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ARTICLE INFO ABSTRACT

Avrticle History: To assess the impact of varying stocking densities under the Biofloc
Received: March 19, 2025 system (BFS) on water quality, feed utilization, and growth performance of
Accepted: April 29, 2025  the Nile tilapia fingerlings, the current study was carried out over 90 days. It
Online: May 3, 2025 was implemented in 12 production rectangular concrete ponds
(5.5%13x1.40m) with a water volume of about 100m? and different stocking
densities (40, 60 or 80 fish/m®) under Biofloc and Traditional system
treatments. Overall, the Biofloc treatments outperformed the Traditional
system treatments in terms of the water quality indicators. Regardless of
stocking density, the water quality indicators were within the range advised
for tilapia production. Biofloc system treatments showed elevated growth
performance rates and reduced FCR, unlike Traditional system ponds. The
total yield directly increased with stocking densities (40, 60, and 80 fish/m?)
in BFS. Generally, our results indicated that the higher fish densities relate to
higher productivity but lower growth performance and survival rates.
According to the feed consumption findings, the feed-saving rate under the
Biofloc culture system improved significantly, reaching 29.83% at the
stocking density of 40 fish/m® and 9.83% at the stocking density of 60
fish/m3. The results also showed that, in contrast to the Traditional systems,
the higher the fish stocking density, the more feed was consumed and the
lower the saving rate. The findings also demonstrated that the Biofloc system
had 0% daily water change rates in contrast to Traditional culture systems.
Monthly water change rates were lower in the Biofloc treatments than in the
Traditional systems, although it increased with the higher stocking density.
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INTRODUCTION

One advantage of intensive aquaculture is the increased stocking density, which
necessitates a rise in the quantity of high-quality artificial feed (Avnimelech et al., 2008).
However, increases in fish biomass raised in this system, along with the amount of feed
used, lead to rapid water quality deterioration, resulting in impacts on productivity that
should be avoided. There has been a trend toward constantly changing aquaculture water,
which requires high operating energy at high cost (Gutierrez-Wing & Malone, 2006).
Therefore, scientists have turned their attention to recycling systems (RAS) for decades,
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but the high implementation and operating costs have prevented the extensive spread of
this technology (De Schryver et al., 2008). Biofloc technology was suggested as a
substitute for conventional methods, such as extensive and semi-extensive aquaculture
production systems (Luo et al., 2014).

One of aquaculture's most inventive and promising sustainable methods is Biofloc
Technology (BFT). With zero water exchange and enhanced water quality from
beneficial bacterial biomass activity, this approach supports intensive aquaculture
production. BFT also lowers production costs by serving as a nutrient-rich aquaculture
feed (Mugwanya et al., 2021). Nowadays, BFT is used to cultivate commercial species
like shrimp and tilapia (Emerenciano et al., 2021). Many researches have shown that the
juvenile Nile tilapia is more effectively fed biofloc microorganisms than fattening ones
(Alves et al., 2017; Bossier & Ekasari, 2017; Sousa et al., 2019). Suspended biofloc is
also considered an additional protein-rich diet for the Nile tilapia (Hisano et al., 2019),
causing lower production costs (Prabu et al., 2017).

In BFT, the stocking density of fish depends on manipulating the water quality's
physicochemical parameters. Where, the first limiting factor for increasing culture
density is dissolved oxygen while ammonia nitrogen is the second factor which comes
from fish nutritional metabolism (Ali et al., 2020; Eid et al., 2020).

The fundamental data which includes the appropriate stocking density during the
Nile tilapia grow-out phase in BFT, is still lacking and is a deciding element for the
tilapia production's economic viability in BFT, where the optimal density should be
determined by a thorough assessment of fish ponds that takes into consideration growth
rate data, water quality, fish health, production expenses, and profits. For this particular
context, this experiment investigated how the water quality, growth, and feed
consumption of the Nile tilapia (Oreochromis niloticus) fingerlings are impacted by
stocking density when BFT is applied vs the Traditional aquaculture system

MATERIALS AND METHODS

Research location

The government fish farm served as the site of the study, on the desert highway
near Bielbese City in El Sharkia Governorate, Egypt. The experiment period was 90 days,
from the 1st of June until the 30™ of August 2022.

Experimental ponds

Twelve production rectangular concrete ponds (5.5x13x1.40m)with a water
volume of about 100m*® were designed to allow the water current to turn around the
1.40m intermedial septum over 22h/day to preserve circumstance of water ponds in a
suspension case for stabilizing the flock granules in a life state. All ponds were filled with
pure well (ground) water (Fig. 1). Experimental ponds treated with a carbon source were
cleaned and refilled with pure groundwater before being stocked with the Nile tilapia
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fingerlings. Feeding commenced after one day of acclimation, with continuous
monitoring of key water quality parameters (unionized ammonia [NHs], nitrite [NO27],
and nitrate [NOs]) during the initial biofloc formation phase. Once biofloc granules
developed, both inlet and outlet gates of all treated ponds were closed, establishing a
zero-water-exchange system that was maintained throughout the experimental period. In
contrast, control ponds (traditional system without carbon addition) underwent daily
water exchange at rates of 10, 15, and 20% of total pond volume for treatments 1b, 2b,
and 3b (stocking densities of 40, 60, and 80 fish/m3, respectively). This water exchange
protocol was implemented to remove metabolic wastes (including feces) and to maintain
optimal water quality conditions for tilapia culture.

Experimental design

Treatment description Treatment synonym

Ponds stocked with 80 fish/m? treated with a carbon source 1a/ Biofloc system
Ponds stocked with 80 fish/m? without carbon source 1b/ Traditional aquaculture

Ponds stocked with 60 fish/m? treated with a carbon source 2a/ Biofloc system
Ponds stocked with 60 fish/m? without carbon source 2b/ Traditional aquaculture

Ponds stocked with 40 fish/m? treated with a carbon source 3a/ Biofloc system
Ponds stocked with 40 fish/m? without carbon source 3b/ Traditional aquaculture

Arrows shows the water direction

inside the experimental ponds

Concrete septum

Orientation of aerators
inside fish pond

Fig. 1. Vertical view of the experimental ponds showing the orientation of aerators,
concrete septum and the direction of water movement

Aeration and oxygenation

Aeration was continuously provided using two-air splashers 1.5 hp/pond. Both
splashers were fixed in the middle of each pond on both sides of the concrete septum
(Fig. 1) but in an opposite direction for pushing the water to circle movements around the
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central septum, so biofloc granules were still suspended for at least 22h/ day, in addition
to maintaining the concentration of dissolved oxygen at levels of at least 5mg/ I.
Water quality monitoring

Salinity (ppt), pH, dissolved oxygen (mg/l), and water temperature were measured
on-site using a YSI 556MPS meter (Yellow Spring Instrument Co., OH, USA).
According to standard procedures (APHA, 2000), unionized ammonia (NHs mg/l), nitrite
(NO2 mg/l), and nitrate (NOs mg/l) were measured every two weeks using a
spectrophotometer (spectrophotometer 2000, CO, USA).

To obtain accurate measurements of total suspended solids (TSS), Whatman filter
paper was used to filter 200 milliliters of each pond water. The gathered samples were
subsequently dried for three hours at 105 degrees Celsius in an oven (Khanjani et al.,
2021). The volume of water-settable solids was measured weekly using an Imhoff cone to
track the growth of Biofloc (Avnimelech & Kochba, 2009).

Imhoff cone methods

The Imhoff sedimentation cone (graduated up to 1000ml) is clear plastic,
therefore it is easy to see the level marks between the settled solids and the amount of the
suspended solid that will settle out of liquids. When a liquid is allowed into the cone, the
suspended solids settle to the bottom within 10 to 15 minutes. It refers to the volume of
biofloc granules (masses).

Growth performance parameters

Fish from each pond were gathered and caught after 12 weeks, where the overall
yield for each pond was evaluated. The following were the indexes of fish growth,
productivity, and feed usage.

e Daily weight gain (DWG; gram/day) = WG (gram) / feeding period (day).

[Where, weight gain (WG; gram) = final fish weight (gram) — Initial fish weight

(gram)].

e Survival rate (%) = 100 (fish final number at the end of the experiment / initial
number).

e Feed conversion ratio (FCR) = feed added (kilogram/pond) / net vyield

(kilogram/pond).

e Condition factor (K Factor) = mean [body weight (gram) /body length®

(Centimeter)] *1000.

e Specific growth rate (SGR %/day) = 100 [Ln (final weight) — Ln (initial weight)] /
experimental period.
e Total yield (Kilogram/pond) = (Average of individual final fish weight * no off
survived fish.
Starting the biofloc inside the experimental ponds
Wheat flour (WF), which was acquired from a nearby wheat grinding company,
was one of the suggested carbonaceous sources (Soliman & Abdel-Tawwab, 2022).
Table (1) displays the commercial diet's WF analysis (32% crude protein; CP).
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Avnimelech (1999) used the following equation to determine how much carbohydrate
supplement (ACH) was needed to lower the ammonium.
ACH=AC mic x % CXE

Where, AC mic symbolizes the amount of carbon as established by microorganisms. %C
stands for the added carbohydrate's carbon content, which is typically about 50% for most
substrates.

