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Health &
Welfare

Bio�oc technology holds potential for
carnivorous �sh species

5 February 2018
By Nicholas Romano, Ph.D.  and Akeem Babatunde Dauda, M.S.

African cat�sh juveniles perform well, but bene�ts depend
on carbon source, C:N ratio
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Bio�oc technology is a water quality management strategy that requires adding a carbon source –
such as sugars, glycerol or complex carbohydrates – that stimulates heterotrophic bacterial growth,
which converts otherwise toxic nitrogenous waste into biomass.

At the same time, the bacteria also produce substances that cause suspended solids – such as debris,
microalgae, zooplankton and others – to aggregate into larger particles called “bio�ocs.”  Due to their
larger size, this increases the chances of their consumption by various aquatic animals. The
subsequently higher water turbidity can appear to farmers as being unhealthy or actually dangerous to
the animals.

However, bio�ocs maintain water quality while potentially providing constant nutrition. The
consumption of these bio�ocs, and in turn the ability to promote animal growth, is largely based on the
�sh’s ability to collect and consume these particles. For example, suspension-feeding �sh are better
adapted to consume smaller bio�ocs than carnivorous species, such as African cat�sh (Clarias
gariepinus).

African cat�sh juveniles actively swimming in an outdoor bio�oc-
based system at Universiti Putra Malaysia.
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This limited ability of C. gariepinus has been observed in several studies and more recently when we
compared their growth performance in clear water versus that of the more omnivorous lemon �n barb
hybrids (LFBH) (male Hypsibarbus wetmorei x female Barboides gonionotus) in a bio�oc-based system
(Fig. 1).  This was likely due to LFBH effectively consuming bio�ocs based on observing full intestines
when bio�ocs were the only available source of food.

Nevertheless, in a series of experiments, our laboratory showed that C. gariepinus juveniles greatly
bene�ted from bio�oc-based systems, which may help produce better quality and more disease
resistant seed. This should help expand the African cat�sh farming industry, which has already grown
more than �ve-fold in the past decade (Fig. 2). However, the bene�ts of bio�oc technology (BFT) to this
carnivorous species largely depend on the carbon source and the ratio to nitrogen.

Bio�oc systems have much potential to expand aquaculture
production of many �sh species, like these over-wintering tilapia
housed in an indoor bio�oc technology system at the University of
Arkansas at Pine Bluff (USA).
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Carbon to nitrogen ratios
Generally, carbon-to-nitrogen (C/N) ratios of 10 to 20 are recommended in bio�oc-based systems, with
higher ratios increasing bio�oc production. Higher bio�oc production is not always favorable due to the
need for more aeration to support higher microbial respiration rates and to keep bio�ocs suspended.
This can not only increase operating costs, but also any disruptions to air �ow can result in the loss of
an entire crop. Moreover, because C. gariepinus are ine�cient collectors and consumers of bio�ocs,
these can accumulate to excessive amounts.

Fig. 1: Percentage increase in �nal weight of African cat�sh and lemon
�n barb hybrids when cultured with bio�oc technology versus a clear
water recirculating system.

Fig. 2: Annual worldwide production of African cat�sh. Data compiled
from the Food and Agriculture Organization (FAO, 2017).
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Our laboratory has shown that using glycerol to create C/N ratios of 10, 15 or 20 caused no growth
improvement in C. gariepinus juveniles.  Nevertheless, a zero-exchange system was effectively created
under high stocking densities and, moreover, C/N ratios of 15 and 20 improved the resistance of C.
gariepinus to the bacterial pathogen Aeromonas hydrophila. This was encouraging, because this
pathogen can cause substantial economic losses in the cat�sh industry. However, a C/N ratio of 15
appeared to be the best ratio based on maintaining water quality, minimizing excessive bio�oc
production and protecting the cat�sh from bacterial infection.

Carbon source
Simple sugars, glycerol and complex carbohydrates are commonly used carbon sources for BFT, but in
many countries that farm C. gariepinus, complex carbohydrates can be much cheaper. However, this
source is less soluble than simple sugars and thus cannot be quickly utilized by bacteria-producing
�ocs. This can consequently delay the removal of ammonia leading to deteriorated water quality.
Despite C. gariepinus being relatively tolerant to elevated nitrogenous waste, this was believed to cause
juvenile mass mortalities under a laboratory setting because ammonia production was not matched by
bacterial assimilation into bio�ocs. Therefore, among these tested carbon sources of sucrose, and at
least for the initial set up of BFT, glycerol or sugars appear to be more appropriate.

Improving water solubility of complex carbohydrates
One of the ways to improve the water solubility of complex carbohydrates, and therefore the potential
for better bacterial utilization, is by pre-treating with microorganisms such as probiotics. These
organisms secrete digestive enzymes capable of degrading insoluble components of carbohydrates
like cellulose.

Our research recently found that fermenting rice bran with Bacillus lichenformis and B.  megaterium
substantially enhanced water solubility by 96 percent, and in contrast to untreated rice bran, effectively
created a zero-exchange system. In addition, the fermented rice bran signi�cantly improved the growth
of C. gariepinus, and although a probiotic effect may have occurred, it may also indicate some
consumption of bio�oc. This can be better understood by using gelatinized starch to achieve higher
water solubility (Fig. 3) without the presence of probiotics.

Fig. 3: Untreated corn starch added to water, which has low water
solubility (a), but when heat is applied, the starch gelatinizes that
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Perspectives
A major reason for developing BFT was to maintain water quality that would provide enhanced
biosecurity and reduce water use. While this can be bene�cial for any species, only those that could
tolerate high turbidity were believed to be candidates. Another potential bene�t was a growth promoting
effect of BFT in some species, due to better water quality and/or the constant availability of nutritious
bio�ocs. This growth bene�t was believed to not apply to more carnivorous species, but for C.
gariepinus because there were indications of more energy, we observed higher resistance to pathogenic
bacteria and, in the case of fermented rice bran, higher growth. Based on our results, we encourage
additional, similar research into other carnivorous �sh species to help support further sustainable
growth of the aquaculture industry.
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