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The present study was conducted to investigate the interaction of biofloc water
supplementations and potential zooplankton abundance and structure in Nile
tilapia Oreochromis niloticus-rearing systems on zootechnical performance and
biochemical indicators. Nile tilapia juveniles (13.30 g and 9.50 cm) were randomly
distributed into 18 fiberglass tanks (500 L/tank with a stocking density of 40 fish/
tank) to start the feeding experiment for 60 days. Fish weights were recorded
weekly to adjust the feeding rate at 3% of their biomass using a commercial diet.
Compared to the control group (T, zero biofloc water supplementation), the
influence of five biofloc supplementation levels was applied as follows: 14.2, 28.4,
426, 56.8, and 71 g L™ (Ty, To, Ts, T4 and Ts, respectively). The biofloc was
prepared in an external fermentor fiberglass tank (300 L) and added to the fish
tanks to keep the biofloc levels constant during the experiment. After 30 and 60
days of the experiment, the number of zooplankton was 46,501 and 24,537 Ind.
L™ respectively, which included four families (Rotifera, Copepoda, Cladocera,
and free-living nematodes) with the domination of family Rotifera at 81.65% and
93.89%, respectively. The water quality indicated was within the standard values
recommended for fish culture. Compared to those of the control group, the
values of growth performance, whole-body biochemical composition, and blood
biochemical indicators were significantly higher in biofloc groups than in the
control group. Group Tz achieved the highest significant growth performance
values. In comparison with the control group, Tz achieved the lowest number of
cultures and the abundance of small invertebrate prey after 60 days of culture.
The fish reared in groups Tp and T; showed the highest significant urea content
and the highest concentrations of liver function enzyme activities. Interestingly,
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compared to all groups, Tz achieved the best feed conversion ratio (FCR) value
(1.68). Principal component analysis (PCA) and Pearson’s correlation coefficient
confidence (PCCCQC) clarified a close positive relationship between T and Tz with
the total individual, Rotifera abundance, and FCR. The highest PCCC value with
To was in group Ts (0.947). In conclusion, biofloc supplementation (42.6 g L™
showed a sustainable clean aquadiet strategy and significantly improved Nile
tilapia growth and FCR with regard to the culture of small prey invertebrates for

60 days.

KEYWORDS

biofloc, feed conversion ratio, Oreochromis niloticus, physiological performance, PCA,
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1 Introduction

Recently, the biofloc feeding approach has become increasingly
popular in aquaculture as a sustainable, clean aquadiet strategy
because of its great ability to enhance fish growth efficiency with a
low environmental harmful impact (Mansour et al., 2022a). Biofloc
is a mixture of mixed microorganisms (bacteria, diatoms, and
microalgae) that grow in aquaculture systems as a result of
heterotrophic microorganisms recycling various sources of
organic materials. Bioflocs consist of aggregated microorganisms
resulting from the manipulation of the carbon/nitrogen (C/N) ratio
(Minaz and Kubilay, 2021). By incorporating a biofloc
supplementation strategy, aquaculture operations can provide a
rich source of biological compounds significantly required for
aquatic animals, such as protein, carbohydrates, lipids, organic
acids, and various other bioactive compounds (Raza et al., 2024).

Biofloc supplementations provide several advantages for aquatic
animals, including improved water quality, improved growth rates,
and reduced nutrition costs. These benefits stem from the efficient
recycling of nitrogenous waste by diverse microbial species present
in the biofloc system (Khanjani et al., 2023). Notably, several
aquaculture systems, including traditional (Ekasari et al., 2014),
intensive (Pérez-Fuentes et al., 2016), polyculture (Hisano et al.,
2019), or recirculating (Hisano et al., 2021) aquaculture, can
successfully be applied by biofloc supplementation approach with
attractive advantages and promising outcomes.

Gallardo-Colli et al. (2019) revealed that Nile tilapia
Oreochromis niloticus can be intensively cultivated in biofloc
systems, utilizing recycled water, without experiencing any
adverse effects on survival, productivity, growth performance,
proximal body composition, or gonadal development. These
findings underscore the feasibility and potential of biofloc
supplementation as a sustainable approach in aquaculture.

Understanding the relationships between fish and their feeding
behavior provides valuable knowledge about their ecological roles
(Hunter, 1980). It allows researchers to identify predator-prey
dynamics, determine the trophic levels at which different species
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operate, and uncover the intricacies of food resource utilization
(Glassic et al., 2023). For example, knowing the preferred prey
species of a particular fish can help predict its impact on prey
populations and its potential role as a biological control agent
(Glassic et al., 2023). Zooplankton, as a crucial component of
aquatic ecosystems, play a significant role as natural live feed for
several species of fish and shellfish, both for natural habitats and
aquaculture activities. Zooplankton, which are small floating
invertebrates, serve as prey for aquatic animals that live in the
water column. In aquaculture, zooplankton are often cultured and
used as live feed to support the growth of fish larvae and juveniles
(Abdullah et al,, 2024). The nutritional value and small size of
zooplankton make them an ideal choice for feeding young fish
during their critical early life stages (Abo-Taleb et al., 2021c). By
incorporating zooplankton into the diet of fish in aquaculture
systems, farmers can ensure optimal growth, survival, and overall
performance of their cultivated species (Kajgrova et al., 2024).
Zooplankton can be provided to tilapia as a major or additional
source of nutrition, based on the type of aquaculture system. To
feed tilapia, zooplankton can be cultivated and harvested in
extensive or semi-intensive systems where fish are raised in ponds
or tanks (Lertwanakarn et al, 2023). This method has some
advantages, such as the possibility of cost savings and giving the
fish a diet closer to their natural feed. However, feeding tilapia only
zooplankton may not provide them with all the nutrients they need
for healthy growth. To ensure that fish are getting a well-balanced
diet, it is therefore advisable to add commercial feeds or other
protein sources to the diet (Dhont et al., 2013).

Aquaculture sustainability is influenced by several factors,
including climate change, economic aspects, feed production costs
and availability, water quality, ocean natural productivity,
zooplankton and phytoplankton communities, and productivity
levels (Bjorndal et al., 2024). Egypt stands as the leading
aquaculture producer in Africa and the third-largest producer of
Nile tilapia globally. However, like worldwide aquaculture
producers, Egypt faces significant challenges in this industry,
mainly feed quality and quantity (FAO, 2022). Consequently,
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Egypt is actively seeking alternative methods and technologies to
address these issues. By adopting more sustainable and efficient
approaches, the industry has the potential to meet the rising
demand for fish while simultaneously reducing its environmental
effect (Magouz et al.,, 2021b; Abo-Taleb et al., 2021a).

