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Abstract
Bioflocs produced in suspended growth bioreactors under aerobic, anaerobic and anoxic conditions could
offer the fish feed industry a novel alternative feed. In this study, an experiment involving incubation of
sludge in aerobic, anaerobic and anoxic systems for 22 days was conducted. The experiment was carried
out in 9 glass aquaria tanks that were used as reactors for daily sludge incubation. These reactors were fed
tilapia manure. Aerobic, anaerobic and anoxic conditions were confirmed by measurement of redox
potential, pH, temperature, NO3 and O2 concentration. We succeeded in creating the right environmental
conditions for biofloc development.
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1. Introduction
To meet the growing demand in aquaculture efforts are shifting from extensive rearing systems
to more intensive rearing systems. The water purification method using biofloc technology
(BFT) was developed to make fish farming more cost effective and to increase the nutrient
utilization efficiency, reduce water use, provide additional feed, reduce effluent discharges and
improve biosecurity [1, 2]. Research has also shown that microbial flocs produced in biological
reactors can be used as an alternative cheap protein source in fish feed pellets [3].
New biomass of micro-algae and heterotrophic bacteria can be grown on nutrient wastes thus
providing an alternative food source [4, 5, 6, 7, 8]. Recycling of the non-utilized fraction of the feed
and waste from the culture system was shown to double the utilization of protein and feed by
fish or shrimp [9, 10, 11]. The nutritional added value of bioflocs to aquatic animals is reliant on
factors like food preference, ability to both ingest and digest and the size and density of the
suspended flocs [12].
Different studies showed that fish like tilapia is capable of both filter feeding and detritivory
making them a most ideal candidate for biofloc technology systems (BFT) [13]. Tilapia can also
grow and flourish in intensive culture and is disease and stress resistant. Tilapia culture tank or
pond effluents contains valuable nutrients such as organic and suspended matter [14, 15]. and
converting these nutrients into microbial flocs can be accomplished in aerobic bioreactors [16].
The technology combines the removal of nutrients from the water with the production of
microbial biomass, which in turn can be used by the culture species as additional food source.
Sludge from intensive fish farm effluents has been used as the culture medium for microalgae
cultures and the algal meal produced used as ingredient in fish feeds [17, 18].evaluated results of
growing algae on inorganic nutrients from sludge to feed Oreochromis mossambicus, (Fish)
Macrobranchium hainenese (shrimp) and Moina macrocopa (Cradocera). The yields were
unsatisfactory when fed the sludge grown algae directly. Thus their study recommended further
analyses of sludge composition and nutritional properties. Also any other potential negative
effects like microbiological risk and /or disease transmission and the issue of market perception
regarding the use of fish or other animal waste on feed. Conclusions were that bio-flocs are not
a complete replacement of traditional fish food but can decrease feeding cost, which still
represent 40-50% of production costs, when used as a feed ingredient [19].
Current research should therefore mainly focus on the nutritional quality and microbial
composition of bioflocs, maximizing their energy content and digestibility for the aquaculture
species [20, 21]. Further reported that in ponds fish and shrimps have been known to avoid area
~ 347 ~

