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Fishmeal is a popular ingredient for aquaculture feeds 
because it provides high-quality nutrition in the form of pro-
teins, highly unsaturated fatty acids and minerals, and is 
extremely palatable. However, fishmeal is mainly derived from 
wild stocks, which are overexploited in certain regions of the 
world. Fishmeal is also affected by economics: U.S. prices for 
fishmeal nearly quadrupled over the last decade.

For these reasons, researchers and the aquaculture industry 
are increasing their use of alternative feed ingredients. One suc-
cess story has been the use of soy protein in place of fishmeal in 
some aquaculture feeds. Other alternative ingredients are being 
investigated as well, including single-celled protein meals – also 
known as microbial flocs or simply bioflocs.

In recent years, several researchers and industry groups have 
begun exploring novel ways to produce these single-celled ingre-
dients, not only for use as a potential feed ingredient, but also to 
accomplish other goals. The authors’ research group at Virginia 
Tech, for example, has demonstrated that single-celled proteins 
produced in biological reactors can clean up effluent waters from 
aquaculture facilities. This biological process converts dissolved 
nutrients (nitrogen and phosphorus) into proteins contained 
within bioflocs.  

Feeding Trials
The authors’ studies evaluated bioflocs produced in biological 

reactors as a replacement for both soy and fishmeal proteins in 
shrimp diets. Several feeding trials were conducted in partner-
ship with the Texas A & M University system to compare high-
quality shrimp diets with and without bioflocs. 

Shrimp grew 10 to 50% faster on diets that contained bio-
flocs compared to those without them. So an important question 
needs to be answered. What was contributing to the increased 
growth rates observed in shrimp that received the biofloc-con-
taining diets? 
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Summary:
Single-celled proteins in bioflocs can provide protein 
and other nutrients in shrimp feed, but what makes 
them enhance growth performance in shrimp? Trials by 
the authors indicated that fatty acid, sterol and amino 
acid content; and levels of essential vitamin and minerals 
in the bioflocs were not contributing factors. Although 
what component accelerates shrimp growth was not 
identified, knowledge of what did not contribute leads 
to better understanding of shrimp nutrition.

Feeding trials conducted by Virginia Tech in partnership with Texas A & M University compared high-quality shrimp diets 
with and without bioflocs.

What Makes Bioflocs Great For Shrimp?

Shrimp grew 10 to 50% faster on diets 
that contained bioflocs compared 
to those without them.
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What We Know
Although researchers have not fully quantified what is in bio-

flocs, they know that bioflocs produced in biological reactors are a 
consortium of microorganisms, micro- and macroinvertebrates, 
filamentous organisms, exocellular polymers and uneaten feed.  

In the biofloc feeding trials, feeds were formulated to be 
equivalent for crude protein, carbohydrate, crude fat, crude fiber 
and energy. Using standard laboratory methods and semi-purified 
diets, the authors validated that all diets with and without bio-
flocs contained identical levels of many nutrients. Thus, none of 
the nutrients contributed to the increased growth rates observed 
in the biofloc-fed shrimp.

This naturally led to other questions – could there be an indi-
vidual fatty acid parameter in bioflocs that contributed to 
enhanced shrimp growth? Or a sterol such as cholesterol? How 
about an individual amino acid, the building blocks of proteins?  

The answers to the fatty acid and sterol questions were both 
“no.” The fatty acid and cholesterol levels in the bioflocs were 
negligible. In some cases, none was detected. Furthermore, highly 
unsaturated fatty acid (HUFA), polyunsaturated fatty acid 
(PUFA) and sterol levels in all diets were constant.  Therefore, it 

was impossible that a sterol, HUFA or PUFA contributed to the 
enhanced shrimp growth. 

In regards to amino acids, the answer was also no. When 
individual amino acid profiles were measured in the formulated 
feeds with and without bioflocs, no difference was found among 
the experimental feeds.

How about a vitamin or mineral? Could one of these have 
contributed to increased shrimp growth? No. All essential vita-
mins and minerals – such as calcium, phosphorus, potassium, 
sodium, manganese, zinc and copper – in the feeds with and 
without bioflocs were formulated to be either constant or in 
excess, so these would not be a factor in the feed trials. 

Like all animals, shrimp have an optimum daily requirement 
for each specific vitamin or mineral. When this optimum concen-
tration is exceeded, the presence of additional amounts no longer 
contributes to further enhancement of growth. Since all feeds 
were formulated to contain vitamins and minerals constant or in 
excess of what was needed, the presence of any particular vitamin 
or mineral within bioflocs did not contribute to the accelerated 
growth.

What We Don’t Know
At the current time, we don’t know what in bioflocs is contrib-

uting to accelerated growth. Is it an unknown growth factor? An 
unknown chemoattractant? An unknown stress-resistance factor? 
Perhaps a nutritional component that is not well understood or 
measured for shrimp nutrition – a bioamine, dipeptide, oligopep-
tide, oligosaccharide, nucleotide, prebiotic, chemoattractant or 
growth promoter? 

Perspectives 
Even though we have not yet identified what component of 

bioflocs accelerates shrimp growth, knowledge of what does not 
contribute can help us better understand shrimp nutrition and 
lead to innovative findings in the future. 

From an industry standpoint, this is not as important as the 
demonstrated benefits that biofloc can offer. Bioflocs are advanta-
geous because they are produced in a manner that is not only sus-
tainable, but may also offer valuable water treatment options, 
resulting in an alternative ingredient to fishmeal in shrimp diets.

Bioflocs can 
be sustainably 
produced as 
feed ingredi-
ents in ways 
that also offer 
valuable water 
treatment.


