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ABSTRACT 

	The use of antibiotics as growth promoters (AGP) aims to increase growth rates, improve feed conversion, and reduce morbidity and mortality due to disease in poultry. However, concerns about antimicrobial resistance and the transfer of antibiotic resistance genes from animals to humans have led to the ban on the use of AGP in poultry. Probiotics are promoted as a viable alternative to antibiotics in the poultry industry. They offer essential benefits for growth performance and gut health while addressing the problems associated with antimicrobial resistance. They effectively replace AGP by improving nutrient absorption and competing with harmful pathogens in the poultry gastrointestinal tract. This transition to probiotics underscores the growing recognition of the need for sustainable agricultural practices that prioritize animal health and reduce reliance on antibiotics. However, the effectiveness of probiotics depends on the strain, dose, method of administration, and interactions with other feed additives. The incorporation of probiotics into poultry diets represents a significant advance in promoting animal welfare and production efficiency while reducing the risks associated with antibiotic use. This approach not only improves poultry health but also aligns with contemporary agricultural practices that emphasize sustainability and food safety.
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1. INTRODUCTION 

Poultry farming has utilized antibiotics since the early 1950s to enhance growth performance and feed efficiency. However, adverse effects have surfaced, including antibiotic resistance, the presence of antibiotic residues in eggs and meat, and disruptions in the balance of beneficial gut microbiota (Al_ward et al., 2024; Samad, 2022). These resistant strains can spread to humans and contaminate fertilizers, leading to further public health concerns regarding antibiotic resistance and food safety (Ahmad et al., 2022). Alternatively, farmers can use other safer and more sustainable feed additives, such as probiotics (Mamphogoro et al., 2024; Mohsin et al., 2022), prebiotics (Pandey et al., 2019; Michalak et al., 2021), acidifiers (Rahman et al., 2022), and enzymes (Pandey et al., 2019) to improve poultry health and feed efficiency (Ferdous et al., 2019; Rahman et al., 2022).
Probiotics, often referred to as directly fed microbes (DFM), are defined by the FAO (2016) as live microorganisms that provide health advantages to the host when given in sufficient quantities. For a probiotic to be deemed effective, it must endure the conditions of the gastrointestinal tract, demonstrating resilience against the stomach's low pH and the presence of bile salts (Azhar et al., 2020), lack antibiotic resistance genes, and benefit the host (Imperial & Ibana, 2016). Probiotics commonly used in broiler poultry include various species such as Lactobacillus bulgaricus, L. acidophilus, L. casei, L. helveticus, L. salivarius, L. plantarum, L. faecalis, Streptococcus thermophilus, Enterococcus faecium, Enterobacter faecalis, Bifidobacteria species, Saccharomyces cerevisiae, and Bacillus subtilis (Halder et al., 2024; Jha et al., 2020). Probiotics can reduce the number of pathogens in the digestive tract of poultry, thereby reducing the risk of infection (Igbafe et al., 2020; Cai et al. 2023). Research by Gautam et al. (2024) on the addition of B. licheniformis and B. coagulans at 20 ppm in the basal diet economically produced higher profits without affecting production costs compared to the control. Thus, the use of probiotics is not only focused on increasing growth and improving overall animal health  (Ahmad et al., 2022; Al-Otaibi et al., 2023; Kusmiyati et al., 2025), but also but also on improving the welfare of farmers by increasing their profits (Gautam et al., 2024).
 This article aims to identify and analyze the specific benefits of probiotics in poultry, with a focus on their mechanism of action, impact on digestive tract health, enhancement of the immune system, and productivity improvement.

2. Research methods

The research method used was a literature review, which summarizes the research data and reviews and analyzes data from several previous studies. The data used to support the conclusion were relevant journals published within the last 15 years, as listed in the Google database. Results were obtained using the words probiotics, probiotic modes, and poultry.