Biofloc systems offer several advantages that align with industry
requirements (Mansour et al., 2022a). Implementing biofloc
technology in global aquaculture operations could address
challenges related to feed availability and cost while fostering a
more sustainable and resource-efficient approach to fish
production. This technology is considered fully implementable by
the Egyptian aquaculture industry. By adopting these innovative
methods, Egypt can enhance its position as a leading player in the
aquaculture sector while reducing the environmental impacts
commonly associated with intensive fish farming (Helal et al,
2024). Moreover, the application of the biofloc approach in the
Egyptian aquaculture sector could prove instrumental in achieving
these sustainability goals. The present study was conducted to assess
the influence of biofloc water culture supplementations on water
quality and Nile tilapia performance, feed conversion ratio, whole-
body analysis, and hemato-biochemical indicators. Furthermore,
the objective was to investigate the culture of potential small prey
invertebrates (zooplankton) and their abundance at day 0 (D-0),
day 30 (D-30), and day 60 (D-60) of culture.

2 Materials and methods
2.1 Biofloc production procedures

The biofloc was made in a fermenter fiberglass tank (300 L) at
the Inland Water Branch of the National Institute of Oceanography
and Fisheries (NIOF), using filtered water from River Nile, the Delta
Barrage located in the Kalubiya Governorate, Egypt, following the
protocol presented by Helal et al. (2024). Briefly, in a beaker,
sugarcane molasses was diluted with water before being added to
the fermentor. The tank bottom was continuously cleaned, and the
evaporated water was replaced. To prevent the biofloc from settling,
continuous aeration was provided. Sugarcane molasses was used as
a carbon source over 30 days, and daily adjustments were made to
keep the C/N ratio at 1:10, as previously mentioned by Avnimelech
(1999). Each day, the potential volume of biofloc was added to each
group after correctly incorporating biofloc, ensuring that the Nile
tilapia juveniles received a natural diet. Following the methods
previously outlined by Avnimelech (1999), the required volumes of
biofloc were examined weekly using the Imhoft cone. Once a week,
biofloc volumes were recorded in culture water using an Imhoff
cone, which involved dumping 1 L of water from each tank for 15 to
20 minutes. The proximate compositions of biofloc were performed
following the recommended protocol by AOAC (2003) based on the
dry matter content (%), total protein (44.27%), ether extract
(5.29%), ash (4.77%), crude fiber (4.69%), and nitrogen-free
extract (40.58%), while gross energy (482,225 kcal kg™')
was calculated.
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2.2 Water quality control

Using the standard procedures of American Public Health
Association (APHA), as reported by Beutler et al. (2014), a
variety of water quality variables were measured during the
experimental period. Un-ionized ammonia (NH;), nitrite (NO,),
nitrate (NOs), total alkalinity (T-Al), and total dissolved solids
(TDS) were assessed weekly, whereas dissolved oxygen (DO), pH,
and temperature were measured daily (at midday).

2.3 Nile tilapia acclimatization

Nile tilapia (O. niloticus) juveniles, with an average initial
weight of 13.3 g and length of 9.5 cm, were obtained from a
private Nile tilapia hatchery and transported to the Inland Water
Branch of the National Institute of Oceanography and Fisheries
(NIOF) for acclimation. The fish were acclimatized for 15 days,
during which time they were manually fed twice a day with a
commercial diet from ALER Aqua Egypt Company (28% protein,
6% ether extract, 7% ash, 4% crude fiber, and 55% nitrogen-free
extract, with a gross energy of 452,600 kcal kg™"). After 15 days of
acclimatization, the fish were randomly chosen and restocked in 18
fiberglass tanks of 500 L, with a rate of 40 fish/tank (three replicates/
tank), filled with filtered agricultural water.

2.4 Experimental procedures

In this study, six biofloc groups (with three replicates per group)
were tested and supplemented to the water culture for a 60-day rearing
period. These selected groups are based on our previous work (Helal
etal,, 2024). The first group (control) did not have any biofloc addition
per volume in a water culture (To=0gL" 1), whilein groups 2-5, biofloc
was supplemented, as follows: T; = 14.2 g L™, T, =28.4g L™, T; =42.6
gL, Ty=568gL ", and Ts = 71 g L"". There was no daily water
exchange in the fish tanks, except for cleaning the tank’s bottom of
remaining food and fish feces. Every day, biofloc volumes for all groups
were established by applying the Avnimelech (1999) guidelines. The
volumes were then supplemented with new biofloc volumes from the
fermentation tank to keep each group’s biofloc levels at the suggested
levels. The fish dietary rates were adopted at 3% of the total biomass
and changed once a week, following the weekly weighing of randomly
selected specimens of fish (Azim and Little, 2008).

2.5 Growth and feed conversion ratio

The initial and final length (IL and FL, respectively) and weight
(IW and FW, respectively) of fish were determined to calculate daily
weight gain (DWG), weight gain rate (WGR), and length gain rate
(LGR). Moreover, specific growth rate (SGR), survival rate (SR),
and feed conversion ratio (FCR) were calculated based on the
recommended equations as previously reported.
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2.6 Proximate biochemical analysis

Following the guidelines of AOAC (2003), the proximate
compositions of fish were determined. At the termination of the
experiment, random fish samples (n = 5) were chosen from each
tank. After fish euthanization, samples were homogenized using a
blender, oven-dried, ground, and stocked at —20°C until the
analysis. Dry matter, total protein, ether extract, and ash (based
on dry matter content %) were determined.

2.7 Biochemical index investigations

To determine serum biochemical composition, blood samples
from 15 fish/treatment (5 fish/replicate) were collected at the
termination of the experiment. Using a syringe containing 15 units
mL™" of heparin, blood samples were taken from the caudal artery.
Serum was obtained by centrifuging the remaining blood samples for
20 minutes at 585 x g. Following the guidelines recorded by Wootton
et al. (1982) and Lowry (1951), the total albumin (ALB) and total
serum protein (TP) were determined, respectively. The total globulin
(GLB) was calculated by subtracting the albumin value from the total
serum protein value. The serum creatinine and urea were determined
following the protocols by Larsen (1972) and Henry et al. (1974),
respectively. The serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were determined following the
procedures by Reitman and Frankel (1957).