AN, Nitrogen quantity needed to cell material formation, is determined by the
microbial biomass's C/N ratio, which is approximately 4:

AN =A C mic / [C/N] mic = ACH X %C X E / [C/N] mic

Considering the approximate values for [C/N] mic, % C, and E, we have 0.5,

0.4m, and 4, in that order:
A CH=AN/(0.5X0.4/4) = A N/0.05.

Biofloc was started in carbon-treated ponds after two weeks from stocking tilapia
fingerlings, and TAN concentration came up to 2mg/ | and then WF was added after the
commercial feed contenting of 32% crude protein, 7.1% total lipids, 4.2% crude fiber,
and 6.6% total ash (Table 1).

To create biofloc biomass, carbohydrates were supplied to ponds treated with
BFT while keeping in mind the 15:1 (C: N) ratio (Avnimelech, 2009). Their proximate
composition was used to compute the levels of WF. After three hours of the feeding
schedule, the calculated source of carbohydrates was weighed, and put into 30-L plastic
containers. The mixture was fully integrated with the growing ponds' waters and was then
sprayed on the pond's water surface to promote biofloc growth. After being fed a
commercial feed (32% CP) at a rate of 3% of their biomass, the Traditional system ponds
fish and those treated with BFT were recalculated based on subsequent fish samples. The
recommended feed amounts were introduced twice a day at 9 am and 15 am. Every two
weeks, 50 fish samples from each pond were weighed after being gathered with a net and
returned to the ponds. In light of this, feed amounts were changed every two weeks.

Table 1. The approximate chemical compositions of commercial fish diet and wheat flour
(as a percentage of dry matter)

Contents (%) Wheat flour | Commercial diet for fish
A dry substance 914 91.3
Unprocessed protein (as crude) 14.2 32
Total lipids 1.23 7.1
Carbohydrates 71.4 50.3
Crude fiber 2.31 4.2
Total ash 1.27 6.6
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Calculated and consumed feed

Calculated feed was depended upon the total biomass and feeding rate, which was
3% daily of the total biomass and was readjusted again according to biweekly fish
samples.

Consumed feed refers to the actual amount of feed ingested by the stocked or total
biomass of reared fish. In biofloc ponds, however, the fish may consume some of the
biofloc granules as an alternative natural food source. As a result, some feed pellets may
remain uneaten despite appearing to be consumed. This is due to the presence of natural
food (biofloc) already existing in BFT-treated ponds. Therefore, a trial was conducted to
address potential biases in feed intake estimation by calculating the amount of feed
accurately consumed by the fish. The saved fish feed was then determined using the
following formula:

« Saved fish feed = Calculated feed quantity — Actually consumed feed
Examining statistics

The statistical study employed maximum, minimum, and means + standard error
(SE) data. A two-way ANOVA was conducted to analyze water quality data, examining
the effects of stocking density and farming system (Traditional system vs. BFS) as the
two main components. Following a one-way ANOVA of the other data, Tukey's test was
used as a post-hoc test to determine significant differences between treatments at the
P<0.05 level. All statistical analysis was conducted using SPSS version 20, as described
by Dytham (2011).

RESULTS AND DISCUSSION

Water quality characteristics
Table (2) explains the changes in water quality monitored during the study period.

All treatments showed significant differences (P<0.05) among the investigated water
quality parameters, except for water temperature.

There was no discernible change in water temperature during the current
experiment. Furthermore, the temperature recorded in this investigation falls within the
range suitable for the development of biofloc and the production of tilapia (Soliman &
Abdel-Tawwab, 2022).

Aquaculture operations depend significantly on pH measurements, which might
indicate how productive an aquatic ecosystem is (Okbah et al., 2017; Farouk, 2018).
Overall, the mean water pH values recorded in the present study ranged between 7.33 and
7.8 in the Biofloc treatments, with significant differences compared to Traditional system
treatments (P< 0.05), which had higher water pH values, ranging from 8.37- 8.67. These
results agree with those of Ridha et al. (2020) and Soliman and Abdel-Tawwab (2022),
who argued that Biofloc ponds had lower pH values than Traditional system ponds. This
is explained by the significant growth of biofloc biomass, which releases CO2 from fish
respiration and microbes while consuming oxygen. The reduction of pH value in Biofloc-
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treated water may be due to the consumption of COs> and HCOs™ ions by bacterial
community, which reduces pH levels to become in the optimum values for Biofloc
systems which ranges from 7 to 9 (Avnimelech et al., 2012; Vicente et al., 2020;
Soliman & Abdel-Tawwab, 2022; Elnady et al., 2023).

Fish stocking levels in experimental ponds are primarily limited by dissolved
oxygen, followed by total ammonia nitrogen (TAN), which is impacted by pH (Boyd &
Tucker, 1998). For microbes in suspended flocks to breathe, dissolved oxygen levels
must be kept between 5 and 8mg/ | (Hargreaves, 2013).

Dissolved oxygen levels in the Biofloc and Traditional system ponds ranged from
5.3-5.6mg/ | to 5.1-5.5mg/ |, respectively (Table 2). The treatments of density (80
fish/m®) exhibited the least dissolved oxygen content, likely because higher stocking
densities increase aerobic metabolic activity (De-Schryver et al., 2008; Hwihy et al.,
2021).

Table 2. Water quality parameters (average + SE; range) in ponds with the different Nile
tilapia densities in BFS-based ponds compared to Traditional system ponds

over 90 days
Stockin IMMH
it 9 Treatment | TC ’ DO NHs | NO2 NOs" TSS OF
/ 3y (°C) P (mg/l) | (mg/l) (mg/l) (mg/l) (mg/l) CONE
(f/m) (mi/)
10 Biofloc | 2597 | 7.33 5.60 004 | 009 | 2973 | 33947 | 46.00
(3a) +0.12 | £0.03% | £+0.06* | £0.01° | £0.00° | £0.03* | +0.64* | +1.53
Trsds'tté?;'a' 2583 | 837 | 553 | 011 | 018 253 18.00 5.33
¥3b) +0.09 | £0.03° | £0.09% | +0.02° | +0.03° | +0.52¢ | +1.78% | +0.88¢
50 Biofloc | 2587 | 7.67 5.37 0.08 010 | 2630 | 299.80 | 35.00
(2a) +012 | +0.03¢ | +0.13% | +0.01° | +0.00° | +0.46° | +0520 | +1.15°
Tr:‘d;:é%‘a' 2583 | 860 | 527 | 070 | 025 2.83 18.00 4.67
BEZb) +009 | +0.10° | +0.15% | +0.112 | +0.012 | +0.88° | +1.78¢ | +0.88¢
80 Biofloc | 26.03 | 7.80 5.30 0.09 017 | 2603 | 28033 | 31.00
(1a) +015 | +0.06° | +0.17% | +0.00° | +0.03° | +0.90" | +5.66° | +1.53
Trsads'tté‘r’:a' 2583 | 867 | 507 | 016 | 026 267 18.00 4.33
Bélb) +0.09 | £0.122 | £0.09° | £0.01° | +0.018 | £0.74° | +1.78d | +0.88¢
ANOVA in Two Value of P
Ways
Treatment 0.201 | 0.0001 | 0.202 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001
Stocking density 0.755 | 0.001 | 0.024 | 0.0001 | 0.005 | 0.038 | 0.0001 | 0.0001
Treatment x Stocking | 0.755 | 0526 | 0.771 | 0.0001 | 0.342 | 0.21 0.0001 | 0.0001
density

Means with different letters in the same column are substainally different at P<0.05 (Tukey's test).
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It is noteworthy that there were no significant changes concerning dissolved
oxygen concentrations between Traditional system and Biofloc ponds, which can be
ascribed to the artificial aeration, matching those of Soliman and Abdel-Tawwab (2022)
and Elnady et al. (2023). The dissolved oxygen levels were consistently suitable for the
growth of the Nile tilapia fingerlings during the experimental period, according to El-
Sayed (2019) and Soliman and Abdel-Tawwab (2022). Additionally, the BF ponds had
appropriate levels of dissolved oxygen for BFT systems (> 4mg/ |) (Avnimelech et al.,
2012).

