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1. Introduction 

The health and productivity of livestock 

are fundamentally influenced by the condition of 

their gastrointestinal (GI) tract, which plays a vital 

role in digestion, nutrient absorption, immune 

function, and overall animal welfare. In modern 

animal production systems, maintaining optimal 

gut health is essential for maximizing growth rates, 

improving feed efficiency, and enhancing disease 

resistance. 

Historically, antibiotics have been 

widely used to promote growth and prevent disease 

in livestock. However, increasing global concern 

over antimicrobial resistance and regulatory 

restrictions on antibiotic use have created an urgent 

need for natural and sustainable alternatives. In this 

context, probiotics and prebiotics have emerged as 

promising dietary strategies to support gut health 

and improve animal performance. 

Probiotics are live microorganisms that, 

when administered in adequate amounts, confer 

health benefits by modulating the gut microbiota, 

enhancing the intestinal barrier, and stimulating the 

immune system. Prebiotics, in contrast, are non- 

digestible food ingredients that selectively promote 

the growth of beneficial microbes in the GI tract. 

Together, these functional feed additives aim to 

establish a healthier gut environment, reduce 

pathogen load, and optimize nutrient utilization. 

This article reviews the mechanisms of 

action, species-specific applications, benefits, and 

challenges associated with the use of probiotics and 

 

prebiotics in animal nutrition, with particular focus 

on their role in modulating gut microbiota and 

enhancing immune function. 

 
2. Definitions and Mechanisms 

Probiotics are defined by the FAO/WHO 

as “live microorganisms which, when administered 

in adequate amounts, confer a health benefit on the 

host.” Common probiotic species include 

Lactobacillus, Bifidobacterium, Bacillus, and 

Enterococcus. These beneficial microbes compete 

with pathogenic bacteria, enhance gut barrier 

integrity, and modulate the host immune system. 

Prebiotics, on the other hand, are non- 

digestible food components that selectively 

stimulate the growth and/or activity of beneficial 

gut bacteria. Examples include fructo- 

oligosaccharides (FOS), mannan-oligosaccharides 

(MOS), inulin, and beta-glucans. Prebiotics serve 

as food for beneficial microbes, encouraging their 

proliferation while suppressing harmful species. 

When combined, synbiotics—a mixture 

of probiotics and prebiotics—can provide 

synergistic effects on gut health and performance. 

 
3. Impact on Gut Microbiota and Health 

Probiotics and prebiotics exert 

significant effects on the structure and function of 

the gut microbiota, thereby influencing overall 

animal health and performance. One of their 

primary mechanisms is the competitive exclusion 
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weaning diarrhoea, while prebiotics improve 

nutrient digestibility and immune development. 

iii) Ruminants 

In ruminants, probiotics like 

Saccharomyces cerevisiae improve rumen 

fermentation and fibre digestibility which 

contribute to improved feed intake, milk 

production, and weight gain. Prebiotics help 

stabilize ruminal pH and enhance microbial 

diversity, contributing to better milk yield and 

weight gain. 

iv) Aquaculture 

Aquatic species benefit from probiotics 

through improved water quality, enhanced immune 

defence, and resistance to pathogens. They also 

support nutrient uptake and growth performance. 

Prebiotics are also used to promote gut 

development and disease resistance in fish and 

shrimp. 

v) Canine 

Probiotics such as Lactobacillus 

acidophilus, Enterococcus faecium, and 

Bifidobacterium animalis helps to maintain a 

healthy gut microbiota, reduce faecal pathogenic 

bacteria, and improve stool consistency. Prebiotics 

like fructo-oligosaccharides (FOS) and inulin 

support the growth of beneficial bacteria, enhance 

the production of short-chain fatty acids (SCFAs), 

which contribute to gut health and epithelial 

integrity. 

 
vi) Feline 

Probiotics and prebiotics support feline 

digestive health by promoting beneficial gut 

bacteria, enhancing digestion, and improving stool 

consistency. Supplementation has been associated 

with improved faecal quality, reduced flatulence, 

enhanced nutrient absorption and may also support 

immune function and reduce stress-related 

behaviours through the gut-brain axis. 