2.8 Small invertebrate (zooplankton)
community, structure, and culture

In this study, the zooplankton were identified and counted at
three time points: at the start of the experiment (D-0), the middle of
the experiment (D-30), and the end of the experiment (D-60). This
was to investigate the impact of biofloc water supplementation on
the zooplankton community, abundance, and structure, as well as
the culture of these small invertebrates as potential prey for cultured
Nile tilapia during the experiment period.

To achieve these objectives, a zooplankton net (55-um mesh size)
was used to filter 5 L of water from each subsurface layer of the tank.
The samples were then immediately transferred to plastic jars
containing a 5% formalin solution for preservation. A 1-mL sub-
sample was brought into a Sedgwick Rafter Cell for counting purposes
in the laboratory and investigated using a binocular microscope. Using
the identification guides by Koste (1978); Einsle (1996), and Smironov
(1996), zooplankton organisms were identified at the species levels.
Each replication (n = 12) had its standing crop counted every 4 weeks
on D-0, D-30, and D-60. The standing crop was computed using the
equation given by Santhanam and Srinivasan (1994).

2.9 Statistical analysis

The consistency (Fasano and Franceschini, 1987), homogeneity
assumptions (Levene, 1960), and normality (Mudholkar et al,
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1995) were estimated before the statistical analysis was carried
out. All data percentages were arc-sin transformed (Zar, 1984).
The one-way analysis of variance (ANOVA) followed by Tukey’s
test was performed, using the SPSS Statistics software, to compare
the mean values (means + standard deviation) at a significance level
of 0.05. Moreover, using the Paleontological Statistics software
(PAST4.17), the principal component analysis (PCA) and
Pearson’s correlation coefficient confidence (PCCC) were
performed to analyze the given data. However, the polynomial
regression was conducted, using Excel Software, to assess the
individual effects of biofloc supplementation levels and
zooplankton, WG, SGR, and FCR.

3 Results and discussion
3.1 Water quality assessment

Table 1 shows water quality parameters during the
experimental period. The recorded values of water quality for all
groups were within the recommended values for fish (El-Sayed,
2006). In all groups, no significant differences (p < 0.05) were
observed for T-Al, temperature, and DO. However, the pH, EC,
NO,, NOs, NH;, and TDS values showed significant differences (p <
0.05) among the control and all biofloc groups. In the current study,
the recorded pH and EC values in T, (the control group) were lower
than those in all biofloc groups (T;-Ts), meaning that the biofloc
application tended to increase the alkaline and EC. These findings
were similar to the findings previously reported by Ekasari et al.
(2014) and Mohammady et al. (2023). In Nile tilapia culture, the
concentrations of TDS are generally advised to be between 2,000
and 5,000 mg L™". Nile tilapia exposed to TDS levels of more than
5,000 mg L ! had slower development rates, higher stress levels, and
a lower adaptive response (Nhan et al., 2006). The current study
showed that the increase in biofloc volume tended to gradually
increase the TDS values between groups, ensuring that all biofloc
groups (Ts5 > Ty > T35 > T, > T) were significantly (p < 0.05) higher
than the control group (Ty), as well as ensuring that all studied
biofloc group and the control group were in the recommended
values for Nile tilapia. Our findings were confirmed by
Mohammady et al. (2023), who concluded that, compared to the
control diet, the enrichment of Nile tilapia by bioflocs gradually
increased the TDS concentration in the water culture.

NO, and NOj are produced as a consequence of nitrification.
According to Luo et al. (2014), under controlled laboratory
conditions, the NO; generated in the biofloc condition system is
capable of partial denitrification to produce NO, and dissimilatory
reduction of NO;3 to un-ionized ammonia (NH;3). Nitrite is a
transitional phase of oxidation that lies between ammonia (low
oxidation states) and nitrate (higher oxidation states). The
metabolic oxygenation of ammonia (nitrification) and reduction
of nitrate (denitrification) within the water body are the primary
processes that produce nitrite (Magouz et al., 2021a). In freshwater
and marine aquaculture, the recommended range of NO, should
not increase more than 0.2 and 0.125 mg L™, respectively. Nitrate is
a non-toxic form of N for fish in freshwater or marine aquaculture.
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TABLE 1 Water quality indices during the rearing of Nile tilapia for 60 days on the experimental biofloc concentrations.

10.3389/fmars.2024.1520765

Groups*
Indices

ce 2490 + 1.72 24.65 + 1.59 24.90 + 1.70 24.85 + 155 24.60 + 1.60 24.60 + 1.65
TDS 340.7 + 43.9° 4498 +3.4% 535.1 + 2.6° 570.5 + 11.7° 630.1 + 44.1° 709.0 + 55.6°
EC 0.90 + 0.05" 117 +0.14° 113 +0.13% 1.20 + 0.16* 1.09 + 0.12%° 1.3 +0.19°
pH 7.99 + 0.24° 8.31 + 0.09* 8.29 + 0.10° 8.25 + 0.09" 8.24 + 0.10° 8.20 + 0.09%
DO 5.85 + 0.30 6.00 + 0.33 6.22 +0.38 6.07 + 0.24 6.01 +0.32 592 + 0.57
T-1A 227.8 +20.7 226.0 + 16.0 224.8 + 149 2249 + 169 2223 +152 2234 + 164
NO, 0.071 + 0.005" 0.037 + 0.007° 0.048 + 0.008" 0.026 + 0.007° 0.053 +0.012° 0.034 + 0.003
NO; 1.516 + 0.043° 1.338 + 0.027° 1.304 + 0.066" 1.085 + 0.080° 1.088 + 0.112¢ 1.281 + 0.016°
NH; 0.019 + 0.005" 0.017 + 0.006™ 0.013 + 0.007* 0.010 + 0.001° 0.010 + 0.002" 0.011 + 0.001,

*Ty (control), Ty, Ty, T3, Ty, and Ts: the experimented biofloc supplementation levels (0, 14.2, 28.4, 42.6, 56.8,and 71 g L, respectively). Different letters in the same column indicate significant
difference (p < 0.05). The absence of letters in the same row means no significant differences.

°C, temperature; TDS, total dissolved solids (mg L™"); EC, electric conductivity (ms cm™"); T-Al total alkalinity (mg L™"); DO, dissolved oxygen (mg L™'); NO,, nitrite (mg L™"); NOs, nitrate (mg
LY NH;, ammonia (mg LY.

