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Abstract

The escalating challenge of antimicrobial resistance has necessitated the exploration of alternative strategies in livestock
management. This review paper synthesizes current research on the multifaceted role of probiotics as a sustainable
alternative to antibiotics, focusing on their immunomodulatory effects, competitive exclusion mechanisms and economic
benefits within the livestock industry. Probiotics have been shown to bolster the natural immunity of animals providing a
barrier against pathogenic bacteria and playing a crucial role in disease prevention. The administration of probiotics is
associated with reduced incidences of common livestock ailments including gastrointestinal and respiratory diseases
through mechanisms such as competitive exclusion and the production of antimicrobial substances. Furthermore, the
economic implications of probiotic use in disease prevention are significant offering cost savings and improved
productivity for livestock producers. The review underscores the need for continued research and development to fully
realize the potential of probiotics in animal agriculture highlighting their role in sustainable farming practices and global
food security. As the industry moves towards more natural approaches to disease management probiotics stand as a beacon
of hope for a future where animal health is managed naturally and sustainably.
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1. Introduction
The spectre of antimicrobial resistance (AMR) looms large over the 21st century presenting a daunting challenge to global
health and food security. The World Health Organization (WHO) has sounded the alarm declaring AMR as one of the top
ten global public health threats humanity faces today. It is a crisis that spares no borders, affecting humans, animals and
plants alike with an estimated 1.27 million deaths directly attributed to drug-resistant infections in 2019 alone [1]. The
misuse and overuse of antimicrobials across various sectors are the primary culprits driving this phenomenon, leading to
a situation where once-treatable infections are becoming lethal [1]. In the agricultural domain, particularly within livestock
management, the repercussions of AMR are profound [2,3]. The reliance on antibiotics as growth promoters has been a
double-edged sword improving animal health and productivity on one hand but also contributing to the rise of resistant
strains of bacteria on the other [4,5,6]. The European Union’s ban on antibiotic growth promoters in 2006 marked a
significant policy shift, steering the industry towards alternative solutions that could sustainably enhance animal health
without contributing to the AMR crisis [7,8]. Enter probiotics, the live microorganisms poised to revolutionize livestock
management [9]. These ‘friendly’ bacteria have been identified as a viable alternative to antibiotics offering a way to
maintain the delicate balance of the gut microbiota and fend off pathogenic infections [10,11]. The role of probiotics,
prebiatics, and symbiotics in animal nutrition has gained increasing recognition for their ability to not only improve feed
absorption and quality of meat, milk and eggs but also for their potential to act as immunomodulators agents capable of
modulating the immune system to promote a state of balance and health [10,12]. The immunomodulatory properties of
probiotics are particularly intriguing. These microorganisms engage in a complex interplay with the host’s immune
system, influencing both innate and adaptive immune responses. Through genomic and proteomic analyses, scientists
have begun to unravel the mechanisms by which probiotics exert their effects [13,14,15]. They have been found to regulate
mucosal immunity and produce bactericidal compounds that inhibit pathogenic microorganisms and even affect systemic
immune responses [16]. This capacity to modulate the immune system holds great promise for the prevention and
treatment of diseases potentially leading to improved health outcomes for livestock [16,17]. As we navigate the post-
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antibiotic era, the exploration of probiotics as immunomodulators in livestock management is not merely a scientific
endeavour but a necessary step towards ensuring global food security and public health. The potential of probiotics to
serve as a sustainable alternative to antibiotics in the livestock industry is immense [18]. However, this potential comes
with its own set of challenges and limitations. The current formulations of probiotics, the complexity of their regulation
in the digestive tract and the need for consistent long-term effects are areas that require further research and development.
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Figure 1 | The conceptual depiction of how antibiotic-resistant bacterial strains or genes move between various ecosystems

