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Biofloc Technology (BFT) represents a paradigm shift in the global aquaculture industry, moving away from
traditional water-intensive practices toward highly intensive, sustainable, and biosecure systems. Originally
conceptualized to address the environmental challenges of waste management and the high cost of fish meal, BFT
has evolved into a sophisticated biological engineering method. Based largely on the seminal work Biofloc
Technology: A Practical Guide Bookby Dr. Yoram Avnimelech, this technology utilizes the manipulation of the
Carbon-to-Nitrogen (C/N) ratio to stimulate the growth of heterotrophic bacteria. These bacteria transform toxic
nitrogenous wastes into microbial protein, which then serves as a supplemental food source for the cultured
species.

The Theoretical Framework of Biofloc Technology

At its core, BFT is an in-situ waste treatment system. In traditional aquaculture, nitrogenous waste—primarily in

the form of ammonia (NH3) and ammonium (NH4+)—accumulates from uneaten feed and excretion. High levels of
ammonia are lethal to aquatic organisms. While traditional systems rely on water exchange or slow-growing
autotrophic nitrifying bacteria to mitigate this, BFT leverages fast-growing heterotrophic bacteria. By adding an
external carbon source (such as molasses, wheat flour, or starch), the C/N ratio of the water is increased. This
imbalance triggers the bacteria to consume inorganic nitrogen to build microbial cells, effectively "immobilizing" the
ammonia into a solid form: the biofloc.

The Composition of Bioflocs

A biofloc is a complex macro-aggregate consisting of a diverse community of microorganisms. Understanding the
composition is critical for management:

¢ Bacteria: Both heterotrophic and nitrifying bacteria form the structural matrix.

* Phytoplankton: In outdoor systems, microalgae contribute to oxygen production and nutrient uptake.

¢ Protozoa and Rotifers: These organisms graze on bacteria, helping to maintain a dynamic and healthy
microbial population.

« Extracellular Polymeric Substances (EPS): The "glue" secreted by bacteria that allows particles to clump
together.

¢ Organic Matter: Detritus and uneaten feed particles that serve as the substrate for microbial colonization.

From a nutritional standpoint, bioflocs are high in crude protein (typically 30% to 50%) and lipids (0.5% to 15%).
They are rich in essential amino acids and minerals, providing a "protein-sparing effect"that allows farmers to
reduce the protein content in expensive commercial feeds without compromising growth rates.

Technical Analysis: The Mathematical Foundation of the C/N Ratio

The successful implementation of BFT is predicated on precise mathematical control of the C/N ratio. According to
Avnimelech (2009, 2012), the conversion of ammonium into microbial biomass requires a specific amount of
carbon. The theoretical requirement is based on the fact that microbial biomass contains approximately 50%



carbon and has a C/N ratio of about 4:1 to 5:1. However, due to the energy requirements for metabolism
(respiration), the actual amount of carbon needed to be added to the system is higher.

The Carbon Addition Formula

To calculate the amount of carbohydrate ($9D4,Bs needed to remove a specific amount of Total Ammoniacal
Nitrogen (TAN), the following general model is applied:

9D4, O "N/ (E x C_mic)
Where:

« 9D& The concentration of nitrogen to be assimilated (grams).
» E: Microbial growth efficiency (the fraction of carbon converted to biomass, usually 0.4 to 0.6).
e C_mic: The carbon content of the microbial biomass.

In practical field conditions, a C/N ratio of 15:1 to 20:1is generally maintained to ensure that heterotrophic
pathways dominate over autotrophic ones. For every 1 kg of feed (containing roughly 30% protein) added to the
system, approximately 0.5 to 0.6 kg of a carbon source (with 40% carbon content) is typically required to balance
the nitrogen excreted by the fish or shrimp.

Comparison of Aquaculture Production Systems

To understand the value proposition of BFT, it is essential to compare it with traditional pond culture and
Recirculating Aquaculture Systems (RAS). The following table outlines the key technical and operational
differences:



Feature

Water Exchange

Primary Productivity

Infrastructure Cost

Management Complexity

Biosecurity

Protein Utilization

Land Requirement

Traditional Pond Culture

High (10-30% daily)

Phytoplankton dominated

Low

Low

Low (Open system)

Low (20-25%)

Large

Recirculating
Aquaculture (RAS)

Minimal (1-5% daily)

Minimal (mechanical filters)

Very High

High

High (Closed system)

Moderate

Minimal

Biofloc Technology (BFT)

Very Low to Zero (

Microbial (Heterotrophic)

Moderate

High

Very High (Closed system)

High (Sustainable recycling)

Moderate to Minimal

Core Mechanics of System Designh and Engineering

Transitioning to BFT requires specific engineering adaptations, primarily focused on aeration and solids
management. Unlike traditional ponds where oxygen is needed only for the respiration of the cultured species, a
BFT system requires massive oxygen inputs to support the high metabolic rates of the microbial biomass (the
flocs).

Aeration and Mixing Requirements

The aeration system in a BFT pond must perform two simultaneous functions: supplying dissolved oxygen (DO)

and keeping the bioflocs in constant suspension. If the water velocity drops, the flocs will settle at the bottom,
creating anaerobic zones. These zones lead to the production of hydrogen sulfide (H2S) and methane, which are
toxic to fish and shrimp. Typical power requirements range from 15 to 30 HP per hectare, depending on stocking
density. Venturi injectors, paddlewheels, and diffused aeration are often used in combination to ensure no "dead
spots” exist in the tank.