It is a non-toxic form of N for fish if less than 90 mg L™ (Luo
et al., 2014).

In this study, Table 1 show that the biofloc-containing groups
(T,-Ts) significantly reduced NO,, NO;, and NHj levels compared
to the control group (T,) (p < 0.05). Regardless of significance,

group T3 achieved the lowest values of NO,, NO;, and NH;
compared to the control group (T,) or the other biofloc groups
(Ty, Ty, T4 or Ts). Our results are not in agreement with
Mohammedy et al. (2021), who concluded that biofloc
supplementation significantly (p < 0.05) increased NO,, NO;, and

A B
40 2.0
38 4
36 4 18
34 4 } 1.6 %
32 4
2 ] 14 4 .
28 1 $ { 12 A ¢
26 A I~
24 4 g 109
=2 4 08 ¢
20 ]
s ] 0.6
16 4 0.4 4
14 4 y =-0.0057x2 + 0.4778x +21.589 02 1 y=-0.0003x* +0.0298x +0.8168
12 4 R2=10.7963 - R2=0.8218
10 : 0.0

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Biofloc Supplementation Level (g L) Biofloc Supplementation Level (g L)

C
3.20
3.00 ;
2.80 1
2.60 -
2.40 -

220 %

2.00 - 1

1.80 A

1.60 {
1.40

1.20 4

100 ——— 77777
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

FCR

y =0.0006x> - 0.0492x + 2.8496
R2=0.8635

Biofloc Supplementation Level (g L)

FIGURE 1
Polynomial regression between biofloc supplementation level (To “control’, Ty, T, T3, T4, and Ts: 0, 14.2, 28.4, 42.6, 56.8, and 71 g L™, respectively)
and Nile tilapia: (A) final weight (FW, g/fish), (B) specific growth rate (SGR, %, day), and (C) feed conversion ratio (FCR; gain:weight).
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NH;. This differentiation may be attributed to different scenarios
such as i) the differences in biofloc volumes, ii) experimental
conditions, iii) fish age, and iv) stock density.

3.2 Growth and feed utilization efficiency

Table 2 shows the growth performances and the efficiency of
nutrient utilization of Nile tilapia fed different biofloc
concentrations during a 60-day experiment. In all biofloc groups
(T,-Ts), the FW, FL, DWG, WGR, and SGR values were
significantly (p < 0.05) higher than those in the control group
(Ty). Interestingly, the FW, FL, DWG, WGR, LGR, and SGR values
of the fish in group T; were significantly higher (p < 0.05) compared
to those in all other groups, while the FCR was significantly lower
(p < 0.05) in group T3, compared to the other groups. Our results
are confirmed by the conclusions of several reports that the addition
of biofloc significantly enhances the growth performances and
overall nutrient utilization efficiency of several species such as
Nile tilapia, O. niloticus (Kishawy et al., 2020; El-Hawarry et al.,
2021; Souza et al., 2019), African catfish, Clarias gariepinus (Chen
et al, 2020; Fauji et al,, 2018), Indian shrimp, Penaeus indicus
(Panigrahi et al, 2020; Das et al, 2022), and whiteleg shrimp,
Litopenaeus vannamei (Mansour et al., 2022a, 2022b).

Figures 1A-C show the polynomial regression of FW, SGR, and
FCR, reporting that with the increase of biofloc supplementation
levels of the experimented groups (T, “control”, Ty, T,, T3, Ty, and
Ts: 0, 14.2, 28.4, 42.6, 56.8, and 71 g L™, respectively), the WG and
SGR polynomial regression (Figures 1A, B, respectively) were
increased (r* = 0.7963 and 0.8218, respectively), while FCR
polynomial regression (Figure 1C) was decreased (r* = 0.8735).
These findings indicated that the biofloc supplementation levels
improve the final weight, specific growth rate, and feed conversion
ratio of Nile tilapia O. niloticus (Helal et al., 2024).

10.3389/fmars.2024.1520765

3.3 Proximate biochemical analysis

Table 3 shows the whole-body biochemical composition of Nile
tilapia fed different biofloc concentrations after 60 days. The dry matter
percentage was significantly higher in fish reared in T, followed by T,
T, Ts, and Ty, while the lowest was reported by fish reared in the
control group (Tj). The ether extract percentage was significantly higher
in fish reared in T3, followed by Ty, Ts, Ty, Ty, and Ty (Table 3). The
percentage of ash was significantly higher in fish reared in Ts, followed
by T4 To Tp Ty, and Ts. Table 3 shows that increasing biofloc
concentration inclusions significantly increased protein percentage,
while the lowest protein percentage was reported in T,. The current
findings showed that the biofloc groups significantly improved dry
matter, total protein, and ether extract, compared to the control group.
These findings may be attributed to biofloc supplementation, which has
a high total protein and lipid content (44.27% and 5.29%). Our findings
were previously confirmed by Long et al. (2015), who concluded that the
application of biofloc technology (BFT) in Nile tilapia culture showed
increasing trends in protein, lipid, and ash content (%).

However, Aliabad et al. (2022) investigated the impact of feeding
limitation and stocking density on the body composition of Nile
tilapia fry. It was observed that in response to a reduction in the
feeding rate, lipid content (%) decreased significantly, while protein
(%), ash (%), and moisture (%) increased. The difference between our
findings and the findings reported by Aliabad et al. (2022) may be
attributed to different scenarios such as experimental design, fish age,
feeding rate, stocking density, and water quality parameters.

3.4 Hemato-biochemical indices

Biochemical characteristics are frequently employed to assess
the fish health, nutritional status, and capacity for environmental
adaptation (Mansour et al., 2022a). Table 4 shows the biochemical

TABLE 2 Growth and nutrient indices of Nile tilapia fed different biofloc concentrations during 60 days.

