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Abstract: The biofloc technology system (BFT) is considered to be one of the sustainable aquaculture
systems, which is based on the principle of nutrient recycling with the addition of a carbon source to
give dominance to heterotrophic microorganisms. The objective of this study was to evaluate the effect
of sugar cane molasses and tapioca flour as carbon sources on the water quality, growth, hematology,
immune status, and non-specific antioxidant status of Oreochromis juveniles. Methodologically, the
experiment was carried out for 10 weeks on 225 juvenile Nile tilapia with initial body weights of
47.0 £ 1.3 g that were randomly distributed in 09 tanks (1000 L) with a stocking density of 25 tilapias
per tank; the treatments were: BFT + SM (S molasses), BFT + TF tapioca flour (TF), and a control
with no carbon source added. The control group was fed 100% feed, while the BFT experimental
groups were fed microbial flocs along with 75% feed. The results revealed that the water quality
parameters were affected by the carbon sources, but were adequate for normal fish welfare, and
the biofloc volume was higher (28.94) with the TF carbon source. The growth performance, such as
weight gain (98.61), survival (99.01), and improved feed conversion ratio (FCR) (1.69), was recorded in
BFT + TF. Significant improvements in WBCs, HCT, HB, lymphocytes, plasma proteins, albumin, and
non-specific immune factors (lysozyme activity, immunoglobulins levels, and ACH50) were observed
in biofloc-reared fish with tapioca flour as the carbon source compared to the control and sugarcane
molasses groups. Moreover, significant increases in catalase (CAT) and superoxide dismutase (SOD)
were found in the biofloc-reared fish with different carbon sources. In conclusion, the use of BFT + TF
was found to affect improving the water quality, growth, hematology, immunity, and antioxidant
status of juvenile Tilapia.

Keywords: biofloc technology; carbon source; water quality; growth; immunity; antioxidant
Key Contribution: Tapioca meal effect as a carbon source improved the water quality parameters,

growth, blood profile, immunity, and antioxidant status in juvenile Tilapia cultured in biofloc technology
with tapioca meal.
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1. Introduction

A major requirement for meeting the current fish protein demand for human con-
sumption is the intensification of aquaculture [1]. Increasing the rearing density of fish
increases the productivity per unit area [2]. A limited ability to control pathogens poses a
major challenge to production intensification [3]. Sustainability in feed management is also
considered to be a major component in intensifying any aquatic organism’s production [4].
In addition, a sustainable cultural system that does not pollute the environment and utilizes
limited natural resources is needed [5]. Such an ecological aquaculture system is biofloc
technology, which ensures sustainable feed management. This system provides a high yield
with limited water exchange [6]. The advantage includes maintaining a high C/N ratio;
therefore, the microbial community can take up ammonium and enhance the management
of health and biosecurity with a limited exchange of water [4].

The biofloc culture system assembles various suspended organic particles with useful
microorganisms involved with polymeric extracellular substance, making it a heteroge-
neous system [7]. It is possible to increase the carbon ratio of the feed by adding various
organic carbonaceous sources such as tapioca, glucose, corn, wheat, acetate, glycerol, and
molasses, etc., to the aquaculture system or by altering the feed composition by adding
additional organic carbon sources [8]. The organic carbon source significantly influences
the composition of flocs, specifically, the kind of storage polymer used and its amount [9].
Tilapia and Litopenaeus vannamei were successfully farmed using biofloc technology, which
substantiated to be better in terms of feed efficacy and water than traditional methods [5].
In the biofloc system, the type of carbon source used affects its management, nutritional
value, microbial community, and the biofloc system organisms [8]. Wei et al. [10] described
that adding diverse carbonaceous sources may influence the NH, elimination process, and
simpler carbon sources (such as glucose and sucrose) may eradicate ammonia more rapidly
than more complex carbon sources such as starch. Aquatic organisms have been treated
with microorganisms and their cell components to enhance their immunity, growth, disease
resistance, and antioxidant status [11]. Several bioactive compounds are present in bioflocs,
such as polysaccharides, chlorophyll, fat-soluble vitamins, taurine, carotenoids, and phy-
tosterols [12,13]. It is widely recognized that several microorganisms and their metabolites
present in biofloc are immune-stimulants, which enhance immunity and are protective
against several diseases [14]. Furthermore, bacterial species are typically linked with sus-
pended particles in biofloc, facilitating with exogenous digestive enzymes and additional
nutrients, thereby contributing to bacterial growth and survival [5]. Many studies have
been conducted by utilizing several sources of carbons and their effects on several species
cultured in biofloc technology, such as tapioca and plant starch for Pelteobagrus vachelli [8],
Longan powder for Nile tilapia [9], and wheat bran and molasses for Litopenaeus van-
namei [12]. Additional research is required to clarify the effects of various carbon sources
on the water quality, growth, immunity, and stress response of species. The current study
used tapioca flour (TF) and sugarcane molasses (SM), the best alternatives to the exhausted
sources, which are readily available.

