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Biofloc technology production systems continue to increase in 
popularity worldwide for the culture of various aquatic animals. 
These systems rely on living microorganisms in the biofloc – 
microbial biomass and particulate organic matter – to assist in 
ammonia removal by phytoplankton and bacterial uptake, bacte-
rial oxidation of ammonia-nitrogen to nitrite-nitrogen and then 

innovation

Studies in lined tanks examined the effects of biofloc technology on off-flavor agents in culture water for channel catfish.

Biofloc Technology Reduces Common 
Off-Flavors In Channel Catfish

Summary:
In studies that used biofloc systems to culture channel cat-
fish, culture tanks were susceptible to episodes of geosmin 
and 2-methylisoborneol and subsequent bioaccumulation of 
these off-flavor compounds in the catfish flesh. However, 
the levels of geosmin and MIB were less intense and less 
persistent than episodes that can occur in catfish aquacul-
ture ponds. The biofloc technology favored the develop-
ment of phytoplankton communities dominated by small 
colonial cyanobacteria and small, fast-growing unicellular or 
colonial green algae and diatoms.
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subsequent oxidation of nitrite-nitrogen to nitrate-nitrogen dur-
ing nitrification. These biological processes are critical in reduc-
ing ammonia and nitrite to levels below those that can be toxic 
or limit the growth of cultured finfish.

Off-Flavor Agents In Catfish
Currently, most production of channel catfish, Ictalurus punc-

tatus, in the southeastern United States is performed in earthen, 
embankment-type ponds. Phytoplankton such as cyanobacteria 
(blue-green algae) in these ponds assimilate and reduce ammonia-
nitrogen concentrations in the pond water. However, the cyano-
bacteria usually dominate the phytoplankton communities in 
catfish ponds, and certain species can produce the common 
“earthy” and “musty” compounds geosmin and 2-methylisobor-
neol (MIB), respectively. 
Certain species of actinomycetes, another group of bacteria, also 
produce geosmin and MIB, but actinomycetes are considered 
minor contributors to off-flavors in pond-raised catfish. The 
accumulation of these compounds in catfish flesh renders the 
fish unpalatable and unmarketable, with estimated annual eco-
nomic losses to producers of U.S. $10 million to $60 million. 
In catfish ponds located in Mississippi and Alabama, USA, the 
cyanobacteria species Planktothrix perornata has been identified 
as the main source for MIB-related off-flavor in channel catfish, 
while geosmin production is commonly attributed to certain cya-

nobacteria species of Anabaena. However, 
detailed studies of the types and occur-
rences of environmentally derived off-fla-
vors and the responsible microorganisms 
in freshwater, outdoor biofloc systems 
have not been performed.

Catfish Studies
The authors performed studies in 2010 

and 2011 that identified phytoplankton in 
water samples and examined water sam-
ples and catfish fillets for geosmin and 
MIB levels. Water samples were also 
plated on agar media to potentially isolate 
geosmin- and/or MIB-producing actino-
mycetes.

Nine 18.6-m2 wood-framed tanks 
with mean depth of 0.81 m were lined 
with high-density polyethylene. A blower 
system provided air continuously through 
a diffuser grid on the bottom of each tank. 
Tanks were filled with well water, and fin-
gerling channel catfish were stocked into 

tanks during May in 2010 and April in 2011. Fish in each tank 
were fed daily with 32%-protein, floating extruded feed to satia-
tion. 

Pond water that did not contain undesirable species of cya-
nobacteria was added to the tanks to expedite development of a 
phytoplankton bloom to aid in the removal of total ammonia-
nitrogen. Dried molasses, a carbon source for microorganisms, 
was also added to individual tanks in response to a sudden 
increase in ammonia levels in order to stimulate bacterial trans-
formation of total ammonia-nitrogen. The tanks were operated 
with zero water exchange, although water was added as required 
to replace evaporative losses and maintain the water level at 5 to 
10 cm below the top of the drain pipe. 

Composite water samples were collected biweekly in 2010 
and monthly in 2011 from each tank. At the end of each study, 
five catfish were selected at random from each tank for analysis. 

Results
The maximum concentrations of MIB and geosmin in tank 

water measured in both studies were substantially lower than 
those typically observed in catfish ponds in the southeastern 
U.S., where concentrations of MIB and geosmin can exceed 700 
and 2,000 ng/L, respectively. On most sampling dates, geosmin 
levels in pond water were below the instrument detection limit 
of 1 ng/L, while MIB levels were less than 10 ng/L. 

With continuous mixing and no earthen bottoms, conditions in the experimental tanks 
were less favorable for the cyanobacteria associated with geosmin and MIB production. 

Tank

R1 R2 R3 R4 R5 R6 R7 R8 R9

Geosmin (ng/kg)
MIB (ng/kg)

1.6 ± 0.3
55.0 ± 3.7

3.8 ± 0.2
38.6 ± 5.9

25.4 ± 2.9
24.8 ± 3.1

44.4 ± 8.4
33.4 ± 7.0

482.2 ± 94.9
644.0 ± 91.4

35.8 ± 4.6
25.0 ± 1.4

5.0 ± 0.7
20.8 ± 1.6

60.8 ± 11.4
31.6 ± 4.6

140.8 ± 17.6
61.4 ± 8.1

Table 1. Mean geosmin and 2-methylisoborneol levels in fillet samples
from catfish raised in biofloc production tanks in 2010.