2. The Role of Probiotics in Livestock Health

Probiotics the live microorganisms introduced into the diets of livestock have become a beacon of hope in the quest for
sustainable animal health and productivity [19]. These beneficial bacteria when administered in appropriate quantities
forge a symbiotic relationship with their host outcompeting harmful pathogens for nutrients and attachment sites within
the gut [20,21]. Their presence not only fortifies the intestinal barrier but also modulates the immune system and produces
substances that directly inhibit the growth of potential invaders [22]. Probiotics have a particularly significant effect on
the immune system; they strengthen adaptive immunological responses and innate defenses which results in stronger
resistance to illness. This immunomodulatory action is evident in various case studies where probiotics have been linked
to improved nutrient uptake, better feed conversion rates and higher-quality animal products [23]. In ruminants, probiotic
supplementation has led to increased milk and meat production and improved overall feed efficiency, while in poultry, it
has been associated with reduced instances of intestinal disorders and a decrease in pathogen shedding [24,25,26]. These
results highlight the numerous advantages of probiotics, positioning them as a vital component in the future of sustainable
livestock management. The use of probiotics in animal nutrition has been extensively evaluated to improve the balance of
the beneficial gut microbiome and eliminate detrimental gut pathogens, resulting in a range of advantages such as
enhanced functioning of the gastrointestinal tract, improved immunity at both the gut and systemic levels and better health
status of both ruminants and non-ruminants [27,28,29]. The use of probiotics in ruminants has primarily focused on
improving ruminal fermentation efficiencies, such as stabilization of pH-enhanced fibre digestion and reduction of
methane production in the rumen, thereby impacting production performance [30,31,32]. Among the several species of
probiotic organisms studied yeasts have been the most widely explored followed by bacterial probiotics in ruminant
nutrition [33]. In non-ruminants, bacterial probiotics dominate over yeast in augmenting performance measures [34].
Furthermore, probiotics have also been shown to reduce incidences of intestinal diseases and faecal shedding of gut
pathogens and improve the gut barrier functions and quality of meat and milk in food animals [35]. There are various
species of probiotics, their beneficial effects, and modes of action in enhancing the efficiency of animal production [21,36].
The strategic incorporation of probiotics into livestock diets has the potential to yield a plethora of benefits that extend
beyond the immediate health and productivity of the animals. By fostering a healthier gut microbiome, enhancing immune
responses and improving the quality of animal-derived products, probiotics offer a promising avenue for advancing the
sustainability and profitability of animal agriculture [22,37]. As the global population continues to grow and the demand
for animal protein increases, the role of probiotics in supporting efficient and responsible livestock production becomes
ever more critical [38]. The ongoing research and development in this field are likely to unveil even more profound
insights into the capabilities of these microscopic allies, paving the way for a future where probiotics play a central role
in the stewardship of animal health and the integrity of our food systems [39].

3. The Immunomodulatory Effect of Probiotics
Probiotics exert a profound influence on the immune system through the modulation of cytokine profiles [40]. These
microorganisms are capable of stimulating the release of various cytokines, including interleukins (ILs), tumour necrosis
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factors (TNFs), interferons (IFNs), transforming growth factor (TGF) and chemokines from a range of immune cells such
as lymphocytes, granulocytes, macrophages, mast cells, epithelial cells and dendritic cells (DCs) [41,42]. This cytokine
release plays a pivotal role in regulating both the innate and adaptive branches of the immune system, contributing to a
balanced immune response [43,44]. The cell wall components of probiotic strains like Bifidobacteria and Lactobacilli,
particularly lipoteichoic acid, have been shown to stimulate nitric oxide synthase, leading to the production of nitric oxide
(NO), a potent effector in the pathogen-infected cell death mechanism [45]. This NO production is facilitated by
macrophages through the secretion of TNF-a, highlighting the direct interaction between probiotics and the host’s immune
cells [46]. Furthermore, probiotics have been reported to upregulate surface phagocytosis receptors, such as FcyRIII and
toll-like receptor (TLR), enhancing the host’s ability to recognize and respond to pathogenic threats [47]. The mechanisms
underlying the immunomodulatory effects of probiotics are multifaceted. Probiotics interact with mucosal immune cells,
influencing the secretion of cytokines and other mediators that orchestrate the immune response. This interaction is crucial
for maintaining gut homeostasis and can have systemic effects beyond the gastrointestinal tract [48]. Probiotics and their
bioactive compounds, such as bacteriocins and short-chain fatty acids (SCFAs), have been identified as key players in
suppressing inflammation and restoring microbial diversity in pathological states [48]. The clinical implications of the
immunomodulatory effects of probiotics are vast. By enhancing the immune response, probiotics may offer protective
effects against a range of diseases, including those common in livestock. The potential of probiotics to serve as a
sustainable alternative to antibiotics in animal nutrition is particularly promising, given the growing concerns over
antibiotic resistance [46,49]. Continued research and development in this field are essential to fully understand the
immunomodulatory potential of probiotics. Future studies should focus on identifying specific probiotic strains and their
components that are most effective in modulating the immune system. Additionally, the development of novel probiotic
formulations that can withstand the complexities of the digestive tract and deliver targeted immunomodulatory effects
will be crucial for their successful application in animal nutrition [50]. The immunomodulatory effects of probiotics
represent a significant advancement in the field of animal nutrition. Their ability to modulate the immune system and
provide a sustainable alternative to antibiotics holds great promise for the livestock industry [49]. As research in this area
continues to evolve, the full potential of probiotics in enhancing animal health and productivity will undoubtedly be
realized [51].

