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he rapid expansion of aquaculture has significantly contributed to global food security 

but has also raised concerns about environmental sustainability, resource utilization, and 

waste management. Biofloc Technology (BFT) has emerged as an innovative and eco-

friendly approach to enhance productivity, maintain water quality, and reduce dependence on 

feed inputs in aquaculture systems. This article discusses the principles, components, 

microbial dynamics, operational strategies, and benefits of biofloc technology, with an 

emphasis on its role in developing sustainable aquaculture practices.  

Introduction 
Aquaculture is one of the fastest-growing food-producing sectors globally. However, the 

intensification of aquaculture practices has resulted in challenges such as excessive nutrient 

discharge, disease outbreaks, and high feed costs. Biofloc Technology (BFT) offers a 

sustainable alternative by recycling nutrients within the culture system through microbial 

activity. This closed-loop system promotes environmental sustainability, enhances 

biosecurity, and improves feed conversion efficiency, aligning with the principles of circular 

bioeconomy in aquaculture.  

Principles of Biofloc Technology 
Biofloc Technology is based on the concept of maintaining a balanced carbon-to-nitrogen 

(C:N) ratio in the aquaculture system to stimulate the growth of heterotrophic microbial 

communities. These microbes assimilate inorganic nitrogen (mainly ammonia and nitrite) 

into microbial biomass, forming suspended flocs composed of bacteria, algae, protozoa, and 

organic particles. These flocs serve as a natural protein-rich feed source for cultured species 

such as shrimp and fish. 

Key Components of Biofloc Formation 
 Carbon Source: Molasses, starch, or other carbohydrates are added to maintain a C:N 

ratio of 12–20:1. 

 Microbial Community: Dominated by heterotrophic bacteria that utilize carbon and 

assimilate nitrogen. 

 Aeration and Mixing: Continuous aeration ensures floc suspension and oxygenation. 

 Water Quality Management: Parameters such as dissolved oxygen, pH, alkalinity, and 

solids concentration must be monitored regularly.  
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Microbial and Biochemical Dynamics 
Biofloc systems are complex microbial ecosystems. Heterotrophic bacteria convert toxic 

nitrogen compounds into microbial biomass, which can be consumed by aquatic animals. 

Nitrifying bacteria (e.g., Nitrosomonas, Nitrobacter) and photoautotrophic algae contribute to 

nitrogen cycling and oxygen production. The microbial biofloc enhances the enzymatic 

activity in the gut of cultured species, improving digestion and nutrient assimilation. 

Operational Management in Biofloc Systems 
Efficient operation of biofloc systems requires maintaining optimum physical and chemical 

parameters. 

Parameter Optimal Range 

Dissolved Oxygen (DO) >5 mg/L 

pH 7.0–8.0 

Temperature 25–32°C 

Total Suspended Solids (TSS) 200–500 mg/L 

C:N Ratio 12–20:1 

Alkalinity >100 mg/L CaCO₃ 

Regular addition of carbon sources, aeration, and monitoring of biofloc volume (using Imhoff 

cones) are essential. Excess sludge or floc accumulation must be periodically removed to 

prevent oxygen depletion. 

Applications in Different Aquaculture Systems 
Shrimp Culture 

Biofloc technology has shown tremendous success in Litopenaeus vannamei and Penaeus 

monodon culture. It reduces disease prevalence (like White Spot Syndrome Virus), enhances 

growth, and allows high-density rearing with minimal water exchange. 

Finfish Culture 

In species such as tilapia (Oreochromis niloticus) and catfish (Clarias gariepinus), biofloc 

systems improve feed utilization efficiency and protein content. The microbial flocs serve as 

supplemental feed, reducing feed costs by up to 20–30%. 

Integrated Multitrophic Aquaculture (IMTA) 

BFT can be integrated with algae and filter-feeding organisms to develop a zero-waste 

ecosystem. It helps in nutrient recycling and water conservation, contributing to the 

sustainability of coastal and inland aquaculture operations.  

Environmental and Economic Benefits 
Aspect Biofloc Advantage 

Water Use Efficiency Reduces or eliminates water exchange 

Feed Cost Reduction Floc biomass serves as in-situ feed 

Waste Minimization Converts waste into microbial protein 

Biosecurity Enhancement Minimizes pathogen introduction 

Carbon Sequestration Microbial uptake of organic carbon 

Profitability Reduces operational and input costs 

Biofloc-based aquaculture not only enhances resource utilization efficiency but also supports 

climate-resilient aquaculture by minimizing greenhouse gas emissions through reduced water 

discharge.  

Challenges and Limitations 
Despite its advantages, biofloc technology has certain operational challenges: 

 High energy demand for aeration and mixing 

 Difficulty in managing solids concentration in large systems 

 Possible accumulation of off-flavor compounds 

 Requirement of skilled management and continuous monitoring 
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 Unsuitability for species intolerant to high turbidity 

Research is ongoing to integrate renewable energy sources and automated sensors to 

overcome these constraints.  

Future Prospects 
Biofloc Technology is evolving with innovations in microbial management, sensor-based 

automation, and integration with recirculating aquaculture systems (RAS). The adoption of 

IoT-based water quality monitoring, probiotic consortia optimization, and biofloc feed 

pelletization can enhance system stability and scalability. BFT aligns with the United Nations 

Sustainable Development Goals (SDGs), particularly SDG 2 (Zero Hunger), SDG 12 

(Responsible Consumption and Production), and SDG 14 (Life Below Water). 

Conclusion 
Biofloc Technology represents a paradigm shift in aquaculture management, offering an eco-

friendly, cost-effective, and resource-efficient approach to fish and shrimp farming. By 

harnessing the power of microbial communities, BFT not only enhances productivity but also 

mitigates environmental impacts associated with conventional aquaculture. As global demand 

for aquatic protein continues to rise, biofloc-based systems hold immense potential for 

ensuring sustainable aquaculture development in the future.  
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