Tank

R1 R2 R3 R4 R5 R6 R7 R8 R9

Geosmin (ng/kg)
MIB (ng/kg)

33.8 ± 2.5
84.2 ± 6.5

289.6 ± 51.0
20.2 ± 4.4

63.2 ± 10.6
26.4 ± 2.5

98.0 ± 9.9
128.8 ± 15.7

38.4 ± 5.0
21.4 ± 1.4

51.0 ± 8.3
23.4 ± 3.5

24.8 ± 3.9
27.0 ± 3.2

121.4 ± 9.2
19.6 ± 0.5

29.4 ± 2.8
12.0 ± 2.0

Table 2. Mean geosmin and 2-methylisoborneol levels in fillet samples 
from catfish raised in biofloc production tanks in 2011.
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Results from the 2010 study found that although some of the 
catfish harvested from each tank at the end of the growout cycle 
contained geosmin in their flesh, the geosmin levels in most of 
these catfish were below 100 ng/kg. Only one tank yielded cat-
fish with MIB at levels above 200 ng/kg, the sensory detection 
threshold value for the average trained flavor checker (Table 1). 
The fish showed MIB levels of 390 to 932 ng/kg.

In the 2011 study, none of the tanks yielded fish with suffi-
cient levels of geosmin or MIB to result in off-flavor catfish 
(Table 2). 

Cyanobacteria Communities
During both studies, neither P. perornata nor Anabaena species 

were observed in any of the water samples. These filamentous, 
planktonic cyanobacteria possess the ability to regulate cell buoy-
ancy by collapse and reformation of intracellular gas vesicles in 
poorly mixed and stratified waters. This physiological mechanism 
allows cyanobacteria to outcompete other types of phytoplankton 
for sunlight, especially in catfish pond waters, which can easily 
become stratified during periods of low mixing. 

The tanks used in the biofloc systems were continuously 
mixed and did not have earthen sediment bottoms. Therefore, 
conditions were less favorable for the growth of the larger, fila-
mentous cyanobacterial species commonly associated with geos-
min and MIB production in catfish ponds. 

None of the small, non-filamentous colonial cyanobacteria pres-
ent have been conclusively identified as producers of geosmin or 
MIB. In addition, there was no isolation of geosmin- or MIB-pro-

ducing actinomycetes from the water samples in either study.
During both studies, communities of phytoplankton including 

algae and cyanobacteria attached to bioflocs were frequently domi-
nated by fast-growing, unicellular and small colonial types of green 
algae and diatoms, and slower-growing, small colonial types of 
cyanobacteria. Compared to cyanobacteria, green algae are the 
preferred type of phytoplankton in outdoor aquaculture systems 
because they are better oxygenators of the water, serve as a better 
base for aquatic food chains and are not associated with the pro-
duction of off-flavor compounds or toxins. 

Eukaryotic phytoplankton such as green algae and diatoms 
tend to proliferate under conditions of variable light and nutrient 
regimes. Because the nutrient-loading rates of the biofloc systems 
were consistently high, the variable light conditions likely contrib-
uted more than variable nutrient regimes to the dominance of the 
phytoplankton communities by eukaryotic phytoplankton.

The survey also showed that farmers 
were dissatisfied with the quality of hatch-
ery postlarvae, as they experienced higher 
mortality rates and were often sold with-
out the required information regarding 
salinity, quantity and size. The farmers 
complained that postlarvae traders adulter-
ated their stock, and they found it difficult 
to determine whether hatcheries were 
using the latest technology.

Harvest Practices
Most farmers (83.3%) made a visual 

evaluation of shrimp by checking size, 
weight, growth and signs of disease before 
harvesting. Farmers in Chokoria were 
more aware of the need to check quality 
attributes before harvesting than farmers 
in Dacope and Paikgacha (Figure 1).

Farmers often ignored icing harvested 
shrimp at the request of buyers. They took 
measures when shrimp showed signs of 
poor quality, such as the presence of spots, 
soft shells and incidental debris, to mini-
mize losses (Table 1). Farmers addressed 
spots or petrochemical smells by discard-
ing or burying the affected shrimp. They 

also cleaned shrimp before selling.
For the most part, farmers did not use 

chemicals, growth hormones or commer-
cial feed. Nearly all the shrimp farmers 
raised their quality standards through the 
use of plastic crates and improved working 
surfaces to wash, sort and sell the har-
vested shrimp. About 35% improved har-
vesting areas, and all respondents said they 
constructed more sanitary toilets a safe 
distance from farms. 

Record keeping was generally poor 
and below E.U. standards. Some 75% of 
the farmers were largely unaware of their 

traceability responsibilities, although the 
registration of shrimp farms is under way. 

Perspectives
Overall, while farmers considered that 

while changing regulations had improved 
safety, hygiene and sanitation standards, 
they had also increased their operational 
costs.

Figure 1. Monitoring of shrimp quality 
attributes at farms in three areas  
of Bangladesh. 
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In Bangladesh... 

Continued from page 42.

The tanks were continuously mixed and 
did not have earthen sediment bottoms. 
Therefore conditions were less favorable 
for the growth of the larger, filamentous 
cyanobacterial species commonly 
associated with geosmin and MIB 
production in catfish ponds. 