Table 1. Immunomodulation Mechanisms of Probiotics

Mechanism Probiotic Reference
Immune effects: decreased serum-soluble CD4 (a T-cell | B. lactis Bb12 or L. rhamnosus
marker) and increased TGF-p after GG [52]
Effect on Thl immunity (increased IFN-y) L. rhamnosus GG, Lactobacilli

& Bifidobacteria [53,54]
Immunoregulation (increased 1L-10) L. rhamnosus GG [55]
Effects on intestinal permeability L. rhamnosus GG [56]
Alleviation of intestinal inflammation L. rhamnosus GG [57]
Colonization of the perturbed mucosal barrier Various probiotics [58]
Competitive exclusion and inhibition of pathogens Lactobacilli

Enterococcus & Bifidobacteria | [59,60,61]
Production of bioactive compounds Various probiotics [62]

Bacteroides spp &
Enhancement of anti-inflammatory cytokine production Lactobacilli [40,39]
Recruitment of various immune cells Various probiotics [63]
Induction of immunoglobulin class switching towards
secretory IgA Various probiotics [64,65]

4. Probiotics and Animal Productivity

The strategic incorporation of probiotics into animal diets has been a game-changer in the field of animal husbandry
offering a sustainable alternative to antibiotics for enhancing growth performance and overall productivity [66]. The use
of probiotics has been extensively documented to improve average daily gain (ADG) and feed efficiency across various
species signifying a direct correlation between probiotic use and enhanced growth performance [67,68]. This improvement
is largely attributed to the probiotics’ ability to modulate the gut microbiota, optimizing nutrient absorption and
metabolism [67,68]. Nutritional digestibility and feed conversion are pivotal factors in the economics of animal
production. Probiotics have been shown to positively influence these parameters by promoting a balanced microbial
ecosystem in the gut, which leads to more efficient nutrient absorption and utilization [25,26]. This is particularly
beneficial in sustainable livestock management, where optimization of feed resources is essential due to the significant
costs associated with animal feed [25,26]. Moreover, the role of probiotics extends to the enhancement of meat quality
and milk yield. Studies have demonstrated that probiotics can improve the fatty acid profile of meat, potentially offering
health benefits to consumers by reducing harmful cholesterol levels [62,63,68]. In the dairy sector, probiotics have been
reported to increase milk yield and improve milk composition attributed to their ability to foster a healthy rumen
environment, which in turn enhances volatile fatty acid production and nitrogen flow [68,69]. Additionally, probiotics can
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alter the microbial ecosystem in the gut, leading to an increase in nutrient synthesis and growth performance which
ultimately contributes to better carcass weight and muscle production [68]. The evidence supporting the use of probiotics
in animal nutrition is robust with studies indicating consistent benefits in terms of productivity and product quality. While
the exact mechanisms through which probiotics exert their effects are still under investigation, the current body of research
underscores their value as a tool for enhancing animal productivity [26,69,70]. Probiotics represent a promising
intervention in animal nutrition, with the potential to significantly improve productivity and product quality. As the global
demand for animal protein continues to rise, the role of probiatics in supporting efficient and responsible livestock
production becomes increasingly important. Ongoing research and development in this field are expected to provide
deeper insights into the capabilities of probiotics, paving the way for their widespread adoption in animal agriculture
[71,72].