The obtained un-ionized ammonia (NH3s) concentrations along the study period
were 0.04, 0.08, 0.09mg/ | in Biofloc treatments la, 2a, 3a, respectively, and 0.11, 0.7,
0.16mg/ | in Traditional system treatments 1b, 2b, 3b, respectively. While, nitrite (NO2)
concentrations fluctuated between 0.09 and 0.17mg/ | in Biofloc treatments 1a and 3a,
respectively, and 0.18 and 0.26mg/ | in Traditional system treatments 1b and 3b,
respectively. Nitrate concentrations fluctuated between 26.03 and 29.73mg/ | in Biofloc
treatments 3a and 1la, respectively and 2.53 and 2.83mg/ | in the Traditional system
treatments 1b and 2b, respectively.

The inorganic nitrogen compounds results indicated that the decreased
concentrations of NHs3 and NO2™ paired with the increased NOs  concentrations in all
experimental treatments, which can be traced back to the artificial aeration in all ponds
(BFT and CT) increasing the levels of dissolved oxygen in ponds water (Soliman &
Abdel-Tawwab, 2022), which consequently increase nitrification process by nitrifying
bacteria in water that can oxidize NHs to NOz and then NOs, which may be re-
incorporated into plant or microbial proteins (Maciel et al., 2018; Robles-Porchas et al.,
2020). As a result of these factors, the ultimate product of nitrification, NOgz', is typically
far more concentrated than NHs and NO2z™ (Camargo et al., 2005; Hamlin, 2006).

The lower concentrations of NHs and NO:~ in the Biofloc (BF) system compared
to the Traditional system, along with a significant increase in NOs™ levels in the BFT
system, indicate a higher abundance of biofloc microorganisms, including nitrifying
bacteria such as ammonia-oxidizing bacteria. These bacteria convert NHs to NO2  and
subsequently to NOs~ (Correia et al., 2014; Soliman & Abdel-Tawwab, 2022). This
process is further supported by the presence of phytoplankton, which helps remove
ammonia, promotes bacterial uptake, and facilitates nitrification—from NHs to NO:,
followed by its oxidation to NOs".

Biofloc consists of suspended organic matter and microbial biomass in the water
column, containing living microbes that are essential to the functioning of the Biofloc
System (BFS) (Ebeling et al., 2006; Hargreaves, 2006). These biological mechanisms
play a crucial role in reducing ammonia and nitrite levels, maintaining water quality at
non-toxic levels that support healthy fish growth (Ahmed et al., 2019).
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Various microorganisms collected from the BF system have been shown in
numerous studies to play essential roles in removing nitrogenous pollutants while
contributing to sustenance, diet and general health (Ray et al., 2010; Emerenciano et al.,
2013a; Cardona et al., 2016; Ahmad et al., 2017; Daniel & Nageswari, 2017).

A significant part of the total suspended solids (TSS) in the BF system is
particulate organic carbon, including bacteria, algae, zooplankton, uneaten feed,
excrement, and detritus (Burford et al., 2004; Ray et al., 2010).

The current experiment revealed that the total suspended solids (TSS) results in
ponds treated with the Biofloc Technology system were significantly higher than those in
the Traditional system ponds. This finding aligns with the research conducted by
Khanjani et al. (2021a) and Soliman and Abdel-Tawwab (2022). Additionally, the
obtained results indicated that, according to Emerenciano et al. (2017) and Soliman and
Abdel-Tawwab (2022), the TSS in the BFT system was at an ideal level (less than 500
mg/l) for biofloc formation. Furthermore, Avnimelech (2006), Hargreaves (2013) and
Long et al. (2015) suggested that this concentration is optimal (less than 1000mg/ 1) for
promoting fish growth.

Biofloc biomass abundance in culture ponds was estimated by Imhoff Cone
volumes to explain the materials of Biofloc abundance in terms of its effect on the
nutrition of fish (Elnady et al., 2023).

The Imhoff cone volume results reflected a similar trend to total suspended solids,
indicating that these were greater levels in the BFT system vs the Traditional system.
Increased feed supply and organic carbon supplements are to blame for this, the same
conclusion has previously been reported (Liu et al., 2017; Adineh et al., 2019; Elnady et
al., 2023). Imhoff cone values fall within the permissible range for the Nile tilapia culture
(25-50ml/ 1), as advised in several studies on Biofloc water (Ray et al., 2010;
Hargreaves, 2013; Green et al., 2014; Emerenciano et al., 2017; Lima et al., 2018;
Ridha et al., 2020; Elnady et al., 2023). Dos Santos et al. (2021) proposed tolerance
limits of up to 50ml/ | for SS levels in Biofloc water.

It is possible to say that all investigated water quality parameters during the
present study were constantly within acceptable limits for tilapia aquaculture, irrespective
of fish stocking density. This guarantees a favorable atmosphere for the fish's optimum
development and well-being (Monsees et al., 2017; Alvarenga et al., 2018; El-Sayed,
2019; Manduca, et al., 2021).

Growth performance variables

The growth performance variables of the Nile tilapia in Biofloc vs Traditional
systems at different fish stocking densities are indicated in Table (3). Significant
differences (P< 0.05) were observed for all investigated variables among all treatments
except K factor and SGR, which did not have significant differences (P> 0.05) among
BFS. Additionally, no notable variations (P> 0.05) were recorded across ponds using
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Traditional systems. While, their interaction had no notable variations (P>0.05) for all
investigated growth performance parameters, except FCR.

Additionally, obtained results revealed that stocking density of 40 (fish/m®) had
the maximum average of final weight, daily weight gain, and survival rate with values of
255.83¢/ fish, 2.04g/ fish/ day, and 98%, respectively. In contrast, their minimum values
were 155.37g/ fish, 0.91g/ fish/ day, and 79.33%, respectively, at 80 fish/m® stocking
density. It is obtainable that BFT ponds had higher values of these parameters than CT
ponds. Additionally, the lowest density of fish recorded the highest values, as shown in
Fig. (2).

This may be clarified through that the Biofloc system is a nutrient-rich

environment containing beneficial microorganisms like protozoa, bacteria, and
phytoplankton. These provide high-protein food for the Nile tilapia, such as rotifers and
ciliates, which enhances fish survival and growth in this system (Rono et al., 2018).
The results above confirm those previously revealed by Li et al. (2012) and Eid et al.
(2020), who assumed that increased fish stocking density leads to reduced feed
consumption. According to Wendelaar Bonga (1997), chronic stress brought on by the
high density was thought to raise the fish's overall energy requirement, which would
otherwise be used for growth. Additionally, fish density can influence how well feed is
used. In addition, the stock density of fish affects their survival rate. Other investigations
related to the Biofloc system showed an adverse connection between survival rate and
stocking density (Widanarni et al., 2012) that can be attributed to greater concentration
of NH4" at the higher fish density contributed to growth performance (Vicente et al.,
2020). Overall, the content of N-metabolites in the system affected productive
performance, which has an opposite relationship with the density of fish stocks
(Widanarni et al., 2012).

Condition factor and specific growth rate had the same value among different
stocking densities in biofloc treatments (3.43 and 1.27%/ day, respectively) and
Traditional system ponds (2.33 and 0.91%/ day, respectively). (Table 2 & Fig. 3). The
higher survival rate in the current trial is linked to the Biofloc system's superior water
quality, which is supported by Wasielesky et al. (2013) and Elnady et al. (2023). This
demonstrates that the amount of biofloc material consumed by the Nile tilapia during the
experiment provided them with essential nutrients necessary for survival. According to
Adineh et al. (2019), fish growth performance in biofloc systems is significantly
influenced by the consistently improved water quality, where fish benefit from
consuming suspended biofloc material rich in high-quality protein.

The Nile tilapia showed improved survival rates in BFS with carbon
supplementation vs the Traditional system. These results may be attributed to the system
with carbon supplementation maintaining better water quality parameters compared to the
traditional system. The biofloc system offers a sustainable approach to maintaining water
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quality within a range that is beneficial for the Nile tilapia (Ekasari et al., 2015; Rono et
al., 2018).

Feed conversion ratio indicates more nutrients are efficiently converted into flesh
compared to Traditional feed, suggesting an effective food utilization (Bhijkajee &
Gobin, 1997). In BFT, the Nile tilapia feed conversion ratio (FCR) was at its best
values (1.07, 1.28, and 1.49, respectively) for stocking densities (40, 60, and 80 fish/m?)
compared to 1.97, 2.32, and 2.65 for Traditional system treatments (Table 2 & Fig. 3).
Whereas, the lowest (best) values of FCR were recorded at the lowest fish density (40
fish/m?).

