioxidant effect (Wang et al., 2017), reduced shedding of oocyst, lowered number of lesion (Ritzi et al, 2014) and
enhanced intestinal health (Sen et al., 2012).

Probiotics

The term prebiotic were first used by two scientists named Gibson and Roberfroid in year 1995 (Kechagia et al., 2013).
For the production of prebiotic, several species of bacteria are used, for example Lactobacillus (Fioramonti et al., 2003;
Markowiak and Slizewska, 2017). The mechanism of action of prebiotic has not been explained completely, how they work
as immunity stimulating agents and how they help to enhance the phagocytic activity (McNaught and MacFie, 2001;
Guarner and Malagelada, 2003). The mode of action of probiotics has been divided into three classes:
1. Stimulating the immune response of the host hence enabling the skill of survival against diseases.
2. Actively in reducing the infection level through creation of competition against the pathogenic agents in epithelium
cells of the intestine while also participating in the activities that help in restoring balance of beneficial microbes in
intestinal tract.
3. Detoxification of the toxic substances residing in the GIT lumen, improving the overall metabolism in body
metabolism through microbial action (Oelschlaeger, 2010).

There are several possibilities through which probiotics can approach and act against pathogenic agents whose
infection produces disease. The mode of actions for resisting against pathogens include:
1. Activating biological molecule production through probiotics like bacteriocins, oxygen peroxide, antibiotics, free fatty
acids having antibacterial properties,
2. Regulation of the environment in intestine (nutrients, pH, enhancing state of beneficial intestinal microbiota,
simulating immunity, reducing inflammation activity, increased presence of epithelial cell receptors,
3. Regulating the immune system by maturation of dendritic cells to Th1 and Th2 or Tregs (Regulatory T cells)
lymphocytes, consequently cytokines induction and activation of immune response of humoral nature via production of
IgA, IgG and IgM,
4. Working as antioxidation agent by reducing the number of reactive oxygen species produced by enzymes, chelating
metal ions, stimulation of production of antioxidases. These include catalase and superoxide dismutase, improving
formation of antioxidation metabolic agent like folate and GSH (glutathione), increasing productive capacity for other
probiotics while also having a positive impact on the physicochemical environment of the host's intestine. A key role can
be played by probiotic substances for the regulation of cell signaling pathways such as Protein Kinase C, which
consequently lead to the significant role of probiotics as antioxidant agents (Wang et al., 2017; Azad et al., 2018).

Therapeutic Effect

Probiotics containing live microbes help in maintaining the number and performance of the intestinal microflora. The
use of antibacterial drugs comes with various adverse effects such as diarrhea is usually cause when antibacterial drugs are
used against pathogenic bacteria. The probiotics have very excellent effects when used against diarrhea which usually
caused by pathogenic agents like bacteria as these probiotics know to exhibit therapeutic effects and produced
bacteriocins to fight against bacteria (Moslehi-Jenabian et al., 2011; Carter et al., 2016). Scientists have been working to
find the true nature of probiotics and they revealed that probiotics have curative and therapeutic characteristics to treat
coccidiosis in poultry. The probiotics give better results as an alternative of synthetic drugs used to treat coccidial
infections. Probiotics containing multiple bacterial species for example PoultryStar® have been used by (Ritzi et al.,, 2014)
in chickens feed at a dose rate of (1 g/kg) and obtain best results. The best outcomes of PoultryStar® includes decrease in
number of oocysts and less lesions in birds having mixed Eimeria species infections. Another probiotic supplementation
containing multiple bacterial species named ProLive® has been used against E. tenella in an experimental study. In this
study, water infected with 1.1 x 10 11 (CFU) live microbes was administered to the chickens. The impact of probiotics was
checked in terms of feed conversion ratio and the health of the gut. The result of the study reveals that probiotics have
beneficial effects on the FCR and health of the gut as compared to the synthetic antibacterial drugs such as salinomycin
(ERDOGMUS et al., 2019). Another evaluation study has been done to find out the therapeutic effects of Primalac®
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(probiotic) and Fermacto® (prebiotic) at dose rate (1g/kg) against coccidial infections in broiler chickens. The evaluation
was based on lesion score and number of oocysts in the fecal samples. The results show that the birds treated with
probiotics has less lesion score and oocysts count in comparison with salinomycin. So it is concluded that the probiotic
supplementation improves the performance of the bird against mixed infection of Eimeria in poultry birds (Behnamifar et
al, 2019). The characteristic immune-regulatory and therapeutic effects of Lactobacillus and Saccharomyces based
probiotics were used experimentally against Eimeria species. These probiotics were used for their actions in enhancing
immunity responses by increasing antibody titers and proliferation of lymphocytes to enhance their responses. These
probiotics done many other functions including lowering the lesion score, decreasing the fatality rate and increased
number of oocysts in fecal samples in the chickens infected with Eimeria especially in broiler chickens (Awais et al., 2019).
Another probiotics supplementation named Mitomax® has been used in poultry birds experimentally against infections of
Eimeria which results in reduction of oocysts number and increased antibody count (Lee et al., 2007a). Another probiotic
product called as MitoGrow® also gives similar results of increased antibody production level against Eimeria infections in
broiler chickens (Lee et al., 2007b). The continous used of PoultryStar® probiotic and vaccine (Immucox) against
coccidiosis in poultry birds help in improving the health and performance of the bird also protect the birds from leading
infections of different Eimeria species (Ritzi et al, 2016). In a recent research study, a probiotic containing four different
strains of lactic acid bacteria were used in broiler chickens which helps in decreasing intestinal ulcers caused by E. tenella
(Chen et al., 2016).
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Antioxidant Effect

In the mechanism of poultry coccidiosis, free radical formation results in the necrosis of the enteric tissue. In the
chicken infected with the coccidiosis, the oxygen species of reactive nature (ROS) causes cytotoxicity and alterations in the
enteric route (Georgieva et al.,, 2011). The unregulated production of oxygen as a result of oxidative stress causes serious
damage to the de-oxy ribonucleic acids, fat and amino acid products. A number of different ROS production for example
radical of hydroxyl, hydrogen peroxide and superoxide anion radicals damage the host body at the level going deepest to
the individual cells (Abbas et al.,, 2013). ROS are of two types, exogenous and endogenous. Exogenous ROS are produced
due to some external factors for example ultraviolet light, ionizing radiation, cytokines and pathogens but endogenous
ROS are produced inside the body of organisms including Cytochrome p450 and NADPH (Wang et al,, 2017). Probiotics
play a major role in treating poultry coccidiosis as they act as antioxidants and decrease the oxidative streak by triggering
the antioxidant system of the host body (Wang et al.,, 2017). Antioxidant nature of probiotics can be observed in many
ways which include formulation of various enzymes with antioxidant properties. Examples of such enzymes include
antioxidant enzymes (superoxide dismutase (SOD)), and through metabolism products. The role of probiotic chemicals as
antioxidants has a vital part in treating several intestinal infections such as poultry coccidiosis as probiotics also possess
therapeutic action (Georgieva et al., 2011). Acting as antioxidants, probiotic compounds have a very desirable effect on the
performance of the poultry birds as they help in fighting against coccidiosis and maintain the gut environment of the birds
(Azad et al., 2018). By improving the antioxidants status of the host body, probiotics help in improving the healthy state of
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the poultry birds. The mechanism of activity of probiotics is explained as improvement of intestinal health by enhancing
the antioxidants capacity, decreasing the pH level of the gut, triggering the immune responses associated with intestinal
tract and stimulation of intraepithelial lymphocytes. Many research studies proved the role of probiotics as antioxidants,
inhibition of excessive production of ROS to stop destruction of cell (Wang et al., 2017).

Immunomodulator Effect

The immunity mechanism of birds is classified into two types: innate and adaptive immune systems. In the innate
immunity system, the immune response happens by the action of the immune system immediately after an invading
body or cell gets entry in the body of the bird, without any specific mechanism of action, immediate protection is
provided to the host. The innate immune responses occurred before the adaptive immune responses and the innate
immunity reaction have a crucial part in protection of chickens through different mechanics including complement
component system, gastric secretions, and phagocytosis (by engulfing the foreign body of cell or bacteria). The
heterophils in chickens play the same role as neutrophils in the mammalian body. The heterophils provided the first line
of defense (innate immunity) through the mechanism of degranulation and oxidative burst. It has been observed that the
chicken feeding with probiotics feed supplementation shows heterophilic activity for example chain of oxidation
reactions or granule removal process (Stringfellow et al., 2011). During another research it has been proved that the birds
supplemented with Poultrystar® (probiotics supplementation) show oxidative bursts of heterophils (Stringfellow et al.,
2011). As soon as the bird gets infected with coccidia infection, it triggers the adaptive immune responses which
decrease the number of parasites in the body through the production of antibodies. It has been proved that the birds
with probiotics addition to feed have increased the number of antibodies produced including IgG, Ig A, IgM against
several infections and health problems (Ritzi, 2015). The probiotic supplementation enhances the number of
immunoglobulin against E. acervulina (Lee et al., 2007a; Lee et al., 2007b). The mode of action of antibodies in protecting
the host against microorganisms is still not clear but humoral immune responses helps in decreasing the number of
pathogens not removing from the body (Dalloul et al., 2005; Ali et al., 2015). Not only the humoral immune responses,
probiotics also helps in enhancing the cellular immune responses by improving the rate of proliferation of lymphocytes
at the site of infections at the end protecting the body of host from coccidiosis (Dalloul et al., 2005). Probiotics help in
enhancing the number of lymphocytes at the intestinal epithelium cells and play an important role in improving cellular
immune responses. Poultry birds having E. acervulina infections, have different levels of cytokines due to the different
rates of doses of probiotics and strains utilized (Dalloul et al., 2005).

Anticoccidials Effect

The mechanism of action against poultry coccidiosis is difficult to explain as there are a number of biological
actions involved. These biological actions are controlled by genes, in some cases many genes producing small effects
or fewer genes exhibiting greatest (Lee et al., 2007a). To control the tissue damage and improve the health
conditions of the chickens, genes and biological pathways play a significant role and also provide protection against
E. maxima infection. Probiotics helps in enhancing the performance of antibody and act as antioxidants, which results
in decreased number of oocysts in poultry droppings while the bird is infected with E. acervulina and E. tenella
(Dalloul et al., 2005; Lee et al., 2007a; Lee et al., 2007b). The use of probiotics with Bacillus species helps in
decreasing the rate of infection of E. maxima in chickens. To diagnose the degree of infection, lesion scoring is the
best parameter as less number of lesions indicates the higher possibility of recovering in infected chickens (Ritzi et
al., 2014). Chickens supplemented with Bacillus species containing probiotics show fewer lesion scores in case of E.
maxima infection (Lee et al., 2007b).

Gut Health and Performance

The major symptom of Eimeria is stunted growth which results in less feed utilization and lowered rate in weight
gain which causes major economic losses (Dalloul et al., 2005). The obvious signs of coccidial infection in poultry is
decreased body weight and weight gain due to the huge damage to the intestinal epithelial which causes
malabsorption of nutrients ultimately resulting in poor performance. Use of probiotics helps in improving the intestinal
health by controlling the damage due to disease through the stimulation of local immune responses (Dalloul et al.,
2005). Use of probiotics containing Bacillus subtilis species helps in enhancing the growth and size of intestinal villi and
cells of gut in chickens (Markowiak and Slizewska, 2017). Increased size of villi result in increased absorption of
nutrients and intestinal crypts helps in generation and replacement of cells as a result of any intestinal infection (Awais
et al., 2019). The consumption of Lactobacillus-based probiotics have been observed to enhance the number of
intraepithelial lymphocytes in the intestine which helps in protecting the birds against coccidiosis. Chickens infected
with Eimeria acervulina were fed with probiotics which afterwards observed that improve the local immune responses
by the alterations of lymphocytes subpopulations which helps in reducing the number of oocysts in droppings (Dalloul
et al,, 2005). Many studies proved that the probiotics help in enhancing the health aspects of chickens which includes
balancing the intestinal microflora, increased weight gain, carcass yield and feed conversion. There are some evidences
that shows that probiotics have no significant effect on birds infected with Eimeria parasites (Ritzi et al., 2016). This
difference may be due to different strains of bacteria present in probiotics, formulation protocols, and the dose rate of
probiotics (Peek and Landman, 2011).
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Conclusion

With its progress the poultry industry became exposed to various kinds of challenges. One of such problems was the
spread of protozoan caused GIT ailment coccidiosis. Coccidiosis is caused by Eimeria spp. This disease soon became a
matter of grave concern for researchers and farmers alike as it resulted in grave economic losses in the poultry industry.
Soon, various drugs found their use as effective weapons against this disease. However, this victory was short lived
because the Eimeria spp. Soon started gaining resistance against these drugs. This problem was soon observed as a threat
to poultry industry and was met by alternative solutions like use of essential oil, vaccines and prebiotics. The solution like
prebiotics were seen as effective measures as they not only countered coccidiosis but also other problematic issues like
oxidation and toxicity. However, the proper application of prebiotics still requires thorough research and comprehension.
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ABSTRACT

Zoonoses are infections that humans can contract from animals in a reversible manner. The zoonotic helminths are a
significant health hazard, infecting one-third of the world's population. There is currently no reliable human vaccine
available to prevent helminth infections. As a result, in the past few years, probiotics and prebiotics have gained attention
due to their possible uses as a preventative or treatment strategy towards parasites. During the previous decade,
probiotics have been reported to be effective in controlling parasitic infections, which were described as involving primarily
gastrointestinal disorders as well as certain non-gut infections, all of which are crucial for both humans and animals. The
probiotic strains have been shown to have anti parasitic effects on parasites in the gastrointestinal tract at both the egg
and larval stages of development. In the majority of case studies, the animal models provided the majority of data for
beneficial effects. The Lactobacillus, Bifidobacterium and Enterococcus are most frequently used microbes. Still, these
beneficial microbes' effects on helminth infections are mostly understudied. There is a full discussion of the most recent
research on the beneficial effects of bacteria against helminth infections, as well as the suggested mechanism of action in
this chapter.
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INTRODUCTION

When a parasitic organism spends a particular phase of its life cycle living on or inside another host in tight biological
and environmental circumstances, this is termed as parasitism. The zoonotic parasites are specific parasites to which
animals are the primary hosts, although they can also invade and inflict illnesses in individuals. Globally, animal and human
parasites represent a major risk to the production and health (Omeragic et al.,, 2022).

Nearly 60% of newly discovered infections affecting humans are considered to be zoonotic. Animals are the source of
the majority of illnesses that harm people. Companion animals including sheep, goats, cattle, horses, cats and dogs are
susceptible to zoonotic infections and transfer them to people. Examples of few most frequent zoonotic parasitic diseases
that are present in the world are Toxocariasis, Schistosomiasis, and Trichinellosis (Rahman et al., 2020).

These zoonotic diseases can be transmitted from diseased animals to individuals through several ways such as eating
of raw feed, direct contact with feces and touching of companion animals. The helminth infections caused by parasites
have become major frequent zoonotic illnesses, infecting roughly one third of people internationally. The helminths often
have complicated life cycles with several phases and hosts. Throughout their entire life cycle, the majority of parasitic
helminth species belong to many niches in their living hosts, and the majority of them lead to persistent infections. It is
acceptable to avoid the outbreaks of zoonotic parasitic diseases with routine deworming and anti-parasitic drugs as well as
basic sanitation and good hygiene practice (Reda, 2018).

Still, the elimination of parasitic infestation remains an issue, requiring the development of novel potential strategies
because there are no appropriate immunizations as well as anthelmintic resistance of different parasites to medications

112


mailto:talhajavaid505@gmail.com
https://doi.org/10.47278/book.CAM/2024.136

113

has emerged. Hence, in the past few years, there has been a noticeable increase in the interest in using probiotics as a
medicine supplement (Saracino et al., 2021).

As a matter of fact, the scientific community's keen interest in analyzing the connections between parasites like
cestodes, trematodes and nematodes and the microbiota of gastrointestinal tract has increased recently, primarily due to
the desire to gain more knowledge of how host malnutrition is impacted by variations in the microbial population
composition brought about by parasites. Several studies have investigated the immunomodulatory characteristics of
commensal bacteria and gastrointestinal parasites to better understand the function of helminth-induced variations in the
gut microbiota in parasite-driven inflammation reduction (Duarte et al., 2016).

The human and animal digestive tract helminths represent some of the most common infections worldwide,
contributing extensively to mortality as well as morbidity, especially in developing countries. According to data from the
WHO, gastrointestinal parasitic infections, such as Trichuris trichiura, Ascaris lumibricoides, and Necatar americanus,
ultimately affect 24% of the world's population (Rooney et al., 2023).

The probiotics have been defined in a number of ways in the scientific literature. Therefore, ten years ago, probiotics
were defined as live microbes that improve the intestinal microbiota balance of the host and had a positive impact on the
host's health. The probiotics that are currently most frequently utilized include Bifidobacterium, Lactobacillus and
Saccharomyces cerevisiae, Boulardii (Yeast). The prebiotics, as an idea, have also changed dramatically in the recent years. A
prebiotic was initially described as a non-digestible food component that improves health of the host by specifically
promoting the growth or activity of one or a small number of microbes in the colon. Insulin, fructooligosaccharides,
galactooligosachharides are the most commonly utilized prebiotics (Figueroa-Gonzélez et al.,, 2011).

Still, the role of probiotics and prebiotics in avoiding the spread of zoonotic parasitic infections is neglected. In this
chapter, we are going to address the most recent research on the beneficial usage of probiotics and prebiotics towards
specific zoonotic parasites.

Use of Probiotics against Zoonotic Parasites

The zoonotic infections caused by parasites continue to be a global concern, affecting health of the public, food
security, and agribusiness (Torgerson and Macpherson, 2011). The resistance frequencies to anthelmintic medications are
increasing day by day, indicating the need for novel therapeutic techniques. For that reason, probiotics are becoming more
prevalent as a prophylaxis and medicinal strategy for a variety of diseases. The current studies on the use of beneficial live
microbes, their impact on parasites and immune response in the Gl tract have produced positive findings. For further
information on investigating the mechanism of action and positive effect of probiotics against parasites, it is necessary to
acknowledge the current developments in helminth research.

Role of Probiotics to Control Giardiasis

According to WHO, giardiasis is one of the most prevalent zoonotic parasitic infection globally is caused by Giardia
doudenalis, also referred to as Giardia lamblia and Giardia intestinalis. 1t affects approximately 280 million individuals
annually (Ankarklev et al., 2010). This single cell aquatic parasite is capable of infecting a variety of species. Almost, ten
environmentally resistant cysts must infect individuals for clinical infection to begin. During GIT transportation, cysts
release trophozoites, which are both replicative and motile. The presence of trophozoites in the digestive tract can cause
symptoms such as epigastric pain, discomfort, abdominal cramping, watery diarrhea, vomiting, and reduced appetite
within 6-15 days of cyst intake. However, 50% of the infections may remain undiagnosed. The medications include
metronidazole and nitroimidazole, but infections can frequently cure on their own (Darwesh and El Sayed, 2022).

Broadly, introducing probiotic strains like Lactobacillus and Saccharomyces proved to decrease the severity of GIT
symptoms and repair the damage, particularly in people with giardiasis. The probiotics have the capacity to regulate the
balance and composition of intestinal microbiota, which has a positive medical impact. Many probiotic strains have the
ability to boost antioxidant levels, eliminate oxidative products, control chronic inflammation, trigger mucosal immune
system responses, and shorten the duration of gastrointestinal symptoms. These actions help to prevent harm to the gut
triggered by parasites. Furthermore, they may decrease the G. duodenalis percentage burden by directly attacking the
parasite itself (Dashti and Zarebavani, 2021). The in-vitro and in-vivo efficacy of L. acidophilus and L. palantrum bacteriocin
trophozites of Giardia lamblia has been proved (Amer et al., 2014).