Total Suspended Solids (TSS) Control

While bioflocs are beneficial, an excess of suspended solids can be detrimental. High TSS levels (above 500-600
mg/L for shrimp or 1000 mg/L for tilapia) can clog the gills of the animals and increase the oxygen demand to
unsustainable levels. Management involves the use of Imhoff Conesto measure the settleable solids volume (ml/
L). If the volume exceeds the target (usually 10-15 ml/L for shrimp), farmers must utilize sedimentators or protein
skimmers to remove excess microbial biomass.

Practical Implementation: Step-by-Step Field Guide

Implementing a biofloc system requires a disciplined approach, often divided into the "start-up phase" and the
"maintenance phase."

Phase 1: Pond Preparation and Inoculation

1. Cleaning and Disinfection: Tanks or ponds must be thoroughly cleaned and disinfected with chlorine or
potassium permanganate to eliminate pathogens.
2. Water Filling and Fertilization: Fill the tanks and apply an initial dose of nitrogen (urea or ammonium sulfate)



and carbon (molasses) to kickstart microbial growth.

3. Inoculation: Adding "mature" biofloc water from a successful previous cycle can significantly accelerate the
development of the microbial community.

4. Monitoring: During the first 2-4 weeks, ammonia and nitrite levels will spike. This is normal. The system is
considered "matured" once these levels drop to near zero, indicating the microbial community is fully functional.

Phase 2: Daily Operations and Monitoring

¢ Feeding Strategy: Use high-quality, water-stable feeds. Since flocs provide nutrition, the Feeding Frequency
(FF) can be adjusted, and the total feed amount can often be reduced by 10-20% compared to traditional systems.

e Carbon Dosing: Carbon sources should be applied daily, usually divided into multiple doses following feed
application. The amount is calculated based on the protein content of the feed.

e Water Quality Parameters: The following parameters must be logged daily: Dissolved Oxygen (>5 mg/L), pH
(7.5 - 8.5), Temperature, and Salinity. Ammonia and Nitrite should be checked at least twice a week.

¢ Alkalinity Management: The heterotrophic conversion of ammonia consumes alkalinity. To maintain a stable
pH, sodium bicarbonate (NaHCO3) or calcium carbonate (CaCO3) must be added regularly to keep alkalinity
above 120-150 mg/L.

Case Studies: Troubleshooting and Operational Challenges

Despite its benefits, BFT is a sensitive system that can collapse if not managed correctly. Below are common
failure modes and their technical solutions.

Issue 1: Sudden Dissolved Oxygen (DO) Drop

Cause: Power failure or excessive organic loading (overfeeding). High microbial respiration at night can also
deplete DO. Solution:Redundant power supplies (generators) are mandatory. In the event of a drop, stop feeding
immediately, increase aeration, and use hydrogen peroxide as an emergency oxygen source if necessary.

Issue 2: Nitrite (NO2-) Toxicity

Cause: A lag in the development of nitrifying bacteria (Nitrospira/Nitrobacter) relative to heterotrophic bacteria.
Solution:Increase the C/N ratio further to encourage heterotrophic immobilization. Ensure the pH is above 7.5, as
low pH inhibits nitrifying bacteria. Adding chloride (salt) can also reduce the toxicity of nitrite to fish by competing
for uptake at the gills.

Issue 3: Floc Collapse (Water Clearing)

Cause: Sudden change in salinity, temperature, or the presence of antibiotics/chemicals that kill the bacterial
community. Solution:Gradual acclimation is key. If a collapse occurs, the system essentially reverts to a standard
pond, and ammonia will spike. Immediate water exchange and re-inoculation are required.

Economic and Environmental Implications

The adoption of Biofloc Technology, as detailed in Avnimelech's practical guide, offers significant economic
advantages. By reducing the Feed Conversion Ratio (FCR)—the amount of feed required to produce 1 kg of meat
—farmers can save between 15% and 30% on feed costs, which typically account for 60% of total operational
expenses. Furthermore, the ability to stock at much higher densities (e.g., 150-300 shrimp per square meter)
drastically increases the productivity per unit of land and water.

Environmentally, BFT is a "green" technology. The virtual elimination of water exchange prevents the discharge of
nutrient-rich effluents into natural waterways, reducing the risk of eutrophication and the spread of pathogens. This
makes BFT an ideal candidate for inland aquaculture, far from the coast, where water resources are scarce and



environmental regulations are stringent.
Synthesis and Future Outlook

Biofloc Technology represents a sophisticated synergy between microbiology, engineering, and animal husbandry.
Success in BFT is not merely about stocking fish but about farming the water. The microbial community is the
"silent partner" in the production process, and its health is just as important as the health of the fish or shrimp

being cultured. As the aquaculture industry faces increasing pressure to produce more protein with fewer

resources, the principles laid out in the 3rd edition of Avnimelech's guide remain the gold standard for operational
excellence. Future advancements in BFT are likely to focus on the integration of Artificial Intelligence (Al)for real-
time water quality monitoring and automated carbon dosing, further reducing the risks associated with human error
and enhancing the stability of these complex biological systems. By mastering the C/N ratio and the dynamics of
microbial aggregates, producers can achieve a truly sustainable and profitable aquaculture enterprise.
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