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By Poh Yong Thong
Indonesia may have the highest number of farms using biofloc or semi-biofloc technology, but what are
the results?
Despite the many benefits of biofloc and semi-floc technology, they are
successfully employed in only about 20% to 25% of the shrimp farms
today, with the majority of them in east Java and Bali and a few other
scattered areas. The low success rate of application underpins the
difficulty of understanding and utilising biofloc technology. This article
discusses the basics of biofloc technology in shrimp aquaculture,
current applications as well as recent developments.

Understanding the technology

A biofloc floccule is a miniature, loosely held collection of materials
(uneaten feed, faeces, detritus and other particles) and attached
organisms (bacteria, protozoa, nematodes, phytoplankton and fungi)
kept in suspension by strong agitation of water in a pond or tank. It has
a gross size of about 0.1 to 3 mm.
The easiest way to visualise a speck of biofloc is an assemblage
of sky divers joining hands in mid-air. It can also be visualised as a
sepak takraw woven rattan ball with empty space in it (Figure 1). The
individuals in a biofloc aggregate together by the secretion of bacterial
slime. Bioflocs are highly porous and water can pass through them. The
advantage of aggregation into a biofloc is a slower sinking rate and
therefore increased opportunity for deriving nutrients from the water
column.

the night. This results in the detrimental stress factor in aquaculture,
causing insurmountable diseases and crop losses. The aquaculturist
then incorporates a recirculation system to mitigate the excessive
nutrients; however, the recirculation system incurs costs and takes up
valuable space.
Not long ago, waste water treatment technology found that organic
particles suspended in the pond or tank by vigorous aeration results
in the formation of floccules which are made up of bacteria, algae,
protozoa, nematodes and detritus. The aggregates have slower sinking
rates and are capable of assimilating the organic wastes in the water,
creating a self purifying system. The dominant species in the floccules
are heterotrophic and do not create the deleterious diurnal pH swings
of the phytoplankton dominated community. This type of system is
highly beneficial to aquaculture. This gives rise to biofloc technology
or BFT in short.

Advantages of a biofloc system

The biofloc is an assemblage of more than 750 OTUs (Operational
Taxonomic units) microbiotas (Jang and Kim, 2014). The diverse
microbiota prevents the domination of any singular pathogenic
species. Some of these microbiotas are able to elicit the non-specific
immune response of the shrimp (Figure 2)
Figure 2
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A. A speck of biofloc, courtesy of Mohd Afiq
C. A sepak takraw rattan ball

C

B. An assemblage of sky divers

Evolution of the biofloc system

Due to intense feeding in an intensive culture system, the excessive
nutrients in a high stocking density pond produce an algal system
which results in a phytoplankton dominated community. This system
depletes carbon dioxide during the day via photosynthesis, thus raising
the pH of the water. It produces carbon dioxide during the night through
respiration, hence resulting in lower oxygen level and lower pH of the
water. The phytoplankton system produces a diurnal pH swing with
high pH when there is strong sunlight and low pH at night.
As ammonia becomes toxic at higher pH and hydrogen sulphide
tends to be more lethal at lower pH, the diurnal swing of high pH during
the day time and low pH during the night results in spikes of ammonia
during the day time and increased toxicity of hydrogen sulphide during

Julie Eskahari et al (2014) reported higher phenoloxidase activity
(an immune indicator) in response to carbon loading in a biofloc system.
Avnimelech (2012) showed significantly lower infection of tilapia by
Streptococcus in biofloc compared to clear water system. It is widely
recognised that many of the deadly shrimp diseases such as white spot
syndrome virus (WSSV), infectious myonecrosis virus (IMNV) and early
mortality syndrome (EMS)/ acute hepatopancreatic disease (AHPND)
find it harder to infect shrimp grown in a biofloc system. Wasielesky et
al (2013) showed that biofloc can be successful in preventing WSSV in
Laguna in southern Brazil.
It is widely acknowledged that biofloc can help prevent the
occurrence of aquaculture diseases. In early December 2013, a
workshop was conducted in Ho Chi Minh to discuss the role of biofloc
in the suppression of EMS/AHPND, causing USD1.26 billion losses in
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2011 to the shrimp industry in Vietnam and USD 5 billion losses per
annum worldwide.
Due to the vigorous aeration and agitation necessary for a biofloc
system, many of the solids from shrimp faeces and uneaten feed
are kept in suspension, thereby reducing sludge accumulation and
sedimentation. A lethal concentration of 108 CFU/ml of Vibrio can be
encountered in the pond water-sediment interface if sludge is left
to accumulate. Tung and Le Poul (2014) suggested that it is best
to remove solids two hours after every feeding. Almost 80% of the
intensive shrimp ponds in Indonesia have a built-in sludge removal
system.
Some Indonesian farms even deploy divers connected by a hose to
an air compressor to siphon the sludge. Experiments were conducted in
Thailand that showed shrimp placed into a net hapa elevated from an
EMS/AHPND infected pond bottom did not become infected with EMS/
AHPND. The absence of heavy sludge in the Indonesian shrimp ponds