International Journal of Fisheries and Aquatic Studies

of reduced sediments and look for food in sediments with rich
oxygen supply. It has not been known yet whether these aquatic
animals don’t like flocs produced in low or reduced oxygen
conditions or is it that they cannot reach the food because of low
oxygen levels. It is expected that this approach will provide
valuable information on the possibility to use bioflocs to
minimize the environmental impacts from aquaculture while
benefiting the cultured organisms.
2. Materials and methods
2.1 Study area
The experiments were conducted at experimental facility (“De
Haar Visen”) of the Wageningen University. All procedures
involving fish were carried out in accordance with the Dutch
law of experimental animals, approved by the Ethical
committee for animal experiments (DEC) of Wageningen
University, The Netherlands.
2.2 Experimental fish
A red phenotype strain of Nile tilapia (Oreochromis niloticus),
purchased from a commercial tilapia farm, Til-Aqua, Velden,
The Netherlands was used for sludge production. Three hundred
72 g tilapia were stocked in 7 glass tanks equipped with sludge
collectors.
2.3 Experimental design
The reactors were operated under aerobic, anaerobic and anoxic
conditions with three replicates per condition. A 45% crude
protein feed was fed to the approximately 21 kg adult tilapia
with the aim of producing sludge. The latter was collected daily
and transferred to 9 incubators: 3 were operated aerobically, 3
anaerobically and 3 anoxically. The incubators were run
continuously during the study period to provide bioflocs meant
for further nutritional studies.
2.4 Biofloc growing experiment
2.4.1 Sludge collection
The set up consisted of 7 fish tanks for sludge collection with a
daily supply of feeds to the fish at 2 % body weight Fig 1. Each
tank held 43 fish with an average weight of 72 g each. In each
tank, sludge collectors were cleaned and connected at 4:30 pm
after evening feeding for sludge collection overnight. To collect
sludge, the outlet of each tank was connected to a swirl
separator (height 45 cm, diameter 24.8 cm) equipped with a
detachable bottle. Sludge was collected in a detachable bottle
(volume 250 ml) at the bottom of swirl separator. Each
detachable bottle was cooled using ice cubes to minimize sludge
decomposition by bacteria. Sludge from collectors was then
carefully transferred to the incubation reactors and divided
equally among the reactors. A water flow of 7 L/min was
maintained over each tank.

Fig 1: Sludge collection set up

2.4.2 Sludge incubation for biofloc development
A set of 9 reactors were divided equally between aerobic,
anaerobic and anoxic states Fig 2. Each reactor contained 20
liters working volume and was continuously mixed using a
magnetic stirrer during 22 days until floc harvesting.
Approximately 150 ml sludge was added to every reactor every
morning at 09.00. Nitrogen gas was bubbled through the anoxic
and anaerobic reactors to remove atmospheric oxygen. Twice
daily, pH, redox potential, temperature and nitrate and oxygen
concentration were measured. Oxic conditions were created by
continuous aeration in open aquaria. To create anaerobic
conditions the aquaria tanks were put in sealed plastic bags
through which nitrogen gas was bubbled. The same was done
for creation of anoxic conditions except that sodium nitrate was
added. Appropriate fittings were placed on each reactor; for the
covered ones, the inlets were passing through the tightly
wrapped opening of the bags. This allowed bubbling nitrogen
gas through the anoxic and anaerobic reactors, while gases like
carbon dioxide and methane could escape. Fittings having
electrodes, thermistors and heaters were installed to monitor
pH, redox, temperature and oxygen saturation in each reactor.
Three piped syringes for the different reactors were used to
extract 10 ml samples for nitrate-N concentration
determination. Anoxic conditions were created by adding
sodium nitrate (NaNO3) to the reactors. Nitrate levels were
maintained at 40 ±5 mg/l NO3-N, by adding a calculated amount
of sodium nitrate anytime nitrate concentration levels fell below
200 mg/l. Continuous stirring by a magnetic stirrer ensured
complete mixing of the introduced sludge in the water column.
Nitrogen gas was bubbled through the anoxic and anaerobic
reactors during the entire sludge incubation period at a constant
rate of 15 ml/min. Temperature, pH, and redox potential (ORP)
measurements were determined using a pH/Oxi 340i electrode
(WTW, Germany). Dissolved oxygen saturation was
determined by Oxi 340i electrode (WTW, Germany). Nitrate
concentration was determined by test strips (Merck, Darmstadt,
Germany). Sampling of the flocs for quality was done on day 0,
7 and harvesting day. Samples were acidified with nitric acid
and stored at -20°C for later chemical analysis.

Fig 2: Diagram showing 9 reactors used for biofloc development.
Open (aerobic reactors) covered (anaerobic and anoxic reactors).