5. Probiotics as a Strategy for Disease Prevention

The deployment of probiotics in livestock management is increasingly recognized as a strategic measure to prevent
common diseases. Probiotics serve as a line of defence, bolstering the animals’ natural immunity and providing a barrier
against pathogenic bacteria [73,74]. This section delves into the preventive role of probiotics their mechanism of
competitive exclusion and the economic benefits derived from their use in disease prevention. Probiotics have been shown
to play a crucial role in the prevention of diseases such as bovine mastitis, a common and costly ailment in dairy cattle
[75,76]. By enhancing the immune response and creating an unfavourable environment for pathogens probiotics help
maintain the health and welfare of livestock [75]. The administration of probiotics has been associated with a reduction
in the incidence of gastrointestinal diseases, respiratory illnesses and other infections that commonly afflict livestock [77].
One of the key mechanisms by which probiotics protect against disease is through competitive exclusion. Probiotics
compete with pathogenic bacteria for nutrients and attachment sites, effectively inhibiting their growth and
colonization. This process is crucial in maintaining a balanced gut microbiota and preventing the onset of disease
[35]. Additionally, probiotics can produce antimicrobial substances that directly target pathogens, further reducing the
risk of infection [67,78]. The economic implications of using probiotics for disease prevention are significant. By reducing
the incidence of disease, probiotics decrease the need for medical treatments and antibiotics, leading to cost savings for
livestock producers [79]. Moreover, healthier animals translate into improved productivity and product quality, which can
have a positive impact on the profitability of livestock operations. Studies have shown that the use of probiotics can lead
to substantial cost reductions in healthcare and increased productivity through reduced absenteeism due to illness [80].
Probiotics offer a multifaceted approach to disease prevention in livestock. Their ability to enhance the immune system,
competitively exclude pathogenic bacteria and provide economic benefits underscores their potential as a sustainable
alternative to traditional antibiotics [81]. As research continues to uncover the full extent of their capabilities, probiotics
are poised to become an integral component of disease management strategies in animal agriculture.

6. Challenges in Probiotic Application

6.1Viability and Stability of Probiotics

The success of probiotics in promoting health benefits significantly depends on their viability and stability from production
to consumption. Viability ensures that probiotics retain their beneficial properties, while stability guarantees their survival
under various environmental conditions [82]. Probiotic viability can be influenced by several factors during processing
and storage. Temperature is a critical factor; probiotics must be kept within specific temperature ranges to remain active.
For instance, lactic acid bacteria, commonly used in probiotics are sensitive to high temperatures which can denature their
proteins and Kill the cells [83]. pH levels also play a vital role; most probiotics require a mildly acidic environment to
thrive making the acidity of the storage medium crucial for their survival. Additionally, exposure to oxygen can be
detrimental to anaerobic probiotics leading to oxidative stress and cell death [82]. To overcome these challenges various
techniques have been developed. Microencapsulation is one such method that provides a protective barrier around
probiotic cells shielding them from adverse conditions [82]. This technique not only improves the stability of probiotics
but also enhances their delivery to the desired site of action. Co-culturing with prebiotics is another approach that offers
a synergistic effect as prebiotics serve as a food source for probiotics promoting their growth and activity [83]. Research
has demonstrated successful methods for maintaining probiotic viability and stability. A study by Champagne et al. (2005)
showed that microencapsulation significantly increased the survival rate of probiotics during storage and gastrointestinal
transit. Another study by Dinkgi et al. (2019) found that incorporating prebiotics into probiotic formulations enhanced the
overall stability and viability of the probiotic cultures. By addressing the factors that affect probiotic survival and
employing techniques to enhance stability the full potential of probiotics can be harnessed leading to improved health
outcomes. The antegrade peristaltic movements, as part of the migrating motor complex, ensure a relatively short passage
time through the small intestine, leaving limited time for probiotics to replicate and exert their effects [84].

