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Application of bio-flocs technology (BFT) in aquaculture offers a solution to avoid environmental impact of
high nutrient discharges and to reduce the use of artificial feed. In BFT, excess of nutrients in aquaculture
systems ar e converted into microbial biomass, which can be consumed by the cultured animals as a food sour ce.
In this experiment, upconcentrated pond water obtained from the drum filter of a freshwater tilapia farm was
used for bio-flocs reactors. Two carbon sources, sugar and glycerol, were used as the first variable, and two
different levels of salinity, 0 and 30 ppt, were used as the second variable. Bio-flocs with glycerol as a carbon
source had higher total n-6 PUFAs (19.1 + 2.1 and 22.3 + 8.6 mg/g DW at 0 and 30 ppt, respectively) than that of
glucose (4.0+0.1and 12.6 + 2.5 mg/g DW at 0 and 30 ppt). However, therewas no effect of carbon sourceor salinity
on crude protein, lipid, and total n-3 PUFAs contents of the bio-flocs.

Key words: bio-flocs, carbon source, protein, fatty acids, glucose, glycerol

INTRODUCTION

The FAO (2008) reported that the annual growth rate
of aquaculture production during the last decade has
reached 14.3% which is higher compared to the capture
fisheries, which was 0.5%. Expansion and intensification
of aquaculture production are required to fulfill the
demand of fishery products. However, limited natural
resources, especially land and water, wereachallengefor
aquaculture expertsto make more efficient and productive
aguaculture systems. Tal et al. (2009) reported that the
gross productivity of gilthead sea bream (Sparus aurata)
in arecirculating aquaculture system (RAS) was reached
984 tong/halyear, on the contrary in traditional ponds
was only about 3 tons/halyear (Pillay & Kutty 2005).
Moreover, intensification program in aquaculture al so has
specific needs such as a strict water management to
maintain water quality and to avoid disease contamination.
Application of inappropriate water management will affect
not only the production system, but also on the
surrounding environment.

High density culturesinintensive systemsrequire high
amounts of feed to be added to the systems. This will
cause water quality deterioration due to the high
concentrations of organic compounds (Avnhimelech 2007).
Because only 20-30% of feed are assimilated in fish
biomass, and the remaining for about 70-80% of the feed
will be accumulated in the water body as uneaten feed
and excretion products (Avnimelech & Ritvo 2003; Gross
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& Boyd 2000). Thefeed especially protein consumed will
be catabolized to ammonia, which is the primary
nitrogenous waste of the protein metabolism of most
teleost and aquatic invertebrates (Stickney 2005). Similarly,
bacteria mineralize organic nitrogen in uneaten feed and
fecesto ammonia(Gross& Boyd 2000). Asaconsequence,
application of high protein feed will result in a high
production of ammonia(NH,) inthe system. The presence
of high ammonia concentration in water is harmful to
aguatic animals, asit istoxic even at low concentration.
The concentrations of anmonianitrogen (NH_-N) should
be below 0.8-2.0 mg N/L to be safe to aguatic organisms
(Stickney 2005).

Ammonia concentrations in aquaculture system can
be maintained in low concentration by dilution, with
dilution rates of 2% to morethan 100% of thewater volume
depending on the density of the cultures (Yoo & Boyd
1994; Funge-Smith & Phillips 2001; Manju et al. 2009).
Water exchange is the most common technique used to
maintain water quality (Boyd 2003). However, the
discharged water usually contains high concentrations
of nutrientsin particular nitrogen (Yoo & Boyd 1994). It
was reported that the net nitrogen discharged from
intensive shrimp farming wasin therange of 175to0 509 kg
N/halcrop (Jackson et al. 2003). Thus water exchange
without further treatment will lead to the accumul ation of
waste products into the receiving water. Consequently,
aquaculture effluents are considered asimportant sources
of pollution (Naylor et al. 2000; Boyd 2003).

Several methods have been developed to overcome
ammonia accumul ation in aquaculture practices, such as
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recirculating aquaculture system (RAS), periphyton based
aquaculture and bio-flocs technology (BFT). Bio-flocs
technology (BFT) in aguaculture can be defined as a
technique of water quality management, which is based
upon the development and controlling heterotrophic
bacteria within the culture system with zero or minimal
water exchange. As the microbial community develops,
bio-flocs are formed containing a heterogeneous mixture
of microorganisms (floc-formersand filamentousbacteria),
particles, colloids, organic polymers, cations, and dead
cells(Jorand et al. 1995; Hagreaves 2006; Avnimel ech 2007;
De Schryver et al. 2008). The bio-flocs is then can be
consumed asafood source by the cultured animal creating
anutrient recycling process within an aquaculture system.