2.4.3. Operations in the reactors
The main maintenance operations of the reactors included
filling during which fresh sludge was added daily as explained
above, mixing of water and sludge by use of a magnetic stirrer
and continuous aeration. This ensured that the bioflocs
remained in suspension and that the 20 l sludge in the reactor
was constantly mixed. At harvesting the sludge was first
allowed to settle by stopping the bubbling and mixing. After 22
days the sludge water was removed from the bioreactors leaving
the settled bioflocs behind. The latter was siphoned out for
further use and analyses. The collected sludge was filtered
through Whatman filters (320mm) to get rid of excess water.
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The harvested bioflocs colors differed between treatments as
shown in Figure 3. From the residue, floc pellets for the feeding
trials were made by putting 1 g of the floc into plastic eppendorf
holders that were frozen at -20°C for future use.

4. Results
4.1 Biofloc development and generation from the aerobic,
anaerobic and anoxic systems
Mean values of five parameters measured; pH, temperature,
redox potential (ORP), nitrate concentration and oxygen
saturation in the three reactors and outcomes of ANOVA are
presented in Table 1. There was a significant interaction effect
among the reactors and sampling time as shown in the graphs
for all the parameters except oxygen saturation since it was
measured in the aerobic reactors only.
Table 1: Mean values of parameters measured and sampling time in
the different reactors.
Means Tukey test
Reactors
Aerobic Anaerobic Anoxic

Parameters:

7.73

8.58

25.58

ORP (mV)

155.33
a
196.09

‐1

NO3 (mg/L )

Aerobic flocs

a

pH
Temperature ̊C

‐1

Oxygen Sat (mg/L )
Oxygen Sat (%)

b

8.24

a

28.09

b

28.44

a

‐260.46
b
13.71

c

Day period
Morning Afternoon

Interaction
Reactor X day*

ab

8.2

8.1

***

a

27.32

27.43

***

b

‐13.18
b
121.72

‐16.89
a
127.52

***

59.99
a
164.09

b

8.29

8.14

104.64

103.68

8.44
b

***

a

105.57

a

Table 1: Mean values of parameters measured and sampling
time in the different reactors. * Day factor not included in the
table. The mean values followed by the different superscript
letter within factor indicate significant difference at (P<0.05)
a>b>c. If the effects were significant, ANOVA was followed by
Tukey test. *P<0.05;**P<0.01; ***P<0.001.
4.1.1 PH
In this study aerobic pH levels remained stable for the first 12
days. From then onwards until the end of the experiment the
values kept varying at an average of 8.5 and significantly
different from the pH in the anaerobic and anoxic reactors
(P<0.05). Anaerobic reactors had a lower pH 7.7 while in the
anoxic reactors pH value increased steadily with values ranging
from 7.0 to 8.6 and a mean anoxic pH of 8.2 Fig 4. There were
no significant differences in the time of the day when the
sampling was done (P>0.05).

Anaerobic flocs

9.0

8.5
M
e
a 8.0
n

Aerobic
Anaerobic
Anoxic

7.5
p
H
7.0

6.5

Anoxic flocs

0

3. Data Analysis and Statistics
Measurements of biofloc development results were analyzed
by ANOVA with repeated measures with reactor type as the
main factor and day and day period as sub factors. In the
analyses, day period was nested in day. Prior to ANOVA data
was checked for normality using Shapiro-Wilk test and
homogeneity of variance using Mauchly's sphericity test. The
significance level was set at (P < 0.05). Means were compared
by Tukey test. Statistical analysis was performed using SPSS
version 18.
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Fig 3: A presentation of color difference in the three states of
harvested bioflocs.

Fig 4: Average daily pH in aerobic, anaerobic and anoxic reactors.
No standard errors given.

4.1.2 Temperature
Immersion heaters set at 28°C were used to regulate temperature
during the experiment. Temperature in the aerobic reactors
mean of 25.5°C was significantly different from both anaerobic
and anoxic reactors which had a mean of 28.4°C (P<0.05) Fig
5. Results of ANOVA showed that there were no any significant
differences in the time of the day when sampling was done
(P>0.05).
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Fig 7: Average daily nitrate concentration in aerobic, anaerobic and
anoxic reactors. No standard errors given.

Fig 5: Average daily temperature in aerobic, anaerobic and anoxic
reactors. No standard errors given.