 
5. Sources and Forms 

A variety of probiotic strains and prebiotic 

compounds are used in animal nutrition, each 
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of  pathogenic  microorganisms,  achieved  by 
occupying  adhesion  sites  on  the  intestinal

epithelium,  thus  preventing  colonization  by 
harmful  bacteria.  In  addition,  probiotic  organisms 
produce  antimicrobial  compounds,  such  as 
bacteriocins  and  organic  acids,  which  inhibit  the 
growth of pathogens and help maintain a balanced 
microbial  environment.  These  additives  also 
contribute to the enhancement of intestinal barrier 
integrity  by  upregulating  the  expression  of  tight 
junction  proteins,  thereby  reducing  intestinal 
permeability and the risk of systemic infections.

  Another  crucial  benefit  is  the  modulation

of  the  immune  system.  Probiotics  and  prebiotics

can  stimulate  both  innate  and  adaptive  immune 
responses,  including  the  increased  production  of 
immunoglobulin  A  (IgA)  and  various  cytokines

that  play  a  key  role  in  mucosal  immunity.

Furthermore,  they  contribute  to  improved  digestion

and  nutrient  absorption,  particularly  in  the  small 
intestine,  by  supporting  the  activity  of  digestive 
enzymes  and  increasing  the  availability  of 
nutrients.

  Collectively,  these  effects  result  in 
enhanced  feed  conversion  efficiency,  lower 
incidence  of  gastrointestinal  diseases,  and  overall 
improvements  in  animal  growth  and  productivity,

making probiotics and prebiotics valuable tools in 
modern animal nutrition strategies.

4.  Species-Specific  Applications

i) Poultry

  In  poultry,  probiotics  and  prebiotics

have  shown  to  reduce  enteric  pathogens  such  as 
Salmonella  and  Clostridium  perfringens,  while 
improving  feed  efficiency,  growth  and  overall 
performance.  Synbiotics  can  enhance  gut 
morphology  by  increasing  villus  height  and  surface

area for nutrient absorption.

ii)Swine

  Piglets,  especially  during  weaning,  are

prone  to  digestive  disorders.  Probiotics  help

stabilize  the  gut  microbiota  and  reduce  post-
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selected based on their specific functional benefits 

and compatibility with the host species. 

Common probiotic strains include Lactobacillus 

acidophilus, Bacillus subtilis, Bifidobacterium 

bifidum, and Enterococcus faecium. These 

microorganisms are widely studied for their ability 

to improve gut microbial balance, inhibit 

pathogens, and support immune responses. 

On the prebiotic side, frequently used 

compounds include fructo-oligosaccharides (FOS), 

mannan-oligosaccharides (MOS), inulin, and beta- 

glucans. These non-digestible carbohydrates 

selectively stimulate the growth of beneficial 

bacteria such as Lactobacillus and 

Bifidobacterium, enhancing microbial diversity 

and gut health. 

To ensure effective delivery, probiotics 

and prebiotics can be administered through various 

methods, including direct incorporation into feed or 

drinking water, which is the most common 

approach in commercial livestock systems. For 

improved viability and shelf-life, especially under 

high-temperature feed processing conditions, 

encapsulated or microencapsulated forms are used 

to protect the active components. Additionally, 

fermented feed products serve as a natural and cost- 

effective medium for delivering viable probiotics 

while also improving palatability and nutrient 

availability. 

 
6. Challenges and Considerations 

While probiotics and prebiotics have 

shown considerable promise in enhancing animal 

health and productivity, their successful 

application in livestock nutrition is not without 

challenges. A variety of biological, technical, and 

regulatory factors must be carefully considered to 

ensure their effectiveness and consistent 

performance under field condition. 

 

i) Strain and Substrate Specificity 

Not all probiotic strains exert the same 

effects across different animal species or 

production stages. The benefits of probiotics are 

often  strain-specific,  meaning  that  results 

observed with one microorganism cannot be 

generalized to another. Similarly, the efficacy of 

prebiotics depends on the specific type of 

oligosaccharide used and the composition of the 

host’s gut microbiota. Selection of appropriate 

strains or substrates, based on host species and 

desired outcomes, is therefore critical. 