Role of Probiotics to Control Toxocariasis

Toxocara canis is the common cause of toxocariasis, which is defined by the movement and infestation of parasitic
larvae in men. This zoonotic parasite is prevalent in the intestine of dogs (Avila et al., 2013). The Toxocara species
accidentally infect people when they consume infectious eggs or raw meat or viscera from hosts that are infected
(Ruiz-Manzano et al., 2019). The researchers also looked into how Lactobacillus rhamnosus (ATCC 7469) and Lactobacillus
acidophilus (ATCC 4356) affected the Toxocara canis infection in a single trial. Prior a parasitic trial using an embryonated
Toxocara canis egg, the probiotic therapy was started. The use of these probiotics effectively decreased the overall quantity
of migratory larvae seen in the hepatocytes at forty-eight hours post-infection (58% decrease for L. acidophilus and 52%
for L. rhamnosus (Cadore et al.,, 2021; Walcher et al.,, 2018).
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Role of Probiotics to Control Cryptosporidiosis

The Cryptosporidium parvum is a highly prevalent zoonotic parasite of veterinary and medical importance, affecting the
health of both humans and animals. It is known that around 15 different types of Cryptosporidium species can infect humans.
The transmission occurs via the oro-fecal route (Ali et al., 2024). One study investigated the treatment of C. parvum infection in
immunosuppressed mice by administration of E. faecalis (CECT 7121) as an oral probiotic strain. The impact of Cryptosporidium
parvum infection on the intestinal mucosa was evaluated at each site of the intestine. The results revealed that when both C.
parvum and E. faecalis were found in the same intestinal area, they competed with each other. The effects of Cryptosporidium
parvum infection on the intestinal mucosa were assessed in each part of the gut. The findings demonstrated that when C.
parvum and E. faecalis were identified in the same intestinal location, they competed with one another. Moreover,
supplementation with E. faecalis can reduce the negative effects of C. parvum infection (Del coco et al., 2016).

Role of Probiotics to Control Scabies

Scabies is an infection of the skin that poses a serious threat to the human health around the world. The symptoms of
scabies in people are hives, vesicles, and papules. Rubbing can cause excoriation and crusting of the skin. Regularly used
topical scabies lotion can cause itching and dermatitis, as well as secondary infections by bacteria Streptococcus pyoderma,
thus an adequate plan should be developed to address this issue. The probiotics in goat milk soaps may work as an
antiseptic on the surface of the skin, due to the inclusion of lactic acid bacteria, which can kill harmful microbes. The
Pediococcus pentosaceus is a probiotic that has been known to suppress both pathogenic and spoilage microbes. It can
also restrict contamination of pathogenic microbes and a toxin generator because of its capacity to make lactic acid and
reduce the pH level of the substrate (Mawarti et al., 2014).

Role of Probiotics to Control Trichinellosis

The trichinellosis is a zoonotic illness triggered by nematodes of the genus Trichinella, which belong to the most
common parasites class of domestic and wild omnivores. The probiotic strains may protect from zoonotic Trichinella
spiralis infection, as part of a new treatment approach for controlling parasitic zoonoses. Eating raw meat might lead to
infection of the hosts. The anthelmintics do not efficiently treat all developmental stages of human trichinellosis, only
targeting adult worms. The probiotics are now being utilized in experimental models to treat parasitic infections, as the
research community is still in its early stages. The probiotics impact on Trichinella species beyond T. spiralis remains
unknown. The beneficial effects of probiotic bacteria decrease parasitic burden and pathogenic modifications in the
experimental trichinellosis by stimulating local as well as systemic immune responses has been observed in several studies
(Boros et al,, 2022; Ortega-Pierres et al.,2015).

Worms mature in the intestine of pig. Then, enter the bloodstream and lymphatic system, eventually ending up in
striated muscles. The larvae movement can harm host tissue and trigger inflammatory reactions, perhaps leading to
mortality. Treatment with albendazole and mebendazole has varying degrees of effectiveness. The oral administration of
Lactobacillus casei ATCC7469 to mice showed a considerable reduction in both adult worms (58% and 44%, respectively)
and larvae per gram of muscle (up to70%), showing an immune response. Treatment with Lactobacillus casei culture
supernatant had a significant impact (32% decreased adult worms), although being less effective (Travers et al., 2011).

Role of Probiotics to Control Schistosomiasis

Schistosomiasis is a zoonotic parasitic disease triggered by infected trematode worms of the genus Schistosoma,
affecting 240 million individuals globally (Inobaya et al., 2014). Schistosoma mansoni and Schistosoma japonicum are the
most common causes of intestinal schistosomiasis, while Schistosoma haematobium causes urogenital schistosomiasis. S.
mansoni infection causes fibrosis and impaired function of gastrointestinal tract systems. The intensity of symptoms
depends on the parasitic load and the response of the host's immune system (Dejon-Agobé et al, 2022). The
recommended drug for treating schistosomiasis is praziquantel (da Paixao Siqueira et al., 2017).

Probiotics protect the intestinal mucosa against dysbiosis from opportunistic infections such intestinal parasites.
Biovicerin®, a probiotic containing Bacillus cereus GM, modulates the immunological response of S. mansoni infected
hosts. The decrease in parasite load, the quantity of eggs within the liver, and the morphology of schistosomal granuloma
are indicators of infection progression. Mice administered with Bacillus cereus had significantly lower worms compared to
the control group (Dos Santos et al.,, 2024).

Two Lactobacillus strains named as Lactobacillus bulgaricus DSM 20080 and Lactobacillus acidophilus ATCC 4356 have
reduced the worms load in animals treated for a week prior to S. mansoni infection by 67.8% and 59.8%, respectively (El-
khadragy et al., 2019). The mice treated with Bacillus clausii (Enterogermina®) prior S. mansoni infection showed a 41.4%
reduction in overall worms load. Following 38 days of infection, the treated group showed a 30.1% decline, according to
the same study (Cruz et al., 2022).

Mechanism of Action of Probiotics against Parasites
1) Modulation of Intestinal Microbiota

The probiotics can alter the intestinal environment by inhibiting the growth of bacteria or competing for a common
biotope (Gupta and Garg, 2009). The probiotics can compete for iron, a limiting nutrient required by the majority of
microbes. The Lactobacillus can make iron un-accessible for pathogens. The Microbes can bind ferric hydroxide on their
surfaces (Elli et al., 2000).
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Table 1: Effects of probiotics against parasites

Parasites Probiotic used Studied Model Mechanism of Action Effects References
Trichinella spiralis L. plantrum Mice Increase serum IFN-y Increase larval count (El Temsahy et al.,, 2015)
Trichinella spiralis L. casei Mice Increase IgA and IgG Increase protection (Martinez-Gémez et al.,
2011)

Toxocara canis  S. boulardii Mice increase IL12andIFN-y Increase protection (de Avila et al.,, 2016)
Schistosoma L. plantrum Mice Increase IgM, Decrease weight (Ghanem et al., 2005)
mansoni L. acidophilus Decrease AST,LDH of spleen and liver

L. reuteri and gGT Decrease parasitic

complications

The imbalance of the gut microbiota is a major contributor to a variety of diseases. The probiotics help human health
since they are live microorganisms that have the potential to significantly control the microbial composition of the Gl tract.
The VSL#3, a probiotic mixture made up of eight live bacterial strains, is crucial for preventing and curing gastrointestinal
disorders in humans as well as animals. It can increase tight junction protein activity, alter the makeup of microbiota in the
gut as well as modulate immune-related cytokine release (Cheng et al., 2020).

2) Production of Active Substances

The bacteriocins, free fatty acids, antibiotics, and hydrogen peroxide (H20>) can regulate the development and survival
of bacteria. The bacteriocins are released as protein or peptide molecules that typically kill closely associated microbes by
permeabilizing their cell membranes. The probiotics also produce lactic acid bacteria that lower gut pH (Wohlgemuth et
al, 2010).

3) Immune Modulating Effects Towards Helminths

Effects on the immune response are caused by reactions among microbes and the cell receptors. The dendritic cells,
which exude cytoplasmic processes into the Gl tract, are located in the epithelial and immune cells and play a crucial role
in regulating the effects of probiotics (Sanchez et al., 2017). The probiotics alter the gut microbiota and immune receptor
targets, influencing the immune system's innate as well as adaptive responses. These modulations occur at both systemic
and local levels (Sivan et al, 2015). The interleukins (IL)-4, IL-5, IL-9, IL-10, and IL-13 production are indicative of type 2
immunity response, and this is the usual immunological response to helminth infections (Allen and Maizels, 2011). The
innate lymphoid cells (ILCs), innate immune cells, including mast cells, basophils, and eosinophils, and adaptive immunity
cells like CD** Th? cells and B-cells are both significant effector cells and providers of type 2 cytokines (Gause et al., 2020).

Use of Prebiotics and Immunity against Helminths

The prebiotics have a long history of safe use and have been shown to improve human health by increasing mineral
bioavailability, modulating the immune system, preventing gastrointestinal infections, modifying inflammatory conditions,
and regulating metabolic disorders. The prebiotic substances can influence microbial composition and activity on the
luminal and mucosal surfaces, promoting positive host-microbe interactions (Roberfroid et al., 2010). Although all
prebiotics are fibers, not all fibers are prebiotics. The prebiotics must have demonstrated health benefits for animals. The
prebiotics for animal health and disease prevention are equally important as for people (Gibson et al., 2017).

Innovations in knowing about the prebiotic effects of dietary chemicals and GM-dependent modifications to mucosal
immune system function highlight an issue regarding how prebiotic dietary components, such as dietary fiber, can
influence anti-helminth immunity. The host GM undergoes significant alterations during parasitic infection; however a
consistent set of taxa has yet to be identified (Walk et al., 2010). Transferring GM from helminth-infected mice to mice
without germs replicated immune function, including the Treg response, indicating that helminth-induced alterations in
the GM may contribute to the immune-mediated effects resulting from infection (Su et al., 2018).

Healthy mice administered inulin had an enriched gut microbiota with Actinobacteria and Akkermansia muciniphila, as
well as higher short-chain fatty concentrations, indicating the beneficial effects of prebiotic carbohydrates. Regarding this,
serological tests revealed that administration of insulin during Trichuris muris infection had significantly reduced the type-2
immune response, showing that the prebiotic fiber inhibited instead of increasing the immune response against infection.
However, in one study, mice infected with the parasite Trichinella spiralis and fed B-glucans were observed to be protected
by B-glucan-mediated proliferation of Akkermansia muciniphila within the GM, activating the TLR2-dependent immune
response to promote worm expulsion (Jin et al., 2022).

One study found that giving malnourished mice prebiotic insulin before or during Giardia infection decreased the
degree of severity of giardiasis, increased the mass of the body and small intestine, and raised the number of lactobacilli in
the feces in comparison to mice that were not infected with Giardia. More precisely, compared to starved Giardia-infected
mice, administration of prebiotics markedly raised anti-giardial IgA along with I1gG antibodies, anti-inflammatory cytokines
IL-6 and IL-10, and decreased the pro-inflammatory cytokine TNF-at in both the intestinal fluid and serum. The nitric oxide
levels were also higher. This study is the sole effort to show that prebiotic therapy improves immunological function and
gut morphology in malnourished Giardia-infected mice (Shukla et al.,, 2016).
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Future Perspectives of Probiotics and Prebiotics

The scientific and methodological advancements offer great opportunities for the probiotic and prebiotic studies as
well as applications. The real-time investigations in humans, monitoring microbes as they integrate into the microbiota,
and measuring health levels will advance this field of study. Monitoring the microorganisms, how they interact with the
host, and factors related to the environment (e.g., medications, nutrition) will become standard for the future physical
examination. The innovative techniques for sampling will reveal how probiotics and prebiotics affect the immune system,
metabolism, and the gut microbiome. As early career scientists, we aim to contribute to a society that utilizes helpful
microbes to address global issues such as disease prevention and toxin removal from food and the environment. These will
prove to be dynamic moments, with various job options. The probiotics and prebiotics can be used in various fields,
including science (Spacova et al., 2020).

Conclusion

This chapter highlighted the favorable effects of probiotics and prebiotics on the immunity and digestive tract health
of humans as well as animals. The probiotics are commonly utilized in human aquaculture, livestock, and poultry to
improve health and prevent intestinal diseases. To address the financial impact of zoonotic helminth infections and
anthelmintic treatment resistance, novel control measures, such as probiotics and prebiotics, are urgently needed. The
probiotics and other treatments are crucial for reducing parasitic infections. The analysis suggests that probiotics may be a
more effective therapy option for gastrointestinal parasitic infections, as current care options are inadequate. The
probiotics as a therapy for helminth infections is a significant, newly investigated field. The probiotic strains from
Lactobacillus, Bacillus clausii, and Enterococcus have been extensively studied for their effectiveness in treating giardiasis,
cryptosporidiosis, schistosomiasis, trichinellosis, and toxocariasis. The probiotics can benefit hosts through several modes
of action, including immunomodulation, if administered properly. To fully understand the benefits and drawbacks of
probiotics, high-throughput confirmation methodologies and solid clinical, in-vivo, and in-vitro investigations are
necessary.
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ABSTRACT

The gut microbiota, consisting of hundreds of defined bacterial species, plays a crucial role in modulating the immune
system and maintaining gut health. However, alterations in the gut microbiota, known as this dysbiosis, increases
susceptibility to allergic reactions and have a link with atopic diseases. Prebiotics which would promote the growth or
activity of the beneficial bacteria in the gut have been studied for their role in modulating gut microbiota and reducing
their risk of atopic diseases. Prebiotics can be obtained from various dietary sources and added as supplements to infant
formulas and dietary products. Evidence suggests that prebiotic supplementation in infants and adults may positively
influence the gut microbiota composition and activity, potentially reducing the risks of allergic disorders. However, further
research is needed to establish definitive conclusions regarding the long-term benefits of prebiotics in reducing the
incidence of atopic diseases. This aims to explore the relationship between gut microbiota, dysbiosis and atopic diseases,
highlighting the potential role of prebiotic in preventing and managing these conditions. By understanding the complex
interplay between the gut microbiota and the immune system, we can develop targeted interventions to restore gut
microbiota balance and alleviate the burden of atopic diseases.
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INTRODUCTION

Atopic Disease

“Atopy” is from Greek word ‘Atopia’ means ‘out of place’. Atopic disease refers to a hereditary tendency to bring forth
immunoglobulin E (IgE) antibodies in result to small amounts of environmental protein e.g. pollen, house dust mite and food
allergens. Atopic diseases are prevalent worldwide, affecting individuals of all ages and ethnic backgrounds and reached an
epidemic proportions during past industrializing era (Thomsen, 2015). At least 171 million individual were affected with
atopic dermatitis (Faye et al., 2023). The prevalence varies across regions and is influenced by genetic, environment, climate,
exposure to allergens and lifestyle factors. In 2019, 418 million cases were reported per year (Logon et al., 2023).

The atopic diseases like atopic dermatitis often begin in infancy and early childhood. Asthma and allergic rhinitis may
manifest at any age, with different patterns observed in childhood, adolescence and adulthood (Gray et al., 2017). Family
history, genetic predisposition, environment, obesity, stress, allergic sensitization, paracetamol use, tobacco smoke, cesarean
section, respiratory virus infection, occupational exposures, diet, obesity, air pollution and breastfeeding and mental health
are risk factors of atopic diseases. Factors during pregnancy, modes of birth and early childhood, such as maternal age,
maternal smoking, exposure to tobacco smoke, and early introduction of certain foods, may progress towards atopic diseases
(Lin etal., 2022). Limited exposure to microbes and infections during early childhood, often associated with increased hygiene
and reduced family size, may contribute to a higher risk of atopic diseases (Faye et al., 2023).

Gut Microbiota

The gut microbiota, consisting of hundreds of defined bacterial species, plays a crucial role in modulating the immune
system and maintaining gut health. However, alterations in the gut microbiota, known as this dysbiosis, increases
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susceptibility to allergic reactions and have a link with atopic diseases.

Prebiotics which would promote the growth or activity of the beneficial bacteria in the gut have been studied for their
role in modulating gut microbiota and reducing their risk of atopic diseases. Prebiotics can be obtained from various dietary
sources and added as supplements to infant formulas and dietary products. Evidence suggests that prebiotic
supplementation in infants and adults may positively influence the gut microbiota composition and activity, potentially
reducing the risks of allergic disorders. However, further research is needed to establish definitive conclusions regarding the
long-term benefits of prebiotics in reducing the incidence of atopic diseases.

This aims to explore the relationship between gut microbiota, dysbiosis and atopic diseases, highlighting the potential
role of prebiotic in preventing and managing these conditions. By understanding the complex interplay between the gut
microbiota and the immune system, we can develop targeted interventions to restore gut microbiota balance and alleviate
the burden of atopic diseases.

Beneficial Effects of Prebiotics

Atopic diseases are complex conditions characterized by immune dysfunction and inflammation. Recent studies have
shed light on the significant influence of the gut microbiota on the pathogenesis and severity of atopic diseases, including
atopic dermatitis, asthma, and allergic diseases (Muir et al., 2016). The gut microbiota plays a key role in grooming and
modulating the immune system, and exposure to a diverse range of microbes during early life contributes to the
development of immune tolerance (Kunst et al., 2023). Dysbiosis, or the dis-regulation of the microbiome, potentially leads
to an increased susceptibility to various health problems (Dahiya and Nigam, 2023). Inadequate microbial stimulus causes
an imbalance in the gut microbiota, resulting in a persistent Th2-dominant immune response and atopy (Rg et al., 2017).
Dysbiosis has been observed in individuals with atopic dermatitis, and may influence the development of respiratory allergies
and asthma through complex interactions with the immune system (Pantazi et al., 2023). Atopic dermatitis in infants
progresses due to a lack of immune system modulation in the gut microbiota (Cukrowska, 2018). Patients with atopic disease
have reduced gut microbiota diversity (Candela et al., 2012). The intestinal microbiota of atopic children has increased
Clostridium and reduced Bifidobacterium compared to non-atopic children (Kalliomaéki et al, 2001). An appropriate gut
microbiome and its intestinal metabolites act as a protective factor for patients (Stec et al., 2023). Understanding the interplay
between atopic diseases and gut microbiota is crucial for developing targeted therapeutic interventions (Donald and Finlay,
2023).

Prebiotics

Prebiotics promote the growth of beneficial gut microbiota by improving gut barrier function, enhancing immune
response, regulating host metabolism, and reducing the risk of allergies (Markowiak-Kope¢ and Slizewska, 2020). They are
abundant in human milk, superior meal for good species, and prevent the adhesiveness of pathogens. Long-term use of
prebiotics improves immune function, lowers inflammatory cytokines, improves digestion, and produces SCFAs (Alderete et
al,, 2015). By boosting the growth of beneficial bacteria, prebiotics can create an environment difficult for the maturation of
pathogenic bacteria, lowering the risk of infections and imbalances in the gut (Zhou et al., 2024). Diet plays an important
role in shaping gut microbiota, and a lack of essential nutrients and diet diversity leads to dysbiosis and other health issues
(Piccioni et al, 2023). Diet can modify intestinal microbial diversity and improve its function (Li et al., 2014). Diet
supplemented with prebiotics can be used to balance gut microbiota (Scott et al., 2013). Prebiotics can be obtained from
dietary sources as shown in table 1 (Khan et al., 2023).

Table 1: Prebiotics Dietary sources

Fruits Mango, orange, green banana (resistant starch), strawberries, blue berries and raspberries, papaya pulp,
apples (pectin), kiwi
Vegetables Garlic (inulin), onions (inulin, FOS), asparagus (inulin), leeks, bamboo shoots, gourd (5 families), leafy green

vegetables, mushrooms

Whole grains  Oatmeal, whole oats (beta-glucan), barley (beta-glucans and soluble fiber), whole wheat bread and whole
wheat pasta, quinoa (fiber), corn

Legumes Chick peas (fiber, resistant startch), lentils green beans (soluble fiber), kidney beans (red), lima beans, cow
beans, soy beans,

Nuts and seeds Flaxseeds (soluble fiber, alpha-linolenic acid), chia seeds (soluble fiber) , fenogreek seeds, almonds (soluble
and insoluble fiber), walnuts , cashew apple, chest nut and defatted coconut residues

Root vegetables Sweet potatoes (fiber, resistant starch), carrots (soluble fiber), chicory roots.