Feed conversion ratios in the BFS treatments were improved compared to those in
the Traditional system, demonstrating the benefits of using biofloc material as a
nutritional source for the Nile tilapia during the fattening phase. This improvement can be
attributed to the protein being consumed by tilapia in two forms: first through the
formulated feed, and second through microbial protein present in the biofloc (Ogello et
al., 2014). In this situation, microbial biomass is considered an additional food source
(Hisano et al., 2021).

The feed conversion ratio can be affected by changes in fish size and age,
stocking density, environmental conditions, cleanliness methods, and other unknown
variables (Watanabe et al., 1990).

Table 3. Nile tilapia growth performance (average + SE; range) in BFS-based ponds vs the
Traditional system ponds over 90 days with varying stocking densities

Stocking Initial Final Survival Tc_>ta|
density Treatment weight weight DWG rate FCR K Factor SGR Yield
: : (g/fish) (%/day) (Kg/

(f/m?3) (gffish) (gffish) (%) pond)

40 Biofloc (3a) 72.33 255.83 2.04 98.00 1.07 3.43 1.27 1003.17

+0.60 +6.718 +0.082 +1.002 +0.02f +0.078 +0.022 + 33.21°

Traditional 73.00 185.30 1.25 87.33 1.97 2.33 0.91 647.30

system (3b) +0.58 +3.03° +0.03° +1.45° +0.03° +0.15° +0.02° + 15.08°

60 Biofloc (2a) 72.17 232.23 1.78 93.67 1.28 3.43 1.27 1305.20
+0.17 +1.41° +0.01° +0.88° +0.02¢ +0.078 +0.022 +16.82°

Traditional 73.00 161.67 0.98 84.67 2.32 2.33 0.91 821.20

system (2b) +0.58 +1.119 +0.02¢ +1.45° +0.04° +0.15° +0.02b +13.36¢

80 Biofloc (1a) 72.33 227.13 1.72 91.67 1.49 3.43 1.27 1665.93

+ 0.60 +2.77° +0.03% +0.88° +0.01¢ +0.078 = 0.022 + 33.012

Traditional 73.00 155.37 0.91 79.33 2.65 2.33 0.91 985.23

system (1b) +0.58 +4.33¢ +0.05¢ +1.20¢ +0.042 +0.15° +0.02b +13.53°

ANOVA in Two Ways Value of P

Treatment 0.127 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.127
Stocking density 0.984 0.0001 0.0001 0.0001 0.0001 1.0 1.0 0.984
Treatmggtn;‘i;mc"'”g 0984 | 983 | 0977 | 0392 | 0002 1.0 1.0 0.984

Means with different letters in the same column are substainally different at P<0.05 (Tukey's test).
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In this experiment, reduced stocking density led to a correspondingly enhanced
FCR compared to high stocking density. These findings are in line with the findings of
Bolivar et al. (2006) and Eid et al. (2020), who noted that the FCR deteriorated as the
density of fish stocks increased. This can be related to elevated energy requirements
linked to stress, which negatively affects FCR (Moniruzzaman et al., 2015).

The beneficial effect of microbial flocs on improved weight gain, SGR, and FCR
in cultured tilapia was established by Nguyen et al. (2021). Numerous research studies
support these findings, including Luo et al. (2014), Long et al. (2015) and Mansour and
Esteban (2017).

The Biofloc system (BFS) treatments resulted in lower FCR and higher growth
performance rates compared to Traditional system ponds. In these treatments, most of
the feed is converted to body mass (meat), indicating that fish culture in the carbon-
supplemented BFS enhances protein utilization. Biofloc can enhance the growth,
consumption, and digestion of aquatic animals and artificial feeds, according to a similar
finding by Emerenciano (2013).

Biofloc technology provides continuous additional food sources for tilapia 24
hours a day in the form of microorganisms and microbial communities, enabling a
reduction in FCR (Emerenciano et al., 2017; Luo et al., 2017). Using less pelletized
feed inputs in Biofloc tanks improved FCR lowers production costs (Correa et al., 2020).
In addition, fish productivity and feed efficiency are also increased by ingesting Biofloc,
according to Luo et al. (2014) and Long et al. (2015).

Results demonstrate that microbial flocs enhance nutrient digestion in the stomach
by promoting the development and activation of digestive enzymes. This likely
contributes to a better performance of microbial floc treatments regarding growth and
feed utilization. The Nile tilapias' ability to readily adjust to novel feeding conditions was
also demonstrated (Xu & Pan, 2012; AbouelFadl et al., 2022).

The BFS treatments of this experiment achieved the highest total yield of fish,
which were 1003.17, 1305.20 and 1665.93kg/ pond compared to the Traditional system
treatments (647.30, 821.20 and 985.23 kg/ pond) for the stocking densities of 40, 60 and
80 fish/pond, respectively. Although the increase in total yield corresponded with higher
stocking densities, as shown in Fig. (3), it was also accompanied by a significant rise in
costs due to sharply increasing feed prices. Feed costs represented the largest portion of
total expenses; therefore, as stocking density increased, so did the overall production cost
(Moniruzzaman et al., 2015; Manduca et al., 2021).

Following the data gathered during this research, higher fish densities correlate to
higher productivity but lower growth and survival rates. This finding agrees with Gall
and Bakar (1999), Azim and Little (2008), Avnimelech and Kochba (2009),
Widanarni et al. (2012), Long et al. (2015) and Vicente et al. (2020).




94 Soliman et al., 2025

biofloc  traditional = biofloc
40 60

Stocking density (f/m”)

1750 1665.93
13052
1003.17 I T ossas
1050 I —— I
547.3
1]
biofloc

traditional biofloc traditional  biofloc traditional
40 60 80

Stocking density (fm?)

(Kg/pond)
S

Total vield
=]
8

SGR (Yday)

Stocking density (fm?)

Fig. 3. Changes in the Nile tilapia feed conversion ratio (FCR), total yield (Kg/pond), and
specific growth rate (SGR, %/day) between BFS ponds vs the Traditional system
with different stocking levels



95
Biofloc System and Stocking Denisity Effect on Water Quality, Feed Utilization,
and Growth Performance of the Nile Tilapia

It was suggested that greater death rates are caused by larger stocking densities of
the Nile tilapia (larval and juvenile) (Ridha, 2006; Garcia et al., 2013; Ferdous et al.,
2014; Lima et al.,, 2018; Wu et al., 2018). Fish stocking density, growth stage,
production system, species, and nutritional status can all affect these results. The
probiotic impact of Biofloc may also be linked to improved fish immune system
(Haridas et al., 2017; Liu et al., 2018; Menaga et al., 2019).

BFT's flocs have a high content of protein, fat, carbohydrate, and ash, which
makes them a food suitable for the aquaculture system. This system is an inexpensive,
high-quality food technology that outperforms the Traditional culture system (Ballester
et al., 2010). In addition, Biofloc may increase the activity of digestive enzymes
(Avnimelech, 1999; Kuhn et al., 2010). This could affect the Nile tilapia's growth at
Biofloc vs the Traditional system treatments, previously approved in the study of Hwihy
et al. (2021).

Feed utilization and water consumption

Feed utilization (including calculated feed, actually consumed feed, the amount
saved, and the saving ratio), daily water exchange rate, and monthly water consumption
during the experimental treatments in both the Biofloc and traditional systems are
presented in Table (4). The data revealed that stocking densities, treatment types, and
their interactions had a significant effect on all measured parameters (P< 0.05).

The feeding results (Table 4 & Fig. 4) showed a significant difference between the
calculated and actually consumed feed by farmed tilapia, highlighting the benefits of the
Biofloc system. This was further supported by the calculated saved feed and feed-saving
ratios, where the Biofloc system achieved feed-saving ratios of 29.88, 20.87, and 9.83%
at stocking densities of 40, 60, and 80 fish/m3, respectively—compared to 0.00% in all
treatments of the traditional system.

These findings confirm that the continuous availability of biofloc particles as a
supplemental food source throughout the day enhanced feed efficiency. As a result, the
Nile tilapia raised in the Biofloc system consumed less formulated feed (Ekasari &
Maryam, 2012; Haridas et al., 2017). This reduction in daily feed intake with biofloc
supplementation has been reported in the studies of Perez-Fuentes et al. (2016) and
Elnady et al. (2023).

By decreasing water exchanges and lowering the discharge of nutrient-rich
wastewater, the Biofloc system technology represents a new "blue revolution” (Awad et
al., 2021). An increasingly popular long-term and sustainable substitute for no-water
exchange culture systems is biofloc technology (De Schryver et al., 2008; Crab et al.,
2009). Aquaculture water quality parameters have been altered in this way to promote
nutrient circulation and to use the biomass of specific biotic communities as a direct food
source for the commercial organisms being farmed (Martinez-Cordova et al., 2015).