system further helps to stretch the two limiting raw materials for
aquafeed, namely fish meal and fish oil.
It has been shown that a biofloc system can produce more shrimp
per unit area of more than 25 tonnes/ha compared to conventional
shrimp farming, many of which produce less than 15 tonnes/ha.
Because of this, BFT is contributing to the conservation of valuable
land area for more shrimp production.

View of a BFT pond

One example of a central sludge discharge system widely used in Sumbawa
in Indonesia

may be the reason why they are not infected by EMS/AHPND, despite its
proximity to EMS/AHPND infected Malaysia.
Microbiotas in a biofloc scavenge on the particulate and dissolved
wastes. For example, the nitrifying bacteria in the biofloc remove
ammonia, one of the most harmful by-products of intensive feeding.
This is akin to a huge in situ bio filter continuously purifying the water.
As the biofloc removes the organic wastes from the pond water, very
little or no water needs to be exchanged in the pond, helping firstly
to conserve water (a scarce resource in many areas) and secondly
to boost the biosecurity of the pond since very few pathogens can be
introduced into the pond during water exchange.
Furthermore, since bacteria and not phytoplankton dominate the
biofloc, the lethal opposing effect of high pH during the day and low
pH during the night is neutralised. The pH stays stable. This in turn
prevents ammonia spikes due to high pH when there is strong sunlight
and hydrogen sulphide elevation due to lowered pH at night. Some
aquaculturists prefer a pH fluctuation of 0.3 over a day. This minimal
magnitude of pH swing is an indicator that the biofloc comprised some
phytoplanktons which are beneficial for removing some of the nitrate
(whose denitrifying process is optimal only in an anaerobic condition).
All biofloc systems require high dissolved oxygen (DO) of at least
4.5 ppm due to the additional requirement by the microbiotas and the
need to physically keep the biofloc in suspension. The higher DO level
is congenial to the health of the shrimp and microbiotas.
Avnimelech (2012) estimated that only about 25% of protein in a
shrimp or fish feed is assimilated by the shrimp or fish. The remaining
75% may be recycled by the biofloc which in turn can be consumed
by Penaeus vannamei and tilapia. Therefore, feed conversion ratios
(FCRs) are much lower in a biofloc system. Trials are being carried out
to harvest biofloc and to incorporate them into feeds. Thus a biofloc
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Active healthy happy shrimp in a feed tray in a biofloc pond

Disadvantages of a biofloc system

The most obvious disadvantage is the need for high oxygenation and
hence high energy cost in order to keep the shrimp as well as the
microbiotas in optimal condition. Any prolonged power failure in the
scale of minutes is highly lethal to the biofloc system.
A biofloc system is slow to develop as it may take more than 4
weeks for the nitrifying bacterial community to establish. Avnimelech
(2012) suggested seeding a pond with 100 kg/ha of good biofloc pond
soil or pumping biofloc water from an established biofloc pond to
kick start the new pond. McIntosh (2014) suggested an inoculation
of shrimp ponds with biofloc to beat EMS/AHPND which can manifest
itself as early as below 15 days.
Nitrate tends to build up due to a paucity of phytoplanktons to
assimilate them. The highly oxygenated state is also antagonistic to
the anaerobic denitrifying system which removes nitrate. The alkalinity
and hence pH tend to drop due to the process of the intensive bacterial
nitrification. Significantly higher skills and better equipped laboratories
are thus necessary for operating a biofloc system. Parameters such
as floc volumes as measured by an Imhoff cone, as well as oxygen,
pH, alkalinity, ammonia, nitrite and nitrate, need to be constantly
monitored.

