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Abstract 
The intensive culture of Nile tilapia (Oreochromis niloticus) faces significant 
challenges including disease outbreaks, reduced growth performance, and 
environmental sustainability concerns. This comprehensive review examines the 
application of probiotic bacterial strains as a sustainable alternative to antibiotics in 
tilapia aquaculture. We analyzed recent advances in probiotic supplementation, 
focusing on specific bacterial strains that demonstrate enhanced growth performance, 
improved feed conversion ratios, and strengthened immune responses in farmed 
tilapia. The integration of probiotics in tilapia farming represents a promising 
approach to sustainable aquaculture development. 
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Introduction 

Tilapia (Oreochromis niloticus) ranks as the second most cultured fish species globally, with production exceeding 6.5 million 

tons annually [1]. The rapid expansion of tilapia aquaculture has been driven by the species' favorable characteristics, including 

fast growth rates, high feed conversion efficiency, and adaptability to various culture systems [2]. However, intensive farming 

practices have led to increased disease susceptibility, reduced growth performance, and environmental concerns related to 

antibiotic use [3]. 

The aquaculture industry's growing emphasis on sustainable practices has sparked interest in alternative approaches to traditional 

disease management and growth enhancement strategies [4]. Probiotics, defined as live microorganisms that confer health benefits 

to the host when administered in adequate amounts, have emerged as a promising solution for addressing these challenges in 

fish farming [5]. 

Recent research has demonstrated that specific probiotic bacterial strains can significantly improve growth performance, enhance 

immune function, and reduce disease mortality in cultured tilapia [6]. This review examines the current state of knowledge 

regarding probiotic applications in tilapia farming, with particular focus on growth enhancement mechanisms and practical 

implementation strategies. 

 

Probiotic Mechanisms in Tilapia 

Growth Enhancement Pathways 

Probiotic bacteria enhance growth performance in tilapia through multiple interconnected mechanisms. Primary pathways 

include improved nutrient utilization, enhanced digestive enzyme production, and optimization of gut microbiota composition 
[7]. Lactobacillus species, particularly L. plantarum and L. acidophilus, have demonstrated exceptional capacity to produce 

digestive enzymes including amylase, protease, and lipase, leading to improved feed conversion ratios [8]. 

The colonization of probiotic bacteria in the tilapia intestine creates a competitive exclusion environment that inhibits pathogenic 

bacteria while promoting beneficial microbial communities [9]. 
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This process, known as competitive exclusion, not only 

reduces disease risk but also optimizes nutrient absorption 

and metabolic efficiency [10]. 

 

Immune System Modulation 

Probiotic supplementation significantly enhances the innate 

immune response in tilapia through multiple mechanisms. 

Studies have shown that Bacillus subtilis and B. licheniformis 

administration increases lysozyme activity, complement 

levels, and phagocytic capacity of macrophages [11]. These 

immune enhancements contribute to improved disease 

resistance and reduced mortality rates in intensive culture 

systems [12]. 

The immunomodulatory effects of probiotics extend to 

cellular immunity, with research demonstrating increased 

lymphocyte proliferation and enhanced antibody production 

in probiotic-supplemented tilapia [13]. These immune 

improvements directly contribute to better growth 

performance by reducing energy expenditure on pathogen 

resistance. 

 

Specific Probiotic Strains and Applications 

Lactobacillus Species 

Lactobacillus plantarum has emerged as one of the most 

effective probiotic strains for tilapia culture, demonstrating 

consistent improvements in weight gain, specific growth rate, 

and feed conversion ratio [14]. Research conducted over 60-

day feeding trials showed that L. plantarum supplementation 

at 10⁸ CFU/g feed resulted in 25% improvement in weight 

gain compared to control groups [15]. 

L. acidophilus administration has been associated with 

enhanced protein digestibility and improved amino acid 

absorption in tilapia intestines [16]. The strain's capacity to 

produce bacteriocins provides additional antimicrobial 

benefits, reducing the incidence of bacterial infections in 

culture systems. 

 

Bacillus Species 

Bacillus subtilis represents another highly effective probiotic 

strain for tilapia farming, with studies demonstrating 

significant improvements in growth performance and disease 

resistance [17]. The spore-forming nature of Bacillus species 

provides advantages in terms of storage stability and survival 

through feed processing procedures. 

Research has shown that B. licheniformis supplementation 

enhances the expression of growth-related genes including 

insulin-like growth factor-1 (IGF-1) and growth hormone 

receptor, providing molecular evidence for probiotic-

mediated growth enhancement [18]. 

 

Practical Implementation Strategies 

Dosage and Administration 

Optimal probiotic dosages vary depending on the specific 

bacterial strain, culture conditions, and target outcomes. 

Research indicates that dosages ranging from 10⁶ to 10⁹ 

CFU/g feed provide optimal results for most probiotic strains 

in tilapia culture [19]. Higher dosages do not necessarily result 

in improved performance and may lead to increased 

production costs. 

Administration methods include direct feed supplementation, 

water treatment, and biofloc technology integration. Feed-

based delivery remains the most practical and cost-effective 

approach for commercial tilapia farming operations. 

 

Environmental Considerations 

Probiotic applications in tilapia farming contribute to 

improved water quality through enhanced nutrient utilization 

and reduced waste production. Studies have demonstrated 

that probiotic-supplemented fish produce 15-20% less 

nitrogen waste, contributing to more sustainable aquaculture 

practices [20]. 

The integration of probiotics with biofloc technology has 

shown particular promise, creating synergistic effects that 

enhance both fish performance and environmental 

sustainability. 

 

Conclusion 

The application of probiotic bacterial strains in tilapia 

aquaculture represents a sustainable and effective approach 

to enhancing growth performance while reducing 

environmental impact. Research has consistently 

demonstrated that specific strains, particularly Lactobacillus 

and Bacillus species, provide significant benefits including 

improved growth rates, enhanced feed conversion efficiency, 

and strengthened immune responses. 

Future research should focus on strain-specific optimization, 

cost-effective delivery methods, and integration with existing 

aquaculture management practices. The continued 

development of probiotic applications will play a crucial role 

in advancing sustainable tilapia farming practices and 

meeting growing global demand for aquaculture products. 

The evidence supports the conclusion that probiotic 

supplementation should be considered an essential 

component of modern tilapia farming systems, providing 

both economic and environmental benefits while maintaining 

high standards of fish health and product quality. 
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