Miscellaneous  Jerusalem artichokes (inulin), dandelion greens (inulin), seaweed like nori and kombu (prebiotic fibers),

olive oil,
Dairy Food Yogurt (inulin), kefir,
Spices Cinnamon, cayenne pepper, black pepper, turmeric, rosemary, editerranean oregano
Honey Oligosaccharides

Prebiotics Impact on Gut Microbiota Modulation
Prebiotics and certain dietary interventions may have prophylactic or therapeutic effect (Logon et al., 2023). Prebiotics
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helps in manufacturing of short-chain fatty acids, lowering pH in colon, stimulation of mucus production, selective growth
of beneficial bacteria, enhancing nutrient absorption, anti-inflammatory effects and modulation of immune responses
(Roberfroid et al., 2010). The gut microbiota assists in the development of immune tolerance, healthy bacteria maintain gut
health, immunity, integrity and homeostasis (Mishra et al,, 2023) allowing immune system to differentiate between a-toxic
substances and possible threats. This is crucial for preventing unnecessary allergic for autoimmune responses. Gut bacteria
produces different metabolites, such as short-chain fatty acids (SCFAs), that have anti-inflammatory attributes (Maslowski et
al., 2009). These metabolites can modulate immune cell activity and contribute to a balanced immune response. The SCFAs
anti-inflammatory effects and maintain epithelial function (Maslowski and Mackay, 2011).

Prebiotics helps stimulating in microflora activity, gut microbiota diversity and maintaining normal gut health (Shirsath
and Zawar, 2024). Prebiotics promotes beneficial bacteria by selective fermentation, microbial fermentation and produce
SCFAs that act as nutrient source for beneficial bacteria. They selectively enhance development of certain probiotic bacteria
in colon, esp. Bifidobacteria species (Liu et al., 2024).

Inulin helps in promoting the growth of gut bacteria, improves digestion, reduce inflammation, reduce blood cholesterol
level, and increases blood sugar level (Slavin, 2013). The FOS improves gut health, reduces risk of colon cancer, improves
mineral absorption and enhances immunity (Sabater-Molina et al., 2009), beta-Glucan Improve gut health (Davani-Davari et
al, 2019), Pectin Improve digestion, reduce inflammation ( Jackson et al., 2007), and XOS reduce inflammation, improve
mineral absorption, enhance immune function (Aachary et al., 2015).

Once in the colon, prebiotics like inulin and oligosaccharides are fermented by the enzymes of gut bacteria, specifically
by healthful bacteria like Bifidobacteria and Lactobacilli. The fermentation process of prebiotics produces short-chain fatty
acids such as acetate, propionate and butyrate along with gases like hydrogen, methane and carbon dioxide. They help to
maintain a somewhat acidic environment of colon, which suppress the growth of noxious bacteria and pathogens while
promoting the growth and activity of beneficial bacteria (Zhou et al., 2024).

The SCFAs improves nutrient absorption and are energy sources for colonocytes in particular butyrate (Mishra et al.,
2023), serves as a favored energy source for colonocytes (colonic epithelial cells), promoting their health, integrity and
enhance the production of mucins (the proteins that make the protective mucus layer in the gut) (Song et al,, 2023). The
mucins play crucial role in keeping the integrity of mucosal barrier, providing protection against pathogens and prevent
inflammation. This strengthen the gut barrier function, permeability reduction and prevents the translocation of harmful
substances from the gut into the bloodstream (Ney et al, 2023). Prebiotics in the colon promotes the proliferation of
beneficial bacteria, which can have various positive effects on health, including enhanced nutrient absorption, improved gut
barrier function, immune system modulation, and potential reduction in inflammation (Peredo-Lovillo et al., 2020).

Upon prebiotics fermentation by gut bacteria produces short-chain fatty acids including butyrate, propionate and
acetate. The SCFAs have immunomodulatory effects and maintains immune system balance (Kim, 2023).

Evidence of Prebiotics Supporting in Atopic Disease

Prebiotics and certain dietary interventions may have a prophylactic or therapeutic effect (Logon et al., 2023). Prebiotics
help manufacture short-chain fatty acids, lower pH in the colon, stimulate mucus production, selectively grow beneficial
bacteria, enhance nutrient absorption, and have anti-inflammatory effects and modulate immune responses (Roberfroid et
al, 2010). The gut microbiota assists in the development of immune tolerance, and healthy bacteria maintain gut health,
immunity, integrity, and homeostasis (Mishra et al., 2023), allowing the immune system to differentiate between harmless
substances and possible threats.

Gut bacteria produce different metabolites, such as short-chain fatty acids (SCFAs), which have anti-inflammatory
attributes (Maslowski et al., 2009). These metabolites can modulate immune cell activity and contribute to a balanced
immune response. SCFAs have anti-inflammatory effects and maintain epithelial function (Maslowski and Mackay, 2011).

Prebiotics stimulate microflora activity, gut microbiota diversity, and maintain normal gut health (Shirsath and Zawar,
2024). Prebiotics promote beneficial bacteria by selective fermentation, microbial fermentation, and produce SCFAs that act
as a nutrient source for beneficial bacteria (Liu et al., 2024).

Inulin helps promote the growth of gut bacteria, improves digestion, reduces inflammation, reduces blood cholesterol
level, and increases blood sugar level (Slavin, 2013). FOS improves gut health, reduces the risk of colon cancer, improves
mineral absorption, and enhances immunity (Sabater-Molina et al., 2009). Beta-Glucan improves gut health (Davani-Davari
et al., 2019), while Pectin improves digestion and reduces inflammation ( Jackson et al., 2007).

Once in the colon, prebiotics like inulin and oligosaccharides are fermented by the enzymes of gut bacteria, specifically
by healthful bacteria like bifidobacteria and lactobacilli. The fermentation process produces short-chain fatty acids such as
acetate, propionate, butyrate, along with gases like hydrogen, methane, and carbon dioxide. These help maintain a somewhat
acidic environment in the colon, which suppresses the growth of noxious bacteria and pathogens while promoting the
growth and activity of beneficial bacteria ( Zhou et al., 2024; Peredo-Lovillo et al., 2020).

SCFAs improve nutrient absorption and are energy sources for colonocytes, particularly butyrate (Mishra et al.,, 2023),
which serves as a favored energy source for colonocytes, promoting their health, integrity, and enhancing the production of
mucins (Song et al., 2023). Mucins play a crucial role in keeping the integrity of the mucosal barrier, providing protection
against pathogens and preventing inflammation. This strengthens the gut barrier function, reduces permeability, and
prevents the translocation of harmful substances from the gut into the bloodstream (Ney et al.,, 2023).

Prebiotics in the colon promote the proliferation of beneficial bacteria, which can have various positive effects on health,
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including enhanced nutrient absorption, improved gut barrier function, immune system modulation, and potential reduction
in inflammation (Peredo-Lovillo et al., 2020). Upon prebiotics fermentation by gut bacteria, short-chain fatty acids, including
butyrate, propionate, and acetate, are produced (Kim, 2023). SCFAs have immunomodulatory effects and maintain immune
system balance.

Research Indicating Therapeutic Effect of Prebiotic on Atopic Diseases

Moderate evidence is available for prebiotic supplementation to reduce the risk of eczema in high-risk children (Sestito
et al,, 2020). A shift from healthy gut microbiota to gut microbiota dysbiosis can lead to conditions like atopic dermatitis and
allergic diseases (Pantazi et al., 2023). Prebiotics, probiotics, and synbiotics can be used to restore gut microbiota balance
and manipulate it like healthy gut microbiota (Sestito et al., 2020).

Human milk contains 200 Human Milk Oligosaccharids (HMO), which induce tolerance and stimulate gut microbiota
(Oozeer et al, 2013). Infants who are breastfed have a reduced risk of atopic dermatitis (Lodge et al., 2015). Studies have
shown that short-chain galactooligosaccharides (ScGOS) and long-chain fructooligosaccharides (IcFOS) mixtures have
prebiotic activities and create a similar gut microbiota to breastfed infants (Knol et al., 2005; Rinne et al., 2005).

Randomized Controlled Trials (RCTs) analyzing prebiotics in children have shown long-term benefits for the prevention
of atopic eczema and common infections in healthy infants (Thomas, Greer, Bhatia, et al., 2010). Prebiotics like XOS and Red
ginseng Extract (RGE) have been shown to improve the Firmicutes/Bacteroidetes ratio, increase beneficial bacteria, and lower
harmful bacteria, helping to restore gut microbiota health distorted by antibiotics (Ibafez et al., 2018).

Studies Exploring Therapeutic Effect of Prebiotic on Atopic Diseases

However, a comprehensive review of studies shed light on the potential benefits of prebiotic supplementation in infants’
reveals varying positive outcomes. Boehm et al. (2002) found that adding oligosaccharides to preterm infants formula
increased Bifidobacteria levels significantly similar to breast fed infants. Moro et al. (2002), conducted a study on term infants
at high risk of atopy and founded that prebiotic supplementation significantly reduced the incidence of atopic dermatitis at
6 months of age. Schmelzle et al. (2003), reported good tolerance and no adverse effects when prebiotics were added to
infant formula in a multi-center trial. Scholtens et al. (2006) found that adding prebiotics to solid food had a bifidogenic
effect. The GOS was given to healthy term infants resulted in high Bifidobacteria (Sierra et al., 2015). Ziegler et al. (2007)
observed that infants fed formula with a pre-biotic mixture had growth and stool characteristics similar to breastfed infants,
with a lower incidence of eczema. Gruber et al. (2010) demonstrated that a formula containing a specific mixture of
oligosaccharides (ScGOS/IcFOS) reduced the risk of atopic dermatitis in low atopy risk infants. Pontes et al. (2016) showed
that a cow's milk based beverage with prebiotics reduced allergic manifestations (atopic dermatitis, wheezing, allergic
rhinitis) compared to controls. Partially hydrolyzed whey formula containing oligosaccharides pHF-OS showed immune
modulatory effects and increased T cells in infants at high risk of allergic diseases stating that may protect against later
allergic diseases (Boyle et al.,, 2016). Study discovered that prebiotic supplementation reduced the commutative incidences
of allergic manifestations (allergic wheezing and allergic urticaria) at 2 years of age and atopic dermatitis were significantly
reduced at 5 years of age. Concluding prebiotic supplementation in early infancy reduced the risk of atopic diseases at high
risk infants (Nistico and Conti, 2013).

Ranucci et al. (2018) found that prebiotic enriched formula reduced the risk of atopic dermatitis by 35% conferred to
standard formula. Wopereis et al. (2018) observed infants fed with prebiotic (partially hydrolyzed formula) showed
differences in gut microbiota composition and altered levels of certain compounds, potentially influencing eczema
development. Prebiotics have also been shown to increase beneficial gut bacteria and short-chain fatty acids, while
decreasing harmful bacteria in a study by Francavilla et al. (2012). Additionally, prebiotics have been found to reduce the
concentration of Ig-Free light chain, which is associated with atopic diseases (Schouten et al., 2011).

In adults, prebiotics have been found to have numerous benefits as well. They can help promote a healthy gut
microbiome, boost the immune system, and even reduce symptoms of certain diseases (Biagioli et al., 2024).

Prebiotics may be a complementary approach to reducing atopic diseases, particularly when combined with human
milk or supplemented feed in early infancy and dietary or supplementary prebiotics in adulthood (Biagioli et al., 2024).
The European Commission's Scientific Committee on food has no objections to adding oligosaccharides to infant
formula, and the FAO of UNWHO supports prebiotic products as infant formula for infants over 5 months old
(Leuschner et al., 2010).

Potential Benefits and Limitations

Regardless of prebiotics studies showing its benefits in improving gut microbiota, increasing healthy bacteria,
decreasing harmful bacteria, enhancing selective growth to produce SCFAs, and reducing the severity of atopic conditions
like eczema, asthma allergies. Still there are some limitations in therapeutic effect of prebiotics.

The relationship between atopic diseases and gut microbiota is quite complex making it even more challenging (Donald
and Finlay, 2023), and individual responses to prebviotics vary due to unique microbes and factors (Li et al., 2014). Improper
dosage may also lead to gastrointestinal issues (Ballan et al., 2020). Moreover, due to limited clinical evidence (Kang et al.,
2023) and varied prebiotic studies, this makes it difficult to draw a concrete conclusion about its therapeutic results in atopic
diseases management. Prebiotics may interact with other treatments or other diets, which may not produce desirable results.
Therefore, more research is needed to fully understand its method and their results.
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Combination of prebiotics and probiotics can produce more productive result than prebiotic and probiotics alone for
atopic conditions. A study showed positive results in reducing atopic dermatitis severity with oral administration of synbiotic
supplementation in children. An improved SCORAD index regardless of underlying treatments (Ibafez et al., 2018).

Conclusion

In conclusion atopic diseases, including allergies and asthma, have become increasingly prevent globally. Factors like
genetics, environment, lifestyle and microbial imbalances contribute to their development. Dysbiosis, or disruption of the
good microbiota, is linked to atopic diseases. Prebiotic, non-digestible food components that promote beneficial gut
bacteria, show promise in modulating the gut microbiota and reducing the risk of atopic diseases. They promote short chain
fatty acids production, immune modulation, and gut barrier function, reducing inflammation and allergic responses. While
studies have shown varying outcomes, there is growing evidence supporting prebiotics role, especially in high risk infants.
Dietary sources rich in prebiotics foods and considering supplementation, especially during infancy and early childhood, may
contribute to better overall health and reduce the burden of atopic diseases. Further research is needed to fully understand
prebiotic supplementation’s mechanism and long-term effects.
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ABSTRACT

Coccidiosis is one of the most economically important protozoal diseases of avian which is caused by the protozoan genus
Emeria spp. The probiotics have an important effect on the genus Emeria, also helping in the growth of beneficial
microbiota in the gut. These have an incredible role in managing the gut microbiota and improve the immune potential of
the host against pathogens in the gut. The probiotics are beneficial prokaryotes like bacteria which help in the control of
coccidiosis in the avians. The key insight of this very chapter is to discuss how the probiotics acts and help to reduce
coccidiosis by preventing the colonization of the Emeria spps. in the poultry gut. The prevention against coccidiosis is
through competitive exclusion, immunomodulation, and formation of antimicrobial compounds in the gut. This chapter
also sheds light on the role of coccidiostats, immunization against coccidia, bioactive compounds and natural alternative in
the control of avian coccidiosis. The vaccine helps in the development of the body immunity which last longer and thus
reduce the use of antibiotics for the disease control. The mentioned strategies will help in the prevention of coccidiosis
and will lead to healthy chicken and food safety and security.
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INTRODUCTION

Poultry production is the source for the provision of chicken meat which is a cheap source of animal protein around
the globe (Govoni et al,, 2021; Nkukwana, 2018). The USDA reported that 102.9 million tons of poultry meat was produced
in January 2020, which was reflected as a 3.9% increase as compared to the previous year (Mesa-Pineda et al.,, 2021). An
increase in the population is expected to reach nine billion by 2050, which is a horrifying sign to produce sustainable and
safe protein (Watson et al,, 2018). A high stocking density is the predisposing factor for stress and disease prevalence, and
it affects the poultry industry (Ahmad et al,, 2022). Hence, a disease that impairs the productivity of the earlier indicated
production system could be dangerous for the whole food chain (Aganovic et al., 2021).

The poultry sector faces significant losses due to coccidiosis, a hidden enemy caused by intracellular parasites (Blake
et al, 2020). In the US, 127 million USD is invested in coccidiosis-related costs annually, with China exceeding 73 million
USD, accounting for almost 30% of the total (Geng et al., 2021; Lahlou et al,, 2021). Seven species of Eimeria, including
Emeria tenella, E. acervulina, E. maxima, E. necatrix, and E. mitis, are associated with coccidiosis in poultry. These species
attack the bird's intestines and exhibit specific cytotoxicity, preventing the body from metabolizing proteins and nutrients
(Kers et al., 2018). The preventive immunization is crucial for the poultry industry's development and income (Hamid et al.,
2018). In Europe, antiparasitic drugs with feed are used for broiler chickens, simplifying EU regulations for poultry health
and wellbeing (Martins et al.,, 2022).

Since 1930, synthetic anticoccidial medications and ionophores have been used to combat dangerous parasites in
chickens (Nogueira et al., 2009). However, antiparasitic resistance develops due to drug metabolites, negatively impacting
human health (Nahed et al, 2022). The coccidiostats, synthetic drugs that inhibit Emeria's growth, are widely used.
Coccidiosis, which is the major economic disease of poultry, is caused by the protozoan called Emeria (Noack et al., 2019).
There are two classes of about ten coccidiostats which function as a feed additive approved by the European union for the
use in poultry. Probiotics are initially provided to the birds from their first day of life to seven days to prevent the disease
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caused by the protozoan oocyst before they are marketed as meat for human consumption. This managemental procedure
is very applicable and this helps the birds from coccidiosis. The probiotics which fortified the beneficial microorganisms
including yeast and fungi have proved to boost performance and immunity of the intestine in the host and improve the
gut microflora that reducing the risk of coccidiosis in the birds (Ahmad et al, 2022). Additionally, probiotics also can
reduce the growth of other infectious agents in the gut and hence protect the birds' intestinal villi from damage by the
toxins producing organism in the feed. In another study it has been found that the use of Bacillus strain orally has a
significant effect on reducing the colonization of Emeria in the intestine of broiler birds and hence the use of bacillus strain
is indispensable in the broiler feed (Gururajan et al., 2021).

The actual mechanism of action of probiotics bacterial strains acts as a competitor with Emeria for attaching to the
intestinal epithelium receptors and thus occupy the receptors and inhibit the attachment of the Emeria to the epithelium
its replication and oocyst shedding to the environment. Sometimes in case of acute coccidiosis the effect of probiotics and
prebiotics are not proficient and so in such a case alternative needs to be identified (Nesse et al., 2019).

Probiotics and Gut Microbiota

The probiotics are compounds which play a key role in the composition of the microflora in the gastrointestinal tract.
These beneficial microbes bind with the receptors in the intestinal mucosa and compete with the pathogens including
Emeria and thus produce antimicrobial compounds which inhibit the growth of these pathogenic organisms (Abd El-Hack
et el, 2020). The probiotics work as an antagonist by producing organic acids, change the gut pH and immunomodulation
and have a significant positive effect on the epithelial cells, transduction pathways of microflora, intestinal surface integrity
and immunity (Arif et al., 2021; Rajput et al., 2020).

The use of different molecular techniques like, metagenomic sequencings, in-vivo assay and culture have revealed the
effect of the probiotics on the shift, function, and arrangement microflora of the GIT. Nevertheless, the effective and
efficient method of getting the beneficial effect is the application through in-vivo method (Foligne et al., 2007). The in-vivo
administration of the probiotic’s strains like Bacillus bifidum, B. animalis, Bifidobacterium longum and Bifidobacterium
infants. The Lactobacillus and Bifidobacterium have improved the bacterial population of the ileum by enhancing the
intestinal colonization fermentation and reducing the coliforms bacteria (EI-Moneim et al., 2020).

Mode of Action (Probiotics)

The unique mode of action of probiotics in gastrointestinal tract is competition with other pathogens by covering the
specific receptors for their attachment in the intestinal epithelium that help eliminate the other pathogens to enter the
epithelium and damage the gut microflora by bacterial belligerence or competitive exclusion. Interestingly this mode of
action mostly possesses all the probiotics, prebiotics and symbiotics (Abd El-hack et al., 2020). Apart from this there is
another concept called “Nurmi” in which resistance is developed in the gut microbiota by injecting the infectious agent
into the chicken GIT (Bajagai et al., 2016). Similarly, probiotics attached to the epithelial surface both inner and outer and
help in development and improve the digestion which is mostly investigated in the caeca and intestine of the avians
(Ahmad et al., 2022; Agyare et al., 2018; Zaefarian et al., 2016).

The Bacillus amyloliquefaciens (BAP) accelerates digestion, nutrients absorption and availability in GIT, thus BAP mixed
feed for 35 days (20g/kg) drastically accelerated the growth of broilers. The oral administration of spores of the genus
Bacillus is one technique of competitive exclusion that may strengthen and promote host defense against coccidiosis.

Approaches to Control Avian Coccidiosis

To prevent the coccidiosis in the farm, there are different strategies implied like coccidial vaccination, use of feed
additives, prophylactic use of anticoccidial drugs and farm management especially the litter and beddings (Broom, 2021).
To ensure healthy poultry it is important to follow all the handling and managemental to minimize the stress and to
produce a high-quality healthy poultry product (Dhaka et al., 2023).