 

ii) Dosage and Viability 

The dosage and viability of probiotic 

organisms are key determinants of their efficacy. 

Probiotics must remain alive in sufficient numbers 

to exert their beneficial effects, both during storage 

and after exposure to the harsh conditions of the 

digestive tract (e.g., low pH in the stomach, bile 

salts in the intestine). Improper formulation, feed 

processing (e.g., pelleting at high temperatures), or 

long storage times can reduce microbial viability 

and compromise efficacy. 

 
iii) Stability and Shelf Life 

Maintaining the stability of probiotics 

during feed production and storage presents a 

significant technical challenge. Heat, humidity, 

oxygen exposure, and feed matrix composition can 

negatively affect the survival of probiotic 

organisms. Microencapsulation and freeze-drying 

are strategies often employed to enhance stability, 

but these add to the cost and complexity of product 

development. 

 

iv) Host-Dependent Responses 

The host’s genetic background, age, 

health status, and existing gut microbiota can all 

influence how an animal responds to probiotics or 

prebiotics. What works effectively in one 

population or farm may not yield the same results 

elsewhere. This variability highlights the need for 

tailored or precision-based approaches in 

supplementing these additives. 

 

v) Inconsistent Research Outcomes 

Despite numerous studies supporting 

their use, research on probiotics and prebiotics 

often yields inconsistent results, particularly in 
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commercial settings. Differences in experimental 

design, microbial strains, dosages, and animal 

management practices contribute to this 

inconsistency, making it difficult to develop 

standardized recommendations. 

vi) Economic Considerations 

High-quality probiotic and prebiotic 

products can be expensive, especially when 

advanced technologies are used to enhance stability 

or functionality. Producers may hesitate to adopt 

these additives unless they clearly demonstrate a 

return on investment through improved 

performance or reduced disease incidence. 

 
vii) Regulatory and Safety Issues 

Probiotics and prebiotics are subject to 

regulatory approval in many countries, and 

requirements vary significantly by region. Some 

strains must be registered and tested for safety, 

efficacy, and stability before they can be marketed. 

Additionally, concerns about potential transfer of 

antibiotic resistance genes from probiotic bacteria 

to pathogens must be addressed through rigorous 

screening and quality control. 

 
7. Future Perspectives 

Rapid advances in microbiome research, 

molecular biology, and bioinformatics are 

transforming the landscape of animal nutrition. 

Emerging technologies such as metagenomics and 

metabolomics provide deeper insights into the 

complex interactions between host animals and 

their gut microbiota, enabling a more precise 

understanding of microbial functions and their 

influence on health and performance. These tools 

pave the way for personalized nutrition and 

precision feeding strategies, where diets can be 

tailored to the individual animal's genetic makeup 

and microbial profile, optimizing both nutrient 

utilization and disease resistance. 

Moreover, the field is witnessing growing 

interest in next-generation probiotics, which 

include novel strains with enhanced functional 

properties, and engineered microbial consortia 

designed to perform specific tasks within the gut 

ecosystem. Another promising innovation is the 

use of postbiotics—non-viable microbial cells or 

metabolic byproducts that confer health benefits 

without the need for live microorganisms. 

These developments represent a shift 

toward more targeted and scientifically informed 

approaches to gut health management, aligning 

with broader goals of sustainability, antibiotic 

reduction, and improved animal welfare in modern 

livestock production. 

 
8. Conclusion 

Probiotics and prebiotics represent 

valuable tools in modern animal nutrition, offering 

a natural and effective means of promoting gut 

health, enhancing nutrient utilization, and 

improving overall performance in both livestock 

and aquaculture systems. As the animal agriculture 

industry continues to shift away from the routine 

use of antibiotics due to concerns over 

antimicrobial resistance and regulatory pressures, 

these functional feed additives provide a 

scientifically supported and environmentally 

sustainable alternative. Their ability to modulate 

the gut microbiota, strengthen immune responses, 

and support digestive efficiency makes them highly 

valuable in advancing animal health and 

productivity. With ongoing research and 

technological advancements, the role of probiotics 

and prebiotics is expected to grow significantly, 

contributing to the development of more resilient, 

efficient, and sustainable animal production 

systems. 
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