4.1.3 Redox potential (ORP)
Redox potential differed significantly among all the reactors in
this study (P<0.05) Table 1. Aerobic reactors had a positive
mean redox potential of 155.3 mV. Anaerobic reactors reached
complete anaerobic conditions with a redox potential of -344
mV after 13 days. The anaerobic reactors had a negative mean
redox of -260.46 which reduced further towards the end of the
experiment Fig 6. Anoxic reactors had a positive mean redox of
59.9. Also in this parameter results of ANOVA showed that
there were no significant differences in the time of the day when
the sampling was done.

4.1.5. Oxygen Saturation
Oxygen saturation was measured only in the aerobic reactors
the mean recorded percent saturation was 104.64. The values
were high at the start of the experiment and reduced gradually
from day 10 to the end of the experiment Fig 8. Results of
ANOVA show that there were significant differences in the time
of the day that the sampling was done (P<0.05) with higher
values being recorded in the afternoon.
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Fig 8: Average daily oxygen saturation in aerobic reactors. No
standard errors given.
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Fig 6: Average daily redox potential in aerobic, anaerobic and anoxic
reactors. No standard errors given.

4.1.4 Nitrate concentration
Nitrate concentration was significantly different in the
anaerobic reactors (p<0.05) as compared to aerobic and anoxic
reactors. Aerobic reactors had the highest mean nitrate
concentration of 196.09 mg/l. NO3 concentration was relatively
low in the anoxic reactors with a mean of 164.09 mg/l while in
anaerobic reactors the lowest concentration of 13.71 mg/l was
observed. From the 8th day to the end of the experiment the
nitrate concentration in anaerobic reactors was zero Fig 7.
Results of ANOVA showed significant difference in the time of
the day when sampling was done with high nitrate levels being
recorded in the afternoon.

5. Discussion
5.1 Evaluation of biofloc development from the aerobic,
anaerobic and anoxic conditions.
5.1.1 PH
The variation of pH often provides a good indication of the
ongoing biological reactions. PH fluctuations aﬀect enzyme
systems responsible for microbial activity thus it should be
considered in design and operation of biological treatments. In
aerobic reactors nitrification was taking place causing
biological conversion of ammonia to nitrate nitrogen. Nitrifying
bacteria are aerobic in nature requiring free dissolved oxygen.
The nitrification process lowers the pH which causes reduction
in growth of nitrifying bacteria. A decline in pH under aerobic
conditions can also be attributed to an increase in dissolved
carbon dioxide associated with decomposition of sludge [22, 23].
Reported that under aerobic conditions, half of the decomposed
organic carbon in sludge treatments is incorporated in bacteria
biomass and the other half mineralized to CO2. The optimum
pH range is between 7.5 and 8.5. Below pH of 6 nitrification
stops [24]. Observed aerobic pH was within the optimum range
with a mean of 8.5.
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During anaerobic digestion the acid genesis step lowers pH
hence the shifts in curves observed in Fig 4. The pH decline in
these reactors was also higher most probably due to the
accumulation of volatile fatty acids [25]. At the same time
methane forming bacteria consume the volatile acids and
alkalinity is produced which increases and stabilizes the pH (26).
[23]
. Also reported that anaerobic decomposition is a multi-step
process and less bacteria biomass and more CO2 is produced
even though some carbons are incorporated in the intermediate
fermentation products.
In anoxic reactors denitrification was the main process taking
place consuming nitrates which were introduced by addition of
sodium nitrate. This lead to a considerable increase in pH as
observed in Fig 4. Anoxic respiration is said to occur with the
transfer of nitrate ions (NO3–) to the digester with sludge or by
addition of nitrate-containing compounds such as sodium
nitrate (NaNO3) that increases digester alkalinity [26, 27]. Further
reported that denitrification is an alkalinity producing process
performed by denitrifying facultative bacteria which use either
dissolved oxygen or nitrate as oxygen source for metabolism
and oxidation of organic matter.
5.1.2 Temperature
In the present study a temperature control of 28°C was put in
place in all the reactors. The main reason was to fix the biofloc
development process between treatments and provide a
favorable environment for microbial activity. The observed low
temperature in the aerobic reactors might be because these
reactors were not covered while the anaerobic and anoxic
reactors were wrapped in plastic during the entire experiment
period Fig 5. [26]. Stated that maintenance of a steady state
temperature range should be practiced with anaerobic digesters.
This has shown to favor the acid forming bacteria that produce
fatty acids that are used by methane forming bacteria. In
addition, the diversity of bacteria found in biological treatments
has been shown to vary with temperature [28].
5.1.3 Redox potential
Aerobic zones are rich in dissolved oxygen concentrations,
therefore dissolved oxygen are more efficient controls. In the
present study redox potential measurements were only done to
ensure positive millivolts potential. Anaerobic treatments
achieved completely anaerobic condition with average redox
potential of approximately -350 mV after the 13th day Fig 6. To
break down phosphate of the bacterial cell mass removed as
sludge, (26) stated that one should look for ORP values less than
-300 mV that will ensure adequate electron donors for
respiration of phosphate consuming bacteria and for growth of
obligate anaerobic bacteria. In anoxic reactors the fluctuations
in ORP might have been caused by the fresh sludge that was
added every day and the NaNO3 at irregular time intervals. The
ORP in anoxic zone were between a range of -100 and 100 mV
indicating fairly neutral state for denitrification to take place.
[29]
. Showed that in anoxic condition a transitional state from
oxidation to reduction is favorable to the hydrolysis and
acidification of waste water with a fitting ORP of –100 mV to
+50 mV.
5.1.4 Nitrate concentration
Nitrification is an aerobic process and therefore only occurs in
oxygen rich environments. Two steps are involved;
Nitrosomonous bacteria converting ammonia to nitrite and
Nitrobacter bacteria finishing conversion of nitrite to nitrate. If
the ammonia and nitrite oxidizing are in equilibrium, nitrite