3. results and discussion

The mechanisms through which probiotics exert their effects in avian species include: (i) preservation of homeostatic intestinal microflora through mechanisms of competitive exclusion and antagonistic interactions; (ii) modification of metabolic processes by enhancing the activity of digestive enzymes; (iii) augmentation of feed consumption and digestive efficiency; and (iv) activation of the immune system (Halder et al., 2024; Poberezhets et al., 2023; Raheem et al., 2021; Zhang et al., 2016). The results of this study on the use of several probiotics are shown in Table 1.
Table 1. Comparison of the effects of various probiotics on poultry
	Research Aspect 
	Probiotic
	Dosage
	Research Findings 
	References

	Body Weight and Performance
	Saccharomyces cerevisiae
	100 g/t of feed at concentration 1.3×1010 CFU/g
	Increase live weight by 5% at 28 days of age, 12% at 35 days of age, and 14% at 42 days of age, thereby reducing total feed convertion ratio (FCR)  by 5%

	Poberezhets et al. (2023) 

	
	Bacillus subtilis
	The probiotic was added to the dry food by spraying at a concentration 1˟107 CFU/g of feed.

	increases live weight gain by 4.16% to 10.76%

	Mardanova et al. (2020)

	
	Lactobacillus sp 
(L. acidophilus, L. casei, and L. reuterii)

	Added at a level of 0.01% in the diet (2x109 CFU/g)
	Increases in 6.0% final body weight, 6.15 % weight gain, enhanced in 8.8% feed conversion

	Bharathidhasan (2018) 

	
	Commercial probiotics (protexin) 
	Diluted with a ratio of 10 g/l of drinking water 
	did not affect weekly body weight, gain in weight, feed consumption, and FCR 

	Villanueva (2023)

	
	Streptococcus thermophillus,  
Bacillus cereus

	10 ml/liter of drinking water (minimum 106 CFU/ml).
	Does not increase final body weight, and weekly weight gain
	Sihite & Pakpahan (2023)

	
	Clostridium butyricum
	0.5 g/kg diet (1.0×1010 CFU)

	did not affect final body weight
	Abdel-Latif et al.  (2018)

	
	S. cerevisiae

	0.5 g/kg diet
	did not affect final body weight

	Abdel-Latif et al.  (2018)

	
	Clostridium butyricum

	5×108 cfu/kg diet
	Enhances live weight gain
	Liao et al. (2014)


	
	Bacillus subtilis fmbJ
	Basal diet with 3×1010 cfu/kg Bs fmbJ
	Improved daily weight gain and feed conversion ratio at 22 to 42 days of age. 
Had no effect at 1 to 21 days of age.

	Bai et al. (2017) 

	Liver Function 

	Enterococcus faecium
	Orally 107 CFU/0.1 mL on day 4
	Enhancing nutrient metabolism, cellular hormone metabolism, facilitating better nutrient partitioning, and reducing inflammatory responses

	Zheng et al. (2016)

	
	Lactobacillus plantarum
	1.6×1012 CFU (1 g/kg feed) for 42 days.
	The enhancement of antioxidant status and reduction in oxidative stress

	Hashem et al. (2022)


	
	Saccharomyces cerevisiae
	0.8% (w/w) feed 
	Reduce the aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP)

	Udeh et al. (2021)

	
	Bacillus subtilis
	0.5 g/kg diet at a concentration of 1×109 CFU/g
	significantly increased the digestibility of dry matter, crude protein, and ether extract 

	El-Kelawy et al. (2017)

	
	Clostridium. Butyricum
	5 × 108 cfu/kg diet
	Improves antioxidation in intestinal mucosa and promotes immune function in broilers

	Liao et al. (2014)

	Reduction of Pathogenic Bacteria
	Lactobacillus strains from Noi chickens
	108 CFU/mL
	In vitro, it showed antimicrobial activity inhibiting S. aureus, Salmonella sp., and E. coli

	Thuy & Trai (2024)

	
	L. plantarum and B. longum 
	107–109 CFU/mL

	In vitro spot test inhibits  E. coli O157:H7, 
S. typhimurium, 
L. monocytogenes
	Igbafe et al. (2020)

	
	Saccharomyces cerevisiae

	107–109 CFU/mLThe spot test in vitro
	In vitro spot test, inability to inhibit the growth of E. coli O157:H7 and S. typhimurium 

	Igbafe et al. (2020)

	Immune Response
	Bacillus subtilis fmbJ
	Basal diet with 3×1010 cfu/kg Bs fmbJ
	increased serum immunoglobulin concentrations (IgA and IgG), improving antioxidant capacity
	Bai et al. (2017)

	Economic feasibility
	B. licheniformis and B. coagulans 

	20 ppm in feed
	increases profits without significantly affecting production costs.