Globeally, tilapia farming has increased in popularity and is the second-most farmed
fish species [4]. It has a high growth rate and is a stress-tolerant species. Moreover, it is still
under investigation to assess the effects of different carbon sources on the water quality, fish
growth, haematology, immunity, and antioxidant status of biofloc-reared species. Therefore,
the current research work was intended to assess the effect of various carbon sources
(sugarcane molasses and tapioca flour) on the water characteristics, growth, hematology,
and non-specific immune and antioxidant status of juvenile Oreochromis niloticus for the
duration of 10 weeks.

2. Materials and Methods
2.1. Experimental Design

The research was performed in the Research Laboratory of Zoology, University of
Lahore, Pakistan. Before the experiment began, 225 juvenile Nile tilapia with initial body
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weights of (27.0 & 1.3 g) were collected from the local fish hatchery. The collected fish
were acclimatized (indoor) for 14 days in a rectangular tank of a 2000 L volume. During
this duration, commercial feed (Supreme Company, Lahore, Pakistan) at 3% of their body
weight was provided three times daily (7:00, 12:00, and 17:00) under a light/dark period
(12/12 h). According to a proximate analysis, the feed consisted of crude protein level
(32%), ash (6.9%), and lipid (4.3%). A continuous aeration system (1.5 hp blower) was
installed in the tank, and the temperature of the culture water was maintained using an
electric heater at 27.0 £1 °C.

In the second stage of the study, a total of three treatments were designed, each with
three replicates in 09 rectangular tanks (1000 L vol). The initial stocking density of the fish
was 25 fish/tank, 1.3 kg/m?, and body weight (47.0 + 1.3 g). The experimental period of
the study was 10 weeks. The control group was set in flow through a system with 30%
water exchange on a daily basis and the fish of the control group were fed on commercial
feed with 3% of their body weight [15]. However, the fish groups of the biofloc technology
fed on bacterial flocs and commercial feed (75% daily feeding) with zero exchange of
water [16]. The treatment protocols for the control and BFT groups were control: FT/30%
water replacement, T1: BFT + SM, and T2: BFT + TF.

Fresh well water (salinity 15 ppt) was first added to all of the tanks prior to the start of
the experiment. The concentrated biofloc (100 mL) was added to the BFT treatment groups
from the old biofloc tanks. In addition, the C:N ratio of the BFT tanks was maintained at
15 [17] by a daily addition of the carbon sources two hours after feeding. In order to produce
microbial flocs stock, 200 L of first-stage effluent was transferred into four conoid tanks
and the total ammonium nitrogen (TAN) was estimated. Various carbon sources, including
sugarcane molasses (SM) and tapioca flour (TF), were added to the tanks grounded on the
calculation of Avnimelech [18], who presumed that 20 g of carbon source is necessary to
transform 1 g of TAN. A biofloc was developed by adding carbonaceous materials to BFT
tanks at a carbon-to-nitrogen ratio of 15 [17]. The carbon source amounts were calculated
based on their characteristics [17]. Detail is given in Tables 1 and 2. The carbonated
resources were weighed, tipped into 1-1 plastic containers, and mixed thoroughly with the
water of the culture tank. They were then dispersed consistently throughout the surface of
the tank to promote the biofloc’s growth. The continuous aerations were maintained and
the experiment was conducted under 12 h darkness and 12 h light.

Table 1. Proximate investigation of the commercial fish feed and experimental flour utilized in
experimental period.

