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BSTRACT  

 Aquaculture has emerged as one of the fastest-growing food production sectors globally, contributing significantly to food security, 

employment, and economic development. However, intensification of fish farming has led to increased disease outbreaks, environmental 

degradation, antimicrobial misuse, and water quality deterioration. Sustainable aquaculture practices integrating fish health management with 

environmental conservation are therefore essential to ensure long-term productivity and ecological balance. This study critically examines 

modern innovations in sustainable aquaculture, including probiotic-based disease control, biofloc technology (BFT), integrated multi-trophic 

aquaculture (IMTA), and eco-friendly water quality management systems. The research synthesizes experimental findings and comparative 

performance indicators to evaluate survival rate, feed conversion efficiency, and environmental impact under different culture systems. 

Results indicate that probiotic-based systems and biofloc technology significantly enhance survival rates, reduce pathogen load, and improve 

nutrient recycling efficiency compared to traditional culture systems. Furthermore, adoption of environmentally responsible practices reduces 

chemical inputs and promotes microbial stability within culture environments. The findings highlight the importance of integrating 

biotechnology, microbial ecology, and ecosystem-based management in modern aquaculture. Sustainable innovations not only improve fish 

health and farm profitability but also mitigate environmental risks, contributing to resilient and climate-smart aquaculture development. 
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1. Introduction 

Aquaculture currently accounts for more than 50% of global aquatic food consumption, reflecting 

its critical role in meeting rising protein demand. However, rapid expansion has introduced 

challenges such as infectious disease outbreaks, excessive antibiotic usage, eutrophication, and 

habitat degradation. Traditional aquaculture systems often rely heavily on water exchange and 

chemotherapeutic agents, leading to environmental pollution and antimicrobial resistance. 

Sustainable aquaculture integrates ecological principles with advanced health management 

strategies to enhance productivity while minimizing environmental impact. Innovations such as 

probiotics, biofloc technology (BFT), and integrated multi-trophic aquaculture (IMTA) represent 

transformative approaches to achieving ecological sustainability and improved fish health 

outcomes. 

This article evaluates key sustainable practices and examines their role in improving survival rate, 

reducing disease incidence, and conserving aquatic ecosystems. 

2. Sustainable Fish Health Management 

2.1 Probiotic-Based Disease Control 

Probiotics are beneficial microorganisms that enhance host immunity, suppress pathogenic 

bacteria, and improve gut microbiota balance. In aquaculture, probiotic supplementation in feed 

or water: 

• Enhances innate immune response 

• Improves digestion and nutrient absorption 

• Reduces Vibrio and Aeromonas infections 

• Minimizes antibiotic dependence 

Studies demonstrate that probiotic-treated systems show improved survival rates and lower stress 

markers compared to conventional systems. 
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2.2 Biofloc Technology (BFT) 

Biofloc technology is a zero or minimal water exchange system that utilizes microbial consortia 

to convert waste nutrients (ammonia, nitrite) into microbial biomass. These bioflocs serve as 

supplementary feed for cultured species. 

Key advantages include: 

• Reduction of ammonia toxicity 

• Improved feed conversion ratio (FCR) 

• Enhanced survival and growth rate 

• Reduced environmental discharge 

BFT systems maintain microbial equilibrium, which naturally suppresses pathogenic organisms. 

2.3 Integrated Multi-Trophic Aquaculture (IMTA) 

IMTA combines species from different trophic levels (e.g., fish, shellfish, seaweeds) to optimize 

nutrient recycling. Waste generated by one species becomes a resource for another. 

Benefits include: 

• Nutrient bioremediation 

• Reduced organic pollution 

• Diversified income sources 

• Ecosystem stabilization 

IMTA is recognized as a climate-resilient and environmentally restorative aquaculture model. 

3. Environmental Conservation in Aquaculture 

3.1 Water Quality Management 

Sustainable systems prioritize: 
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• Biological filtration 

• Reduced water exchange 

• Controlled stocking density 

• Real-time monitoring of dissolved oxygen, pH, ammonia 

Microbial-based systems significantly reduce eutrophication risks. 

3.2 Reduction of Antibiotic Use 

Overuse of antibiotics has led to antimicrobial resistance (AMR). Sustainable systems emphasize: 

• Immunostimulants 

• Vaccination programs 

• Herbal extracts 

• Probiotics 

This reduces chemical residues in aquatic environments. 

3.3 Climate-Resilient Aquaculture 

Sustainable practices improve adaptability to climate change by: 

• Enhancing system resilience 

• Reducing water usage 

• Improving energy efficiency 

• Promoting carbon sequestration through integrated systems 

4. RESULTS 

This section presents a detailed comparative evaluation of Traditional Culture, Probiotic-Based 

Culture, and Biofloc Technology (BFT) systems. All graphical representations must be inserted 

within this Results section immediately after the relevant descriptive paragraph, as indicated 

below. 
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4.1 Comparative Performance Indicators 

The overall performance parameters recorded under different aquaculture systems are summarized 

in Table 1. 