Indices

Groups*

w 13.30 + 0.03 13.30 + 0.03 13.30 £ 0.03 13.30 £ 0.03 13.30 + 0.03 13.30 + 0.03
IL 9.50 + 0.34 9.50 + 0.34 9.50 + 0.34 9.50 + 0.34 9.50 + 0.34 9.50 + 0.34
FW 21.25 + 0.09° 28.60 + 0.58" 28.10 + 1.33" 34.25 + 205" 28.85 + 2.11° 2730 + 0.87°
FL 11.00 + 0.10° 11.25 + 0.90™ 11.95 + 0.35° 12.40 + 0.40° 11.70 + 0.50*° 11.60 + 0.20°*
DWG 0.133 + 0.001° 0.255 + 0.009 0.246 + 0.021° 0.349 + 0.033* 0.259 + 0.034" 0.233 + 0.014°
WGR 59.77 + 0.32° 115.03 + 3.88" 111.26 + 9.53° 157.50 + 14.84° 116.90 + 15.38" 105.25 + 6.08"
LGR 15.90 + 4.83" 18.42 + 7.75" 25.86 + 4.24™ 30.59 + 4.55" 23.32 + 824" 22.23 + 5.66™
SGR 0.78 + 0.01° 1.28 +0.03" 1.24 +0.08° 1.58 + 0.10° 129 +0.12° 1.20 +0.05°
SR 67.50 + 2.5 70.00 + 5.00° 68.75 + 1.30" 77.50 + 2.52* 78.75 + 633" 73.75 + 1.35"
FCR 2.92 + 0.05 2.08 + 0.06 212 +0.15° 1.68 + 0.12° 2.07 + 0.26" 2.28 +0.12°

The presented data are means + SD (n = 3). Different letters in the same column indicate significant difference (p < 0.05). The absence of letters in the same row means no significant differences.
IW, initial weight (g); IL, initial length (cm); FW, final weight (g); FL, final length (cm); DWG, daily weight gain (g); WGR, weight gain rate (%); LGR, length gain rate (%); SGR, specific growth
rate (%; day); SR, survival rate (%); FCR, feed conversion ratio (gain:weight).

* Ty (control), Ty, Ty, T3, Ty, and Ts: the experimented biofloc supplementation levels (0, 14.2, 28.4, 42.6, 56.8, and 71 g L respectively).
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TABLE 3 Biochemical composition of Nile tilapia fed different biofloc concentrations during 60 days.

10.3389/fmars.2024.1520765

Groups*
Indices
DM 18.61 + 0.65° 2222 +0.4% 23.65 + 0.81° 25.63 + 0.41° 19.65 + 0.25¢ 2033 + 0.65¢
Ash 9.88 + 0.61%° 8.59 + 0.52°¢ 9.09 + 0.32° 8.4 + 031" 9.85 + 0.45% 10.18 + 036"
cp 67.99 + 1,05 67.23 + 0.38% 68.93 + 0.57° 71.07 + 0.25° 73.05 + 0.45° 74.03 + 036"
EE 18.13 + 0.4%¢ 17.38 + 0.14° 19.84 + 0.25° 24.73 + 0.44° 22.1 + 0.50° 21.74 + 037"

The presented data are means + SD (n = 3). Different letters in the same column indicate significant differences (p < 0.05).

DM, dry matter %; PC, total protein %; EE, ether extract %.

* Ty (control), Ty, Ty, T3, Ty, and Ts: the experimented biofloc supplementation levels (0, 14.2, 28.4, 42.6, 56.8, and 71 g L respectively).

profile of Nile tilapia fed biofloc for 60 days. It found that the
highest significant TP was observed in fish reared in groups T
(control group), T}, T3, and Ts, followed by T,, while the lowest was
observed in T,. The highest significant GLB was observed in fish
reared in groups T (control group), T,, and Ts, followed by T; and
T;, while the lowest was observed in T,. The highest significant ALB
was observed in fish reared in group T, (control group), followed by
T,, T3, T5, and Ts, while the lowest was observed in T, (Table 4).
The fish reared in group T; showed the highest significance (p <
0.05) of creatinine, while the fish reared in groups T, (control
group) and T, showed the highest significance (p < 0.05) of urea
content. The highest significant (p < 0.05) values of AST and ALT
were reported in groups T, and T, (control group).

Fish with higher levels of serum protein, globulin, and albumin
are thought to have a stronger innate immune response, as these
proteins are critical for the immunological response (Mohammady
et al,, 2023). The present results showed significant differences in
serum protein, globulin, and albumin between the control group
and biofloc groups. These findings revealed that the serum total
protein, globulin, and albumin values reported in fish reared in T;
were the most similar to those in the control group (T), while other
biofloc groups (T4, T, T4, and Ts) had equal to or lower than those
in the control group. Our findings were in agreement with those in
Haghparast et al. (2020) study, which found that the addition of
biofloc did not impact the biochemical parameters of common carp
juveniles, contrary to the findings of Mohammady et al. (2023).

ALT and AST activities are helpful markers of liver integrity and
function. When there are notable increases of these enzymes in the
blood, it suggests that there is liver injury or tissue necrosis (Huang
et al,, 2015). In the current study, fish reared in biofloc groups had
ALT values significantly lower than those of the control group. In
addition, fish reared in biofloc groups had AST values significantly
lower than or the same as those in the control group. Based on this
finding, the current results concluded that the biofloc
supplementation did not have harmful effects on liver tissue. Our
results were also previously confirmed by several works (Hersi et al,,
2023; Haraz et al,, 2023, Ahmed et al.,, 2019; Aliabad et al., 2022).
Examining biochemical serum markers including urea and creatinine
is an approach for monitoring the prospective harmful adverse effects
and the toxicity of the kidney (Abdel-Khalek et al.,, 2020). In our
study, regarding creatinine and urea concentrations, fish rearing in
biofloc groups had significant values lower than or the same as the
control group. The biofloc supplementation levels also had no
harmful effects on the kidneys of Nile tilapia (Haghparast et al., 2020).

3.5 Zooplankton culture, community,
and abundance

The present examination of zooplankton was identified and
counted on D-0, D-30, and D-60 to investigate the effects of adding
biofloc water supplementation on zooplankton (community,

TABLE 4 Biochemical indices (g dL™) of Nile tilapia fed different biofloc concentrations after 60 days.