Composition Fish Feed Sugarcane Molasses Tapioca Flour
Crude protein (% dw) 32+£1.0 476 £0.12 10.78 £ 0.12
Dry matter (%) 84+1.0 53.12 £ 0.38 90.13 £ 0.17
Crude lipid (% dw) 43+1.0 0.2 £0.04 2.56 £+ 0.02
Ash (% dw) 69+10 7.87 £0.12 4.32 +0.05
Fiber (% dw) 1.8+1.0 0.38 £ 0.06 6.12 £0.14
Carbohydrate (% dw) 26 +1.0 38.31 £ 0.21 65.21 £ 0.14

Table 2. Quantity of fish feed and carbon sources used in the research period.

Organic Materials Daily Added (Grams)
Fish feed (32% protein) 16.1
Sugarcane molasses 9.8
Tapioca flour 8.6
C:N ratio 15:1

2.2. Analysis of Water Quality

The dissolve oxygen (DO) and water temperature were calculated daily in situ using
an aquarium digital thermometer and DO meter (Jenway, London, UK). The pH values



Fishes 2023, 8, 512

40f13

were measured after every three days using a pH meter (Beckman model-72). The salinity
was measured with the help of an instrument (HQ30D Multi Meter HACH). Before feed-
ing, ammonia (NH4*-N), nitrite nitrogen (NO?~-N), and nitrate nitrogen (NO®~-N) were
sampled. An ammonia electrode (Model IS-570-NHj3, Germany) was used to measure the
unionized ammonia (NH4*-N) on a weekly basis. The total suspended solids (TSS) were
estimated with the help of a TSS-meter (TSS) (HM-COM-80). Nitrite nitrogen (NO?~-N)
and nitrate nitrogen (NO3~-N) were determined weekly by using a freshwater ‘master test
kit’. An Imhoff cone was used to measure the volume of the biofloc, where the biofloc vol-
ume was recorded after 30 min of sedimentation of one liter of water in each BFT tank [18];
the number of observations was, therefore, 30 treatment 1.

2.3. Growth Performance and Survival

The parameters, including the weight gain percentage (wt. gain %), survival rate,
feed conversion ratio (FCR), and feed intake, were studied to determine the fish growth
performance. From each group, n = 10 samples were studied biweekly.

Wt. gain (%) =100 x (W — W;/W))

where Wy is the final weight and Wj is the initial weight; feed intake (g diet kg~ fish) = total
weight of feed provided (g)/kg of fish; FCR = the total feed intake (g)/weight gain (g); and
survival (%) = 100 x (final fish number/initial stocked number)

2.4. Blood Sampling

At the termination of the experiment, blood samples were collected from the healthy
fish with no sign of infection. The fish (n = 5) from each group were anaesthetized by
using clove oil (50 mg clove oil L~!) [19] and the blood was drained from the caudal vein
through a sterile syringe. Half (50%) of each blood sample was stored at 4 °C in an aqueous
solution containing heparin (anticoagulant) and then used immediately to determine the
hematological parameters. The other half of the blood was permitted to centrifuge at
1075x g for 10 min at 4 °C to acquire plasma. Further, for a biochemical and immunological
assay analysis, the samples were stored at —80 °C.

2.5. Hematological Parameters

A Neubauer hemocytometer was used to count the White Blood Cells (WBC) and
Red Blood Cells (RBCs) after dilution with phosphate-buffered saline. A hematocrit (HCT)
determination was achieved by centrifuging the complete blood in heparinized microhe-
matocrit capillary tubes for ten minutes at 3500x g. A cyanohemoglobin method was used
to measure the haemoglobin (HB) concentration [20]. Giemsa-stained smears were used to
determine the differential leucocyte count [21].

2.6. Humoral Non-Specific Immune Parameters

The determination of the total protein in the fish plasma samples was conducted
through Biuret’s method, as described by Gornall et al. [22]. The bromocresol green
method [23] was used to estimate Albumin, and the globulin was determined as the change
between the total albumin and protein.

Furthermore, the lysozyme activity was measured through a turbidimetric assay with
some modification. Plasma aliquots of 25 uL were added to Micrococcus lysodeikticus
(1 mL suspension) [24]. This suspension was prepared using 0.05 M of sodium phosphate
buffer. The absorbance of the spectrophotometer (Spectrophotometer PD-303 UV, APEL,
Japan) was set at 670 nm after 30 s and 180 s. The quantity of protein was estimated with
the help of the micro protein determination technique, while the total immunoglobin was
estimated by following Siwicki and Anderson [24]. With the help of a 12% polyethylene
glycol solution, molecules of Ig were precipitated and the difference between before and
after was considered as the Ig concentration.
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To determine the alternative complement activity (ACHS50), the RBC of sheep were
used as the target, and, at 540 nm wavelength, the absorbance of the lysed cells was
measured with the help of a spectrophotometer [25]. The ACH50 was determined for each
treated group by measuring the volume of plasma producing 50% hemolysis as follows:

ACH50 (unitmL™1) =1/Y x (reciprocal of the plasma dilution)
where Y is the amount of plasma (mL) giving 50% lysis.