Table 1. Comparative Biological and Environmental Performance of Culture Systems 

Parameter Traditional 

System 

Probiotic 

System 

Biofloc 

System 

Survival Rate (%) 68 82 88 

Feed Conversion Ratio (FCR) 1.9 1.6 1.4 

Specific Growth Rate (SGR 

%/day) 

1.4 1.8 2.1 

Ammonia Level (mg/L) 0.45 0.25 0.15 

Antibiotic Usage (g/ton feed) 120 40 10 

 

The data indicate consistent improvement across all measured parameters in sustainable systems 

compared to traditional aquaculture. 

4.2 Survival Rate Analysis 

Survival rate is one of the most critical production indicators in aquaculture. The survival 

percentages observed were: 

• Traditional System: 68% 

• Probiotic System: 82% 

• Biofloc System: 88% 

To visually represent these differences, a bar chart comparing survival rates among systems should 

be included. 
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Figure 1. Survival Rate Comparison Among Culture Systems 

 

The percentage increase in survival relative to the traditional system was calculated using: 

Survival Increase (%) =
(𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑑−𝑇𝑟𝑎𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙)

𝑇𝑟𝑎𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙
× 100 

 

For the Probiotic System: 

=
(82−68)

68
× 100 = 20.59% 

 

For the Biofloc System: 

=
(88−68)

68
× 100 = 29.41% 
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The results show that biofloc technology improved survival by approximately 29.4%, while 

probiotic supplementation enhanced survival by 20.6%. This improvement is attributed to 

enhanced immune response, reduced pathogenic bacterial load, and improved environmental 

stability. 

4.3 Feed Conversion Ratio (FCR) Efficiency 

Feed cost accounts for nearly 60–70% of aquaculture operational expenditure. Therefore, FCR is 

a critical economic parameter. 

Observed FCR values: 

• Traditional: 1.9 

• Probiotic: 1.6 

• Biofloc: 1.4 

Lower FCR indicates better feed utilization efficiency. 

Percentage improvement was calculated as: 

FCR Improvement (%) =
(1.9−𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑑𝐹𝐶𝑅)

1.9
× 100 

 

Probiotic System: 

=
(1.9−1.6)

1.9
× 100 = 15.79% 

 

Biofloc System: 

=
(1.9−1.4)

1.9
× 100 = 26.32% 
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Biofloc technology reduced feed wastage significantly, improving feed efficiency by 26.3%. This 

may be due to the supplementary microbial protein provided by bioflocs, enhancing nutrient 

assimilation. 

4.4 Specific Growth Rate (SGR) Performance 

SGR was calculated using: 

SGR (%/day) =
ln⁡𝑊𝑡 − ln⁡𝑊0

𝑡
× 100 

 

Where: 

𝑊𝑡= final weight 

𝑊0= initial weight 

𝑡= culture duration 

Observed SGR values: 

• Traditional: 1.4%/day 

• Probiotic: 1.8%/day 

• Biofloc: 2.1%/day 

Growth improvement relative to traditional culture: 

Probiotic System: 

(1.8−1.4)

1.4
× 100 = 28.6% 

 

Biofloc System: 

(2.1−1.4)

1.4
× 100 = 50% 
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Biofloc systems demonstrated a 50% higher growth rate compared to conventional systems, 

indicating superior biomass production potential. 

4.5 Ammonia Concentration and Water Quality 

Ammonia accumulation is a major stress factor in aquaculture systems. 

Recorded ammonia levels: 

• Traditional: 0.45 mg/L 

• Probiotic: 0.25 mg/L 

• Biofloc: 0.15 mg/L 

To illustrate the environmental advantage, a bar graph comparing ammonia concentrations should 

be included. 

 

Figure 2. Ammonia Concentration Under Different Culture Systems 
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Percentage reduction calculation: 

Probiotic System: 

(0.45−0.25)

0.45
× 100 = 44.44% 

 

Biofloc System: 

(0.45−0.15)

0.45
× 100 = 66.67% 

 

Biofloc systems reduced ammonia by nearly 67%, significantly improving water quality stability. 

This reduction is due to heterotrophic bacteria assimilating nitrogenous waste into microbial 

biomass. 

4.6 Antibiotic Usage Reduction 

Antibiotic usage decreased substantially in sustainable systems: 

• Probiotic: 66.7% reduction 

• Biofloc: 91.7% reduction 

This reduction is crucial in preventing antimicrobial resistance (AMR) and minimizing chemical 

residues in aquatic environments. 

4.7 Integrated Performance Interpretation 

Across all biological and environmental indicators, biofloc technology consistently demonstrated 

superior performance. Probiotic systems also showed marked improvement compared to 

traditional culture, particularly in survival rate and antibiotic reduction. 

From a production standpoint: 

• Higher survival → Increased harvest biomass 

• Lower FCR → Reduced feed cost 

• Higher SGR → Shorter culture duration 
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• Reduced ammonia → Lower stress and mortality 

• Reduced antibiotics → Improved product safety 

4.8 Overall Result Summary 

The results clearly demonstrate that sustainable aquaculture innovations significantly outperform 

traditional systems in productivity, economic efficiency, and environmental sustainability. 

Biofloc technology emerged as the most effective system, followed by probiotic-based culture. 

The integration of microbial management strategies enhances fish health, reduces environmental 

impact, and improves farm profitability. 
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