The investigated technique increases the rate at which value is added while
lowering maintenance costs (AbouelFadl et al., 2022). In comparison with traditional
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systems, Biofloc techniques enable a zero-water replacement, which reduces 30% from
water treatment costing, shortens the aquaculture period, and boosts aquatic species'
survival and growth rates (Sontakke et al., 2018; Holanda et al., 2020). Therefore, they

are economically feasible for the cultivation of aquaculture.

Regarding water conservation, as shown in Table (4), the daily water exchange
rates for the traditional system treatment ponds, which had stocking densities of 40, 60,
and 80 fish/m3, were 10, 15, and 10m3, respectively, throughout the trial. In contrast, the
biofloc treatment ponds had a 0% water exchange rate. However, the monthly water
consumption rates for the same stocking densities in the biofloc treatment ponds were
significantly lower, at 4.67, 10.67, and 19m3, respectively. These amounts were much
less than the water consumption in the Traditional system treatment ponds, which were

400, 550, and 646m3, as indicated in Table (4) and Fig. (5).

Table 4. Changes in feed utilization and water exchange (daily and monthly) (average *
SE; range) in BFT-based ponds versus Traditional system ponds over 90 days

with varying stocking densities

. . Daily Monthly
Stock_lng Calculated | Consumed Saved Feed Saw_ng Water Water
density | Treatment Feed Feed K Ratio Exch c q
(fm?) (ka) (ka) (kg) (%) xchange onsu3me
(cm) (m°)
Biofloc 1083.40 759.67 323.73 29.83 0.00 4.67
(3a) + 35.89¢ +19.80¢ +17.062 +0.672 +0.00° +0.88f
40 Trfd;fxa' 699.10 699.07 0.03 0.00 10.00 400
>23b) +16.20¢ +16.27¢ +0.03° +0.00¢ +0.00P +0.00°
Biofloc 1409.63 1115.33 294.30 20.87 0.00 10.67
(2a) +18.15° + 6.06° +13.92° +0.72° +0.00° +0.88°
60 Tr:‘ds'tté‘r’;'a' 886.90 886.87 0.03 0.00 15.00 550
¥2b) +14.42¢ + 14.45° +0.03¢ +0.00¢ +0.00? +0.00P
Biofloc 1799.17 1622.33 176.83 0.83 0.00 19.00
(1a) + 35.65° + 36.36° +8.91° +0.52° +0.00° +1.53¢
80 Trgds':é‘;;‘a' 1064.10 1064.03 0.07 0.00 10.00 646
321b) + 14.59¢ +14.61° +0.03¢ +0.00¢ +0.00P +3.332
ANOVA in Two Value of P
Ways
Treatment 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Stocking density 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Treatment 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
x Stocking density

Means with different letters in the same column are substainally different at P<0.05 (Tukey's test).
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The findings are in line with the outcomes of De-Lima et al. (2018), who
elucidated that Biofloc Technology (BFT) utilized 11.5 times less water than traditional
aquaculture systems. Similarly, Hwihy et al. (2021) reported that Biofloc treatments
reduced water usage by nine times compared to Traditional system treatments. BFT is an
environmentally sensitive technique that allows for a culture system with minimal water
exchange while supplying aquaculture fish with possibly edible biomass (Avnimelech,
2014; Bossier & Ekasari, 2017). This can be achieved by adding an external carbon
supplier to aquaculture pond, which raises the (C:N) ratio and promotes the growth of
naturally occurring heterotrophic bacteria (Hargreaves, 2006; De-Schryver et al., 2008).

These beneficial microbes will subsequently transform harmful nitrogenous
compounds into Biofloc agglomerates, a biomass produced by bacteria (Ebeling et al.,
2006). The components of BF agglomerates comprise diverse organic substances that
provide a stable source of nutrients for aquatic species. These organisms can collect and
digest microscopic particles like microalgae, bacteria, plankton, and leftover food
(Emerenciano et al., 2013; Bossier & Ekasari, 2017).

Biofloc technology has been suggested by many researchers and producers of
sustainable aquaculture (Emerenciano et al., 2014; Fauzi et al., 2017; Kaya et al., 2019;
Gallardo-Colli et al., 2020; Costa et al., 2021) as one of the most promising substitutes
for traditional food production. This is because (1) water exchange prevents the release of
nutrient-rich wastewater into the environment and enables efficient use of finite water
resources, and (2) production costs are lower because it uses less artificial feed input.

CONCLUSION

The outcomes of the current study have proven the viability of Biofloc technology
as a sustainable and efficient alternative to traditional tilapia culture. The Biofloc system
provides an effective solution to the issues of high-density aquaculture by significantly
enhancing water quality, feed utilization, and growth performance. Furthermore, its
ability to reduce feed costs and to eliminate the need for daily water replacement makes it
an environmentally friendly and economically viable strategy. These findings support the
expanded use of Biofloc technology in modern aquaculture, especially in light of limited
resources and the need for sustainability.

REFERENCES

AbouelFadl, Kh.Y.; Ahmed, S.A. and Badrey, A.E.A. (2022). Effects of Biofloc on
Water Quality and Growth Performance of the Nile Tilapia (Oreochromis
niloticus) in a Zero-Water Exchange System. Egyptian Journal of Aquatic
Biology & Fisheries. 26(6): 765-779.

Adineh, H.; Naderi, M.; Khademi, H.M. and Harsij, M. (2019). Biofloc technology
improves growth, innate immune responses, oxidative status, and resistance to



99
Biofloc System and Stocking Denisity Effect on Water Quality, Feed Utilization,
and Growth Performance of the Nile Tilapia

acute stress in common carp (Cyprinus carpio) under high stocking density. Fish
Shellfish Immunol., 95: 440-448.

Ahmad, I.; Babitha Rani, A.M.; Verma, A.K. and Magsood, M. (2017). Biofloc
technology: an emerging avenue in aquatic animal healthcare and nutrition.
Aquacultue Int. J., 25(3): 1215-1226.

Ahmed, N.M.; Flefil, N.S.; Tayel, S.I.; Mahmoud, S.A. and Soliman, A. (2019).
Biological treatment of ammonia using biofloc system for Oreochromis niloticus
fish. Egy. J. Aquacultue Bio. & Fish., 23(4): 639-657.

Ali, M.A.; Khuraiba, H.M.; Nourhan, E.G.; Elsayed, N.E. and Sharawy, Z.Z. (2020).
Effects of stocking density on growth performance and feed utilization of Nile
tilapia Fingerlings under biofloc system. Egyptian J. Nutrition and Feeds, 23(1):
183-195.

Alvarenga, E.R.; Alves, G.F.O.; Fernandes, A.F.A.; Costa, G.R.; Silva, M.A;
Teixeira, E.A. and Turra, E.M. (2018). Moderate salinities enhance growth
performance of Nile tilapia (Oreochromis niloticus) fingerlings in the biofloc
system. Aquacultue Res. J., 49: 2919-2926.

Alves, G.F.O.; Fernandes, A.F.A.; Alvarenga, E.R.; Turra, E.M.; Sousa, A.B. and
Teixeira, E.A. (2017). Effect of the transfer at different moments of juvenile Nile
tilapia (Oreochromis niloticus) to the biofloc system in formation. Aquacultue J.,
479: 564-570.

American Puplic Health Assocition (APHA) (2000). Standard Methods for the
Examination of Water and waste water (20" edition). Washington, D.C.

Avnimelech, Y. (1999). Carbon/Nitrogen ratio as a Traditional system element in
aquaculture systems. Aquacultue J., 176: 227-235.

Avnimelech, Y. (2006). Bio-filters: the need for a new comprehensive approach.
Agquacultue Engin. J., 34(3): 172-178.

Avnimelech, Y. (2009). Biofloc Technology -A Practical Guide Book. The World
Aguaculture Society, Baton Rouge, Louisiana.

Avnimelech, Y. and Kochba, M. (2009). Evaluation of nitrogen uptake and excretion by
tilapia in biofloc tanks, using 15N tracing. Aquacultue J., 287: 163-168.

Avnimelech, Y. (2014). Biofloc Technology-A Practical Guidebook, 3rd ed. The World
Aquaculture Society, Baton Rouge, United States: 285.

Avnimelech, Y.; Kochba, M.; Suryakumar, B. and Ghanekar, B. (2012). Nitrogen
isotope: tool to evaluate protein uptake in biofloc systems. Haifa, Israel: Global
Aquaculture Alliance. p. 74-75.