2.7. Antioxidant Parameters

The catalase activity (CAT) was determined following the protocol of Luck [26]. Briefly,
a plasma sample of 10 uL was added to 1.24 mL of buffer (freshly prepared) containing
50 uL (HyO5) and 10 mL~! of sodium—potassium phosphate buffer (0.15M and pH 7). A
change in absorbance was noted after 20 s (A1) and after 80 s (A2) of incubation at 240 nm
against air. The catalase value was calculated as A1-A2/0.0008.

Superoxide dismutase (SOD) was calculated following Pedrajas et al.’s [27] method.
Briefly, a plasma sample of 20 uL was added to 945 pL of sodium carbonate buffer (0.05 M
and pH 10) and 42 pL of epinephrine (30 mmol L~! dissolved by adding 30 uL of HCL).
The auto-oxidation of the epinephrine to adrenochrome inhibition was estimated at 480 nm
after 30 and 80 s in an alkaline environment. In total, 40 L of epinephrine and 960 L of
sodium carbonate buffer were used to prepare the control group.

The inhibition (%) = 100 — [(AA control — AA sample/AA control) x 100]
SOD activity in plasma (U/mL) = % inhibition x 3.75

2.8. Statistical Analysis

A one-way ANOVA was used to statistically analyze the findings, and means were
compared through a Duncan multiple range test at a significance level of 0.05. SPSS
version 22.0 was used for the data analysis.

3. Results
3.1. Water Quality Characteristics

Detailed findings of the different water quality parameters are depicted in Table 3.
After the data analysis, the water quality parameters (DO, pH, salinity, NH3, nitrite,
nitrate, TSS, and biofloc volume) were significantly (p < 0.05) different. A lower DO
level (5.58 mg/L) and pH (7.32) was observed in the BFT + SM group as compared to
other groups. The changes in the water quality parameters and biofloc volume of tank
water affected by different carbon sources for the 10-weeks experimental trial are depicted
in Figure 1.

Table 3. Water quality parameters of juvenile O. niloticus (Nile tilapia) raised in biofloc tanks with
different carbon sources for 10 weeks.

Parameters Control BFT + SM BFT + TF
Water temperature (°C) 26.99 +0.23 27.01 £0.18 27.01 £0.11
Dissolved oxygen (mg L~1) 6.97 +£0.073 2 5.58 £ 0.083 © 6.31 + 0.073°
pH 8.21 + 0.057 2 7.32 +0.075¢ 7.78 4+ 0.054 b
Salinity (PPT) 147+ 061" 20.32 £11.212 18.11 +13.132
Unionized ammonia (mg | 0.145 + 0.016 @ 0.052 + 0.026 P 0.072 £ 0.025 2P
Nitrite (mg L™1) 0.256 + 0.021 2 0.076 + 0.017 P 0.136 + 0.023 P
Nitrate (mg L1 3.81+£095b 3124 £ 4622 2333 +£4312
Total suspended solids (mg LD 313 +£5.27b 351.7 £70.44 2 314.6 £ 62.672
Biofloc volume (mL) 0.84 £0.13¢ 18.47 +£2.87b 2894 +4.122

Note: Significant difference is indicated with different superscripts on the mean in the same row (p < 0.05).
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Figure 1. Variation in physicochemical parameters and biofloc volume of tanks water stocked by
O. niloticus under biofloc system with different carbon sources for 10 weeks.

3.2. Fish Growth Performance

The results of the fish growth performance fed on different carbon sources (SM and
TF) raised in biofloc tanks and the control group are given in Table 4. Significantly higher
(p < 0.05) effects of biofloc technology with a carbon source (BFT + TF) were recorded in the
fish weight gain as compared to the control and other group (BFT + SM). The feed intake
was significantly greater (p < 0.05) in both the treated groups (BFT + TF and BFT + SM)
than in the control group. The best FCR was found in the biofloc fish group with a carbon
source (BFT + TF). The survival rate ranged from 95% to 99%, but, overall, the survival rate
was also higher in the biofloc fish with the TF carbon source.