C:N ratio

Bacteria thrives in a media with a carbon-to-nitrogen (C:N) ratio of
about 15:1. As a major portion of the biofloc is bacteria, a C:N ratio
of close to 15:1 is necessary to sustain the biofloc. In the majority of
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shrimp culture the shrimp feed have a crude protein of above 35%.
In a feed with crude protein of 35%, the C:N ratio is less than 9:1. In
another words, there is too little carbon and too much nitrogen.
Thus, many farmers have to add carbon through carbon rich
materials such as molasses, grain pellets, flour or calcium carbonate.
Belize Aquaculture at one stage used a shrimp feed with a protein
content of only 21%. A feed with crude protein of 21% has a C:N ratio
of 15:1.

Dr. Nyan Taw, one of the pioneers on biofloc systems for shrimp with an
Imhoff cone

example, for a shrimp feed with a crude protein of 21%, the N content
is 21 divided by 6.25 = 3.36%. Thus the C:N ratio of the feed is 50
divided by 3.36 = 14.88:1 or close to 15:1.
Shrimp feed with C:N ratio of 15:1 used in Belize Aquaculture for biofloc ponds
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Calculating the C:N ratio

For those who are interested, the C:N ratio of a feed is generally
calculated as follows: Regardless of the protein content, the carbon
content of a feed is always taken to be 50%. To get the C:N ratio, one
has to find the N%. This is done by dividing the protein by 6.25. For

Starting a biofloc system

In general, in a highly oxygenated and agitated system with sufficient
organic matter input, some forms of biofloc will develop after 4-6
weeks. But its sustainability cannot be ensured. Normally, alkalinity
and pH begin to drop and nitrate begins to accumulate. With so diverse
a variety of microbiotas in the biofloc, many different kinds of biofloc
can be obtained. More scientific knowledge and findings are necessary
to fully understand the biofloc system and keep it sustainable.
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In 2001, McIntosh (in Chamberlain et al. 2001), presented
an account of biofloc development. First there is the conventional
development of the algal growth, a few days after fertilisers and feed
are added. Then the algae bloom and crash occurs at around 3-4
weeks. Thereafter, excessive foam accumulates on the water surface
due to dissolved organic material and insufficient bacterial community
to degrade it. Subsequently the water turns brownish due to the
development of the nitrifying bacteria; foams disappear and biofloc
dominates. It may take a few weeks to reach this stage, depending on
the organic material input and the agitation from the aeration.
Thus, Avnimelech and McIntosh (2014) suggest inoculating either
with matured biofloc water or biofloc pond bottom soil or culture to
quickly kick start the biofloc formation. This is one method to control
AHPND/EMS which can occur as early or less than 15 days.

Difficulties of BFT: many have failed

If biofloc is beneficial, why is it not widely used in shrimp aquaculture?
Some early biofloc workers pointed out that biofloc is inherently
chaotic, very sensitive to initial conditions such as water chemistry,
light intensity, site specific and because of the diverse microbiota
population dynamics; as such, the system is highly variable. Many
experienced farmers tried BFT but gave up. The intensity of sunlight,
is beyond the control of the farmers in an unsheltered pond. There is
also the accumulation of nitrate due to lower quantity of phytoplankton
consuming them and the highly oxygenated state which is antagonistic
to denitrifying bacteria removing the nitrate. The drop in pH and
alkalinity due to nitrification and the need to add sufficient carbon
are all factors that need to be monitored closely compared with
conventional methods of shrimp farming. Loc Tran (2014) attempted
the control of EMS/AHPND by biofloc but lamented that it was not easy
to manage a biofloc system.

Potentials of BFT

A full biofloc system uses a maximum of 15 ml of settled floc particles
from a 1 litre water sample. It requires skills to manage. A semi-floc
as practiced by many farmers have evolved. This semi-floc uses a
maximum of 5 ml of settled floc particles from a 1 litre water sample.
This is documented by Huda et al. (2013). The system has 30-40%
algal communities and 60-70% heterotrophs. It requires some minimal
water exchange. Some farms are getting good harvests continuously
from this system. In a semi-floc system, the diurnal pH fluctuation is
only 0.3. This system reduces the spikes of ammonia and hydrogen
sulphide but allows partial removal of nitrate, requires minimal water
exchange and improves FCR.