Avnimelech, Y.; Verdegem, M.C.J.; Kurup, M. and Keshavanath, P. (2008).
Sustainable land-based aquaculture: rational utilization of water, land and feed
resources. Mediterr. Aquacultue J., 1:45-55.




100 Soliman et al., 2025

Awad, A.M.; Badrey, A.E.A.; AbouelFadl, Y.K. and Osman, A.G.M. (2021). The
impact of dietary carbon sources on the blood characteristics of Grass Carp
(Ctenopharyngodon Idella) cultured in biofloc system. ACL Bioflux. 14(6): 3178-
3188.

Azim, M.E. and Little, D.C. (2008). The biofloc technology (BFT) in indoor tanks:
water quality, biofloc composition, and growth and welfare of Nile tilapia
(Oreochromis niloticus). Aquaculture J., 283: 29-35.

Ballester, E.; Abreu, P.; Cavalli, R.; Emerenciano, M.; Abreu, L. and Wasielesky,
W. (2010). Effect of practical diets with different protein levels on the
performance of Farfantepenaeus paulensis juveniles nursed in a zero-exchange
suspended microbial flocs intensive system. Aquaculture Nutrition, 16(1): 163-
172.

Bhikajee, M. and Gobin, P. (1997). Effect of temperature on the feeding rate and
growth of a red tilapia hybrid". pp. 131-140. In: K. Fitzsimmons (ed.). Proceeding
of the Fourth International Symposium on Tilapia in Aquaculture. Orlando,
Florida, USA.

Bolivar, R.; Jimenez, E.; Sugue, R. and Brown, C. (2006). Effect of Stocking Sizes on
the Yield and Survival of Nile Tilapia (Oreochromis niloticus L.) On Grown in
Ponds. Asian Fisheries: Diversi¢cation & Integration, 6th Asian Fisheries Forum,
Kaoshiung, Taiwan, 28pp.

Bossier, P. and Ekasari, J. (2017). Biofloc technology application in aquaculture to
support sustainable development goals. Microbial biotechnology, 10(5): 1012-
1016.

Boyd, C.E. and Tucker, C.S. (1998). Pond Aquaculture: Water Quality Management.
Springer Science Business Media, New York.

Burford, M.A.; Thompson, P.J.; Mclntosh, R.P.; Bauman, R.H. and Pearson, D.C.
(2004). The contribution of flocculated material to shrimp (Litopenaeus
vannamei) nutrition in a high-intensity, zero-exchange system. Aquaculture J.,
232(1-4): 525-537.

Camargo, J.A.; Alonso, A. and Salamanca, A. (2005). Nitrate toxicity to aquatic
animals: a review with new data for freshwater invertebrates. Chemosphere, 58:
1255-267.

Cardona, E.; Gueguen, Y.; Magré, K.; Lorgeoux, B.; Piguemal, D.; Pierrat, F. and
Saulnier, D. (2016). Bacterial community characterization of water and intestine
of the shrimp Litopenaeus stylirostris in a biofloc system. BMC Microbiol., 16(1):
1-9.

Correa, A.D.S.; Pinho, S.M.; Molinari, D.; Pereira, K.D.R.; Gutiérrez, S.M.;
Monroy-Dosta, M.D.C. and Emerenciano, M.G.C. (2020). Rearing of Nile



101
Biofloc System and Stocking Denisity Effect on Water Quality, Feed Utilization,
and Growth Performance of the Nile Tilapia

tilapia (Oreochromis niloticus) juveniles in a biofloc system employing periods of
feed deprivation. Journal of applied aquaculture J., 32(2): 139-156.

Correia, E.; Wilkenfeld, J.; Morris, T.; Weic, L.; Prangnell, D. and Samocha, T.
(2014). Intensive nursery production of the Pacific white shrimp Litopenaeus
vannamei using two commercial feeds with high and low protein content in a
biofloc-dominated system. Aquacultue Eng. J., 59: 48-54.

Costa, L.C.d.; Poersch, L.H.d. and Abreu, C. (2021). Biofloc removal by the oyster
Crassostrea gasar as a candidate species to an Integrated Multi-Trophic
Aquaculture (IMTA) system with the marine shrimp Litopenaeus vannamei.
Aquaculture J., 540, 736731.

Crab, R.; Chielens, B.; Wille, M.; Bossier, P. and Verstraete, W. (2009). The effect of
different carbon sources on the nutritional value of bioflocs, a feed for
Macrobrachium rosenbergii postlarvae. Aquaculture Res., 41:559-567.

Daniel, N. and Nageswari, P. (2017). Exogenous probiotics on biofloc based
aquaculture: a review. Curr. Agric. Res. J., 5(1): 88.

De-Lima, E.; De-Souza, R.; Girao, P.; Braga, I. and Correia, E. (2018). Culture of
Nile tilapia in a Biofloc system with different sources of carbon. Revista Ciéncia
Agrondmica, 49(3): 458-466.

De Schryver, P.; Crab, R.; Defoirdt, T.; Boon, N. and Verstraete, W. (2008). The
basics of bioflocs technology: the added value for aquaculture. Aquaculture J.,
277:125-137.

Dos Santos, R.B.; Izel-Silva, J.; Fugimura, M.M.S.; Suita, S.M.; Ono, E.A. and
Affonso, E.G. (2021). Growth performance and health of juvenile tambaqui,
Colossoma macropomum, in a biofloc system at different stocking densities.
Aquaculture Res. J., 52(8): 3549-3559.

Dytham, C. (2011). Choosing and using statistics: A biologist's guide. Blackwell Science
Ltd., London, UK.

Ebeling, J.M.; Timmons, M.B. and Bisogni, J.J. (2006). Engineering analysis of the
stoichiometry of photoautotrophic, autotrophic, and heterotrophic removal of
ammonia-nitrogen in aquaculture systems. Aquaculture J., 257: 346-358.

Eid, A.; Elsayed, K.; Said, M.M.; Taha, E.M.; Ali, B.A.; Eissa, H.E. and Khattab, Y.
(2020). Effects of stocking density on growth performance and feed utilization of
Nile tilapia fingerlings under biofloc system. Abbassa International Journal for
Aquaculture J., 13(2): 233-256.

Ekasari, J. and Maryam, S. (2012). Evaluation of biofloc technology application on
water quality and production performance of red tilapia Oreochromis sp. cultured
at different stocking densities. HAYATI Journal of Biosci., 19: 73-80.

Ekasari, J.; Rivandi, D.R.; Firdausi, A.P.; Surawidjaja, E.H.; Zairin, M. and
Bossier, P. et al. (2015). Biofloc technology positively affects Nile tilapia
(Oreochromis niloticus) larvae performance. Aquaculture J., 441:72-77.




102 Soliman et al., 2025

Elnady, M.A.; Abdel-Wahed, R.K.; Helal, A.M. and Mansour, D.H. (2023). Growth
and Feed Performances of the Nile Tilapia During the Fattening Stage Under
Restricted Feeding in Biofloc Culture. Egy. J. Aquaculture Biol. & Fish., 27(3):
69-85.

El-Sayed, A.-F.M. (2019). Tilapia culture. 2nd ed. Academic Press, Elsevier.

Emerenciano, M.; Gaxiola, G. and Cuzon, G. (2013). Biofloc Technology (BFT): A
review for aquaculture application and animal food industry. In: Matovic MD (ed)
Biomass now - cultivation and utilization. InTech, Rijeka, pp 301-328.

Emerenciano, Mauricio, Cuzon, G.; Ar'evalo, M.; Mascaro' Miquelajauregui, M.
and Gaxiola, G. (2013a). Effect of short-term fresh food supplementation on
reproductive performance, biochemical composition, and fatty acid profile of
Litopenaeus vannamei (Boone) reared under biofloc conditions. Aquaculture Int.
J., 21: 987-1007.

Emerenciano, Mauricio, Cuzon, G.; Paredes, A. and Gaxiola, G. (2013b). Evaluation
of biofloc technology in pink shrimp Farfantepenaeus duorarum culture: growth
performance, water quality, microorganisms profile and proximate analysis of
biofloc. Aquaculture Int. J., 21: 1381-1394.

Emerenciano, M.; Cuzon, G.; Arévalo, M. and Gaxiola, G. (2014). Biofloc technology
in intensive broodstock farming of the pink shrimp Farfantepenaeus duorarum:
Spawning performance, biochemical composition and fatty acid profile of eggs.
Aquaculture Res. J., 45: 1713-1726.

Emerenciano, M.G.C.; Martinez-crdova, L.R.; Martinez-porchas, M. and
Miranda-baeza, A. (2017). Biofloc technology (BFT): A tool for water quality
management in aquaculture. Water Quality, InTech., 91-1009.