The regeneration or immobilization of nutrients
depends on the total carbon taken up by bacteria, the
gross conversion efficiency by bacteria, and on the
carbon/nitrogen (C/N) ratio of the bacteria and the
substrate (Fenchel & Blackburn 1979). The inorganic
nitrogen build-up in bio-flocs systems can be controlled
by the manipulation of organic C/N ratioin such away to
promote growth of heterotrophic bacteria (Avnimelech
1999). At high C/N feed ratios (10 to 20), heterotrophic
bacteriawill assimilate theammonia-nitrogen directly from
thewater column producing cellular protein (Avnimelech
1999; Crab et al. 2009).

Several studies noted that application of BFT has
improved the production performance of several
aquaculture species such as shrimp and tilapia
(Avnimelech 2007; Kuhn et al. 2008, 2009). Thismay be
related to the nutritional content of bio-flocs, therefore
information concerning these parameters of bio-flocsand
their influencing factors are becoming one of the most
important key in the development of BFT. The objective
of our experiment was to study the effect of two organic
carbon sources and salinity on the primary nutritional
parameters of the bio-flocs.

MATERIALSAND METHODS

Experimental Setup. Thereactorsin which the BFT
was applied consisted of 51 rectangular plastic containers.
A peristaltic pump continuously pumped theinfluent into
the reactor at a flow rate of 5 |/day. Hence, a hydraulic
retention time (HRT) of 1 day was obtained. An aerator
was installed on the reactor bottom to supply air to
maintai n aerobic condition and to simulate aeration in the
aquaculture systems. The reactor temperature was
maintained at 25 °C by awater heater.

The microbiota used to inoculate the reactors was
obtained from a tilapia fish farm (Vitafish, Dottignies,
Belgium). The microbial community was added to each
reactor (200 ml) at the beginning of the experiment. Two
different influents were prepared based on the salinity
treatment. For saline water treatment (30 ppt), 30 g/l of
artificial sea salt (Instant Ocean®) was added to the
influent. To eachinfluent, 118 mg/l (NH,),SO, and 15.7 mg/|
KH,PO, were added to obtain N and P concentrations of
25 mg/l N and 3.6 mg/l of P, respectively. A liquid plant
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fertilizer (ProFito, EASY-LIFE®, The Netherlands) wasa so
added at 0.1 ml/l influent to provide essential minerals
and other trace elements. Organic carbon was added daily
at C/N ratio of 10. The glucose and glycerol used in this
experiment contained 50 and 40% of carbon. Thus these
carbon sources were added at 0.6 g/l and 0.9 mi/I,
respectively.

The experiment was comprised of two different carbon
sources: glucose and glycerol. For each carbon source,
two different salinity treatmentswere applied: freshwater
(O ppt) and seawater (30 ppt). All datawerefurther analyzed
statistically using the two-way ANOVA with SPSS
statistical software.

Physicochemical Analysis. Sampling was carried out
every 6 daysfor physicochemical analysis. Total ammonia
nitrogen (TAN) and ash content were determined following
the standard methods (Greenberg et al. 1992). Crude
protein content was calculated based on the result of
Kjeldahl nitrogen measurement. Kjeldahl nitrogen was
determined on a 10 ml grab sample stored at -20 °C, which
subsequently analyzed using Kjeltec apparatus (Tecator
2200KjdtecAuto Didtillation, S263 21, Hogamas, Sweden).
From the obtained Kjeldahl nitrogen values, TAN was
subtracted to obtain organic nitrogen concentrations.
Protein content was calculated based on its containing
16% organic nitrogen content and was expressed as a
percentage of the bio-floc dry matter weight (DMW)
(AOCAC 1999). Totd lipid was measured by Micro Folch
lipid extraction method.

Fatty acid composition was determined by gas
chromatography. Fatty acid methyl ester (FAME) was
prepared via a modified procedure of Lepage and Roy
(1984). This method implicates a direct acid catalyzed
transesterification without prior extraction of total fat, on
dry sample amount ranging from 10 to 150 mg. Ten percent
of an internal standard 20:2(n-6) was added prior to the
reaction.