	Gautam et al. (2024)

	Meat quality and consumers’ preference
	Probiotoc + enzym
	In feed
	Did not affect the quality of the meat
	(Emennaa et al., 2020)



3.1. Competitive Exclusion and Antagonisme
Competitive exclusion is a fundamental mechanism by which probiotics inhibit pathogen colonization, primarily by attaching to the intestinal epithelial surface and competing for vital nutrients (Vinayamohan et al., 2024). This phenomenon results in ecological conditions that hinder the proliferation of pathogenic bacteria through various mechanisms. 
3.1.1. Reduction of intestinal lumen pH 
Probiotics, particularly those belonging to the Lactobacillus genus, synthesize lactic acid and short-chain fatty acids (SCFAs), which can modify the intestinal milieu by diminishing pH and fostering a more acidic environment. These probiotics bolster gastrointestinal immunity through the synthesis of bacteriocins, lactic acid, and SCFAs, such as acetate and propionate, which lower the gut pH, thereby rendering the environment less favorable for the survival of pathogenic bacteria (Gadde et al., 2017; Raheem et al., 2021). 
3.1.2. Synthesis of antimicrobial substances 
Probiotics generate compounds, including bacteriocins, that function as antibacterial agents targeting specific pathogenic bacteria while preserving the integrity of the normal gut microflora (Yang et al., 2014; Desiderato et al., 2021). Research by Lone et al. (2021) proved that Lactobacilli strains isolated from chicken cecum mucosa produce bacteriocins and inhibitory substances against Salmonella enterica and Clostridium perfringens. 
3.1.3. Prevention of pathogen adhesion
By occupying potential attachment sites on the intestinal epithelium, probiotics inhibit pathogens by establishing attachment and initiating infections (Vinayamohan et al., 2024). For instance, research investigating the influence of probiotics on the ducklings’ litter has shown that incorporating Bifidobacterium adolescentis (at least 108 CFU/g) and Lactobacillus acidophilus (at least 106 CFU/g) can significantly reduce the colonization of E. coli 2.15 times, increased B. adolescentis 1.9 times and L. acidophilus 1.57 times through competitive exclusion in broiler Pekin ducklings (Khabirov et al., 2022). Mohamed et al. (2019) research found that probiotics added to drinking water at a ratio of 0.5 g/liter of water reduced the colonies of Salmonella enteritidis and E. coli (strain O2: H45) in broiler chickens. This mechanism not only curtails the population of pathogens within the gastrointestinal tract but also helps maintain a healthy balance of gut microflora, promoting the digestive well-being of poultry (Yadav & Jha, 2019). Table 2. shows a comparative analysis of the probiotic strains based on their metabolite compounds, competitive exclusion mechanisms, and clinical implications for poultry health.
Table 2. Comparative Analysis of Competitive Exclusion Mechanisms Across Diverse Probiotic 
	Probiotic Strains
	Product Compounds 
	Main Mechanism 
	Clinical Effects
	Reference

	Lactobacillus spp. 
	Lactic acid, SCFAs
	Reduction of intestinal pH, competitive interactions
	Decreased colonization by pathogenic organisms
	(Vinayamohan et al., 2024)

	B. subtilis and
B. licheniformis
	acetic and propionic acid, 
	Enhancing immune functions, modulating gut microbiota. 
	Reducing the number of pathogens.
	(Xu et al., 2021)

	Bacillus spp. 
	Bacteriocins
	Generation of antibacterial agents
	Inhibition of the proliferation of pathogenic bacteria
	(Gadde et al., 2017)

	Enterococcus faecium 
	Effector proteins 
	Competition for mucosal adherence 
	Enhancement of microflora equilibrium
	(Zheng et al., 2016)