6.2 Dosage Determination in Probiotic Application

Determining the optimal dosage of probiotics is a multifaceted challenge due to the vast diversity of microbial strains and
their unique interactions with the host’s microbiome. Each strain possesses distinct properties and health benefits
necessitating a tailored approach to dosage [85]. The complexity is further compounded by the dynamic nature of the
microbiome which can alter the probiotic’s efficacy and required dosage [86]. The interaction between probiotics and the
host’s microbiome is a critical factor in dosage determination. Probiotics must navigate the existing microbial ecosystem

144



Journal of Survey in Fisheries Sciences 11 (3) 141-149 2024

competing for resources and space while exerting their beneficial effects [87]. This interaction is not static; it varies from
one individual to another influenced by diet, genetics and overall health making a one-size-fits-all dosage impractical [88].
Personalized medicine has emerged as a promising approach to address these challenges. By considering individual host
factors such as age, weight and health status personalized medicine aims to tailor probiotic dosages for maximum benefit
[89]. This approach requires a deep understanding of the host-probiotic relationship and the development of precise
biomarkers to guide dosage decisions [90]. Current research methodologies are focused on establishing effective dosages
for different livestock species and conditions. Studies often involve controlled trials that assess the impact of various
dosages on health outcomes, such as immune response, growth rates, and disease resistance [91]. These trials are
instrumental in developing dosage guidelines that can be applied in diverse agricultural settings [92]. the determination of
probiotic dosages is a complex process that must account for microbial diversity, host-microbiome interactions, and
individual host factors. Personalized medicine offers a path forward, but it requires robust research and innovative
methodologies to establish effective dosages across different livestock species and conditions.

6.3 Therapeutic Development of Probiotics

The regulatory landscape for probiotics presents unique challenges for their development as therapeutic agents. Probiotics
are often regulated as dietary supplements rather than pharmaceuticals, which means they are not subject to the same
rigorous testing and approval processes [93]. This can lead to challenges in establishing the efficacy and safety of probiotic
strains used for therapeutic purposes. Clinical trials are essential for validating the health claims associated with probiotics.
However, there is a need for more extensive and well-designed clinical trials to provide the robust evidence required for
therapeutic claims [94]. Such trials should be randomized, double-blind and placebo-controlled to meet the gold standard
of clinical research. The potential of probiotics as alternatives to antibiotics is an area of significant interest particularly
given the rise of antibiotic resistance. Scientific evidence suggests that certain probiotic strains can inhibit pathogenic
bacteria, modulate the immune system and enhance the gut barrier function, which could reduce the need for antibiotics
[95]. However, more research is needed to understand the mechanisms of action and to identify the most effective strains
for specific conditions. The current state of probiotic therapeutic applications is promising but still in its infancy. While
some probiotics are effective in treating conditions like diarrhoea and irritable bowel syndrome, there are gaps in research
regarding their use in other health conditions [96]. Further studies are needed to explore the therapeutic potential of
probiotics in a wider range of diseases and to determine the optimal strains, dosages, and treatment durations. the
therapeutic development of probiotics is an exciting field with the potential to offer new treatments for a variety of health
conditions. However, it is essential to address the regulatory challenges, conduct extensive clinical trials, and fill the
research gaps to realize this potential fully.

7. Conclusion

This review illuminates probiotics' vast potential as a sustainable antibiotic alternative, highlighting their benefits in
animal immunity and productivity, alongside economic advantages through disease prevention. The implications for the
livestock industry are profound: healthier animals diminished antibiotic dependence and production efficiency. The
probiotic field is dynamic with continuous discoveries of new strains and applications. Future research should focus on
understanding probiotic mechanisms, optimizing formulations and ensuring product viability. Probiotics are at the
vanguard of a paradigm shift in livestock health and nutrition, integral to sustainable, responsible farming practices and
the industry’s long-term welfare.
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