Table 4. Growth performance of juvenile O. niloticus (Nile tilapia) cultured in biofloc tanks with
different carbon sources for 10 weeks.

Parameters Control BFT + SM BFT + TF

Weight gain (%) 66.03 +2.82° 87.154+1.92° 98.61 + 3.71 2
Feed intake (g kg fish 1) 1001.21 £36.03%  867.37 £23.17°  869.31 +25.21°
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Table 4. Cont.
Parameters Control BFT + SM BFT + TF
Feed conversion ratio (FCR) 235+ 0.162 1.79 4+ 0.06 © 1.69 £ 0.07 €
Survival (%) 95.83 + 1.54 97.65 £+ 1.02 99.01 + 0.32

Note: Significant difference is indicated with different superscripts on the mean in the same row (p < 0.05).

3.3. Hematological Parameters

The fish hematological parameters, including (WBCs, HCT, and HB), were significantly
higher (p < 0.05) in the fish reared in BFT + TF as compared to the other treated group
(BFT + SM) and control (Table 5). This means the TF carbon source had a greater effect on
the WBCs, HCT, and HB. The RBCs and monocyte values revealed no significant difference
(p > 0.05) in both the carbon-treated and the control groups. However, the neutrophils
value was significantly higher in the control group as compared to the experimental groups
(Table 5).

Table 5. Hematological parameters of juvenile O. niloticus (Nile tilapia) cultured in biofloc tanks with
different carbon sources for 10 weeks.

Hematological Control BFT + SM BFT + TF
Parameters

RBCs (106/uL) 1.32 +0.12 1.31 £ 0.11 1.33 £0.21
WBCs (103/uL) 2741 +£1.15°¢ 3221+ 123 3743 £ 1512
Hematocrit (%) 2721 £0.39 ¢ 33.11 £ 0.42°P 3513+ 0462
Haemoglobin (%) 7.88 £0.32°¢ 9.03 £ 021" 11.54 £ 0.252
Lymphocytes (%) 30.65 + 0.84 ¢ 3452 +021° 37.32 40242
Monocytes (%) 4.00 £ 0.21 4.88 +£0.33 4.68 + 0.31
Neutrophils (%) 62.49 +0.822 58.62 & 0.61P 56.16 & 0.32 €

Note: Significant difference is indicated with different superscripts on the mean in the same row (p < 0.05).

3.4. Humoral Non-Specific Immune Parameters

The values of the total protein, humoral innate immunity, and albumin (lysozyme,
immunoglobulin, and ACH50) increased significantly (p < 0.05) in the fish group reared in
BFT with the TF carbon source compared to the control and other treated group (Table 6).
The value of globulin revealed no significant difference (p > 0.05) between the treated
groups (BFT + SM and BFT + TF), but significantly higher (p < 0.05) results compared to
the control group.

Table 6. Non-specific immune parameters of juvenile O. niloticus (Nile tilapia) cultured in biofloc
tanks with different carbon sources for 10 weeks.

Parameters Control BFT + SM BFT + TF
Globulin (g x dL~1) 1.45+0.07° 1.86 +0.042 1.93 +0.042
Total protein (g x dL-1 3.57 £0.05¢ 3.84 +0.06P 4.18 £0.082
Albumin (g x dL™1) 22540.02¢ 231 +0.04P 242 40.042
Lysozyme (U x mg_1 protein) 24.00 £2.01°¢ 28.65 4+ 1.42° 3143 +£1.382
Immunoglobulin (mg X dL-1 225+0.16€¢ 3.02 +0.06b 3.19+£0.082
ACH50 (U x mL™1) 18.85 +1.71°¢ 30.28 +1.03P 3712+ 1.652

Note: Significant difference is indicated with different superscripts on the mean in the same row (p < 0.05).

3.5. Antioxidant Enzymatic Activities

From the current study, it was found that different carbon sources significantly affected
(p < 0.05) the catalase (CAT) and superoxide dismutase (SAD) (Figure 2). However, higher
enzymatic activities were obtained with BFT + TP than in the other groups.
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Figure 2. Antioxidant enzymes activities of juvenile O. niloticus (Nile tilapia) cultured in biofloc tanks
with different carbon sources for 10 weeks.