Indices

Groups*

TP 13.58 + 0.99° 11.54 + 0.71% 10.14 + 0.69%° 11.22 + 1.24° 7.16 + 0.55" 11.17 + 0.78°
GLB 3.11 £ 0.15° 2.75 + 0.07%° 2.86 + 0.11° 2.75 + 0.15% 230 +0.17° 3.29 +0.10°
ALB 10.47 + 0.92° 8.79 + 0.70%° 7.92 + 0.40° 8.22 + 0.33% 527 + 0.32° 7.95 +0.11°
Creatinine 0.52 + 0.03* 0.47 + 0.02%° 0.19 + 0.02° 0.57 + 0.05* 0.56 + 0.06" 0.41 +0.01°
Urea 30.71 + 1.75° 27.99 + 1.78* 1572 + 0.75° 15.98 + 1.06° 13.25 + 0.76° 16.75 + 0.96°
AST 1375 + 6.47°° 143.8 + 5.22° 133.7 £ 5.16° 139.7 + 4.58%° 77.46 + 4.08° 134.1 + 6.63°
ALT 27.90 + 1.94° 19.03 + 1.59° 22.53 + 1.60%° 20.30 + 1.18" 15.42 + 1.10° 20.30 + 0.66°

The presented data are means + SD (n = 3). Different letters in the same row indicate significant differences (p < 0.05).
TP, total protein; ALB, albumin; GLB, globulin; AST, aspartate aminotransferase activity; ALT, alanine aminotransferase activity.
* Ty (control), Ty, Ty, T3, Ty, and Ts: the experimented biofloc supplementation levels (0, 14.2, 28.4, 42.6, 56.8, and 71 g L respectively).
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quantity, abundance, and structure) and to explore the aquaculture
potential of these small invertebrates, in water culture, which will be
grown to serve as prey for Nile tilapia during the experimental
period under biofloc strategy. Figure 2 shows the standing crop of
zooplankton (structure and community) on day 0 (D-0, the initial
of the experiment), which is mainly Rotifera.

On day 0, in all groups, all identified species belonged to the
Rotifera family only, with an average total number of 24,000 Ind.
L™". A total of six species comprised 100% of the total community:
Lecane lunaris (11,000 Ind. LY 45.83%), Monostyla sp. (11,250 Ind.
L 46.88%), Annuropsis fissa (1,100 Ind. LY 4.58%), Asplanchna
sp. (450 Ind. LY 1.88%), Synchaeta sp. (50 Ind. LY, 0.21%), and
Trichocerca sp. (150 Ind. L™, 0.63%).

Figures 3A, B show the culture of small prey invertebrates after
30 days (D-30) and 60 days (D-60) of the experiment. For D-30 and
D-60, the total number of zooplankton were 46,501 and 24,537 Ind.
L', respectively, comprises 100% of the total community, and
belongs to four families: Rotifera, Copepoda, Cladocera, and free-
living nematodes. This reduced number may be attributed to the
high consumption of these invertebrates as live feed by Nile tilapia
during the experiment.

All investigated small invertebrate groups were positively
utilized as prey by Nile tilapia. Our findings are consistent with
those of Tesfahun and Temesgen (2018), who observed that all the
zooplankton species identified in the present study are common
natural prey consumed by Nile tilapia in African lakes.

For D-30, the total Rotifera, Copepoda, Cladocera, and free-
living nematodes were 81.66% (37,973 Ind. L), 8.46% (3,932 Ind.
L"), 8.79% (4,087 Ind. L"), and 1.09% (509 Ind. L"), respectively
(Figure 3A). For D-60, the total of Rotifera, Copepoda, Cladocera,
and free-living nematodes were 93.89% (23,038 Ind. Lfl), 5.65%
(1,386 Ind. L"), 0.16% (39 Ind. L"), and 0.30% (74 Ind. L"),
respectively (Figure 3B).

In both D-30 and D-60, the first dominant family was Rotifera
(81.65% and 93.89%, respectively). In all our experimental groups,
the results recorded that Rotifera was the most dominant prey. This
result was confirmed by previous studies conducted by Rao et al.
(2015) and Maciel De Lima et al. (2022). For Cladocera, it was the

Asplanchna sp. Synchaeta sp.
0, 0
Annuropsis fissa (1-88%) / (0-21%) Trichocerca sp.
T — (0.63%)

(4.58%)

Lecane Iunaris
(45.83%)

Monostyla sp.

(46.88%)

FIGURE 2
The community structure and abundance of small prey invertebrates
in the water culture of Nile tilapia at day 0 (D-0).

10.3389/fmars.2024.1520765

second dominant family on D-30 while the third dominant family
on D-60 (8.79% and 0.16%, respectively). However, Copepoda was
the third dominant family on D-30 and the second dominant family
on D-60 (8.46% and 5.65%, respectively). However, these small
invertebrates have been reported previously as good small
invertebrates that are excellent feed and prey for aquatic animals
(Abo-Taleb et al., 2021b; Helal et al., 2024).

For the free-living nematodes, it was represented in small
amounts on both D-30 and D-60 (1.09% and 0.30%, respectively).
It was concluded that the biofloc reduced the amount of free-living
nematodes after 60 days of culture. The present result is consistent
with those of several earlier studies that found that adding biological
compounds to the amount of aquaculture water greatly reduced the
number of Nematoda (Gallardo-Colli et al., 2019; Aboseif
et al.,, 2022).

Table 5 shows the influence of biofloc supplementation levels
on the small prey invertebrates’ culture, community, structure, and
abundance in the water culture of Nile tilapia after day 30 and
day 60.

As presented in Table 5, during this feeding trial period, 13
different small invertebrate forms were identified in different
representations between all the groups (T(,-Ts). Rotifera was
associated with eight species: L. lunaris, Monostyla sp., A. fissa,
Asplanchna sp., Synchaeta sp., Trichocerca sp., Brachionus sp., and

Cladocera
(8.79%)

Copepoda

(8.46%) \

Free-living nematodes
(1.09%)

A

Cladocera
0.16%) Free-living nematodes

Copepoda (0.30%)

(5.65%) \

Rotifera
(93.89%)

B

FIGURE 3

The community structure and abundance of small prey invertebrates
in the water culture of Nile tilapia at (A) D-30, day-30 of start
culture, and (B) D-60, day-60 of start culture.
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Polyarthra sp. Cladocera was reported with two species: Alona sp.
and Ceriodaphnia sp. Copepoda was represented by two forms:
copepodite stage and nauplius larvae. Finally, the Nematoda was
represented by their free-living form.

In the case of D-30, the highest total number of individuals was
reported in group T,, followed by T}, Ts, T3, T, and T,. The highest
percentage of Rotifera was recorded in group T, followed by T, T,
Ts, and Ty, and finally T;. The highest Copepoda percentage was
recorded in group Ty, followed by Ts, T3, T, and Ty, and finally T).
Cladocera was found only in groups T, T, T4, and Ts. Finally, free-
living nematodes were found only in groups Ty, Ts, T,, and
T; (Table 5).