FAME was extracted with hexane. Following
evaporation of the solvent, the FAME was prepared for
injection by dissolving the FAME in iso-octane (2 mg/ml).
Quantitative determination was done by a Chrompack
CP9001 gas chromatograph equipped with an autosampl er
and a temperature programmable on-column injector
(TPOCI). Injections (0.2 F) were performed on-columninto
apolar 50 mcapillary column, BPX 70 (SGEAustralia), with
adiameter of 0.32 mm and a layer thickness of 0.25 Fm
connected to a2.5 m methyl de activated pre-column. The
carier gaswasH,, a apressure of 100 kPaand the detection
mode FID. | dentification was based on standard reference
mixtures (Nu-Chek-Prep, Inc., USA). Integration and
calculation were carried out on computer with Maestro
(Chrompack) software program.

RESULTS

Microscopic observation and the primary nutritional
composition of the bio-flocs showed that there was no
significant difference in crude protein content of the bio-
flocs between treatments during the experimental period
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(Figure1& Table1). Crude proteinand lipid content ranged
from 28-33% dry weight (DW) and 6-9% DW, respectively.
Total n-3 polyunsaturated fatty acids (PUFAS) of the bio-
flocs of all treatments showed similar values and they
wereintherangeof 0.7-0.8 mg/g DW. With respect tothe
total n-6 PUFAS, the bio-flocs grown with glycerol as a
carbon source (19-22 mg/g DW) had a higher
concentration than those grown with glucose (4-12 mg/g
DW) (Table 1 & Figure 2). Regarding the composition of
the PUFAsin the bio-flocs, bio-flocswith glycerol asthe
carbon source contained morelinoleic acid [LA, 18:2(n-
6)] than that with glucose. Linoleic acid [LA, 18:2(n-6)]
was the most abundant PUFA in the bio-flocs in this
experiment (Table 2). In particular bio-flocswith glucose
as carbon source had atotal n-6 PUFAS, which was higher
in salinewater than that of in freshwater. Therange of ash
content was 7-13% on the DW.

Nitrogen removal from the reactors of all treatments
tended to decrease with time. In the first 2-3 weeks, the
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Figure 1. Photomicrographs of bio-flocs grown (&) on glucose as a
carbon source and (b) on glycerol as a carbon source.
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Figure 2. Total n-6 PUFAs of bio-flocs grown on glucose and
glycerol as a carbon source and salinity of 0 and 30 ppt
at different periods of incubation time. [ glucose + 0
ppt, J glucose + 30 ppt, @ glycerol + 0 ppt, @ glycerol
+ 30 ppt.
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bio-flocs reactor fed with glycerol as organic carbon
source had a nitrogen removal up 100% but this declined
afterwards to 60-70%. I n bio-flocs reactors with glucose
as the carbon source the nitrogen removal continued to
decline from the beginning of the experiment from 96 to
60%. The nitrogen removal capacity can also bereflected
by TAN concentration in the reactor (Figure 3).

Table 2. Fatty acids profile of bio-flocs grown on glucose and
glycerol as a carbon source at different salinity

. Treatment
Fatty acid
(mg/g DW) Glucose Glucose  Glycerol  Glycerol
+ 0 ppt + 30 ppt +0ppt + 30 ppt
14:0 1.43 0.61 0.69 0.43
14:1(n-5) 1.40 0.40 0.88 0.16
15:0 0.31 0.17 0.31 0.26
15:1(n-5) 3.00 1.56 1.04 0.22
16:0 6.06 6.34 8.01 8.86
16:1(n-7) 6.61 1.61 2.61 1.54
17:0 0.20 0.14 0.23 0.68
17:1(n-7) 0.27 0.10 0.14 0.50
18:0 2.37 3.94 4.82 6.27
18:1(n-9) 3.34 8.12 7.26 12.05
18:1(n-7) 3.96 2.71 1.72 4.19
18:2(n-6)-t 0.10 0.05 0.14 0.02
18:2(n-6)-c 1.81 11.90 17.11 21.85
19:0 0.15 0.08 0.12 0.14
18:3(n-6) 0.59 0.20 0.37 0.21
19:1(n-9) 0.21 0.22 0.22 0.10
18:3(n-3) 0.23 0.38 0.99 0.93
18:4(n-3) 0.07 0.09 0.13 0.15
20:0 0.06 0.33 0.34 0.49
20:1(n-9) 0.25 0.06 0.20 0.02
20:1(n-7) 0.04 0.04 0.04 0.07
I.S. nd nd nd Nd
21:0 0.08 nd nd Nd
20:3(n-6) 0.55 0.15 0.36 0.04
20:4(n-6) 0.77 0.17 0.87 0.06
20:3(n-3) 0.08 0.03 0.07 Nd
20:4(n-3) 0.19 0.08 0.13 0.13
22:0 0.07 0.16 0.25 0.24
20:5(n-3) 0.15 0.19 0.15 0.12
22:1(n-9) nd 0.02 nd 0.03
22:1(n-7) 0.08 0.13 0.17 0.13
23:0 nd 0.04 0.08 0.03
21:5(n-3) nd nd nd Nd
23:1(n-9) nd nd nd Nd
22:4(n-6) 0.08 0.04 0.08 0.02
22:3(n-3) nd nd nd Nd
22:5(n-6) 0.13 0.13 0.11 0.07
22:4(n-3) nd nd 0.03 Nd
24:0 0.03 nd nd Nd
22:5(n-3) 0.14 0.22 0.46 0.41
24:1(n-9) 0.13 0.04 0.10 0.04
22:6(n-3) 0.18 0.18 0.06 0.10