Emerenciano, M.G.C.; Fitzsimmons, K.M.; Rombenso, A.N. and Miranda-Baeza, A.
(2021). Biology and Aquaculture of Tilapia J., 258.

Farouk, A. (2018). Water Quality and Bacterial Load of Water and Tilapia Organs from
Edku Lake. Egy. J. for Aquaculture, 8(2):29-56.

Fauzi, M.; Putra, 1.; Rusliadi, R.; Tang, U.M. and Muchlisin, Z.A. (2017). Growth
performance and feed utilization of African catfish Clarias gariepinus fed a
commercial diet and reared in the biofloc system enhanced with probiotic.
F1000Research, 6: 1-9.

Ferdous, Z.; Ajaz Masum, M.d. and Mohsin, A.M.d. (2014). Influence of Stocking
Density on Growth Performance and Survival of Monosex Tilapia (Oreochromis
niloticus) Fry. Inter. J. Res. in Fish. and Aquaculture, 4 (2): 99-103.

Gall, G.A.E. and Bakar, Y. (1999). Stocking density and tank size in the design of breed
improvement programs for body size of tilapia. Aquaculture J., 173(1-4): 197-
205.



103
Biofloc System and Stocking Denisity Effect on Water Quality, Feed Utilization,
and Growth Performance of the Nile Tilapia

Gallardo-Colli, A.; Pérez-Fuentes, M.; Pérez-Rostro, C.lI. and Hernandez-Vergara,
M. (2020). Compensatory growth of Nile tilapia Oreochromis niloticus, L.
subjected to cyclic periods of feed restriction and feeding in a biofloc system.
Aqua. Res., 51:813-1823.

Garcia, F.; Romera, D.M.; Gozi, K.S.; Onaka, E.M.; Fonseca, F.S.; Schalch, S.H.C.;
Can-deira, P.G.; Guerra, L.O.; Carmo, F.J.; Carneiro, D.J.; Martins, M.1.E.
and Portella, M.C. (2013). Stocking density of Nile tilapia in cages placed in a
hydroelectric reservoir. Aquaculture J., 410-411.

Green, B.W.; Schrader, K.K. and Perschbacher, P.W. (2014). Effect of stocking
biomass on solids, phytoplankton communities, common off-flavors, and
production parameters in a channel catfish biofloc technology production system.
Aquaculture Res. J., 45: 1442-1458.

Gutierrez-Wing, M.T. and Malone, R.F. (2006). Biological filters in aquaculture:
trends and research directions for freshwater and marine applications. Aquaculture
Eng. J., 34:163-171.

Hamlin, H.J. (2006). Nitrate toxicity in Siberian sturgeon (Acipenser baeri). Aquaculture
J., 253: 688-693.

Hargreaves, J.A. (2006). Photosynthetic suspended-growth systems in aquaculture.
Aquaculture Eng. J., 34: 344-363.

Hargreaves, J.A. (2013). Biofloc Production Systems for Aquaculture. Southern
Regional Aquaculture Center Publication 4503, Stoneville, Mississippi, USA: 3-
10.

Haridas, H.; Verma, A.K.; Rathore, G.; Prakash, C.; Sawant, P.B. and Babitha
Rani, A.M. (2017). Enhanced growth and immuno-physiological response of
genetically improved farmed tilapia in indoor biofloc units at different stocking
densities. Aquaculture Res. J., 48(8): 4346-4355.

Hisano, H.; Barbosa, P.T.; Hayd, L.A. and Mattioli, C.C. (2019). Evaluation of Nile
tilapia in monoculture and polyculture with giant freshwater prawn in biofloc
technology system and in recirculation aquaculture system. Inter. Aquat. Res. J.,
11(4): 335-346.

Hisano, H.; Barbosa, P.T.; de Arruda Hayd, L. and Mattioli, C.C. (2021).
Comparative study of growth, feed efficiency, and hematological profile of Nile
tilapia fingerlings in biofloc technology and recirculating aquaculture system.
Trop. Anim. Health Prod. J., 53: 60.

Holanda, M.; Santana, G.; Furtado, P.; Rodrigues, R.V.; Cerqueira, V.R.; Sampaio,
L.A.; Wasielesky, W.Jr. and Poersch, L.H. (2020). Evidence of total suspended
solids Traditional system by Mugil liza reared in an integrated system with pacific
white shrimp Litopenaeus vannamei using biofloc technology. Aquaculture J.,
18:100479.



104 Soliman et al., 2025

Hwihy, H.; Zeina, A.; Abu Husien, M. and El-Damhougy, Kh. (2021). Impact of
Biofloc technology on growth performance and biochemical parameters of
Oreochromis niloticus. Egyp. J. Aquat. Biol. & Fish., 25(1): 761-774.

Kaya, D.; Genc, M.A.; Aktas, M.; Yavuzcan, H.; Ozmen, O. and Genc, E. (2019).
Effect of biofloc technology on growth of speckled shrimp, Metapenaeus
monoceros (Fabricus) in different feeding regimes. Aquaculture Res. J., 50: 2760-
2768.

Khanjani, M.H.; Alizadeh, M.; Mohammadi, M. and Sarsangi Aliabad, H. (2021a).
Biofloc system applied to Nile tilapia (Oreochromis niloticus) farming using
different carbon sources: Growth performance, carcass analysis, digestive and
hepatic enzyme activity. Iran. J. Fish. Sci., 20: 490-513.

Khanjani, M.H; Alizadeh, M. and Sharifinia M. (2021b). Effects of different carbon
sources on water quality, biofloc quality, and growth performance of Nile tilapia
(Oreochromis niloticus) fingerlings in a heterotrophic culture system. Aquaculture
Int. J., 29: 307-321.

Kuhn, D.D.; Lawrence, A.L.; Boardman, G.D.; Patnaik, S.; Marsh, L. and Flick,
G.J. (2010). Evaluation of two types of bioflocs derived from biological treatment
of fish effluent as feed ingredients for Pacific white shrimp, Litopenaeus
vannamei. Aquaculture J., 303: 28- 33.

Li, D.; Liu, Z.A. and Xie, C. (2012). Effect of stocking density on growth and serum
concentrations of thyroid hormones and cortisol in Amur sturgeon (Acipenser
schrenckii). Fish phys. Biochem. J., 38: 511-520.

Lima, P.C.M.; Abreu, J.L.; Silva, A.E.M.; Severi, W.; Galvez, A.O. and Brito, L.O.
(2018). Nile tilapia fingerling cultivated in a low-salinity biofloc system at
different stocking densities. Span. J. Agric. Res. 16: 1-9.

Liu, G.; Ye, Z.; Liu, D. and Zhu, S. (2018). Inorganic nitrogen Traditional system,
growth, and immune physiological response of Litopenaeus vannamei (Boone,
1931) in a biofloc system and in clear water with or without commercial probiotic.
Aquaculture Int. J., 26(4): 981-999.

Liu, G.; Zhu, S.; Liu, D.; Guo, X. and Ye, Z. (2017). Effects of stocking density of the
white shrimp Litopenaeus vannamei (Boone) on immunities, antioxidant status,
and resistance against Vibrio harveyi in a biofloc system. Fish Shellfish Immunol.
J., 67: 19-26.

Long, L.; Yang, J.; Li, Y.; Guan, C. and Wu, F. (2015). Effect of biofloc technology
on growth, digestive enzyme activity, hematology, and immune response of
genetically improved farmed tilapia (Oreochromis niloticus). Aquaculture J., 448:
135-141.

Luo, G.; Gao, Q.; Wang, C.; Liu, W.; Sun, D. and Li, L., et al. (2014). Growth,
digestive activity, welfare, and partial cost effectiveness of genetically improved



105
Biofloc System and Stocking Denisity Effect on Water Quality, Feed Utilization,
and Growth Performance of the Nile Tilapia

farmed tilapia (Oreochromis niloticus) cultured in a recirculating aquaculture
system and an indoor biofloc system. Aquaculture J., 422: 1-7.

Luo, G.; Li, W.; Tan, H. and Chen, X. (2017). Comparing salinities of 0, 10 and 20 in
biofloc genetically improved farmed tilapia (Oreochromis niloticus) production
systems. Aqua. and Fish. J., 2(5): 220-226.

Maciel, J.C.; Francisco, C.J. and Miranda, K.C. (2018). Compensatory growth and
feed restriction in marine shrimp production, with emphasis on biofloc
technology. Aqua. Inter. J., 26: 203-212.