10.3389/fmars.2024.1520765

In the case of D-60, this stage was the linked stage with data
from Nile tilapia on growth performance, nutrient utilization
efficiency, whole-body composition, and biochemical indicators.
However, the highest total number of individuals was reported in
group Ty, followed by Ts, Ty, and T,. The lowest total number of
individuals was reported in groups T, and T;. For the other groups,
the highest percentage of Rotifera was recorded in groups Ts, Ty, T,
T;, and finally T,. The highest percentage of Copepoda was
recorded in groups Ty, Ty Ts, T,, and T;. No Copepoda was
counted in T,. Cladocera was found only in groups T; and T,.
However, free-living nematode individuals were found only in
groups Ty, Ty, and Ts (Table 5).

TABLE 5 Influence of biofloc supplementation levels on the small prey invertebrates’ culture, community, structure, and abundance in the water
culture of Nile tilapia after day 30 (D-30) and day 60 (D-60).

Groups*
Zooplankton species Ts

D- D-

30 60
Rotifer
Lecane lunaris 600 0 460 200 8,094 847 651 40 763 1,802 1,940 @ 1,862 12,508 & 4,751
Monostyla sp. 600 0 167 143 9,380 491 883 40 819 | 5637 3,698 5771 15547 @ 12,082
Annuropsis fissa 34 0 2,444 | 2,825 907 182 3,601 0 157 60 447 60 7,590 3,127
Asplanchna sp. 467 53 44 337 680 111 85 0 261 672 252 672 1,789 1,845
Synchaeta sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trichocerca sp. 67 0 0 0 0 0 0 0 0 0 0 0 67 0
Brachionus sp. 0 0 157 220 14 104 21 0 0 58 202 58 394 440
Polyarthra sp. 0 0 0 360 0 39 0 0 71 167 7 227 78 793
Total rotifer (no.) 1,768 53 | 3272 4,085 19,075 1,774 @ 5,241 80 | 2,071 8396 6,546 = 8,650 37,973 = 23,038
Total rotifer (%) 79.18  61.63 | 3297 9634 9945 @ 96.68 = 91.85 100.00 | 96.19 93.07 89.62 | 93.26 81.66 93.89
Copepoda
Copepodite stage 0 33 746 0 14 39 11 0 0 50 64 50 835 172
Nauplius larvae 32 0 2,265 98 54 0 210 0 14 558 522 | 558 3,097 1,214
Total copepoda (no.) 32 33 3,011 98 68 39 221 0 14 608 586 608 3,932 1,386
Total copepoda (%) 143 38.37 | 3034 231 0.35 2.13 3.87 0.00 0.65 6.74 8.02 | 6.56 8.46 5.65
Cladocera
Ceriodaphnia sp. 0 0 2,987 0 0 0 234 0 54 0 101 0 3,376 0
Alona sp. 0 0 655 17 0 22 0 0 14 0 42 0 711 39
Total cladocera (no.) 0 0 3,642 17 0 22 234 0 68 0 143 0 4,087 39
Total cladocera (%) 0.00 0.00 | 36.70  0.40 0.00 1.20 4.10 0.00 3.16 0.00 1.96 @ 0.00 8.79 0.16
Nematoda
Free-living nematodes 433 0 0 40 37 0 10 0 0 17 29 17 509 74
Total nematodes (%) 19.39  0.00 0.00 0.94 0.19 0.00 0.18 0.00 0.00 0.19 0.40 | 0.18 1.09 0.30
Total Ind. (no.) 2,233 86 9,925 | 4,240 | 19,180 | 1,835 5,706 80 2,153 | 9,021 7,304 | 9,275 46,501 @ 24,537
Total species (%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100

D-30 and D-60 indicate day 30 and day 60 of culture, respectively.

* Ty (control), Ty, Ty, T3, Ty, and Ts: the experimented biofloc supplementation levels (0, 14.2, 28.4, 42.6, 56.8, and 71 g L respectively).
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The findings of the present study demonstrated that increasing
the inclusion levels of biofloc greatly enhanced the structure,
diversity, culture, and abundance of small prey invertebrates. This
result was in line with several previous studies on shrimp (Da Silva
et al, 2022) and Nile tilapia (Helal et al, 2024). According to
Nguyen et al. (2021), the biofloc supplementation levels greatly
enhanced the plankton diversity and community structure and Nile
tilapia performance across growth and feed consumption compared
to a clear-water technology. Our results are consistent with those of
Said and Taha (2022), who revealed that, in comparison to the clear
system, all biofloc administrations had greater zooplankton counts.
However, our results were inconsistent with those of Aboseif et al.
(2022), who indicated that fish cultured on a control diet showed
the highest species diversity and zooplankton abundance when
compared to the biofloc groups. The variations in the water
quality, fish stock density, and experimental settings could be the
explanation for such variance. Stated differently, regarding D-60,
the greater biological diversity of small invertebrates in the T, Ty,
T, and Ts groups may suggest that the fish in these tanks are
dependent on an artificial feed diet while it is readily available, meet
their daily needs, and save the effort of catching swimming prey
items. However, the reduced diversity of small invertebrates in
group T3 may be an indication that the fish are indeed reliant on
prey for food. This decrease in prey, particularly in this biofloc
group (T3), may be explained by the FCR value of this group (1.68),
which is the lowest one in all experimented groups. This will be
clarified, nevertheless, by the statistical analysis of PCA, and PCCC
was carried out.

3.6 The data of statistical analysis

3.6.1 Principal component analysis

The principal component analysis (Figure 4) was applied to
examine the relationship between the experimental biofloc
concentrations (To, Ty, T,, T3, Ty, and Ts), FCR of Nile tilapia,
and the total number of individuals and the families’ abundance
(Rotifera, Copepoda, Cladocera, and free-living nematodes) of
cultured small invertebrates after 60 days (D-60). Moreover,
Table 4 shows the eigenvalue and the variance (%) of the PCs.
Table 6 demonstrates that eigenvalues and variance (%) for axis 1
tend to be higher than those for axis 2.