3.2. Enhancement Digestive Enzyme Activity
Another crucial mechanism is an increase in digestive enzyme activity. Probiotics are recognized for their capacity to enhance the synthesis of digestive enzymes such as lipase, amylase, and protease,  which are integral to food digestion and facilitate optimal nutrient absorption (Yadav & Jha, 2019). Numerous investigations involving broilers have demonstrated that the administration of probiotics not only augments digestive enzyme activity but also ameliorates intestinal morphology by elevating villus height and reducing crypt depth, which collectively enhances nutrient assimilation (Yadav & Jha, 2019; Yang et al., 2023). This enhancement in digestive enzymes exerts a substantial influence on the growth performance of poultry. For example, research conducted by Liao et al. (2014) on broilers supplemented with Clostridium butyricum  (5×108 CFU/kg) revealed a significant increase in average daily weight gain at 1 to 21  and 22 to 42 days. Studies by Yang et al. (2023) showed that administration of C. butyricum with a  dosage of 2×108 CFU/kg increased final body weight and average daily gain at the age of 22 to 39 days, however not increased at 1 to 21 age. Research by Mohamed et al. (2019) showed that probiotics added to drinking water at a ratio of 0.5g/1 g/liter of water increased body weight at the ages of 8, 9, and 30 days. Research by El-Kelawy et al. (2017) showed that the addition of probiotic Lactobacillus farciminis CNCM MA67/4R 0.5 g/kg diet at a concentration of 1×109 CFU/g resulted in the same feed consumption but higher body weight gain and lower FCR compared to the control treatment. Increase in average daily weight gain and final body weight, which were positively correlated with increased digestive enzymes. These improvements facilitate the optimization of digestion and minimize feed waste, thereby promoting faster and more efficient poultry growth, as depicted in Figure 1
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Figure 1. Enhancement Digestive Enzyme Activity (Image source from: Al-Otaibi et al., 2023)
3.3. Immune Response Modulation and Protection against Toxins 
Probiotics play a pivotal role in modulating immune responses in avian species. By stimulating cytokine synthesis and regulating immune cell activity, probiotics can diminish the likelihood of infection and inflammatory responses in the gastrointestinal tract. For instance, certain probiotics can elevate the concentrations of tumor necrosis factor-α (TNF-α) and interleukin-4 (IL-4), thereby enhancing the host's immunological reaction to infections while concurrently modulating inflammatory processes (Raheem et al., 2021; Yadav & Jha, 2019). Moreover, probiotics can effectively neutralize enterotoxins produced by specific pathogenic bacteria, consequently mitigating the damage inflicted on the intestinal epithelium and safeguarding the integrity of the intestinal barrier (Vinayamohan et al., 2024). The efficacy of this mechanism is further corroborated by a study demonstrating that probiotics successfully diminish serum endotoxin concentrations and diamine oxidase (DAO) enzyme activity in poultry subjected to the pathogenic influence of E. coli K88, suggesting an enhancement in intestinal barrier integrity and immune responsiveness. Thus, probiotics confer protective benefits to both localized and systemic defense mechanisms, thereby establishing an additional layer of safeguarding against infections and tissue injury (Yadav & Jha, 2019).
3.4. Enhancement of Metabolism and Hepatic Function 
In addition to their direct influence on the gastrointestinal system, probiotics significantly affect the host metabolism by modulating hepatic function (Halder et al., 2024). The liver is the primary organ responsible for metabolic processes, including protein synthesis, lipid metabolism, and detoxification. Investigations by Zheng et al. (2016) examining the impact of Enterococcus faecium (viable count ≥1×1010) CFU/g), the proteome of broiler livers indicate that probiotic supplementation can alter the expression of proteins associated with nutrient metabolism, consequently enhancing the efficiency of nutrient utilization and mitigating inflammatory responses (Zheng et al., 2016). This metabolic enhancement is characterized by the augmented metabolism of amino acids, vitamins, and cellular hormones, along with a reduction in the activity of proteins implicated in the inflammatory response (Zheng et al., 2023). The diminished expression of proteins that regulate calcium homeostasis and redox balance within the liver contributes to reduced inflammation levels, thereby promoting the overall health of poultry (Li et al., 2024). These findings substantiate the notion that probiotics operate not only at the intestinal level but also exert systemic effects through intricate metabolic pathways (Zheng et al., 2016).
4. Case Studies and Experimental Data
Experimental data from related studies have provided a clear picture of the mechanisms of action of probiotics in poultry. The following are the results of research related to the use of various types of probiotics in poultry: nutrient digestibility, feed conversion, final body weight, immune response, reduction in pathogenic bacteria, increased metabolism, and liver function.