The proper management of the farms’ birds includes provision of stress-free environment, superior quality feed, water,
feed supplements, optimum lighting, proper ventilation, and temperature. To control and prevent coccidiosis in the poultry
farm it is utmost important to practice farm biosecurity. Maintaining litter conditions, reducing oocyst sporulation, and
using anticoccidials (prophylaxis) are also essential for producing high-quality chickens. Regular cleaning, regular
disinfection, and clean water usage are also essential for maintaining a healthy poultry farm (Tilli et al., 2022; Abebe and
Gugsa, 2018).

Use of Coccidiostats

Since the 1950s, poultry and turkeys have been fed anticoccidial feed additives to prevent growth. Agri Stats Inc
reports that 99% birds were administered anticoccidial drugs in the late 1900s (Chapman, 2009). However, 60% of broiler
meat in the US is produced without these agents (Mesa-Pineda, et al., 2021). Anticoccidial agents are categorized as
coccidiostats or coccidiocides based on their mode of action. Coccidiostats limit microbe growth and reproduction, while
coccidiocides destroy pathogens and cause irreversible damage (Nahed et al., 2022).

Coccidiostats are two types of antibiotics, primarily synthetic compounds and ionophores. Streptomycetacae family
bacteria produce natural substances like polyether ionophores. Synthetic coccidiostats, also known as chemicals, change
ion concentration ratios on cell membranes through dimerization and binding (Dembitsky, 2022; Clarke et al, 2014;
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Muthamilselvan et al., 2016). They modulate ion concentrations, leading to less cytotoxicity and energy production (Miller
and Zachary, 2017). The EU has authorized eleven coccidiostats, primarily synthetic compounds and ionophores, to prevent
disease spread, reduce parasite multiplicity, and strengthen the immune system. lonophores target sporozoites before
host cell penetration, allowing some to survive and develop host immunity (Nesse et al.,, 2019; Noack et al., 2019).

Vaccines

The coccidiosis control strategies rely on vaccination, which stimulates the immune system to defend against
Eimeria hazards (Lee et al, 2022; Shivaramaiah et al., 2014). The vaccinations are a crucial substitute for eradicating
coccidiosis, but they must be effective and provide adequate protection to poultry. Vaccines contain oocysts from
Eimeria strains, with E. maxima oocysts causing the highest immune response (Attree et al., 2021). The adaptive immune
response can be stimulated in 3-4 weeks, depending on the host's genetic makeup, infection duration, and parasite
concentration (Martins et al., 2022). However, the current vaccination program is challenging due to the uncertainty of
exposure to the same amount of coccidian. The in-ovo immunization, administered to 18-day embryonated chicken
eggs, is a recent advancement that ensures accurate and consistent administration of vaccines to the embryo's amniotic
sac (Williams, 2005).

The in-ovo inoculation is a method that delivers chemicals directly to chicken embryos during incubation stages,
potentially controlling their gastrointestinal growth. Introduced in 2003, it involves injecting nutrients and chemicals into
embryonic amnion to stimulate growth (Arain et al., 2022). In a research investigation Lee et al. (2022) stated that a
micronutrient, selenium can modulate the immune response of broilers exposed to the E. maxima and C. perfreingens.
Because the high immune response against the exposed pathogen were recorded in the selenium treated group as
compared to the control and hence very minute intestinal damage and small number of oocysts were recorded. Similarly in
another study conducted by Stadnicka et al. (2020) reported that the use of raffinose from lupine seed has a significant
effect on the growth of pathogenic bacteria C. perfreingens and Emeria oocyst shedding.

The use of probiotics in-ovo 17 days post incubation have significant effects on the colonization of all Emeria species
and thus limit their pathogenesis (Pender et al., 2016). Another study by Sokale et al. (2017) reported that in-ovo
vaccination before hatching against coccidiosis in broiler has a significant effect on immunity development and prevention
against subsequent exposure. The use of live vaccines (Inovocox, Pfizer) during incubation produces protective immunity in
the birds (Zaheer et al., 2022).

The use of recombinant DNA vaccine (EtMIC2) has also a significant effect on the boosting of immune response
against the coccidiosis in the gastrointestinal tract of the poultry birds (Huang et al., 2020). Similarly, Yuan et al. (2022)
found that the in-ovo use of recombinant protein based vaccines is highly effective immunity booster. The feed ionophores
combination during inoculation in commercial poultry improve the bird’'s performance (Hamid et al., 2018). The vaccines
can be offered topically, directly, or in the hatchery (Blake et al., 2021). The EU initiated vaccination programs for laying
pullets, commercial broilers, and replacement breeders in 1992 and 2000 (Abebe and Gugsa, 2018). Common vaccination
forms include attenuated, non-attenuated, and recombinant (Arczewska-Wtosek et al., 2022).

Natural Alternatives

Several alternative coccidiosis control techniques are accessible that capitalize on less veterinary drugs in the feed.
Natural remedies such as prebiotics and probiotics, plant and fungal extracts and essential oils are examples of alternative
pharmaceutical methodologies. Normally, natural compounds modify GIT flora and the immune system instead of tackling
parasites (Abd El-Hack et al.,, 2022).

Garlic (Allium sativum), a medicinal herb, contains allicin, a significant organosulfur component, which contributes
over 70% of all thiosulphates and gives it its scent (Kovarovi¢ et al, 2019). It also contains diallyl sulfide and diallyl
trisulphide, which offer garlic anti-inflammatory and antioxidant properties. Garlic's anticoccidial property is linked to its
immune-suppressive activity (Kim et al, 2013). Aqueous garlic extract contains phenols, flavonoids, and other sulfur
compounds, which alter the cytoplasmic membrane's permeability, affecting molecular physiological activities, reducing
membrane potential, cellular loss, and cellular death (Bhavaniramya et al., 2019; Jang et al., 2018; Christaki, et al., 2004).

The anti-inflammatory, antiviral, immunomodulatory and antioxidant are the medicinal properties possess by the
garlic powder and its different extracts including flavonoids, phenols, diallyl disulfhide, and essential oils (Ali et al., 2019;
Alnassan et al., 2015).

The herbal and medicinal plant Artemisia annua belongs to the family Asteracae and is a perineal plant that has
antimalarial and anticoccidial properties (Coroian et al., 2022; Hong 2014). On contrary to Artemisinin the plant ingredient
combination does not reduce malaria (Li et al., 2018; Cai et al., 2017).

The supplementation of the A. annua improves the feed conversion ratio in the layer by reducing the body weight
compared to the control group (Lang et al., 2019).

Another member of the family Asteracae is Biden Pilosa (BP) is a medicinal plant used for more than 41 types of
infectious diseases including coccidiosis and it also promotes the gut microflora and inhibit the growth of pathogenic
microbes in the Gl tract of the poultry (Mtenga and Ripanda, 2022; Khater et al., 2020; Uysal et al., 2018).
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The use of BP at dose rate of 0.025% significantly improves the growth performance of the birds by inhibiting the
colonization of the Emeria and shedding of oocysts in the faces. The BP in combination with probiotics in the poultry feed
significantly inhibit the colonization of the Emeria infection and thus function as potent coccidiostat (Memon et al., 2021).

Bioactive Compound
Prebiotics

The commonly used prebiotics like fructo-oligosaccharides, oxylo oligosaccharides, inulines and mannan
oligosaccharides in the poultry is to control the coccidiosis, these prebiotics help promotes the multiplication and
activation of probiotics bacteria which inhibit the growth of the Emeria infection. The actual mechanism by which these
prebiotics are working is that they stimulate the gut associated inflammatory response and activation of tissue
macrophages and thus limiting the infectivity and virulency of the Emeria in the intestine and help in the control of the
coccidiosis in the poultry birds (Santos et al., 2022; Adhikari et al., 2020; Gadde et al.,, 2017; Assis et al., 2010).

Probiotics

The probiotics include beneficial bacteria, fungi and yeast have a significant effect on the Emeria species which are
responsible for coccidiosis in the poultry. These beneficial microbes promote the growth of gut microflora, stimulate
immunity, and enhance the bird’s performance by reducing the feed conversion ratio of the flock (Ahmad et al., 2022). The
report of the Yin et al. (2014) indicated that probiotics like Pediococcus showed significant protection against E. tenella in
challenge study in birds. Similarly, if the probiotics are used in a combined form significantly modulate the immune system
and protect the birds from the Emeria infection (Wang et al.,, 2019).

The unique mode of action of probiotics in gastrointestinal tract is competition with other pathogens by covering the
specific receptors for their attachment in the intestinal epithelium that help eliminate the other pathogens to enter the
epithelium and damage the gut microflora by bacterial belligerence or competitive exclusion. Interestingly, this mode of
action mostly possesses all the probiotics, prebiotics and symbiotics (Abd El-hack et al., 2020).
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ABSTRACT

One of the biggest and rapidly emerging global health challenges is antimicrobial resistance (AMR) which is included
among the top ten priorities of the WHO. Several factors, such as the overuse, misuse, or underutilization of antibiotics in
clinical settings, are associated with antibiotic resistance. Furthermore, overwhelming use of antibiotics is a major factor in
the rise in antibiotic resistance in the environment and in foodborne pathogens. Probiotics, prebiotics, and synbiotics
provide the most sustainable substitutes for antibiotics in these restrictive and difficult circumstances. Prebiotics combined
with probiotics have a beneficial effect in terms of growth performance, carcass yield and intestinal morphology of the
modern poultry farming, thereby avoiding the rising AMR.
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INTRODUCTION

The widespread use of antibiotic growth promoters in poultry reduces the intestinal pathogens but leads to the
antibiotics residue in poultry products (Mathur and Singh, 2005), thereby increasing the incidence of AMR. Currently,
researchers are in continuous search for an effective antibiotic substitute such as prebiotics, probiotics, acidifiers, and
phenolic compounds (Baurhoo et al., 2009).

The medical use of antibiotics has been constantly increasing and their effectiveness against diseases is decreasing
which results in widespread AMR. One of the major factors of AMR is the widespread use of antibiotics in cattle and
poultry production. Therefore, to improve poultry performance and prevent and treat infections, it becomes necessary to
discover alternatives to the usage of antibiotics such as probiotics, prebiotics, acidifiers, and phenolic compounds for
poultry diet as growth promoter (Baurhoo et al.,, 2009). Use of antibiotics and probiotics resulted in better FCR in birds fed
probiotics supplemented diet (Gao et al., 2017). Probiotics have better effect than salinomycin on production performance
in broiler and as use of probiotic reduced the E. Coli (Ritzi et al, 2014). Probiotics has an impact on growth performance
such that birds fed a diet containing protexin, primalac and calciparine had greater weight gain and improved FCR
(Shabani et al, 2012). Probiotics had a beneficial effect on digestibility, performance and microflora composition
(Mountzouris et al., 2010).

Probiotics are defined as "dietary supplements containing live microorganisms that positively impact the host
organism through their advantageous effects linked to the enhancement of the microbial balance within the intestine." The
performance of broilers is enhanced when probiotics are added to their diet. The livability of birds fed supply with
Lactobacillus spp. or Lactococcus lactis was enhanced (Brzoska et al., 2012). Prebiotics are indigestible dietary supplements
that particularly stimulate the growth or activity of one or more types of bacteria in the gastrointestinal tract and
improving the health of the host (Hajati and Rezaei, 2010). Prebiotics are also thought to aid in the growth of chickens.
Broilers fed a prebiotic-rich diet consumed more feed and had greater feed conversion rates (FCRs) (Kamran et al., 2013).
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Prebiotics supplementation improved the breast and thigh yield (Piray et al., 2007) and reduced the cost of production in
broiler diet (Peric et al,, 2009).

Two naturally occurring functional polysaccharides with well acknowledged health-improving qualities are abundant
in yeast cell walls: Oligosaccharides mannan and B-D-glucan. Mannan oligosaccharides, present on the outer layer of
autolyzed yeast cell walls, bind harmful bacteria to stop them from colonizing the stomach, preventing infections and the
release of toxins (Fowler et al, 2015). Mannan oligosaccharides also enhance gut health by improving the functional
structure of the intestines (Ganner and Schatzmayr, 2012). Recent researches had focused on the importance of MOS to
improve the microbial profiles, intestinal microarchitecture, production performance and humoral immunity in the broiler
(Sohail et al.,, 2012).

The outermost layer of yeast (Saccharomyces cerevisiae) cell walls is the source of commercial mannan
oligosaccharides, which are feed additives. Utilizing 0.05% MOS reduced E. coli and increased lactobacilli levels in the
intestines of birds (Kim et al, 2011). Additionally, enzymatic hydrolysis of agricultural wastes like copra meal produces
mannan oligosaccharides. (Ariandi and Meryandini, 2015).

Prevalent use of Antibiotics in Broiler Diet

Antibiotics are compounds with antibacterial properties that are being used in veterinary and human medicine to treat
and prevent infections. They also work as growth boosters in animal feed. The physiological and metabolic capabilities of
food-producing animals are compromised by antibiotics, which either eradicate or suppress the growth of bacteria and
related microbes. Antibiotics come in two varieties: bactericidal and bacteriostatic. Antibiotics are bactericidal act by
eradicating the microorganisms they are intended to combat. Antibiotics that are bacteriostatic stop the organism's cells
from proliferating rather than killing it, maintaining a steady population level. These authors also mentioned that a lot of
antibiotics function by attaching themselves to the enzymes' active sites, which makes the enzymes inactive. Thus, an
antibiotic can halt essential cellular functions or prevent the production of new proteins during cell growth by blocking an
enzyme (Phillip et al., 2004; Mathur and Singh, 2005).

The supplementation of 20g/ton of virginiamycin had improved weight gain than control diet. Likewise, bird fed with
diet having 50 g/ton of narrow spectrum antibiotic BMD had higher weight gain. The supplementation of antibiotics had
beneficial effect on growth performance. The addition of antibiotics in broiler diet increased weight gain. Intestinal length
and weight were greater in birds fed with virginiamycin than bacitracin methylene disalicylate (Miles et al., 2006; Jian-mei
et al,, 2010).

Antibiotics have been extensively used in the livestock and poultry sectors during a period of fast management
change from low-performance, free-range farming to a more controlled and intensive husbandry sector since their
discovery more than 50 years ago. Certain antibiotics have been shown to suppress and restrict the growth of bacteria
(Clostridium perfringens) that are known to be detrimental to chickens (Ferket et al., 2002).

Alternatives for Antibiotic use in Poultry

Reducing the use of antibiotics in human healthcare has been seriously considered due to the fear that antibiotics
used in cattle and poultry production decrease their effectiveness. In nations that have discontinued utilizing antibiotic
growth promoters, the prevalence of necrotic enteritis linked to Clostridium perfringens in poultry has increased
(Immerseel et al., 2004). Clostridium perfringens is a significant food-borne pathogen that is thought to be responsible for
248,000 instances of food-borne disease in the US each year (Mead et al, 1999). Therefore, to improve poultry
performance and prevent and treat infections, alternative methods to the usage of antibiotics must be found. Probiotic
bacteria and organic acids have the potential to serve as viable substitutes for antibiotics in the growth stimulation and
feed conversion efficiency enhancement of agricultural animals (Spring, 2003).

Use of Probiotics in Broiler Diet

Since the public's concern over antibacterial growth-promoting substances has grown and some farmers are choosing
to use probiotics instead of antibiotics, the use of probiotics in the chicken business is of great interest (Jian-mei et al.,
2010). Probiotics have been shown to improve newborn survival, reduce or prevent diarrhea, accelerate growth, improve
feed efficiency, and strengthen the immune system as shown in Table 1 (Tollba et al., 2004).

Probiotics have a variety of advantageous effects, such as immuno-stimulation, the inhibition of enteric pathogens,
and the preservation of a balanced gut microbiota (Tannock, 2004). Breeders supplementing their diet with probiotics saw
increased egg production, decreased cracked eggs, and improved weight gain and feed conversion in their broiler
chickens (Fuller, 1989).

Using a lactobacillus-based probiotic supplement for 42 days significantly improved the broiler's weight gain and food
conversion ratio (Jin et al, 1988). When Bacillus subtilis was added, laying hens' eggshell thickness and feed conversion
increased, which reduced the number of cracked eggs (Pedroso et al., 1999). It has been discovered that probiotics added
to chicken feed increase egg weight, food conversion ratio, and egg output. Layers that were fed a meal containing 1539
CP/kg of Lactobacillus produced larger eggs than those that were fed a diet that was comparable but did not contain
Lactobacillus (Nahashon et al., 1996). The improved performance of chickens given probiotic supplements may be linked to
changes in the microstructure of the gut, namely in the areas of villus height, goblet cell count, and crypt depth. Probiotics
are therefore competitively priced, and their usage of antibiotic growth promoters makes them equally alluring as the
growth promoters themselves. Probiotics may be beneficial for health in a number of ways, such as immuno-stimulation,
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anti-inflammatory responses, pathogen exclusion and death in the digestive system, and decreased bacterial
contamination of processed broiler carcasses (Edens, 2003).

Probiotics lessen the incidence of enteric infections in chickens and the consequent contamination of poultry products
(Patterson and Burkholder 2003). Antibiotics and probiotics increase the cecal microbiomes of broilers that increased
Enterobacteriaceae and reduce Brucellaceae, Erysipelotrichaceae, Coriobacteriaceae and Clostridiales than those fed
antibiotic (Neveling et al,, 2017). Probiotics result in increased immunity and economic benefits (Gao et al., 2017).

Mode of Action of Probiotics

Being nonpathogenic and having the ability to stimulate the gut microbiota in their host are desirable qualities in a
probiotic (Smith, 2014). This is significant because it establishes a symbiotic or commensal interaction. Commensal
interactions describe the coexistence of nonpathogenic bacteria and their host, while clear advantages are not always
evident. When two distinct species coexist peacefully and at least one of them gains benefits without harming the other,
this is known as a symbiotic connection (Hooper and Gordon, 2001). For instance, oral Lactobacillus plantarum inoculation
resulted in large quantities of immunoglobulin G specific to tetanus toxin fragment C, which triggered immune responses
against the 6 produced antigen due to a symbiotic association (Shaw et al.,, 2000). Conversely, in patients with impaired
immune systems, probiotics can occasionally result in infections and GIT disorders.

In the projected 45-day production phase, the GIT is critical to the health and growth of the birds. Gut associate
microbial populations are very crucial for properly metabolic physiology of host. For example, probiotics or live Bacillus
subtilis strains are being given to chickens to improve GIT physiology including duodenal IgA secretions and feed
conversion ratio (FCR) (Sohail et al., 2012; Amerah et al., 2013).

Probiotics are thought to stimulate gut microbiota via a number of mechanisms, such as binding microbial specific
receptors within the intestinal mucosa, competing microorganisms for nutrients, and producing antimicrobial agents to
suppressing the growth of other microbial population (Hemarajata and Versalovic, 2013; Abd El-Moneim and Sabic, 2019;
Abd ElI-Moneim et al., 2020). There are other possible pathways that probiotics can stimulate against pathogenic microbial
populations such as lowering of pH, generation of organic acid and immune regulation of host (Sherman et al., 2009; Abd
El-Moneim et al., 2020). They are also believed to be involved in maintaining the integrity of intestinal barrier and
immunological tolerance that can negatively affect translocation of pathogenic microbes across intestinal defense (Lee and
Bak, 2011). The mechanisms of probiotic action are illustrated in the Fig. 1.
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Fig. 1: Mechanism of action of probiotics in broiler diet for better performance and production showing
immunomodulation, improved barrier function, antimicrobial activity and reduced luminal pH

Use of Prebiotics in Broiler Diet
Prebiotics are non-digestible food ingredients that specifically act as substrates for microbes (Swanson et al., 2020).
The potential to optimize the effects of probiotics in prebiotic formulations is presented by the formation of new
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molecules upon the combination of prebiotics and probiotics in a single matrix (Cunningham et al., 2021). Lactulose,
oligosaccharides (XOS), oligogalactose (GOS), inulin and oligofructose (FOS) are some of the most often occurring
prebiotics in diets (Casarotti et al., 2018; Peng et al., 2020). Prebiotics added to meat products improve their nutritional
content and affect the way different foods look on the technical side (Pogorzelska-Nowicka et al., 2018).