4. Discussion

The composite carbon source in biofloc can enhance the nutritional value of the
bacterial species in the system, which can further serve as an additional source of food
for fish. Thus, it can play a significant role in the improvement of body weight. This
study evaluated different carbon sources for O. niloticus reared in a biofloc system, and
the results of the present research revealed that the rearing of juvenile Nile Tilapia in a
biofloc system with variant carbon sources affects the water quality characteristics, growth
performance, blood profile, non-specific immune response, and antioxidant status in no
water exchange. Aquatic animals depend mainly on water quality to maintain their health
and limit growth [28]. The water quality parameters (temperature, DO, pH, nitrite, nitrate,
NH3, and TSS) observed in the present investigation were in the appropriate range, suitable
for biofloc fish farming. The present study’s findings are according to the water parameters
reported by other studies [29,30]. Moreover, temperature is an essential factor affecting
the formation and composition of biofloc [31] and is appropriate in the present research
work. The decrease in microbial activity within the flocs led to deflocculation at lower
temperatures (4 °C) than at higher temperatures (18-20 °C) [32]. According to Krishna
and Van Loosdrecht [33], stable microbial flocs might be obtained at a temperature of
(25-25 °C). In this study, the temperature range for both treatments was 27.01, slightly
higher than the optimum level. The current research work also revealed a significant
difference in the dissolved oxygen (DO) and pH levels in the control and treated groups.
However, a lower DO level and pH were recorded in the BFT + SM group. This may
have been due to higher respiration by the heterotrophic microbial community. As a
result of the oxygen consumption by microbes and CO; emission, HyCOj is produced in
a limited water exchange system, reducing pH levels [2,10]. The DO level influences the
structure of aerobic flocs due to its role in the metabolic activity of cells [34]. According
to Martins et al. [35], filamentous bacteria were more numerous than zoogloeal bacteria
at DO levels (less or equal to 1.02 mg/L). The floc volume index increases with DO levels
above 3.5 mg/L [36,37]. The floc volume observed in the current study for the tapioca meal
with biofloc was 28.94 at 6.31 mg/L DO level. The physiological function of tilapia is not
adversely affected by pH 4.0-8.5 [38]. In this study, the pH value was 8.21 (control), (7.32)
BFT + SM, and (7.78) BFT + TF. The treated groups had lower levels of nitrite and ammonia
combined with higher levels of nitrate, which showed a greater bacteria abundance that
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oxidized nitrite and ammonia compared to the control group [39]. In addition, the control
treatment involved constant water exchange, so lower levels of nitrogen compounds were
expected in this treatment. According to Xu et al. [40], a change in TSS concentrations over
time can serve as an indicator of the development of biofloc in aquaculture systems, which
is consistent with the findings of the current study. A lower TSS in the current study was
recorded in the control group compared to the treatment groups. It has been reported that,
during 14 weeks of raising Labeo rohita fingerlings, the highest TSS level (1.32840 mg/L)
was recorded in a biofloc system [41]. Similarly, Azim and Little [42] observed the same
observations for tilapia. However, in the current research, the TSS level did not exceed
351.7 mg/L. A TSS value higher than 1000 mg/L impacts the tilapia’s health.

Additionally, biofloc microorganisms contribute to sustaining the water parameters,
fecal waste, and uneaten feed metabolism, and, thus, decrease the nitrogenous compounds,
particularly nitrite and NHj [43]. There is, however, an association between the reduction in
ammonia concentrations and the development and formation of microbes in the biofloc [6].
According to Soliman and Abdel-Tawwab [29], the carbon source in biofloc technology
improves microbial diversity, particularly ammonia-oxidizing bacteria, which decreases the
NH; concentration. In current study, there was no evident variation in the nitrite and nitrate
levels, which indicated that heterotrophic uptake was the key ammonia removal path in
the system, and this is consistent with the studies that have been explained before. The
biofloc volume recorded in the current study was appropriate for tilapia production [15].