The PCA in Figure 4 confirms that, regarding component 1,
there is a positive close relation between biofloc supplementation
groups of Ty and T; with the total individual, Rotifera abundance,
and FCR. It is well known that for fish, when the FCR tends to
decrease in value, it is much better than its high values. This fact
explains the long distance between T, T, the total individual,
Rotifera abundance, and FCR on component 1. However, the
abundance of Rotifera and total individual do not affect the other
biofloc supplementation groups. The rest of all biofloc
supplementation groups (T;, T,, Ty, and Ts) were all related to
component 2. However, related to component 2, there is a positive
close relation between biofloc supplementation groups of T4 and Ts
with Copepoda.

Frontiers in Marine Science

10

10.3389/fmars.2024.1520765

Total $gividuals
T3

60
~Rotifer | TO
40

20

-800 -600 -400 400 600

Component 2

-20

FCR
Cuadiiioda
-60-

-80

Component 1

FIGURE 4

The principal component analysis (PCA) shows the relation between
the experimented biofloc concentrations (To, Ty, To, T3, T4, and Ts),
feed conversion ratio (FCR) of Nile tilapia, and the total individuals
and the families (Rotifera, Copepoda, Cladocera, and free-living
nematodes) of cultured small invertebrates after 60 days (D-60).

Moreover, Figure 5 shows the strong positive close relation
between the total individual, Rotifera abundance, and FCR.
However, Figure 5 shows the strong positive close relation
between Cladocera and free-living nematodes. However,
Copepoda did not show any close relation to other small
invertebrates cultured (Figure 5). Based on the results of the PCA,
it may be concluded that the positive close relation between FCR
and small invertebrate prey (mainly the total individual and
Rotifera abundance) may explain the improvement in FCR in T;
compared to the control group (T,) as well as the other biofloc
supplementation groups (T, T,, Ty, and Ts).

Figure 6 shows the polynomial regression between zooplankton
abundance and biofloc supplementation levels of the experimented
groups (T “control”, Ty, T,, T3, Ty, and Ts: 0, 14.2, 28.4, 42.6, 56.8,
and 71 g L', respectively), reporting that with the increase of
biofloc supplementation levels, zooplankton abundance polynomial
regression (Figure 5) was increased (r* = 0.204). This finding was
previously indicated by Helal et al. (2024).

3.6.2 Pearson’s correlation coefficient confidence

PCCC examined the correlation relationship between all
studied parameters in the current study to investigate the most
correlated biofloc supplementation groups (T}, T,, T3, Ty, and Ts)
with the control group (Ty), as presented in Figure 7 and Table 7.

The PCCC was calculated based on the data collected after 60
days (D-60) of cultured small invertebrates and at the end of rearing

TABLE 6 The eigenvalue values and variance (%) of the
experimented PCs.

PCs Eigenvalue % variance
1 121,891 97.57
2 2,784.65 2229
3 129.862 0.103
4 66.5223 0.053
5 54.3635 0.043

PCs, principal components.
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The positive close relation between cultured small invertebrate prey as live feed for Nile tilapia after 60 days.

Nile tilapia in biofloc supplementation levels. The PCCC was
performed based on the experimental biofloc concentrations (T,
Ty, Ty, T, Ty, and Ts) in correlation to the cultured prey of small
invertebrates of total individuals, families (Rotifera, Copepoda,
Cladocera, and free-living nematodes), and species composition
(13 forms of Brachionus sp., Monostyla sp., A. fissa, Asplanchna sp.,
Synchaeta sp., Trichocerca sp., Polyarthra sp., copepodite stage,
nauplius larvae of copepods, Ceriodaphnia sp., Alona sp., and free-
living nematodes), water quality indices (°C, DO, T.AL TDS, EC,
pH, NO,, NO;, and NH3;), and Nile tilapia performance across
growth (FW, FL, LGR, WGR, SGR, and SR), nutrient efficiency
(FCR), whole-body analysis (CP, EE, DM, and ash), and the

hemato-biochemical indicators (TP, ALB, GLB, UA, creatinine,
AST, and ALT).

As presented in Figure 7 and Table 7, the results of the current
study showed that the highest PCCC with the control group (T,) was
group T3 (0.947), followed by T} (0.606), Ts (0.536), T, (0.500), and T,
(0.390). However, groups T, and T exhibited the highest PCCC (1.00)
among the biofloc supplementation groups. Based on these statistical
findings, it can be concluded that the low final individuals in cultured
zooplankton in Tj are attributed to the high small invertebrate prey
consumption by fish in this group, which relied on this prey as live
feed. This conclusion is confirmed by the FCR value in this group
(1.68), which is the lowest in all experimented groups.
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FIGURE 6

Polynomial regression between biofloc supplementation level (To “control’, Ty, To, Ts, T4, and Ts: 0, 14.2, 28.4, 42.6, 56.8, and 71 g L™, respectively)

and total zooplankton abundance (D-30 and D-60).
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FIGURE 7

Pearson'’s correlation coefficient confidence (PCCC) between biofloc supplementation groups based on all studied parameters in the current study
after 60 days. The probability is shown in the sidebar: the circle shape within the box correlates to the significance (p < 0.05). Tq (control), Ty, To, T3,
T4, and Ts: the experimented biofloc supplementation levels (0, 14.2, 28.4, 42.6, 56.8, and 71 g L respectively).

4 Conclusions

Aquaculture activities face a variety of challenges that affect
sustainability and expansion, the most crucial one being the
availability of feed. Recently, the application of biofloc

TABLE 7 Pearson’s correlation coefficient confidence (PCCC) between
biofloc supplementation groups based on all studied parameters in the
current study after 60 days.

Groups*
To 0.000010 ~ 0.006500 ~ 0.000000 = 0.000470 | 0.000143
T, 0.606110 0.000019  0.000010 = 0.000000  0.000000
T, 0.399860 = 0.591620 0.000476 = 0.127760 @ 0.097635
Ts 0947650  0.607010  0.499560 0.002832 = 0.000900
T, 0500030 0.681190 = 0.230450  0.434890 0.000000
Ts 0536890 0716580 = 0.250020 = 0.477910 = 0.996300

*Ty (Control), Ty, T,, T3, Ty, Ts: diets supplemented with different biofloc concentrations (0,
14.2,28.4, 42.6,56.8,and 71 g L respectively).
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supplementation in water culture, as a sustainable clean aquadiet
strategy, has increased significantly due to its advantages. In this
work, as a sustainable clean aquadiet strategy, the biofloc
supplementation (42.6 g L") significantly enhanced the growth
performance and FCR of Nile tilapia, regarding the culture of small
prey invertebrates during 60 days.
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