nd = not detected.

Table 1. Nutritional content of bio-flocs grown on glucose and glycerol as a carbon source at different salinity (0 and 30 ppt)

P Treatment

arameters Glucose + 0 ppt Glucose + 30 ppt Glycerol + 0 ppt Glycerol + 30 ppt
Protein (% on the DW) 33+6 28+6 30+6 31+8
Lipid (% on the DW) 9+3 6+1 8+1 9+3
Total n-3 PUFA (mg/g DW) 0.7+0.1 0.7 + 0.0 09+0.1 08+ 0.2
Total n-6 PUFA (mg/g DW) 4.0 + 0.1a 12.6 + 2.5a 19.1 + 2.1b 22.3 + 8.6b
Ash (% on the DW) 8+7 12+ 6 13+8 7+5

Mean values in same row with a different superscript differ significantly (P < 0.05).
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Figure 3. Total ammonia nitrogen (TAN) concentration in bio-flocs
reactors. -&— glucose + O ppt, =0~ glucose + 30 ppt, <
glycerol + O ppt, -x- glycerol + 30 ppt.

DISCUSSION

The crude protein contents of the bio-flocsin thefirst
experiment did not differ significantly with arange of 18-
42%. This suggested that there was no effect of both
organic carbon source and salinity on the crude protein
content of the bio-flocs. Regardless of the origin of bio-
flocsinoculums (freshwater tilapiafarm), similarity inthe
crude protein content as well as other parameters (crude
lipid, fatty acids profile and ash content) in different
salinity tested was expected, as several studies showed
that salinity has no direct effect on the bacterial growth
and it was assumed that increased or lowered salinity will
select for new physiological typesthat are abletotolerate
the given salt level s, while possessing the same metabolic
capabilities(Del Giorgio & Cole1998; Nielsen et al. 2003).

The average of crude protein content of the bio-flocs
in saline water was 28% and it was in correspondence
with other studies in saline water, where the protein
content in the range of 32 to 38% DW (Tacon et al. 2002;
Juetal. 2008). The average of crude protein content of
the bio-flocsin freshwater was 33% DW, it was similar
with Vanstechelman (2008) study, which was 33 to 37%
DW.

There was no specific trend with respect to the crude
protein content of bio-flocs during the experiment. A study
on bio-flocs production by manipulating C/N ratio of the
feed also reported that floc nutritional quality varied
significantly between sampling points (Azim et al. 2007).
Ju et al. (2008) reported that chlorophyll-dominated floc
collected from a white shrimp pond contained a higher
crude protein content (42%) than other collected flocs,
which were dominated by diatoms (26 and 34%) and
bacteria (38%). This suggested that the microbiota that
constitutes the bio-flocsislikely to affect the nutritional
value of the bio-flocs. With regard to the microbial
community of the BFT systemsthat isgrown under similar
physical conditions as in activated sludge, it has been
suggested that the microbial community in activated
sludgeisaffected by nutrient input, temperature, salinity,
power input (advectiveflow), type of COD, and DO levels
(Yanetal.2007; De Schryver & Verstraete 2009).
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The crude lipid content in this study ranged from 6 to
9% on the DW. Thiswas higher than that in other studies,
whereit ranged from 2 to 2.5% on the DW in freshwater
(Azim et al. 2007) and 1.2 to 2.6% on the DW in marine
water (Tacon et al. 2002; Ju et al. 2008). Salinity aswell as
carbon source did not affect the crude lipid content of the
bio-flocs. Russel et al. (1995) suggested that one of the
major osmoregulatory responses to salt concentration in
bacteria is the alteration of the membrane lipid
composition.