It has been demonstrated that oligosaccharides reduce the risk of illness, most likely by improving the digestion of
some feed components and inhibiting the proliferation of pathogenic species. FOS and MOS are two common
oligosaccharides found in animal diets. It has been demonstrated that the majority of prebiotics work to benefit the host
by feeding the helpful bacteria while suppressing the pathogenic ones. Prebiotics appear to improve the intestinal
bacterial balance in broilers by promoting the growth of nonpathogenic microorganisms and decreasing the colonization
of bacteria like Salmonella and E. coli (Yusrizal and Chen, 2003; Chung and Day, 2004).

Prebiotic had similar effect in replacement to antibiotics in broiler in term of feed consumption and body weight gain
(Alonge et al., 2017). Yeast cell wall had greater weight gain and better FCR (Fowler et al,, 2015).

Antibiotics can be replaced with MOS without having an adverse effect on the growth performance of broilers
(Kamran et al., 2013). Under a Clostridium perfringens challenge, dietary mannan oligosaccharide (MOS) at 0.05% can be
added to broiler diets to protect them from antimicrobial growth boosters without compromising the broiler's ability to
grow (Abudabos and Yehia 2013). Mannan oligosaccharide had similar effect on weight gain and FCR to antibiotics group
(Eseceli et al., 2010).

Mannan oligosaccharide had no influence on carcass yield (Leblebicier and Aydogan 2018). Prebiotic had improved
the population of cecal microbiota, enhanced lactic acid producing bacteria and decreased E. Coli bacteria (Tayeri et al.,
2018). Bifidobacteria concentrations are higher in birds fed with mannan oligosaccharide (Baurhoo et al, 2009). Further,
mannan oligosaccharide improved microbial ecology and morphological development. It does not affect overall
performance of birds (Leblebicier and Aydogan 2018) which shows no influence on feeding behavior, weight gain, and FCR
(Yalginkaya et al., 2008).

Mode of Action of Prebiotics

Prebiotics can affect poultry directly by affecting host systems like immunological responses, or indirectly by changing
the gut microbiota's fermentation patterns and composition. When prebiotics are fermented by gastrointestinal bacteria,
short chain fatty acids are thought to be the main inhibitory mechanism against pathogens; however, other processes,
such as interference with adhesion, may also take place. Prebiotics are linked to a wide range of processes and roles in the
avian GIT microbiota, such as immune system interaction, GIT morphological modification, and competitive exclusion of
pathogens (Ricke, 2018).
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Fig. 2: Mode of action of prebiotics in improved poultry production by diminishing luminal alkalinity, IgA production,
elevated mineral absorption, bifidobacterial stimulation and modulating the expression of cytokines.
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Fructooligosaccharides (FOS) Role in Poultry Production

FOS, which are naturally occurring substances derived from a range of plants, have been added to chicken and swine
feed as prebiotic additions. Their potential to enhance animal performance and health has been well investigated (Kumar
and Pandey, 2020). They could be substituted for antibiotics at subtherapeutic concentrations. Furthermore, the broiler
chicks fed diets supplemented with fructo oligosaccharides show a decreased incidence of intestinal colonization with
Salmonella enteritidis compared to those on a control diet. It has been reported that female birds if treated with FOS can
improve FCR, weight gain including carcass weight, and overall carcass percentage with longer small intestine (Shang et al.,
2015; Yusrizal and Chen 2003).

Mannan Oligosaccharides (MOS)

Use of MOS improve body weight, feed conversion ratio and livability in broiler chickens to help to optimize gut
health and bird performance as explained in Table 1 (Spring, 2003; Hooge, 2004). It gives enteric pathogens specialized
binding sites (D-Mannose), which lessens the likelihood of the pathogens adhering to the intestinal system. According to
Waldroup et al. (2003), there is no discernible impact on feed conversion or body weight. MOS was added to the diet
eaten for 0-42 days and 42-56 days, respectively, at an 1g/kg and 0.75g/kg concentration. When MOS was added to
broiler feeds, there was an improvement in feed conversion and body weight increase (Parks et al, 2001). When compared
to birds fed with control diet, the weight gain, feed conversion, and mortality of birds supplemented with MOS were
dramatically enhanced (Hooge, 2004). The performance of the birds treated with MOS and those given antibiotic growth
boosters was comparable, but the birds fed MOS had a reduced fatality rate. For chicken production to be lucrative and of
excellent quality, gut health must be maintained (Parks et al., 2001). MOS has demonstrated potential in immune system
modulation and intestinal pathogen suppression (Spring, 2003). When it came to preventing Salmonella enteritidis
colonization in chicks, chickens fed with MOS or PKM had hen caecal contents (HCC) that were more efficient than hens
fed control feed. In challenged three-day-old chicks, MOS decreased the concentration of S. typhimurium 29E and S. dublin
(Fernandez et al., 2002).

The Nutritional Benefits of Probiotics

The major way that prebiotic supplementation affects the host's nutrition is by its fermentation into short-chain fatty
acids (SCFAs), primarily lactate and acetic, propionic, and butyric acids, in the hindgut. By passive diffusion, SCFAs are
absorbed through the cecal epithelium and provide mature birds with up to 11% of their metabolizable energy. Since
SCFAs lower intestinal pH and encourage protein and mineral solubilization, they may also increase the availability of these
nutrients (Feng et al, 2005). Microbial prebiotic-mediated alterations affect the production of vitamins and nitrogen
compounds, the breakdown of indigestible feed components, and the facilitation of the elimination of undesirable food
components. Cecal microbes contain up to 5% of the genes involved in cofactor and vitamin production and 10% involved
in protein and amino acid metabolism (Danzeisen et al., 2011). These genes could be used by the microbes themselves or
by the host (Pan and Yu, 2014). Additionally, the grill metagenomics analysis revealed the presence of genes encoding
lactase, cellulase, hemicellulase, and arabinoxylanse activity, supporting the microbial digestion of these indigestible food
components for the generation of SCFAs as well as amylase and protease activity (Sergeant et al., 2014).

Effect of Prebiotic on Breeder, Broiler, and Layer Performance

MOS addition in the basal diet can improve the immune response in both broilers and layers that can also be analyzed
by immune organ indexing (Raju and Devegowda, 2002). The ether extract content in breast muscle was lower with the
herbs than with AGP, whereas the EE level in leg muscles was unaffected (Pisarski and Szkucik, 2007).

Prebiotics and BMD can be added to diets to boost growth and improve performance of birds, but better
performance has been reported in control group if treated with herbes. The treatment group exhibited considerably higher
live weight gain, survival rate, dressing percentage, and profitability in comparison to the control group (Shivakumar and
Javed 2005). Consequently, the performance of birds leading to profitability can be enhanced by providing additional
herbes as growth promoter.

Synbiotics

Nutritional supplements that combine probiotics and prebiotics in a synergistic manner are referred as synbiotics. The
idea that a probiotic cannot thrive in the digestive system without its prebiotic substrate is the main justification for
utilizing a synbiotic. The probiotic will be more sensitive to low pH, oxygen, and temperature if it does not receive the
essential nutrition supply. Prebiotics maintain the colonies of these "good" bacteria by providing better circumstances for
probiotics to grow. By taking both probiotics and prebiotics, one can see improvements in one's health state and an
increase in the good bacteria in the digestive system. Synbiotics have these beneficial effects in two ways: (1) by enhancing
probiotic viability and (2) by optimizing specific health benefits (Sekhon and Jairath, 2010). In commercial broilers, the
combination of prebiotics and probiotics improved growth performance and carcass yield with simultaneous growth in
intestinal morphology, as compared with antibiotic growth promoters (Ali et al., 2023).
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Mechanism of Action

Prebiotics and probiotics combined (known as synbiotics) have a synergistic effect that enhances poultry health. They
have the following benefits when added to broiler chicken feed; thicken the intestinal wall, boost resistance, boost the
absorption of glucose, increase the levels of short chain fatty acids and lactic acid, reduce the concentration of branched
chain fatty acids, encourage the growth of lymphoid tissue associated with the gut and enhance colonization of GALT by T
and B cells (Jiang et al., 2022; Nguyen et al., 2022). Combination of prebiotic (MOS) and probiotic (Bacillus subtilis) fed to
commercial broilers increased the dressing percentage, breast yield percentage and decreased FCR, thereby increasing the
surface area for nutrient absorption by increasing villus height and villus area (Ali et al., 2023).

There are two varieties of synbiotics: synergistic and complementary synbiotics. Probiotics and prebiotics, of which
more than one can be utilized, form complementary synbiotics. These microorganisms function separately to provide
various health advantages. The live bacteria and a selectively fertilized substrate are the two parts of a synergistic synbiotic
(Zubair, 2022).

Table 1: Summarized effects of probiotics, prebiotics and synbiotics on birds

Commonly used Growth performance  Immune system Gastrointestinal system References

Probiotics Lactobacillus bulgaricus, Increased growth Elevated Serum KLH-  Digestibility of fat and  (Ricke et al.,
Enterococcus faecium,  performance, improved specific IgA, antibody nitrogen, elevated 2020,
Lactobacillus spp. FCR, response to ND virus, ceaca microbiota, Rehman et
Bacillus spp. Plasma cholesterol and increased spleen and increased ileal and al..2020;
Rhodopseudomonas triglyceride bursa relative weights. duodenal villus heights, Sheheta et
palustris, concentrations reduced Improved intestinal al,, 2022;
Aspergillus oryzae, Better meat microbiota and gizzard Rashid et al.,
Candida pinpolopesi. composition, increased weights, 2023)

feed intake and better Decreased ammonia
weight gain emission.

Prebiotics Bacillus licheniformis Increased growth Improved immunity  Increased ammonia (Ajuwon,
and Bacillus subtilis, performance, improved against salmonella, concentration, KM, 2016;
Fructooligosaccharide  FCR, better weight gain Development of Enhanced Caeca krysiak et al,,
and Bacillus subtilis, central and peripheral microbiota, Phenol and 2021; Wu et
Enterococcus faecium, lymphatic organs, cresol decreased in al.,, 2022)
Lactococcus lactis improved gene caeca, Elevated acetic

expression regulation acid and butyric acid in
in spleen and ceacal  caeca
tonsils

Synbiotics Oligosaccharides, Increased weight gain, Development of Increased villus length  (Jha et al.,
Galactooligosaccharides, FCR, feed intake, peripheral and central to crypt depth ratio in  2020;
Insulin, dressing percentage,  lymphatic organs, the jejunal mucosa, Yaqoob et
Sucrose thermal carcass, wing, breast, Improvement in gene improved villus heights al., 2021;
oligosaccharides back, thigh, and expression regulation Khomayezi

drumstick percentages, in spleen, GALT and
Improved heart, liver development Adewole,
and gizzard weights 2022; Rashid
et al, 2023)
Conclusion

From the above discussion, it is concluded that the addition of prebiotics, probiotics, synbiotics or their combination
(replacing antibiotics) reduces the risk of AMR. Furthermore, it has a beneficial effect on the poultry in terms of growth
performance, carcass yield and intestinal morphology, leading to higher profitability. However, much research is still
needed to fully understand the mechanisms involved to maximize the health benefits of probiotics, prebiotics and
synbiotics on poultry health and production.
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ABSTRACT

Probiotics are live bacteria that give the host health benefits when given in sufficient doses. Yeast products have a
variety of impacts, such as improving the operation of the intestinal barrier, changing the levels of bacteria in the
gastrointestinal (GI) tract, and giving host bacteria useful substrates. By promoting the growth of the bacteria engaged
in the process, yeast can affect the rumen's bio-hydrogenation pathway. Any alteration in WBC concentrations could
indicate a better or more severe state of the illness. Cytokine production is necessary for immune system activation,
which includes WBC recruitment and the induction of illness behaviour. Cachectin, B-cell stimulatory factor 2 (BSF-2),
and type Il interferon are examples of cytokines associated with inflammation that induce fever, iliness behaviour, and
the synthesis of APP. In contrast to untreated cows, nursing milking cows treated using Saccharomyces cerevisiae
cultures or living yeast had higher serum glucose and lower nitrogen in their blood.
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INTRODUCTION

Probiotics are live bacteria that give the host health benefits when given in sufficient doses (Czerucka et al.,
2007; Kumprechtova et al., 2019). Aside from the well-researched and well-known 2 Hydroxypropanoic acid bacteria,
yeasts may also function as live microorganisms for improving growth (Altmann, 2017; Fomenky et al., 2018). The
interest in this topic has grown over the past few years; over 31,000 articles using the term probiotic are indexed by
PubMed, and over 15,000 of those have been printed in the past five years (Fig. 1). However, probiotic S. cerevisiae
study makes up a small portion of this, with lesser than 850 articles published by PubMed in the past five years. The
printing goal is to analyze the most recent data regarding probiotic and possibly probiotic yeasts and their use in
different types of health supplemented food.

Etiology

S. cerevisiae from many families have been extracted from food sources and natural environments. By producing a
variety of fermented foods, these potentially probiotic yeasts can improve their nutritional and sensory qualities. On the
other hand, Saccharomyces is the only yeast genus that is productive in double-masked studies (Czerucka et al., 2007).
Probiotics are capable of developing at 37°C, bear the harsh conditions of the human gastrointestinal tract (such as acidic
pancreatico-biliary secretion, bile acids, and an acidic pH), and improve the health of an individual's health by modulating
the microbes that reside there and carrying out biological activities (Table 1). Some probiotics can even stick to the
secretions of gut epithelial cells (Sanchez et al., 2014). It is one of the most extensively used commercial treatments for
diarrhoea in the world, having been used since the 1950s (McFarland, 1996; Altmann, 2017).
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Table 1: Distinctive features of Saccharomyces cerevisiae var. boulardii and Saccharomyces cerevisiae (Altmann, 2017).

No. Features Saccharomyces cerevisiae Saccharomyces cerevisiae var. boulardii
1. Capability to grow at 37 -C negative positive

2. Milk sugar used as a source of carbon positive Negative

3. Ascospores generating capacity positive Negative

4.  Capability to withstand pH 2.5 Negative positive

5. Extra versions of chromosome 9 Negative positive

6. Increased capacity for pseudohyphal transitioning  Negative positive

7. No. of chromosome sets bipartite or monoploid double

Furthermore, compared to S. cerevisiae, S. cerevisiae var. boulardii has more copies of the genes involved in response
to stressed conditions and translation These genes might be involved in pseudo- hyphal transitioning, rapid development
rates, and enhanced resilience to raise pH (Czerucka et al, 2007). Heat shock proteins, elongation factors, ribosomal
proteins, enzymes activating inactivated proteins, carriers, and fluoride efflux are usually encoded by duplicated and
triplicated genes, and these proteins may be useful in adapting to stressful environments. Additionally, it has been found
that S. cerevisiae var. boulardii possesses many genes related to pseudo-hyphal development, each with varying copies
(Altmann, 2017).

Impact of S. cerevisiae

According to research, S. cerevisiae has no discernible impact on ammonia content, methane generation, or overall
VFA concentrations (Durand-Chaucheyras et al, 1997). The type of diet being evaluated appears to have a significant
impact on how yeast supplementation affects pH stabilization. Yeast augmentation has often been associated with greater
rumen pH, while the regulated pH tended to be lower than 6. According to Fiems et al. (Fiems et al., 1999), sheep cater for
a concentrate diet consisting of maize silage and cereals with a high dextrose and glycogen content showed a greater
influence of yeast on the ruminal pH compared to sheep fed grass hay and sugar beet gloop. Yeast products have a variety
of impacts, such as improving the operation of the intestinal barrier, changing the levels of bacteria in the gastrointestinal
(Gl) tract, and giving host bacteria useful substrates. Controlling agitation in the GI tract can have a significant positive
effect on the host by improving nutrition uptake and minimizing the migration of pathogenic microorganisms and the
production of toxins systemically. This frequently happens as a result of changes in the Gl tract's crypt and villi properties,
tight connections between epithelial cells, and mucin formation. For instance, it was observed that pigs given yeast
supplements had thinner intestinal mucus than control pigs, which may enhance nutrient absorption (Bontempo et al.,
2006; Di Giancamillo et al., 2007). Furthermore, newborn pigs treated with yeast showed increases in crypt depth and villus
height, two indicators of good intestinal health (Di Giancamillo et al, 2007). Dairy calves' Gl tract development was
enhanced by YCW supplementation (Ma et al., 2020). High-grain diets are frequently fed to cattle to boost effectiveness,
but doing so comes at the cost of a rise in acidification prevalence, which is linked to reductions in rumen pH and dry
matter intake (DMI), as well as increases in inflammation and disarray of the gastrointestinal barrier's function (Bradford et
al., 2015). Before and after the calving in cows, yeast was discovered to alter the transcription of genes associated with the
immune system in the rumen. This finding suggests that yeast is controlling inflammation and gut barrier integrity during
this transitional phase (Bach et al., 2018). Moreover, it has been discovered that yeast not only boosts the number of
cellulolytic microorganisms in the rumen that crash incomprehensible fibre but also scavenges oxygen, which may
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contribute to pH stabilization and enhanced absorption of fibre-based feedstuffs (Chaucheyras-Durand et al., 2008;
Pinloche et al., 2013; Habeeb, 2017). Reduced lactic acid levels in the rumen are typically linked to pH stabilization. Yeast-
induced declines in 2 hydroxypropanoic acid concentrations and the required ruminal pH regulation may be explained by
the enhancement of lactic acid-utilizing bacteria. It has been demonstrated that lactic acid-consuming bacteria such as S.
ruminantium, which uses mannitol, are promoted in the laboratory using saccharomyces cerevisiae in a blend of stomach
fluid cultures (Newbold et al., 1998).

Additionally, S. cerevisiae can contend with Streptococcus gallolyticus, the primary rumen 2 Hydroxypropanoic acid
generator, for the uptake of soluble carbohydrates (Chaucheyras et al., 1995). Girard (Girard, 1996) demonstrated that
several yeast cell fractions contained both heat-stable (short-chain peptides) and heat-labile (likely lipidic) stimulating
components. It has been demonstrated that yeast supplies vitamins, particularly vitamin B1, to promote the growth of
rumen fungus (Chaucheyras et al, 1995). It was also proposed to remove oxygen, which would prevent the rumen's
exclusively anaerobic bacteria from growing. Although the liquids that come out of the rumen are mainly oxygen-deprived,
during the daily feeding cycle, a decreased amount of dissolved oxygen can be observed. While the animal is feeding,
oxygen is taken up by the rumen from both the feed and the saliva. The availability of oxygen in the rumen during
consumption of food, grinding, and water consumption is mostly responsible for the increase in redox potential seen in
sheep following meals (Mathieu et al, 1996). Linoleic acid undergoes ruminal biohydrogenation, which turns it into
rumenic acid. It then hydrogenates this acid to create trans-11 (vaccenic acid), which is then converted into octadecanoic
acid (Harfoot, 1981; Kim et al, 2000). The hydrogenation by biosynthesis of cis- 9,12-Octadecadienoic and cis-9,12-
Octadecadienoic acid in the rumen is facilitated by several bacterial species. Groups A and B can be created from these
bacteria based on the products that they produce during fermentation. While group B is specialized in producing stearic
acid (18:0), group A's bacteria are in charge of converting linoleic and linolenic fatty acids into trans-11 (vaccenic acid).
Some strains of Butyrivibrio fibrisolvens are among the rumen bacteria in group A, while two strains of Fusocillus are found
in group B (Harfoot, 1981). By promoting the growth of the bacteria engaged in the process, yeast can affect the rumen's
biohydrogenation pathway. Since the enzyme A9-desaturase converts trans-11 to cis-9, trans-11 CLA in the tissue, an
increase in the ruminal manufacturing of trans- 11 C18:1 indicates that beef and dairy products will contain more cis-9,
trans-11 CLA (Figure 2) (Bauman et al., 1999; Bauman et al., 2020).