Saccharomyces cerevisiae: The inclusion of Saccharomyces cerevisiae at 1.3×1010 CFU/g in broiler diets has been shown to increase live weight by 5% at 28 days of age, 12% at 35 days of age and 14% at 42 days of age, thereby reducing the total FCR by 5%. It indicates a sustained effect on the growth performance (Poberezhets et al., 2023). Udeh et al. (2021) showed that the addition of Saccharomyces cerevisiae 0.8%/kg in the ration reduced triglycerides, total cholesterol, and blood low-density lipoprotein but increased blood high-density lipoprotein. In poultry, blood lipid management can help prevent excessive fat accumulation, a concern for both animal health and meat quality. Economically, this is in line with consumer demand for healthier meat options. Furthermore, it decreased aspartate aminotransferase (AST) and total bilirubin levels (Udeh etal., 2021). Research (Candrawati et al., 2014) showed that supplementing diets with 0.2% Saccharomyces spp.S-7  isolate in rations increased broiler dry matter, organic matter, protein, and crude fiber digestibility.
Bacillus subtilis: Probiotics belonging to the Bacillus genus are recognized for their enhanced resilience to elevated temperatures and acidic pH conditions. The benefits of employing these microorganisms lie in their superior quality and extensive application as probiotics, which renders them highly adaptable across various uses (Payne et al., 2024; Bahaddad et al., 2022). Research has indicated that probiotics frequently arrive in the intestines intact, owing to the low pH levels in the stomach or the elevated body temperature (Hernandez-Patlan et al., 2020). Probiotic strains of B. subtilis have been reported to increase live weight gain by 4.16% to 10.76%, depending on the specific strain used, highlighting the variability in efficacy among different strains  (Mardanova et al., 2020). Research by Bai et al. (2017) on supplementing broilers with the probiotic Bacillus subtilis fmbJ through rations showed that it can increase the average daily feed consumption, FCR, body weight, and levels of serum immunoglobulin A (IgA) and immunoglobulin G (IgG) were assessed. In addition, the activities of several enzymes, including glutathione (GSH), glutathione reductase (GR), glutathione peroxidase (GSH-Px), and superoxide dismutase (SOD), showed an increase in both serum and liver tissues. Furthermore, the concentration of malondialdehyde (MDA) in the serum and liver was found to be reduced, which correspondingly lowered the levels of reactive oxygen species (ROS) within the mitochondria of broiler liver cells. Moreover, there was an upregulation in the expression of genes associated with antioxidant enzymes, such as nuclear factor erythroid 2-related factor 2 (Nrf2), heme oxygenase 1 (HO-1), superoxide dismutase (SOD), and glutathione peroxidase (GPx) increased.
Lactobacillus species: Supplementation of 0.01% Lactobacillus sp. (a mixture of Lactobacillus acidophilus, Lactobacillus casei, and Lactobacillus reuterii with a concentration of 2×109 CFU/g) in feed resulted in the same feed intake. However, it increased the final body weight by 6.0%, body weight gain by 6.15%, and decreased FCR by 8.8%. This shows the effectiveness of this probiotic in improving the growth performance of broiler chickens (Bharathidhasan, 2018). A study by El-Kelawy et al. (2017) noted that supplementation with a 0.50 g/kg Biacton probiotic containing Lactobacillus farciminis CNCM MA67/4R at a concentration of 1×109 CFU/g significantly increased the digestibility of dry matter, crude protein, and ether extract compared to the control. 
Clostridium butyricum: Supplementation with C. butyricum resulted in average daily gain (ADG), glutathione S-transferase (GST) activity, glutathione (GSH) concentration, superoxide dismutase (SOD) activity, and IgM concentration compared to the control group, but the malondialdehyde (MDA) concentration was lower than that of the control. The results showed that C. butyricum improved the growth performance, antioxidant activity, and immune function of broiler chickens (Liao et al., 2014). Zhang et al. (2016) investigated the application of Clostridium butyricum (2×107 CFU/g) in broilers challenged with E. coli K88, which yielded noteworthy findings. The study indicated that a cohort of poultry administered C. butyricum probiotics (CB) exhibited enhanced body weight and superior average daily weight gain compared to the positive control group (PC). Moreover, the activities of digestive enzymes, specifically amylase and protease, were elevated in the CB group, thereby underscoring the role of probiotics in enhancing digestive efficiency. Additionally, the augmented levels of cytokines, including TNF-α and IL-4, during the initial post-challenge phase suggest a favorable modulation of the immune response, wherein probiotics assist to strengthening the immune defense against pathogens. The high concentration of n-butyl acid found in the cecal digesta of the CB group further indicates beneficial metabolic changes to maintain the stability of the intestinal microbiota (Zhang et al., 2016). 

5. Conclusion

Antibiotic growth promoters have been used in poultry feed to improve growth efficiency and animal health. However, due to concerns about the accumulation of antibiotic residues and the potential for increased bacterial resistance, their use has been banned. One alternative to AGP is probiotics. The mechanisms of probiotics in the digestive system of poultry have shown that probiotic applications provide multiple integrated benefits. Through competitive exclusion, increased enzyme activity, modulation of immune responses, and enhancement of liver metabolism, probiotics improve gut health while providing systemic support, increasing metabolic efficiency, improving feed efficiency, enhancing performance, and reducing inflammation. It serves as a safe alternative to antibiotics, offering a multifaceted approach to enhance poultry productivity and welfare
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