The PUFAs composition in the bio-flocs showed that
LA [18:2(n-6)] was the most abundant PUFA in this
experiment. Thebio-flocswerealsorichin 16:0, 16:1n-7,
and 18:1n-7 fatty acids, which were comparable to that
reported of bacterial-based microbial communities from
biological phosphate removal systems (Liu et al. 2000;
Izquierdo et al. 2006). The bio-flocsgrownin salinewater
both with glucose and glycerol asacarbon sourcereveaed
ahigher docosahexaenoic acid (DHA) content than those
infreshwater i.e. 0.1 and 0.2 mg/g onthe DW, respectively.
Several studies suggested that some species of both
freshwater and marine bacteria are able to synthesize
PUFAs (Ringgo et al. 1992; Yazawa 1996; Wallis et al.
2002; Satomi et al. 2003).

Thebio-flocsfed with glyceral, revealed significantly
higher LA concentration than those fed with glucose. The
reason for this is not fully understood. Kaneda (1977)
noted that the fatty acids content of bacteriawas affected
by the growth phase and the supply of substrate (short
chain fatty acids) and desaturating enzymes. Cells in
stationary phase store higher fatty acids than that of
required for their growth. It was also concluded that the
proportions of unsaturated fatty acids in bacteria are
temperature dependent, where low temperature tend to
stimulate a higher unsaturated fatty acids production
(Kaneda 1977; Russell & Nichols 1999). Several studies
showed that PUFA levels of various aquatic
microorganismsarelikely to bedifferent (Russel & Nichols
1999; Senanayake & Fichtali 2006; Burja& Radianingtyas
2007). This may suggest that the differences of PUFA
content of bio-flocs may beinfluenced by the composition
of microorganism within the bio-flocs, which in turnis
possibly influenced by the salinity level and the carbon
source used.

A study carried out by |zquierdo et al. (2006) showed
that the bio-flocs collected from a shrimp tank, where the
shrimpswerefed with adiet containing fish oil, contained
ahigher total n-3, n-6, and n-9 PUFAsthan those fed with
afeed that did not contain fish oil. Certik and Shimizu
(1999) pointed out that besides de novo synthesis of fatty
acids from glucose, the microbial fatty acid biosynthesis
can bealso carried out by theincorporation of exogenous
fatty acids directly into lipid structures followed by
desaturation and elongation of lipid sources. This
suggested that the fatty acid profile of the bio-flocs is
affected by thedietary lipid composition. Inthis experiment
thetota n-3 PUFAsranged from 0.6t0 0.8 mg/g DW whereas
inthe other study, wherefish oil wasincludedintheshrimp
diet (Izquierdo et al. 2006), the range was 8-9 mg/g DW.
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On the other hand, the total n-6 PUFAs content of the
bio-flocsin thisexperiment, particularly with glycerol asa
carbon source, was higher than that in the other study
(Izquierdo et al. 2006) regardless of the addition of fish ail
to the shrimp diet. The average concentration of total n-6
PUFASs of the glycerol fed bio-flocs was about 17 mg/g
DW, whereas in the other study was 9 mg/g DW (with
diet containing fish oil) and 5 mg/g DW (with diet
containing no fish ail).

The average ash content wasin therange of 7-12% on
the DW, which was agree with other studies, where the
ash content ranged from 7 to 32% onthe DW (Tacon et al.
2002; Azimet al. 2007; Ju et al. 2008). Furthermore, Tacon
et al. (2002) suggested that the high ash content in the
bio-flocs probably related to the presence of acid-
insoluble oxides and mixed silicates. It is also suggested
that the bio-flocs are a good source of essential minerals
and trace elements (Tacon et al. 2002).

The presence of TAN shows that ammonium nitrogen
inthe system was not completely converted into biomass.
Nevertheless, the average TAN removal in this system
throughout the experiment was 60 to 100%, which
was higher than that of reported in biofilter (65%)
(Twarowskaet al. 1997) and it was still in safe levelsfor
aquacultures.

In summary, there was no effect of carbon source as
well assalinity on the content of crude proteinand lipidin
bio-flocs. The bio-flocs with glycerol as carbon source
contained higher total n-6 PUFAsthan those with glucose
(significant at P < 0.05). Overall, the study also showed
that the nutritional property of bio-flocs can be dynamic,
therefore analysing the factors affecting as well as other
nutritional parametersthat areimportant in fish nutrition
are of interest.
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