Fig. 2: The benefits of
adding yeast culture to feeds
with varying carbohydrate
contents on cow milk

—> R production efficiency and

f . .
0 eating behaviour.
o Lactage.
N P"”dﬂcm
ﬂena

Lactate accumulation

BIOHYDROGENATION ' AR
% - -.’ - f e
S i Increased
~ proliferation of
.’ o trans-11

[ Yeast and feed

('lala.
- m’lﬂng
| 'Crla

hydrogenating

bacteria
(Butyrivibrio

P4 fibrisolvens)

Improved fibre K /
Higestibility




146

Anti-adhesive Properties of Yeast

It is widely acknowledged that the initial stage of bacterial infection of mucous membranes is epithelial adherence.
Similar to the link between antigens and antibodies, bacteria have attaching molecules on their surfaces that can interact
stereospecifically with host-cell membranes. There is proof that some strains of salmonella or E. Coli have a fibroblast
adherence that attaches to mannose residues on the membranes of epithelial cells (Ofek et al, 1977). According to
Korhonen (1979), these bacteria or their separated fimbriae will also agglutinate yeast that has mannan in the outer layer
of their cell wall. D- mannose solutions prevent this agglutination (Korhonen, 1979).

Pathogens that bind to the cell wall of yeast have an antimicrobial effect because the combined structure mix of S.
cerevisiae and pathogen is quickly removed from the gastrointestinal tract (Gedek, 1989). Yeast's helpful activity may be
explained by pathogens and yeast competing for intestinal cell adhesion, which is essential for the manifestation of the
cytopathogenic effect (Oyofo et al,, 1989; Line et al., 1998). Both mannose and yeast therapy dramatically decreased the
frequency of Salmonella typhimurium colonization in broilers; however, the addition of yeast had little effect on
Campylobacter colonization. It has also been demonstrated that S. cerevisiae inhibits the adherence of Entamoeba
histolytica trophozoites and Staphylococcus aureus to human cells (Rigothier et al., 1990; Kvidera et al.,, 2017).

Yeast and Immunity Stimulation in Ruminants

Studies showing that when engaged, the defence systems of pigs and cattle utilize about 1 kg of glucose in 12 hours
provide evidence for the energy need (Bontempo et al., 2006; Kvidera et al., 2016).When yeast is added to cattle and pigs,
the immune system responds in different ways (Table 2). The non- specific response, which includes the first, is generally
innate to an infective agent, and the natural immune response, which is an infection-specific response, comprises the two
components of the immune system. Supplementing with yeast has been shown to influence both of these immunological
responses.

WBC fluctuations may be a sign of an infection. Therefore, any alteration in WBC concentrations could indicate a
better or more severe state of the illness. The most common WBC subtype in pigs and cattle is T cells, which are
accompanied by monocytes. Steers' circulating neutrophils and lymphocytes significantly decreased in response to a
vaccination challenge; however, this response was not observed in steers given a disintegrated yeast supplement (Kim et
al, 2011).

Table 2: The outcome of saccharomyces cerevisiae and cerevisiae-based products ingestion on the immunological reaction
in bovine and pigs.

No. Classification Saccharomyces cerevisiae Effect on Immunological Response Reference
1. Beef Cattle  decomposed Saccharomyces restrained decline in leukocyte 1 (Kim et al., 2011)
cerevisiae

2. BeefCattle YCW3 Diminished IL-6 concentrations (Sanchez et al., 2013)

3. BeefCattle YCW Diminished acute phase proteins (Lei et al., 2013)

4. Dairy Calves Yeast Raised neutrophil ability (Ryman et al, 2013;
Fomenky et al.,, 2018)

5. Sows SCFP Decreased leukocyte amounts (Shen et al., 2009)

6. Weaned pigs YCW Decreased leukocyte amounts (Burdick Sanchez et al,,
2020)

7. Weaned pigs Saccharomyces cerevisiae Raised leukocyte; diminished inflammation (Collier et al., 2011)

causing lymphokines levels
8. Weaned pigs Saccharomyces cerevisiae culture Reduced type Il interferon level and TH cells  (Shen et al., 2009)

. Weaned pigs B-glucan Raised CD4+ T cells (Hahn et al., 2006)

10. Weaned pigs SCFP Raised amount of inflammation causing (Sanchez et al., 2018)
lymphokines

11. Weaned pigs MOS-4 Raised WBCG; decreased cytokine (Che et al., 2011)
concentrations

12. Weaned pigs B-glucan Raised cytokine amounts (Li et al., 2006)

13. Weaned pigs B-glucan Diminished cachetin and BSF2; Increased IL-10 (Li et al., 2005)

14. Weaned pigs Yeast Unchanged lymphocyte amount (Lessard et al., 2009)

SCFP: S. cerevisiae fermentation product; 2 YCW: Yeast cell wall; 3 MOS: mono oligosaccharide 4 B-cell stimulatory factor 2.

On the other hand, it was shown that beef cows treated with a Yeast fermented product (SCFP) before being
challenged with LPS had greater quantities of thrombocyte and Leukocyte populations, but that after the immunological
obstacle, their levels of cytokines that promote inflammation were lower (Burdick Sanchez et al., 2020).According to the
authors, the higher WBC numbers before the LPS challenge primed the immune system, getting it ready for the obstacle
and eventually leading to the lower mediator amounts seen after the test. However, supplementing heifers with a mixture
of live yeast and YCW products did not alter the level of WBCs before or after an outbreak of breathing disorders caused
by bacteria and viruses (Word et al., 2019).
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Hence, WBC populations appear to respond differently to yeast supplementation in pigs, much like they do in cattle.
Alterations in immune cell subtypes have also been examined in research. For instance, weaned pigs were given yeast
culture supplementation and exhibited a decrease in CD4+ cells or T- helper cells (Shen et al., 2009). Nonetheless, it was
discovered that weaned pigs given nutritional B- glucan derived from yeast had a higher number of CD4+ cells (Hahn et
al., 2006). These results show that variations in particular leukocyte communities are also impacted by the difficult setting
and saccharomyces food additive employed. Cytokine production is necessary for immune system activation, which
includes WBC recruitment and the induction of iliness behaviour. Cachectin, B-cell stimulatory factor 2 (BSF-2), and type Il
interferon are examples of cytokines associated with inflammation that induce fever, iliness behaviour, and the synthesis of
APP. They also promote the creation of other cytokines that aid in the immunological response. On the other hand, anti-
inflammatory cytokines like cytokine synthesis inhibitory factor (CSIF) and Pitrakinraboth stimulate the adaptive immune
system and lessen inflammation. As a result, mediator ratios may be a useful marker of stimulation of the immune system
and systemic inflammation. When beef heifers are fed with two distinct YCW products, their BSF2 values in blood samples
after an LPS defiance were lower than those of non-supplemented heifers in terms of both amplitude and durability
(Sanchez et al., 2013). Decreased temperature of the bowel was also noted in the study, which may indicate a general
decrease in the inflammatory response in addition to this TNF response. On the other hand, inflammation-causing
lymphokines cachexin and BSF2 were shown to be enhanced in the serum for a comparable amount of time in weaned
pigs supplemented with SCFP as opposed to non-supplemented pigs (Sanchez et al., 2018). Before an LPS challenge,
supplementing young pigs with B-glucan led to decreased levels of BSF-2 and cachexin, but raised IL-10 during the acute
(3-6 hours) period that followed LPS injection (Li et al., 2006). The authors hypothesized that this cytokine response could
explain the better pig performance seen in the study by indicating a reduction in an allergic reaction that promotes
swelling and an elevation in the inhibition of inflammation. In a similar vein, it was discovered that weaned pigs given MOS
supplements and confronted by the virus that causes pig fertility and lung infections had lower TNF-a but higher IL-10
concentrations after infection, as well as higher WBC concentrations in the early stages (Che et al., 2011).Thus, depending
on the product and challenge model, there is a variance in serum lymphokine amount, which is comparable to changes in
WBC populations. These variations are probably responsible for variations in cytokine duration as well as amplitude. The
APP binds pathogens, initiates complements, and binds cellular debris, among other actions, that assist the immune
response. Furthermore, while cytokines that cause inflammation have significance for the invulnerable reaction excess
stimulation of these inflammatory mediators for a longer duration can lead to an inflammatory hypercondition that could
be harmful to the animal's well-being and healing (Gruys et al., 2005).

Impact of Yeast on Metabolic Activity and Expected Mechanisms of Action

When yeast products are added to cow and swine feed, significant variations in the immunological response have
been noted; however, the metabolic process seems to be more stable (Table 3). Weaned beef cows supplemented with
yeast cell walls had different metabolic responses to LPS challenge; higher glucose and insulin responses were seen, while
non-esterified fatty acid (NEFA) concentrations were decreased (Sanchez et al., 2014). Steers supplemented with SCFP after
an LPS exposure similarly showed increased glucose responses (Burdick Sanchez et al, 2020). According to these two
studies, adding yeast products to an immunological challenge may increase its energy availability, which could help hasten
its resolution. Likewise, higher sucrose amounts were noted in Holstein calves that did not exhibit passive transfer after
being supplemented with yeast (Galvdo et al., 2005). Furthermore, contrasted to untreated cows, nursing milking cows
treated using S. cerevisiae cultures or living yeast had higher serum glucose and lower nitrogen in their blood (Dolezal et
al, 2011; Dehghan-Banadaky et al., 2013).

Table 3: Impact of supplementing with saccharomyces and saccharomyces-based commodities on pigs and bovine
metabolic metrics. YCW: yeast cell wall; NEFA: non-esterified fatty acid; SCFP: Saccharomyces cerevisiae fermentation
product.

No. Family Saccharomyces cerevisiae Digestion Domain Reference
derivatives

1. Beefcalves YCW 1 Raised glucose and insulin decreased NEFA 2 (Sanchez et al.,, 2014)

2. Beef calves SCFP 3 Accentuated glucose (Burdick Sanchez et al., 2020)

3. Feeder calves Live yeast and YCW Kindred glucose; decreased urea nitrogen (Word et al., 2019)

4. Dairy calves  Yeast Raised glucose (Galvéo et al., 2005)

5. Milking cows Live yeast or Yeast culture Raised glucose; diminished urea nitrogen (Galvdo et al,, 2005; Dolezal et
al, 2011)

6. Milking cows Live yeast No effect on glucose (Dehghan-Banadaky et al,
2013)

7. Weaned pigs YCW Diminished NEFA levels (Burdick Sanchez et al., 2020)

8. Sows SCFP Ability for decreased urea nitrogen (Shen et al,, 2009)

Living yeast-fed cows showed increased numbers of fibrolytic and lactate-utilizing bacteria (Pinloche et al,, 2013). As
previously mentioned, this is one of the possible ways that yeast works and could lead to a more stable pH. Elevations in
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both fibrolytic and cellulolytic bacteria facilitate the breakdown of fibre- based livestock feed, hence stabilizing the pH of
the rumen and increasing the amount of swallowed tubular animal feed that is utilized. Furthermore, it has been shown
that yeast products, like SCFP, raise rumen propionate concentrations, which may contribute to an increase in cattle's
serum glucose levels (Zhu et al,, 2017). Dairy cows treated with live yeast showed higher levels of total VFA and acetate,
indicating increased substrate availability for microbial glucose synthesis (Kumprechtova et al., 2019). Dairy cows treated
with live yeast showed higher levels of total VFA and acetate, indicating increased substrate availability for microbial
glucose synthesis (Kumprechtova et al., 2019). Furthermore, compared to non-supplemented cows, glucose was higher and
NEFA was less at the height of lactation, indicating a potential role for yeast in reducing the stress associated with an
imbalance in energy. All the same, it seems that yeast contributes to higher blood sugar levels which might offer more
energy for the immune system to use and possibly hasten the healing process following an infection.

Conclusion

The field of probiotic research has experienced rapid growth in the last several years, with a growing interest in the
use of probiotic yeasts, which has been used sparingly until now. When yeast is added to cattle and pigs, the immune
system responds in different ways WBC fluctuations may be a sign of an infection. Therefore, any alteration in WBC
concentrations could indicate a better or more severe state of the illness. Compared to S. cerevisiae, S. cerevisiae var.
boulardii has more copies of the genes involved in response to stressed conditions and translation These genes might be
involved in pseudo-hyphal transitioning, rapid development rates, and enhanced resilience to raise pH. It might be feasible
in future that probiotics may be recommended as drugs either in addition to or as substitute of antibiotics for certain
medical conditions.
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ABSTRACT

Avian trichomonosis is a parasitic protozoan infection that can affect various avian species, including poultry, and
frequently results in high mortality rates among juvenile birds, thereby posing a significant threat to the pigeon farming
industry. The oral and intestinal microbiota represent crucial components of animal health; they are complex microbial
communities that establish long-term residence within the host and exhibit mutual dependence with it. There exists an
intricate interplay between parasites and microbiota: the latter can influence the processes of invasion, colonization, and
pathogenicity of parasites, while parasites have the capacity to modify the composition of microbiota. In-depth study of
the interaction between Trichomonas gallinae and the host's oral and intestinal microbiota is not only of great
significance for the prevention and control of avian trichomonosis but also has potential value for understanding
broader host-parasite interaction mechanisms, developing new prevention and control strategies, and promoting human
health. Through these studies, we can better protect the health of pigeons and other birds, while also providing valuable
insights for the field of human medicine.
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INTRODUCTION

Avian trichomonosis is a contagious disease caused by the protozoan Trichomonas gallinae (T. gallinae) which primarily
affects pigeons and other birds. This disease is distributed worldwide and poses a serious threat to the pigeon breeding
industry. The rock pigeon (Columba livia), as the main host of T. gallinae, is widely distributed and migratory in nature, which
is considered a key factor in the global spread of the disease (Harmon et al., 1987). In pigeon populations, squabs have not
fully developed immune systems, hence the infection rate in squabs is usually higher than in adolescent and breeding pigeons
(Stabler, 1954). Pigeons infected with T. gallinae often develop yellowish-white caseous lesions in the oropharyngeal area,
which not only affect the birds' feeding and breathing but may also impact the balance of the oral microbiota (Rogers et al.,
2018). An imbalance in the oral microbiota can lead to other oral diseases, further affecting the health of pigeons. The
intestinal microbiota is one of the most complex and important ecosystem in an animal, playing a key role in the health and
disease of the host. Under normal conditions, the intestinal microbiota is generally in a state of dynamic equilibrium, which is
crucial for the host's health, however, this balance can be disrupted by various factors, such as age, diet, pathogens, etc.
Studies have shown that parasites colonizing the host can directly or indirectly affect the dynamic balance of the microbiota
(Mehlhorn et al., 2009). For example, parasites may affect the composition and function of the intestinal microbiota by
consuming nutrients within the host, secreting toxins or altering the host's physiological environment.

Currently, there is no effective vaccine available for avian trichomonosis. Therefore, a deep understanding of the
interaction between Trichomonas gallinae and the host's oral and intestinal microbiota is of great significance for
developing new prevention and control strategies. Studying these interactions can better understand how Trichomonas
gallinae survives and reproduces within the host and how they affect the host's health. This knowledge can provide a
reference for the research and development of new therapeutic drugs, vaccines, or management strategies to reduce the
harm of avian trichomonosis to pigeons and other birds.

Overview of T. gallinae
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The T. gallinge belongs to the Phylum Protozoa, Class Mastigophora, Subclass Zoomastigophorea, Order
Trichomonadida, Family Trichomonadidae, and Genus Trichomonas, has a pear-shaped body with numerous wrinkles and
indentations on its surface. It measures 5-9um in length and 2-9um in width. Under the microscope, the live organism
moves rapidly with a spiral swimming pattern. It is characterized by having four free flagella of varying sizes, which are
typical features and serve as its primary locomotive organs. The four anterior flagella are closely packed together,
emerging from the flagellar pocket. The wall of the pocket having crescent-shaped membranous structures is visible to the
cell's anterior end, and the flagella extends from a single axostyle on one side (Mehlhorn et al., 2009). The organism
possesses an undulating membrane that starts at the front end and ends just in front of the rear end, resembling a fish fin,
with several distinct undulations and sometimes fewer and shallower ones. The outer edge of the undulating membrane is
composed of paraxial rods and attached recurrent flagella, which are not free and are located within the grooves of the
undulating membrane, extending beyond the end of the membrane. Under the optical microscope, a single axostyle can
be seen, often extending beyond the rear edge of the cell, running from the anterior end to the caudate posterior end of
the trichomonad, positioned near the longitudinal axis of the cell. The terminal part of the axostyle protrudes about one-
third of the cell length beyond the posterior surface of the organism. T. gallinae has a simple morphology, being a single-
celled structure without mitochondria, but it does have hydrogenosomes. The organism is semi-transparent and relatively
bright. With no complex life cycle, the organism exists only in the hape of the rophozoite stage and reproduces by binary
fission.It can reproduce a generation approximately every 4 hours.

Fig.1: Microscopic image of Trichomonas gallinae
stained with Gram stain (1000X).

Fig. 2: Microscopic image of Trichomonas
gallinae stained with Giemsa stain (1000X).

Overview of Avian Trichomonosis

Avian trichomonosis predominantly affects birds' upper respiratory and digestive tracts, with a common occurrence in
the pharynx, esophagus, and liver. It can cause severe ulceration and yellow-white caseous necrotic lesions in the digestive
tract of pigeons. In severe cases, it may lead to systemic infection. In 2022, it was observed that T. gallinae can invade the
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heads of avian species, parasitizing the brain and eyes. The most important route of transmission between birds is through
the ingestion of trophozoites via shared water and food sources facilitated by saliva (VillanGa et al., 2006; Gerhold et al., 2007).
It has been suggested that the transmission of parasites via crop milk from infected parent birds to squabs seems most
efficient for establishing an infection (Harmon et al., 1987). Infected adult pigeons often do not show significant symptoms,
becoming asymptomatic carriers and a new source of infection. Additionally, birds of prey can become infected by consuming
infected prey, as T. gallinae can survive in carcasses for at least 48 hours. The parasite can persist in various water sources
for up to an hour (Purple et al,, 2015), such as drainage ditches and water drinkers. However, higher temperatures (30—
35°C) can extend its survival time (Kocan,1969). Although it can form pseudocysts under adverse conditions, a moist
environment is crucial for maintaining its infectivity (Stabler, 1954). Clinical manifestations of infection vary from mild to
severe, with severe, potentially fatal inflammation causing birds to die from starvation or asphyxiation by obstructing the
esophagus and respiratory tract. T. gallinae are generally considered normal residents (symbionts) on the mucosal surface
of the upper digestive tract. However, by causing inflammation in the underlying tissues or when entering the more distal
parts of the avian digestive tract, this protozoan parasite can cause mild to severe lesions, depending on the strain's
virulence and the host's susceptibility. Infection with highly pathogenic strains can lead to death. Laboratory diagnosis
typically includes direct smear microscopic observation and microscopic observation after in vitro culture to observe the
living T. gallinae as the key to confirmation. In addition, molecular biological techniques such as PCR, RAPD, RFLP, and
high-throughput sequencing can also be used for more sensitive diagnosis (Turner et al,, 2023). In terms of prevention and
treatment, there is currently no effective vaccine, and nitroimidazole drugs are usually used for prevention and treatment.
The method of drug use needs attention because some drugs, such as metronidazole, have certain toxic side effects and
should not be used arbitrarily in increased dosage or extended course. Generally, a course of treatment is preferable for
five days (Gobmez-Mufioz et al., 2022). In addition to using drugs, it is also necessary to strengthen breeding management,
reduce breeding density, supplement nutrients, maintain a dry and sanitary environment, regularly check health conditions,
and timely detect and treat infections. At the same time, for dead pigeons, they should also be treated harmlessly in a
timely manner, and effective disinfection work should be carried out to avoid causing widespread transmission.

Fig. 2: Pictorial dissection of the head
in pigeons with avian trichomonosis.

The Interaction between Avian Trichomonosis Infection and the Oral Microbiota

It is generally understood that the intricate interactions between microbiomes and host-parasite microorganisms can
be bidirectional and significantly impact animal health. Dietary changes, host morphology and phylogeny, captivity,
antibiotic treatment, age, gender, and the presence of certain diseases can all affect oral microbiota composition. There is
little evidence available about how trichomonosis infection affects the composition, structure, and dynamics of avian oral
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microbial communities. Previous research indicates that Cooper's hawks' susceptibility to trichomonosis is substantially
connected to the age-specific pH of the oral cavity (Urban et al., 2014).