Designer biofloc

Schryver et al. (2012) showed that different carbon sources (sugar,
shrimp feed, molasses, wheat bran, acetate, glycerol and glucose)
can affect the nutritional composition of the biofloc. They further
showed that light intensity increased the lipid content of the biofloc. In
addition, they showed that PHB (poly-beta-hydroxybutyrate) which is a
biofloc antimicrobial product, can be induced. Thus by manipulation, a
biofloc with specific functions can be produced. The four determinants
of biofloc composition are thus: light, feeding intensity, C:N ratio of the
inputs, and the rate of sludge removal.

Conclusion

It is apparent that BFT offers many advantages for shrimp aquaculture.
As the remaining knowledge gaps are gradually filled, BFT will without
doubt contribute tremendously to aquaculture production through
simply harnessing the power of nature, resulting in heightened
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efficiency, sparing valuable fish meal and fish oil, and reducing the
use of precious water and land.

Poh Yong Thong is general manager,
Nutrition and Technical Service in PT Gold
Coin Indonesia. Email: yt.poh@goldcoin-id.
com or poyoto2002@yahoo.com

References
Avnimelech, Y. 2012. Biofloc technology: a practical handbook second
edition, World Aquaculture Society, Baton Rouge, Louisiana,
United States.
Chamberlain, G., Avnimelech , Y., McIntosh R.P. and Velasco, M. 2001.
Advantages of aerated microbial reuses systems with balanced
C/N nutrients transformation and water quality benefits. Global
Aquaculture Advocate 4(2):53-56
De Schryver, P, Boon, N, Verstraete, W and Bossier, P. 2012 The biology
and biotechnology behind bioflocs. In: Avnimelech Y, editor.
Biofloc Technology - a practical guide book, 2nd ed., The World
Aquaculture Society, Baton Rouge, Louisiana, USA. pp. 217-230.
Hargreaves, J. A. 2013. Biofloc production systems for aquaculture –
SRAC Publication No. 4503
Huda, A. S., Ispinanto, J., Bahri, F. and Decamp, O. 2013. Successful
production in semi-biofloc in Indonesia. Aqua Culture Asia
Pacific Volume 9 (2):8-12.
Jang I-K and Kim S-K. 2014. Evaluation of immune enhancement of
shrimp grown in biofloc systems.*
Julie Ekasari, Azhar, M-H, Surawidjaja E-H, De Schryyer, D and Bossier,
P. 2014. The effects of biofloc grown on different carbon sources
on shrimp immune response and disease resistance.*
Loc H. Tran, Fitzsimmons, K and Lightner, D.V., 2014. AHPND/EMS: From
the academic science perspective to the production point of
view. Aqua Culture Asia Pacific, Volume 10 (2): 14-18.
McIntosh, R, 2014. Biofloc: past, present and future.*
Nyan Taw, 2014. Shrimp farming, biofloc as biosecurity?*
Nyan Taw, Poh Y-T, Ling T-M, Thanabatr, C and Salleh K-Z, 2011.
Malaysian shrimp farm redesign successfully combines
biosecurity, biofloc technology, Global Aquaculture Advocate,
March/April 2011:74-75.
Smith, D. M., West, M and Groves, S. 2008. Development of protocols
for the culture of Penaeus monodon in zero water exchange
production ponds, presented at Australasian Aquaculture, 2008.
H. Tung and Le Poul, M. 2014. Practical measure for shrimp farming
during an ems outbreak*
Wasielesky Jr, W, 2013. Biofloc system as an alternative to avoid
WSSV – the Laguna case – Southern Brazil, presented at the
Biofloc Technology and Shrimp Disease Workshop. December
9-10, 2013, Ho Chi Minh City, Vietnam.
*In Browdy. C.L., J. Hargreaves, H. Tung and Y. Avnimelech. 2014.
Proceedings of the Biofloc Technology and Shrimp Disease Workshop.
December 9-10, 2013, Ho Chi Minh City, Vietnam. The Aquaculture
Engineering Society, Copper Hill, VA USA.

