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Aquafeeds

Bio�oc: novel sustainable ingredient
for shrimp feed

1 May 2010
By David D. Kuhn, Ph.D. , George J. Flick, Jr., Ph.D. , Gregory D. Boardman, Ph.D.  and Addison L.
Lawrence, Ph.D.

Bio�ocs can be a suitable, if not superior, alternative to
�shmeal

Shrimp farming has traditionally relied on �shmeal for the formulation of nutritionally complete diets.
However, �shmeal is becoming more expensive, and natural �sheries are being overexploited due to an
increase in demand as the global human population continues to grow. This is prompting the
aquaculture industry to investigate and implement alternative sources of protein to replace less-
sustainable protein ingredients for aquaculture feed.

Traditional alternative proteins, such as soybean meal, are derived from plants. Recent developments in
research are demonstrating that yeast-based and bio�oc-based proteins are also suitable replacements
for �shmeal in aquaculture diets.

Since bio�ocs can be produced while treating aquaculture e�uents, bio�ocs may have an additional
advantage over plant-based proteins. This is because a waste is effectively converted into a valuable
resource for the industry.

(https://www.globalseafood.org)

https://www.globalseafood.org/
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Producing bio�ocs
E�uents from aquaculture facilities can be treated by implementing suspended-growth biological
reactors. These bioreactors remove nutrients like nitrogen from the e�uent water as bio�ocs are
produced. The water is essentially “cleaned” as bio�ocs are produced.

(https://aquabounty.com/)

A researcher at Virginia Tech investigates the condition of a shrimp during an experimental trial.

https://aquabounty.com/
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Two major types of bioreactors have been studied in the authors’ laboratories for treating aquacultural
e�uents: sequencing batch reactors (SBR) and membrane batch reactors (MBR). A more detailed
description of these processes is provided in “Suspended-Growth Biological Processes Clean RAS
Wastewater (https://www.aquaculturealliance.org/advocate/suspended-growth-biological-processes-
clean-ras-wastewater/)” in the January/February Global Aquaculture Advocate.

Nutritional composition
Bio�oc nutritional composition can vary extensively, but is based on factors such as e�uent
characteristics and how a bioreactor is operated. For example, if two bioreactors were operated in the
same way, but one received e�uent with a high nitrogen load and the other received e�uent with a low
nitrogen load, the bioreactor receiving the higher load would likely produce a bio�oc with higher levels
of protein than the other bioreactor.

Research evaluating factors that in�uence nutritional properties are currently under way to optimize the
nutritional value (levels of essential amino acids, fatty acids, proteins and crude fat) of the bio�oc
produced. 

In studies with SBR and MBR reactors, the following ranges of dry-matter nutritional values have been
observed: crude protein, 35 to 49 percent; carbohydrates, 22 to 36 percent; crude �ber, 13 to 18 percent;
total ash, 12 to 28 percent; and crude fat, 0 to 1 percent.

In reference to amino acids, non-essential amino acids can be synthesized by shrimp. However, the
essential or indispensible amino acids cannot be synthesized by shrimp. The essential amino acids in a
high-quality shrimp feed and bio�oc typical in the authors’ studies are compared in Fig. 1.

Overall, the levels of essential amino acids for shrimp compare well, but there is a notable difference (≥
0.5 percent, dry-weight basis) in the compositions of leucine, lysine and isoleucine. The bio�oc protein
level can be increased to about 65 percent, and the quality of the essential amino acids pro�le in bio�oc
can be further optimized by changing the e�uent used, bioreactor methodology and/or carbon source
and level.

Fig. 1: Essential amino acid pro�les of a representative bio�oc
ingredient versus typical high-quality shrimp feed.

https://www.aquaculturealliance.org/advocate/suspended-growth-biological-processes-clean-ras-wastewater/
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Feeding trials
Two feeding trials were conducted to determine if bio�oc can be used to replace �shmeal and/or
soybean protein in shrimp diets. Each �ve-week trial was conducted in recirculating aquaculture
systems with optimal water quality conditions for shrimp culture.

The bio�ocs were dried and incorporated into experimental diets formulated to be equivalent for crude
protein (35 percent) and total fat (8 percent). The bio�oc diets were compared against high-quality
control diets by replacing �shmeal and/or soy protein. In the �rst trial, only SBR bio�ocs were tested.
Both SBR and MBR bio�ocs were used in the second trial at twice the inclusion rate of the �rst trial. The
weight gain of shrimp in the trials is presented in Fig. 2.

Shrimp fed bio�oc diets during the �rst trial outgrew shrimp given the control diet by an average of 49
percent. During the second trial, shrimp on bio�oc diets outgrew the control shrimp by approximately 10
percent.

Regardless of the inclusion rate of total diet (0 to 30 percent), amount of �shmeal replaced (0 to 67
percent) or soy protein replaced (0 to 100 percent), shrimp fed bio�oc diets grew slightly or signi�cantly
faster. These data suggested that bio�ocs can be a suitable, if not superior, ingredient for shrimp feed.

(Editor’s Note: This article was originally published in the May/June 2010 print edition of the Global
Aquaculture Advocate.)

Authors

Fig. 2: Weight gain of shrimp fed diets with bio�ocs from a sequencing
batch reactor (SBR) or membrane batch reactor (MBR) over �ve
weeks.



11/23/2023 Biofloc: novel sustainable ingredient for shrimp feed - Responsible Seafood Advocate

https://www.globalseafood.org/advocate/biofloc-novel-sustainable-ingredient-shrimp-feed/?headlessPrint=o.(*R%3Ep~oOwh]d+-hY… 5/6

DAVID D. KUHN, PH.D.

Civil and Environmental Engineer 
Food Science and Technology Department 
FST Building (0418) 
Virginia Tech 
Blacksburg, Virginia 24061

davekuhn@vt.edu (mailto:davekuhn@vt.edu)

GEORGE J. FLICK, JR., PH.D.

Civil and Environmental Engineer 
Food Science and Technology Department 
FST Building (0418) 
Virginia Tech 
Blacksburg, Virginia 24061

GREGORY D. BOARDMAN, PH.D.

Civil and Environmental Engineer 
Food Science and Technology Department 
FST Building (0418) 
Virginia Tech 
Blacksburg, Virginia 24061

ADDISON L. LAWRENCE, PH.D.

Texas A & M University - Corpus Christi 
Corpus Christi, Texas, USA

mailto:davekuhn@vt.edu


11/23/2023 Biofloc: novel sustainable ingredient for shrimp feed - Responsible Seafood Advocate

https://www.globalseafood.org/advocate/biofloc-novel-sustainable-ingredient-shrimp-feed/?headlessPrint=o.(*R%3Ep~oOwh]d+-hY… 6/6

Copyright © 2023 Global Seafood Alliance

All rights reserved.