The mean pH of fluid in the oral cavity of nestling Cooper's hawks is 6.8, whereas that of fledglings and adults is 6.0-6.1,
which is at least seven times more acidic. Trichomonas gallinae thrives when pH is between 6.5 and 7.5 (optimum 7.2). Fluid
in the oral cavity of Cooper's hawks becomes more acidic after birds have fledged and are nearing independence (>50 days
of age), but the reason for the change is unknown (Urban et al., 2014). Many animals undergo similar changes in body
chemistry (i.e, a change in acidity) during maturation, which are often associated with changes in their bacterial
communities. Therefore, Taylor et al. (2019) hypothesized that oral microbiota composition may be related to age-specific
differences in susceptibility to T. gallinae by comparing the oral microbiota of nestling and adult Cooper's hawks. The study
found significant differences in the oral microbiome composition between nestling and juvenile/adult Cooper's hawks, which
is surprising given the feeding behavior of the species. Breeding adults consume the same prey as that fed to the nestlings,
so dietary changes at different ages are unlikely to play a role in the observed changes in the oral microbiome.

There is little study on the relationship of T. gallinae with the oral microbiome. Claudio Alba et al. (2023) investigated
how captive breeding and trichomonad infection affected the oral microbiome of Bonelli's eagle nestlings. Bonelli's eagle's
core oral microbiota comprises Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria, with Megamonas and
Bacteroides being the most numerous taxa. The study discovered that trichomonad infection had a minor impact on the
microbiota composition, with a considerable increase in the relative abundance of the Gemella genus in eaglets with
trichomonosis lesions. This genus lives on the oral mucosal surface and is an opportunistic pathogen known to cause
human abscess problems, inflammation, and abscesses in various places. Abscesses, comparable to those seen in human
endocarditis, meningitis, and orbital or maxillary abscesses (Maraki et al., 2019; McQuinn et al., 2019) were found in highly
infected birds. T. gallinae-infected eaglets also contained a larger proportion of planktonic bacteria. This phylum is found
in a variety of environments, including marine, freshwater, and wastewater treatment plants, and its presence in water
sources aids in the spread of T. gallinae, which may explain its link with the parasite.

The Interaction between Avian Trichomonosis Infection and the Intestinal Microbiota

The intestinal microbiota, a complex community of microorganisms living in the animal’s gut, plays a crucial role in the
function of the intestinal barrier, including promoting nutrient absorption and digestion, maintaining intestinal
physiological functions, and regulating the body's immune system. Under normal conditions, the population density and
composition of the animal gut microbiota are in a state of balance, which can be altered by various factors such as age,
diet, and pathogens. The interaction between parasites and gut microbiota is significant for maintaining intestinal
homeostasis. Parasitic infections can lead to changes in the gut microbiota, dysbiosis, and inflammatory diseases (Faivre et
al, 2019). Gaining a deep understanding of how parasites affect the composition and function of the host's intestinal flora
may, in turn, affect the infection and pathogenicity of the parasites through these changes. Research into the interplay
between parasites and the host's intestinal microbiota can also provide references for other areas of study. For example,
understanding how parasites affect the host's immune system can help develop new immune modulation strategies to
enhance the host's resistance to other pathogens. At the same time, these studies can also provide insights for the field of
human medicine, as many human diseases are also related to the imbalance of the gut flora, such as inflammatory bowel
disease (Sultan et al., 2021) ,obesity, and diabetes, etc (Ortega et al,2020; Madhogaria et al, 2022). However, recent
research had found that helminths had potential therapeutic effects on inflammatory bowel diseases, challenging the
conventional notion that parasites are generally harmful to humans (Wang et al., 2020).

Infection with T. gallinae can affect the diversity and composition of the pigeon's gut microbiota. When comparing the
richness of different microbial communities in the small intestine and rectum of healthy pigeons, it was found that the
Lactobacillus genus was dominant. However, after infection with T. gallinae, the richness of Firmicutes and Lactobacillus
decreased, while the richness of Proteobacteria, Enterococcus, Atopobium, Roseomonas, Bifidobacterium, and
Peptostreptococcus increased (Ji et al., 2020). When 14-day-old pigeons were infected with T. gallinae, the richness of the
crop microbiota significantly decreased, with the proportion of Lactobacillus reducing by at least 90%. Lactobacillus is a
beneficial microorganism that competes with pathogens through adhesion and replication, produces pathogen-resistant
complex substances, and regulates immune functions, playing an important role in maintaining intestinal health (Sengupta
et al.,, 2013). The reduction in the abundance of Lactobacillus may lead to drastic changes in the intestinal environment, for
example, pH, followed by an apparent increase in the abundance of harmful bacteria, such as Enterococcus and Atopobium.
Enterococcus is an important pathogen for chickens, ducks, and pigeons, and it exhibits intrinsic or acquired resistance to
many antibiotics (Osman et al., 2019). Atopobium vaginae may be a marker for bacterial vaginosis in women (Marconi et al.,
2012). Besides, T. vaginalis was reported to be associated with vaginal microbiota consisting of low proportion
of lactobacilli and high proportions of Mycoplasma, Parvimonas, Sneathia, and Atopobium (Brotman et al., 2012).

The growth and development status of pigeons is closely linked to their ability to resist invasion by foreign pathogens.
Squabs have weaker immunity, and the normal bacterial composition of the intestinal barrier is not fully established.
Several experimental studies have confirmed that probiotics can promote the growth and development of the body (Chen
et al., 2017). Before infection with T. gallinae in the early age of pigeons, administering Lactobacillus can help beneficial
bacteria form a dominant population in the pigeon's gut, thereby preventing infection with T. gallinae (Ji et al.,, 2020).
Administering Lactobacillus after infection can improve the body's immunity to a certain extent, stimulate the body's
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immune response, inhibit the growth and reproduction of T. gallinae, reduce the infection rate of T. gallinae, and promote
the body's clearance of T. gallinae.
Summary and Outlook

With the development of high-throughput sequencing technology, especially the second-generation sequencing
technology (Next-Generation Sequencing, NGS), the impact of parasitic infections on the species diversity and community
structure of the host microbiota is increasingly receiving attention, and the understanding of the complex interactions
between parasites and host microbiota is also becoming more in-depth. In the host's oral and intestinal tracts, microbial
communities are closely related to the host's health status. These microbial communities participate in a variety of
physiological processes, including nutrient metabolism, the development and regulation of the immune system, and
defense against pathogens. Parasitic infections may disrupt the balance of these microbial communities, leading to a
decrease or increase in species diversity and changes in community structure (Berrilli et al.,, 2012). This imbalance may
affect the host's health and increase the risk of disease. Avian trichomonosis, as a global parasitic disease, poses a serious
threat to the pigeon breeding industry and wild bird populations. Currently, the interaction between Trichomonas gallinae
and the host's oral and intestinal microbiota is still in the initial stage of exploration. Studies have shown that Trichomonas
gallinae may affect the microbial composition in the host's oral and intestinal tracts, thereby affecting the host's health. For
example, infection may increase the number of certain pathogenic bacteria or reduce the number of beneficial microbes.
These changes may affect the host's immune response and disease progression, making the host more susceptible to
other diseases.

Probiotics are a class of beneficial microorganisms that can affect the ability of intestinal microbes to participate in the
regulation of various biological processes in the host through multiple mechanisms. This includes interacting with host sex
hormones, regulating stress responses and cognitive conditions, and affecting central nervous system-related functions
through the microbiota-gut-brain axis (Le Morvan de Sequeira et al,.2022; Ashique et al,.2024). Probiotic interventions have
shown great potential in combating parasitic infections and have been proven to reduce the pathogenicity of parasitic
infections, providing new strategies for the treatment and prevention of avian trichomonosis. They can enhance the host's
immune system, inhibit the growth of pathogens, or improve the structure and function of the microbial community
through interactions with the host's microbiota. In addition, the antiviral effects of probiotics have also attracted attention.
Probiotics may function by enhancing the intestinal mucosal barrier , stimulating the body's immune system, inducing anti-
inflammatory cytokines, downregulating pro-inflammatory cytokines, and inhibiting signaling pathways (Petrariu et
al,.2024).

Based on the understanding of the interaction between Trichomonas gallinae and the host microbiota, it also lays the
foundation for the development of new targeted antiparasitic products, which may have higher selectivity and lower side
effects. In the research and development of targeted antiparasitic products, innovative antiparasitic drugs and treatment
methods are continuously being introduced. For example, the canine antiparasitic drug BRAVECTO QUANTUM launched
by Merck, which is administered by injection, can provide protection against fleas and ticks for up to one year, showing
new progress in antiparasitic product innovation (Fisara et al.,, 2023) .

By delving into the interplay between Trichomonas gallinae and the host's oral and intestinal microbiota, we can
provide more effective strategies for the treatment and prevention of avian trichomonosis, laying a scientific foundation
for the development of new targeted antiparasitic products, and also provide references for the study of other parasitic
diseases. These studies not only help to improve the benefits of poultry farming but may also have a positive impact on
human health, as many principles of parasitic disease prevention and treatment are common between birds and humans.
With the application of NGS technology and further research on probiotic interventions, we hope to achieve more precise
and personalized prevention and treatment of parasitic diseases in the future.
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ABSTRACT

Parasites, gut microbiota, and the host exist in a complex and intricate interplay. Infection with Toxoplasma gondii can
lead to alterations, dysbiosis, and inflammatory diseases in the gut microbiome; concurrently, the gut microbiota
influences the colonization, proliferation, and virulence of T. gondii within the host. Recent research on the interactions
between intestinal parasites and the microbiota has revealed that the gut microbiota can either promote or inhibit the
pathogenic effects of T. gondii on the host, and probiotics have shown specific preventive or therapeutic effects on
intestinal T. gondii infections. Current research on the interaction between T. gondii and the microbiota is still in its
infancy, and the mechanisms of their interaction are not yet fully understood. Elucidating the mutual influences and
mechanisms of action between T. gondii and the gut microbiota is crucial for a deeper understanding of the
relationships among T. gondii, the gut microbiota, and the host, as well as for developing effective anti-T. gondii
microbiome preparations and the safeguarding of public health. This article reviews recent advances in research on the
interaction between T. gondii and the microbiota. It provides perspectives on future research directions in this field,
aiming to offer new strategies and theoretical foundations for preventing and controlling Toxoplasmosis.
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INTRODUCTION

Toxoplasma gondii and Toxoplasmosis

Toxoplasma gondii, a protozoan parasite belonging to the phylum Apicomplexa, is recognized as one of the most
successful parasites on Earth. It is an important zoonotic pathogen capable of infecting all warm-blooded vertebrates,
leading to abortions and stillbirths (Sanchez et al., 2021). This parasite significantly threatens livestock and public health
safety, resulting in substantial economic losses. T. gondii exhibits a complex life cycle with five distinct stages of
development: as tachyzoites and cysts within intermediate hosts, which include a range of mammals and birds, and as
schizonts, gametocytes, and oocysts within definitive hosts, such as cats and other members of the Felidae family (Matta et
al, 2021). Tachyzoites, known for their rapid replication within the host, are widespread throughout the body and are
commonly found in acute cases. In contrast, cysts are often detected in chronic or asymptomatic cases within tissues such
as the brain, skeletal muscle, heart, lungs, liver, and kidneys. Schizonts and gametocytes are typically found within the
intestinal epithelial cells of definitive hosts. At the same time, oocysts are formed in the intestinal epithelial cells and
released into the environment with the feces of the definitive host, exhibiting strong infectivity (Freppel et al., 2018).
Although pyrimethamine and sulfonamide drugs are significantly effective in treating Toxoplasmosis, their hepato-renal
toxicity and the issue of drug resistance cannot be overlooked (Montazeri et al., 2018; ShanShan Hu et al., 2024).

Recent research has highlighted the crucial role of the gut microbiota in various infectious diseases. However, studies
on the impact of T. gondii infection on the gut microbiota are relatively limited. Understanding the link between
Toxoplasmosis and the gut microbiota can aid in developing new strategies for preventing and treating T. gondii infection,
safeguarding public health and animal welfare.

Gut Microbiota

The gut microbiota is vertebrate animals' most abundant and complex microbial ecosystem. It is an integral part of the
immune system, closely related to the host's health status. Thousands of microbial communities form a dynamic and stable
gut microbiome structure, including over 1500 species across more than 50 different phyla, with bacteria accounting for
90% of the total gut microbial population. Recent research advancements have rapidly expanded our understanding of the
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gut microbiota, encompassing disease pathogenesis, immune modulation, and parasite interactions. The complex interplay
between gut microbiota and health implicates multiple pathways, including immune function, energy metabolism, lipid,
and glucose metabolism (de Vos et al,, 2022). Studies have demonstrated a link between gut microbiota dysbiosis and
conditions such as obesity, type 2 diabetes, hepatic steatosis, inflammatory bowel diseases (IBDs), and certain types of
cancer (Sepich-Poore et al, 2021). Parasitic infections can alter the composition and diversity of the gut microbiota,
impacting the host's health (Méthot and Alizon, 2014; Hauck, 2017; Benson et al., 2009). Concurrently, the gut microbiota
influences parasites' colonization, proliferation, and virulence (Tierney et al., 2004; Pérez et al., 2001; Foster et al., 2003;
Matthew et al., 2004). Research has revealed that microbial agents such as probiotics, prebiotics, and synbiotics can
modulate gut microbiota balance, enhance intestinal defense mechanisms, and positively affect the treatment of diseases
like diarrhea, constipation, and indigestion (Sorbara et al., 2022). In recent years, breakthroughs in technologies such as
high-throughput metagenomics analysis and artificial intelligence have facilitated a deeper understanding of the
complexity of gut microbial communities and the exploration of their mechanisms of action, providing a foundation for
developing new therapies. Modulating the balance of the gut microbiota is of significant importance for preventing and
treating related diseases.

Fig. 1: The different
developmental stages of
Toxoplasma gondii

(a. Tachyzoites, b. Oocysts, c.
Tissue Cysts).

a

Interaction between Toxoplasma Infection and Gut Microbiota
Disruption of Intestinal Homeostasis by Toxoplasma Infection

Toxoplasma infection triggers intestinal inflammatory responses associated with changes in the gut microbiota
composition. This study elucidates the shifts in gut microbiota composition during Toxoplasma infection and their
implications for intestinal health. In healthy mice, the ileum is predominantly occupied by Firmicutes and Bacteroidetes,
constituting 67% and 28% of the total microbiota, respectively. Lactobacillus, a probiotic, is essential for maintaining gut
microbiota balance, preventing diseases, and promoting health. However, during Toxoplasma infection, there is a
significant decrease in probiotics like Lactobacillus, while the numbers of Enterobacteriaceae from Proteobacteria and
Enterococcus from Firmicutes increase, exhibiting a trend of initial rise followed by a decline. Conversely, the overall
number of Bacteroidetes slightly increases compared to uninfected controls (Heimesaat et al, 2018; 2019). Molecular
analyses reveal that the development of immunopathology is accompanied by profound changes in bacterial flora, with
Escherichia coli, Bacteroides, and Prevotella dominating in acute ileitis. The total bacterial load in the ileum increases
dramatically during inflammation, with significant increases in aerobic and anaerobic bacteria (Markus et al., 2006). Acute
Toxoplasma infection activates the Th1 immune response, secreting many cytokines with anti-parasitic effects. However, an
overactive immune response can decrease Paneth cells, which are vital for the intestinal epithelial barrier. The depletion of
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Paneth cells and their antimicrobial secretions results in diminished expression and secretion of a-defensins, loss of gut
microbiota diversity, and a pronounced expansion of E. coli, thereby exacerbating intestinal dysbiosis (Eriguchi et al., 2012;
Raetz et al,, 2013; Lu et al.,, 2018). In our experiments, high-throughput sequencing of the 16S rDNA of the gut microbiota
in chickens yielded the following results, as shown in Fig. 2. After analyzing the sequencing results of the control group
and the Toxoplasma gondii-inoculated group (from now on referred to as the infected group) in the 7-day-old group, the
control group had 16 unique operational taxonomic units (OTUs). In contrast, the infected group had 69 unique OTUs. In
the analysis of the sequencing results for the 28-day-old group, the control group had 26 unique OTUs, and the infected
group had 50 unique OTUs. This indicates that the shared bacterial communities in the gut of the infected group are
generally more diverse than those in the control group. At the phylum level (Fig. 3), the abundance of Proteobacteria and
Actinobacteria was slightly lower in the infected group. In comparison, the abundance of Bacteroidetes and Firmicutes was
slightly higher, with the most significant increase in abundance observed in Bacteroidetes.

TT— vt Fig. 2: Differences in species
A MBaciercidots composition among samples.
B Protecbacteria .
wocnomcmon  A) Shows  the  comparison
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infected group and the
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group with the control
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7-day-old infected group
with the 28-day-old infected
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Intestinal Dysbiosis and the Co-occurrence of Toxoplasma gondii Enteritis

The gut microbiota is an integral part of the immune system in humans and animals, contributing to the proper
functioning of the host's immune defenses. The gut microbiota plays a crucial role in the immune system of humans and
animals, influencing the development and function of both innate and adaptive immunity. The presence of gut microbiota
facilitates the development of delicate structures in gut-associated lymphoid tissues and peripheral lymphoid organs, such
as Peyer's patches and the spleen (Macpherson et al., 2006). The gut microbiota protects the host from pathogenic
infections through various mechanisms, including competition for adhesion receptors and nutrients and stimulation of
mucosal production of mucus and antimicrobial substances (Stecher et al., 2008). Gut microbiota expresses pathogen-
associated molecular patterns (PAMPs) antigens that directly stimulate innate immune receptors, activating surface
receptors on intestinal epithelial cells, dendritic cells, and macrophages. This leads to the production of antimicrobial
substances such as COX-2, KGF-1, KGF-2, and angiogenin-4, and modifiable TGF-B1 through MyD88-dependent and TLR-
dependent immune stimulation pathways, thereby maintaining intestinal homeostasis (Rakoff-Nahoum et al., 2004; lwasaki
et al, 2007). Under normal conditions, the gut maintains immune tolerance to commensal bacteria. However, during oral
infection with T. gondii, the host loses immune tolerance to intestinal commensal bacteria (Hand et al. 2012), which
facilitates the invasion of T. gondii.

Under normal conditions, the intestinal commensal bacteria can work with the mucosal immune system to produce
beneficial effects for the host. However, in the case of dysbiosis, the overgrown gut microbiota can translocate to organs
such as the mesenteric lymph nodes, liver, lungs, and blood, leading to secondary inflammation. An excessive increase in
pro-inflammatory cytokines in the serum, including IFN-y, TNF, MCP-1, IL-12, IL-6, and IL-10, triggers a cytokine storm. The
host then exhibits symptoms such as weight loss, bloody diarrhea, and acute transmural enteritis, including apoptosis and
necrosis of the small intestinal epithelial cells (Von Klitzing et al., 2017; Dos Santos et al., 2020). Current research suggests
that Toxoplasmosis involves complex tripartite interactions between T. gondii, the mucosal immune system, and the host's
gut microbiota (Cohen et al., 2014).

Toxoplasmosis can induce the formation of inflammatory bowel disease (IBD), and the intestinal state during acute T.
gondii infection is similar to that of Crohn's disease (CD) patients (Egan et al, 2012). By orally infecting mice, the
pathological process of CD can be simulated. The results show that germ-free (GF) mice have lower levels of IFN, IL-22,
TIMP1, KC, and MPO in the intestine and higher levels of IL-1 compared to specific pathogen-free (SPF) mice, indicating
that GF mice have better resistance to T. gondii-induced mucosal inflammation (Nascimento et al., 2017)). At the same
time, the parasite load in GF mice is also significantly lower than that in SPF mice. Therefore, in normal gut microbiota, the
microbiota can exacerbate the small intestinal inflammation caused by T. gondii.
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Fig. 3: Gut microbiota relative abundance at the phylum level.