levels stay low while nitrate levels increase gradually. In the
present study the amount of NO3 was expected to increase with
time because denitrification was not able to occur in the
complete aerobic system. However the nitrate concentration
showed a shifting profile with a decreasing tread towards the
end of the experiment. A possible explanation of the lack of
nitrification might be competition with heterotrophic bacteria
for NH4 or substrate inhibition mechanism produced by high
organic matter loads or ammonia concentrations. Space
competition between heterotrophic and nitrifying bacteria might
be another reason that suppressed the nitrification process [30].
Anaerobic zones are always free of dissolved oxygen and
nitrate. This was observed in our experiment with nitrate levels
close to zero from day 8 onwards. This provided optimal
conditions in the anaerobic reactors since presence of nitrate
ions (NO3–) inhibit methane forming bacteria [30].
In the anoxic reactors daily addition of sludge added a lot of
easy reducible organic matter from which total ammonium
nitrogen (TAN) was released. This allowed a small chance of
nitrification to take place. Anaerobic ammonium oxidation
(Anammox), a route considered for denitrification might have
been a major contributor of anoxic denitrification [31]. Addition
of sodium nitrate contributed to nitrate concentration levels an
average of 164 mg/l-1.. It is believed that the addition of nitrate
during anoxic conditions offers a source of oxygen for certain
microorganisms present in waste water. In addition, nitrate
presence reduces levels of hydrogen sulphide, the main cause of
odor and toxicity in waste water [32, 33].
5.1.5 Oxygen saturation
Continuous aerating contributed to the high oxygen saturation
levels in the aerobic reactors. However daily feeding of the
reactors with fresh sludge that had high ammonia levels might
have contributed to the shifting profile and decreasing trend of
oxygen concentration.
6. Conclusion
The findings of this study demonstrated the biofloc
development process in aerobic, anaerobic and anoxic
conditions. The assessment parameters; pH. Temperature,
redox potential, nitrate concentration and oxygen for the aerobic
state should be properly maintained to achieve the desired
results. In the present study the culture conditions were within
optimum range that made the development process a success.
The made flocs were intended to be used for growth studies with
Nile tilapia and is subject of further research.
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