Manduca, L.G.; da Silva, M.A.; de Alvarenga, E.R.; Alves, G.F.O.; Ferreira, N.H.;
Teixeira, E.A.; Fernandes, A.F.A.; Silva, M.A. and Turra, E.M. (2021).
Effects of different stocking densities on Nile tilapia performance and profitability
of a biofloc system with a minimum water exchange. Aquaculture J., 530.

Mansour, A.T. and Esteban, M.A. (2017). Effects of carbon sources and plant protein
levels in a biofloc system on growth performance, and the immune and
antioxidant status of Nile tilapia (Oreochromis niloticus). Fish and Shellfish
Immunol. J., 64: 202-209.

Martinez-Cordova, L.R.; Emerenciano, M.; Miranda-Baeza, A. and
Martinez-Porchas, M. (2015). Microbial-based systems for aquaculture of fish
and shrimp: an updated review. Reviews in Aquaculture J., 7(2):131-148.

Menaga, M.; Felix, S.; Charulatha, M.; Gopalakannan, A. and Panigrahi, A. (2019).
Effect of insitu and ex-situ biofloc on immune response of genetically improved
farmed tilapia. Fish and Shellfish Immunol J.. 92: 698-705.

Moniruzzaman, M.; Uddin, K.B.; Basak, S.; Mahmud, Y.; Zaher, M. and Bai, S.C.
(2015). Effects of stocking density on growth, body composition, yield and
economic returns of Monosex Tilapia (Oreochromis niloticus L.) under cage
culture system in Kaptai Lake of Bangladesh. Aquaculture Res. Dev. J., 6: 357-
363.

Monsees, H.; Klatt, L.; Kloas, W. and Wuertz, S. (2017). Chronic exposure to nitrate
significantly reduces growth and affects the health status of juvenile Nile tilapia
(Oreochromis niloticus L.) in recirculating aquaculture systems. Aquaculture Res.
J., 48: 3482-3492.

Mugwanya, M.; Mahmoud, A.; Dawood, O.; Kimera, F. and Sewilam, H. (2021).
Biofloc Systems for Sustainable Production of Economically Important Aquatic
Species: A Review. Sustainability, 13(7255): 1-15.

Nguyen, H.Y.N.; Trinh, T.L.; Baruah, K.; Lundh, T. and Kiessling, A. (2021).
Growth and feed utilisation of Nile tilapia (Oreochromis niloticus) fed different
protein levels in a clear-water or biofloc-RAS system. Agquaculture J., 536:
736404.




106 Soliman et al., 2025

Ogello, E.O.; Musa, S.M.; Aura, C.M.; Abwao J.O. and Munguti, J.M. (2014). An
appraisal of the feasibility of tilapia production in ponds using biofloc technology:
A review. Int. J. Aquaclture. Fish. Sci., 5: 21-39.

Okbah, M.A.; Abd El-Halim, A.M.; Abu EI-Regal, M.A. and EI. Nassar, M. (2017).
Water Quality Assessment of Lake Edku using physicochemical and Nutrients
Salts, Egypt. Chemistry Research J., 2(4):104-117.

Pérez-Fuentes, J.A.; Hernandez-Vergara, M.P.; Pérez-Rostro, C.I. and Fogel, I.
(2016). C: N ratios affect nitrogen removal and production of Nile tilapia
Oreochromis niloticus raised in a biofloc system under high density cultivation.
Aquaculture J., 452: 247-25.

Prabu, E.; Rajagopalsamy, C.B.; Ahilan, B.; Jeevagan, 1.J. and Renuhadevi, M.
(2017). Effect of dietary supplementation of biofloc meal with tryptophan on
growth and survival of GIFT Tilapia. Inter. J. Curr. Micr App. Sci., 6(8): 3426-
3434.

Ray, A.J.; Seaborn, G.; Leffler, JW.; Wilde, S.B.; Lawson, A. and Browdy, C.L.
(2010a). Characterization of microbial communities in minimal exchange,
intensive aquaculture systems and the effects of suspended solids management.
Aquaculture J., 310(1-2): 130-138.

Ray, A.J.; Seaborn, G.; Wilde, S.B.; Leffler, JW.; Lawson, A. and Browdy, C.L.
(2010b). Characterization of microbial communities in minimal-exchange,
intensive aquaculture systems and the effects of suspended solids management.
Aquaculture J., 310: 130-138.

Ridha, M.T. (2006). Comparative study of growth performance of three strains of Nile
tilapia, Oreochromis niloticus, L. at two stocking densities. Aquaculture Res. J.,
37:172-179.

Ridha, M.T.; Hossain, M.A.; Azad, 1.S. and Saburova, M. (2020). Effects of three
carbohydrate sources on water quality, water consumption, bacterial count,
growth and muscle quality of Nile tilapia (Oreochromis niloticus) in a biofloc
system. Aquaculture Res. J., 51(10): 4225-4237.

Robles-Porchas, G.R.; Gollas-Galvan, T.; Martinez-Porchas, M.; Martinez-
Cordova, L.R.; Miranda-Baeza, A. and Vargas-Albores, F. (2020). The
nitrification process for nitrogen removal in biofloc system aquaculture. Reviews
in Aquaculture J., 12: 2228-2249.

Rono, K.; Tarus, A.; Manyala, J.O.; Obadol, E.; Ngugi, C.; Egna, H. and
Fitzsimmons, K. (2018). Effects of Biofloc Technology on Growth Performance
of Nile Tilapia (Oreochromis Niloticus): Fingerlings and Microbial Colonization
in the System. Inter. J. Agri., Envir. and Biores., 3 (5).



107
Biofloc System and Stocking Denisity Effect on Water Quality, Feed Utilization,
and Growth Performance of the Nile Tilapia

Soliman, A.M. and Abdel-Tawwab, M. (2022). Effects of different carbon sources on
water quality, biofloc quality, and the productivity of Nile tilapia reared in
biofloc-based ponds. J. Ann. Anim. Sci., 22(4): 1281-12809.

Sontakke, R. and Haridas, H. (2018). Economic Viability of Biofloc Based System for
the Nursery Rearing of Milkfish (Chanos chanos). Int. J. Curr. Microbiol. Appl.
Sci., 7: 2960-2970.

Sousa, A.A.; Pinho, S.M.; Rombenso, A.N.; Mello, G.L. and Emerenciano, M.G.C.
(2019). Pizzeria by-product: A complementary feed source for Nile tilapia
(Oreochromis niloticus) raised in biofloc technology?. Aquaculture., 501: 359-67.

Vicente, L.R.M.; Owatari, M.Sh.; Mourino, J.L.P.; Silva, B.C. and Vieira, F. (2020).
Nile Tilapia Nursery in a Biofloc System: Evaluation of Different Stocking
Densities. Bol. Inst. Pesca. J., 46(2): e573.

Wang, Y.; Xu, P.; Nie, Z.; Li, Q.; Shao, N. and Xu, G. (2019). Growth, digestive
enzymes activities, serum biochemical parameters and antioxidant status of
juvenile genetically improved farmed tilapia (Oreochromis niloticus) reared at
different stocking densities in in-pond raceway recirculating culture system.
Aquaculture Res. J., 50: 1338-1347.

Wasielesky, W.; Froes, C.; Foes, G.; Krummenauer, D.; Lara, G. and Poersch, L.
(2013). Nursery of Litopenaeus vannamei reared in a biofloc system: the effect of
stocking densities and compensatory growth. J. Shell. Res., 32(3): 799-806.

Watanabe, W.; Clark, J.; Dunham, J.; Wicklund, R. and Olla, B. (1990). Culture of
Florida red tilapia in marine cages: Effect of stocking density and dietary protein
on growth. Aquaculture J., 90: 123-134.

Wendelaar Bonga, S.E. (1997). The stress response in fish. Physiol. Rev. J., 77: 591-
625.

Widanarni, J.; Ekasari, S. and Maryam, A. (2012). Evaluation of biofloc technology
application on water quality and production performance of red Tilapia
Oreochromis sp. cultured at different stocking densities. HAYATI J. Biosci., 19:
73-80.

Wu, F.; Wen, H.; Tian, J.; Jiang, M.; Liu, W.; Yang, C.; Yu, L. and Lu, X. (2018).
Effect of stocking density on growth performance, serum biochemical parameters,
and muscle texture properties of genetically improved farm tilapia, Oreochromis
niloticus. Aquaculture Int. J., 26: 1247-1259.

Xu, W.J. and Pan, L.Q. (2012). Effects of bioflocs on growth performance, digestive
enzyme activity and body composition of juvenile Litopenaeus vannamei in zero-
water exchange tanks manipulating C/N ratio in feed. Aquaculture J., 356, 147-
152.