The Treatment Effect of Probiotic Metabolites on Toxoplasma Gondii Infection

Indole-3-Propionic Acid (ILA) is a metabolite produced by bacteria of the Lactobacillus genus, which has a potential
positive role in treating Toxoplasma gondii infection. Following infection with T. gondii, there is a significant decrease in
the levels of ILA in the serum. ILA can activate the aryl hydrocarbon receptor signaling pathway in intestinal epithelial
cells, promoting the activation of CD8+ T cells and the secretion of interferon-y, thereby helping to suppress
inflammation caused by T. gondii infection (Chen et al., 2024). This suggests that ILA, as a gut microbiota-related
metabolite, may positively impact the treatment of T. gondii infection by regulating the host's immune response.
According to existing studies, T. gondii infection leads to an imbalance in the gut microbiota, particularly reducing the
abundance of probiotics, such as lactobacilli (Meng et al., 2023). This imbalance exacerbates damage to the intestinal
and brain barriers. Research has found that the administration of Lactobacillus murinus and Lactobacillus gasseri can
restore the balance of the gut microbiota, significantly inhibit the burden of T. gondii in the intestines, liver, and brain,
and improve intestinal barrier damage, reducing central nervous system inflammation and neuronal apoptosis (Chen et
al, 2024). Therefore, the supplementation of ILA and its producing bacteria, Lactobacillus, may become a potential
strategy for treating T. gondii infection.

In addition, Alpha-Linolenic Acid (ALA), a gut microbiota-related metabolite, has been found to alleviate intestinal
inflammation caused by T. gondii (Yang et al., 2023). Specifically, the study pointed out that oral administration of ALA and
fecal microbiota transplantation (FMT) can both reduce the expression of pro-inflammatory cytokines and inhibit the
MyD88/NF-kB signaling pathway, which helps to alleviate colitis and improve the survival rate of the host. Furthermore, the
microbiota in the feces of mice treated with ALA can restructure the colonization of beneficial bacterial groups, such as
Enterobacteriaceae, Proteobacteria, Shigella, Lactobacillus, and Enterococcus.

Summary and Prospects

Current research indicates a tripartite interaction between Toxoplasma gondii, the mucosal immune system, and the
host's gut microbiota during T. gondii infection. During acute infection, the mucosal immune system is compromised, and
the homeostasis of the gut microbiota is disrupted, exacerbating the occurrence of T. gondii enteritis. Previous studies
have elucidated the molecular mechanisms related to T. gondii, gut microbiota, and immunity. These findings have
revealed the connection between T. gondii-induced apoptosis and inflammatory responses and the gut microbiota,
providing new directions for preventing and treating Toxoplasmosis.

High-throughput sequencing technology currently provides a platform for studying the interactions between parasites
and the gut microbiota. The sequencing results can reveal extensive taxonomic changes in the gut microbiota, providing a
basis for further exploration of the mechanisms of parasite-microbiota interactions. Metabolites of the gut microbiota,
such as indole-3-lactic acid (ILA) and alpha-linolenic acid (ALA), have been found to inhibit the occurrence of T. gondii
enteritis by regulating the host's immune system, providing a basis for the development and application of anti-T—gondii
microbial preparations.

Furthermore, research on the interactions between intestinal parasites and microbiota in their natural state will help
translate laboratory findings into clinical applications. Since the gut microbiota can affect the survival and infection
outcomes of various parasites, understanding the interactions and mechanisms between parasites and the gut microbiota
can lead to the design of prebiotics that stimulate the growth of specific microbes, suppress or reduce the virulence,
colonization, or reproduction of parasites. This approach is expected to provide new directions and technologies for
preventing and controlling parasitic diseases, which is of great significance for reducing the use of anti-parasitic drugs,
promoting the development of animal husbandry, and ensuring public health security.
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ABSTRACT

Pigeons are relatively easy and profitable to raise compared to other exotic birds. However, the large-scale
development of the pigeon breeding industry has led to the emergence of various diseases. The intestine plays a
crucial role in the digestion and absorption of nutrients in animals. The specific methods employed in pigeon rearing
make them particularly susceptible to intestinal diseases such as colibacillosis, salmonella, and Newcastle disease.
These diseases pose a threat not only to the pigeon industry but also to human health. While feed additives have
been utilized in animal nutrition, the use of antibiotics as feed additives raises concerns regarding antimicrobial
resistance, making the search for suitable alternatives essential for pigeon farming. Therefore, this article aims to
summarize the intestinal-related diseases affecting pigeons, enhance the understanding of the occurrence and
development of their intestinal functions, explore natural and novel antibiotic alternatives, and provide
recommendations for the prevention and treatment of pigeon diseases.
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INTRODUCTION

As one of the earliest birds to be domesticated, pigeons not only possess ornamental and competitive value but also
hold significant economic importance, making them a crucial type of commercial poultry (Wang et al., 2023). In many
countries, pigeons have emerged as an important economic poultry species due to their nutritional value and meat quality,
which are comparable to those of broiler chickens. Furthermore, they exhibit faster growth rates with minimal inputs,
rendering their breeding profitable (Xu et al., 2020; Rani et al.,, 2021). Reports indicate that racing pigeons have become
the fourth largest poultry product in my country, following chickens, ducks, and geese (Feng et al., 2022). According to
relevant data, in 2021, China produced over 1.11 million pairs of pigeons, with approximately 1.6 billion pigeons
slaughtered for food (Gao, 2022). However, unlike other poultry, the growth of young pigeons relies on exclusive feeding
with milk secreted from the parental pigeon’s crop. Following this initial phase, their diet gradually incorporates cereals
and is eventually replaced by fodder, suggesting that this unique rearing method contributes to a faster growth rate (Xu et
al, 2020a; Peng et al., 2023; Jin et al,, 2023).Thus, the development of the pigeon industry has become a vital sector for
maintaining the quality of life for the population and supporting economic growth.

Pigeon farming is a profitable business with low investment and labour, however there are challenges to the
development of the pigeon industry, one of the major threats is the impact of intestinal diseases (Kim et al,, 2010). The gut
plays a crucial role in the digestion and absorption of nutrients, so gut health has a significant impact on poultry
productivity (Yang et al.,, 2022). The pigeon's specific feeding regime also results in a significant impact on the nutrient and
microflora in the gut at different stages (Guzman et al., 2013; Wang et al., 2023). Studies have shown that pigeon diarrhoea
poses a major health risk at all ages, with a prevalence of up to 50%, and is accompanied by symptoms that lead to weight
loss, crop stagnation, vomiting, anorexia and, in severe cases, death (Wang et al., 2024). Pigeons can also transmit these
diseases (such as colibacillosis and salmonellosis) to humans and other mammals, and can also become a reservoir for
certain infectious diseases in poultry, seriously affecting the safety of pigeon breeding and other animal industries (Grande
et al,, 2016; Ranjbar et al., 2020).Therefore an understanding of pigeon intestinal diseases and their functional development
is essential for the prevention and control of this type of disease.
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With the rapid advancement of poultry farming, animal food safety has emerged as a significant concern. The misuse
of feed additives and the rise of antimicrobial drug resistance pose critical threats to animal health. Studies reveal that 80%
of animals used in food production have received drug treatments at some point in their lives, and products derived from
these animals (e.g., meat, milk, and eggs) may contain drug residues, contributing to the development of resistance
(Chiesa et al., 2020; Silveira et al., 2021). Therefore more and more feed additives and supplements such as probiotics,
prebiotics, organic acids and exogenous enzymes are being used as alternatives to antibiotics to regulate the gut
microbiota in order to maintain normal life activities in poultry (Yadav et al., 2019).

Etiology

The intestinal tract is not only the centre of nutrient digestion and absorption, but also an important place for immune
function (Xu et al., 2020; Li et al., 2020). Bacteria, viruses and parasites can cause intestinal diseases, and in severe cases,
can cause the death of the animal, so understanding the causes of intestinal diseases is of great significance to the
prevention and control of this type of disease.

Bacteria

Among the bacterial causes of pigeon diarrhea, Escherichia coli (E. coli), Salmonella enterica, Campylobacter jejuni in
the phylum Aspergillus and Clostridium difficile in the phylum Thick-walled Bacteria are the main common pathogens
(Wang et al., 2024). Research by Rosa Capita et al. shows that pigeon meat is an important reservoir of E. coli with genes
for antibiotic resistance and virulence having the potential to cause disease in humans (Capita et al., 2019). Studies have
shown that human infection with VT2f-producing E. coli is a zoonotic disease transmitted from pigeons. Pigeons can
directly transmit VTEC strains that cause diarrhea, and can also indirectly release VT2f phages in the environment, thereby
infecting humans(Grande et al., 2016). E. coli, as an opportunistic pathogen, can be widely present in the pigeon's intestinal
tract, causing diarrhoea, enteritis and other diseases (Wang et al., 2022) (Fig. 1). Salmonellosis is a serious problem for all
birds and is an important cause of high mortality from bacterial diseases in pigeons, mainly caused by Salmonella enterica
subsp. enterica serovar Typhimurium (S. Typhimurium) and Salmonella enterica serovar Enteritidis (S. Enteritidis) (Ranjbar et
al., 2020). Pigeons are common carriers of Salmonella and infection can be intestinal, parenteral (abscesses, pneumonia,
osteomyelitis, septic arthritis, endocarditis and meningitis) and systemic (bacteremia), manifesting as Symptoms include
enteritis, diarrhea and sepsis, and the bacteria can multiply in contaminated feces and remain viable for more than a
month to continue to infect pigeons(Badr et al., 2022). At present, bacterial diarrhea in pigeons is mainly treated through
standard microbiological examination and antibiotics. Ampicillin, streptomycin and tetracycline are classified as
antibacterial in veterinary medicine (Stetsko et al., 2018).

Fig. 1: Pigeons infected
with E. coli. A)
Symptoms of mental
depression in pigeons;
=) .~ _ +! B) Symptoms of pigeon
- > . K diarrhea ; C) Escherichia
2 coli isolated from sick

<% pigeons.

Virus

Viral diseases are common in both humans and animals and most viral infections severe enough to kill birds .In a
study on pigeon diseases, the percentage of viral diseases in pigeons was found to be as high as 66.06%, with a high
prevalence of Newcastle Disease and pigeon pox (Islam, 2020). Newcastle Disease in pigeons is a serious infectious disease
caused by the Newcastle Disease Virus or Paramyxovirus type 1 in pigeons (Fig. 2; Liu et al,, 2015). It infects young pigeons
and adult pigeons and causes severe neurological and digestive symptoms such as bilateral or unilateral wing or leg
movement disorders, diarrhoea and greenish loose stools (Zhang et al., 2022; Qian et al,, 2022). Other viruses such as
Pigeon Circovirus RPiCV) and Pigeon Rotavirus can also cause digestive disorders in pigeons. Pigeons of all ages may
develop the disease affecting meat and racing pigeons. PiCV-infected pigeons exhibit symptoms such as ruffled feathers,
depression, anorexia, weight loss, regurgitation, poor racing performance, diarrhea, and polydipsia.while those infected
with rotavirus show severe vomiting and diarrhea (McCowan et al., 2018; Abdulrasool et al., 2022). For this type of disease
virus isolation and diagnosis of pigeons using PCR and immunofluorescence are crucial.The prevention and treatment of
viral diseases is mainly achieved by vaccination, but it is more important to do a good job of pigeon husbandry
management to reduce contact with all kinds of wild birds, free range poultry and contaminated environments, so as to
avoid the infection of the disease (Abolnik, 2014; Liu et al., 2015).



Fig. 2: Photos of pigeons
infected with  Newcastle
Disease (Liu et al., 2015).

A) Pigeons infected exhibited severe nervous signs; B) Brain hyperemia and hemorrhage; C) Severe hemorrhage in the
lung; D) Multifocal hemorrhages in the mucosa of muscular stomach; E) Multifocal hemorrhages in the mucosa of small
intestine.

Parasites

Parasites is recognised as a major impediment to animal health and product performance, and the presence of
internal and external parasites affects the growth, development and productivity of poultry, and in severe cases can lead to
death (Mtd et al., 2020). It has been shown that coccidia (El-Seify et al., 2018), roundworms (Mtd et al., 2020) and trichinella
(Cai et al., 2024) are the main parasites that infect pigeons with intestinal diseases.In the study of Gadelhaq et al. it was
shown that globally the number of pigeons infected with coccidiosis is about 50-100% and the mortality rate reaches 70%
(Gadelhaq et al., 2019). Pigeons infected with coccidia suffer from loss of weight and appetite, low immunity and wet feces,
and bloody diarrhea in severe infections (Ras-Norynska et al., 2011; Santos et al.,, 2020) and oocysts discharged in the fecal
matter are non-pathogenic, but in the loft with appropriate temperature and humidity, they tend to grow and develop,
thus, ultimately become invasive and able to infect pigeons (Balicka-Ramisz et al., 2014; Santos et al., 2020). Several studies
have shown that the infection of pigeons with Trichinella is widespread in pigeons worldwide (Santos et al., 2020; Cai et al,,
2024).Trichinella, as a parasite present in the respiratory (pharynx, oesophagus) and upper gastrointestinal (mouth) tracts,
is mainly transmitted by feeding on the crop milk of infected pigeons, and the infected pigeons show clinical signs such as
anorexia, weight loss, dyspnoea, dysphagia and diarrhoea, which in severe cases can lead to oesophageal luminal
obstruction and death due to severe starvation. In severe cases, the oesophagus may be blocked and the pigeons may die
due to severe starvation (Feng et al., 2020; Santos et al., 2020; Brunthaler et al.,, 2022). Heavy infections with roundworms
can cause mild catarrhal enteritis, obstruction, dilatation and mild to necrotising ulceration of the small intestine in pigeons
(Mtd et al., 2020). For this type of disease diagnosis is still mainly through clinical symptoms, microscopy to carry out, its
treatment is still through the use of antiparasitic drugs plus symptomatic treatment of drugs, but also need to pay
attention to the impact of drug resistance, the most fundamental is still the standardization of animal husbandry and
management and maintain a clean environment in order to minimize the incidence of the disease and its spread.

Association between Intestinal Function and Intestinal Microorganisms in Pigeons

The intestinal tract, as a digestive organ, is responsible for the digestion and absorption of essential nutrients from
poultry feed, and it also serves as a critical immune site with physical, chemical, immune, and microbial barriers that work
synergistically against external stimuli (Liu et al., 2023). Pigeons are one of the few birds that can regurgitate pigeon milk
to nourish their brood, and the feeding process is shown in Fig. 3 (Jin et al, 2023). Due to their delayed maturity, these
pigeons cannot feed independently like other poultry and are entirely dependent on the milk secreted by the parental
pigeon crop for a period following hatching. This milk, which is similar in composition to mammalian milk, is rich in
microorganisms that facilitate microbiota establishment and metabolism, as well as promote the development of the
immune system in the offspring (Dong et al., 2012; Ding et al., 2020; Jin et al., 2023).Intestinal function is usually reflected
by intestinal morphology and structure, such as villus height, villus area, and crypt depth (Li et al., 2019). Studies have
demonstrated that early weaning impairs intestinal development and health in pigeon squabs during artificial rearing
periods (Wen et al., 2022).When pigeons are weaned at 7 days of age, their gastrointestinal tracts are often too immature
to handle the physiological and environmental stresses associated with the transition from parental to captive feeding. This
immaturity predisposes them to intestinal disorders and adversely affects their survival and disease resistance after
weaning (Wen and Zhao et al.,, 2022).
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Gut colonization by microbial communities is one of the most critical events in an animal's life, and the gut microbiota
promotes poultry health by maintaining intestinal homeostasis, enhancing mucosal maturation, fostering immune system
development, and inhibiting colonization by intestinal pathogens (Maynard et al, 2012; Wen et al., 2022). The gut
microbiota can be categorised into probiotics, opportunistic pathogens and pathogens, where probiotics are beneficial to
the host animal by inhibiting pathogens and balancing the gut microbiota, whereas opportunistic pathogens can be
transformed into pathogens under specific conditions, which may threaten the health of the animal (Wang et al., 2014).The
digestive system of newly hatched pigeons is sterile, immature, and highly susceptible to infection, with various
microorganisms from the pigeon's milk and the environment briefly colonizing the gut (Wen et al., 2022). As the pigeon
grows older its intestinal flora is gradually replaced from the Ascomycetes to the Thick-walled phylum due to the presence
in the pigeon's milk of a rich microflora dominated by the representatives of the Thick-walled phylum, which are able to
spread to the scales and participate in the process of bacterial colonization of the intestinal tract (Xi et al., 2019; Ding et al.,
2020a). Many members of the Thick-walled phylum are associated with digestion and fermentation during starch
metabolism, playing a crucial role in energy production, and eventually becoming the dominant flora in the intestinal
tract (Ding et al., 2020a). Studies have shown that squab milk is rich in Lactobacillus and Bifidobacterium, with Lactobacillus
being particularly beneficial to health due to its ability to inhibit the growth of pathogens through lactic acid production.
Certain strains of Lactobacillus have been demonstrated to alleviate diarrhea in mammals by modulating the microbial
community and enhancing immune system function in the small intestine, suggesting that Lactobacillus may play an
important role in protecting the intestinal health of pigeon squabs (Bian et al., 2016; Ding et al., 2020a; Xu et al., 2022).

Breeding Pigeon Crop Milk Fig. 3: Squab growth process
- ' ‘ (in et al, 2023).
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Animal Feed Additive Alternatives for Intestinal Protection in Pigeons

Various feed ingredients and additives have been reported to modulate the gut microbiota and immune system of the
host (Wang et al.,, 2023). However, with the rapid development of animal husbandry, issues related to bacterial resistance
and drug residues resulting from antibiotic use have become increasingly prominent. Consequently, many countries and
regions are gradually banning the addition of antibiotics to animal feed, prompting a heightened interest in the search for
new medicinal drugs and alternative substances to antibiotics in animal feed ( Cheng et al, 2014; Silveira et al., 2021;
Hernando-Amado et al., 2020; Kim et al, 2022).Tea polyphenols, derived from tea, have antioxidant properties and
promote the production of beneficial intestinal bacteria such as bifidobacteria and short-chain fatty acids (Su et al., 2019;
Shao et al, 2022). Tea polyphenol supplementation in pigeon feed has been shown to improve growth performance,
serum biochemicals, antioxidants and immunity, as well as enhance intestinal function to maintain intestinal health and
improve the ability to digest and absorb nutrients (Chen et al,, 2024). Astragalus, Epimedium, and Ligustrum lucidum (AEF)
can enhance host immunity and improve animal growth performance. Supplementation of 0.1g/mL AEF in water enhances
the pigeon's stress resistance, improves pigeon productivity (laying rate, egg quality, fertilization rate, weight gain, etc.),
and strengthens pigeon's intestinal health and growth performance (Zhang et al., 2023).

Studies have shown that herbs and probiotics function extremely well as an alternative to antibiotics (Attia et al., 2023;
Alagawany et al, 2023). Antibacterial peptide (ABP) is a broad-spectrum antibacterial and biologically active small
molecule peptide, which exists in all kinds of animals, plants, bacteria, viruses and human beings, and can effectively kill
bacteria, and not easy to produce drug resistance, which can enhance the immune function of the animal and improve the
composition of the intestinal microflora, to maintain the health of the intestine, and to improve the production
performance of the animal (Gadde et al, 2017; Mookherjee et al., 2020; Patyra et al., 2023). It has been demonstrated in
the literature that supplementation of feed with ABP MccJ25 improves the serum antioxidant capacity of pigeons,
enhances the intestinal barrier function and antioxidant capacity of pigeons, and promotes intestinal health (Cao et al,
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2024). ABP 200 increased the abundance of beneficial bacteria and decreased the abundance of harmful bacteria in the
pigeon's intestine, improved intestinal morphology, facilitated digestion and assimilation of nutrients, and promoted the
growth and development of pigeon squabs(H et al, 2024).It has been found that supplementing the diet of pigeon
mothers with appropriate amounts of linoleic acid (LA), is essential for poultry, and that deficiencies in LA can lead to a
reduction in inflammation in the offspring and promote the growth of beneficial bacteria to strengthen the intestinal
immune and luminal microbiological environment (Xu et al., 2020).The progress of animal production is also accompanied
by the abuse of various drugs and the side effects of antibiotic resistance, so the use of natural feed ingredients and plant
extracts has become an optimistic and strong candidate for the replacement of traditional drugs, and such a measure
provides assistance in the growth and development of animals and the prevention of diseases, and also makes an
important contribution to the sustainable development of the livestock and poultry industry.

Conclusion

With the expansion of pigeon breeding scale and the improvement of production level, people have also begun to
pay attention to the occurrence and development of pigeon-related diseases. Understanding pigeon intestinal-related
diseases and selecting appropriate intestinal protective agents play an important role in the production and development
of pigeons.
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