Earlier studies have shown that, due to probiotic properties, the biofloc technology
system increases fish growth performance and FCR [4,37,44,45]. Similarly, the current study
results show that BFT with different carbon sources improves the fish growth performance
more than the control. The BFT with TF significantly increased the fish growth and provided
the best FCR. This shows that microbial floc with BFT + TF acts as a supplementary
diet source that provides extra protein, vitamins, minerals, and polyunsaturated fatty
acids [9,29,37]. The TF contain more than 90% carbohydrates, which might show better
results for microbial growth as compared to SM. In biofloc technology, the FCR should
be close to one, as reported in several studies such as Khanjani et al. [39], who observed
an FCR of 0.99 while using starch as a carbon source in biofloc technology for Nile tilapia
fingerlings. Similar findings were obtained by Garcia-Rios et al. [46] for cultured Nile tilapia
fingerlings. However, in this study, the FCR value was found to be higher. This might
have been due to the short experimental duration. The biofloc system represents a suitable
environment for fish growth and feed utilization without affecting the water quality or
survival of the fish, which revealed the significant effects of biofloc on fish growth, as
reported by previous studies findings [12,43,47]. The carbon source is effective for the
growth performance of reared species because it enhances the floc production, including
its chemical composition and volume, and can also store different bioactive compounds
(carotenoids, extracellular enzymes, polymers, and phytosterols [43,48]. Biofloc-reared fish
such as rohu (Labeo roita) and tilapia (Oreochromis niloticus) have previously shown a better
growth performance [49,50], which is according to the findings of the present study. The
feed comprising different ingredients represents the major production cost in commercial
aquaculture; as a result, improving the efficiency of fish nutrition is a key priority. Therefore,
applying the BFT system to intensive tilapia culture can be advantageous.

Hematological parameters are essential for understanding abnormalities due to health
status [51,52]. The findings of the current study showed that the WBCs, HCT, HB, and
lymphocytes were largely affected by the carbon sources and their values were greater in
BFT + TF than the other groups. The increased number of WBCs was due to lymphocytes.
Fish health is closely associated with the number of leukocytes, which play a significant
role in innate immunity during inflammation [53]. According to Mansour and Esteban [15],
different carbon sources improve the number of WBCs, HB, and HCT in biofloc-cultured
O. niloticus, which agrees with the current study’s findings. According to the findings of
many studies, stress, environmental conditions, carbon source type or amount, aquaculture
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system, microbial diversity, disease, and feeding treatment affect the blood profile of
cultured fish [4,54-56].

It has been established that innate immunity is connected to increased levels of plasma
proteins, albumin, and globulin, representing the significant proteins in plasma [57]. In
the current study, all these proteins were significantly affected by the carbon sources and
were higher in BFT + TF. Besides this, the lysozyme, immunoglobulin, and ACHS50 levels
were significantly higher in the fish cultured in biofloc technology with tapioca flour as
a carbon source. The notable increase in these parameters is consistent with the findings
of Mansour and Esteban [15]. They used wheat flour and rice bran as carbon sources for
biofloc-cultured tilapia. Tapioca flour (TF) contains essential minerals such as iron and
potassium. Besides this, it is also considered to be a good source of vitamin B, such as
riboflavin (B2) and Niacin (B3) [58]. Vitamin B, potassium, and iron have long been known
for their roles in immunity [59]. Therefore, an increase in the immunity of the fish reared in
biofloc with tapioca flour can be linked to its nutritional value.

Moreover, Verma et al. [60] found that tapioca flour (TF) as a carbon source significantly
increased the plasma proteins, globulin, and immunoglobulin levels in Labeo rohita reared
in biofloc technology. Similar findings were revealed in the current study. The lysozyme
produced by fish leukocytes causes bacterial cell wall lysis, which stimulates the comple-
ment system and facilitates the phagocytosis of many pathogens [61]. The complement
activity plays a vital role in teleost’s antibacterial defense mechanism [62]. Researchers
might investigate in future studies whether the increases in the immune parameters are
associated with improved defenses against disease or stressful situations.

The antioxidant status in the present study was also greater in the fish reared in the
BFT with tapioca as a carbon source compared to the BFT with sugarcane molasses and
control groups. In particular, the biofloc treatment significantly increased the activity of
the CAT and SOD enzymes. The increased activity of antioxidants in the case of tapioca
may be linked to the antioxidants present in this plant. Several studies have suggested
that all possible tapioca extracts show significantly higher antioxidant activity [63,64].
The present research was according to the findings of other studies [15,18,45]. CAT and
SOD are enzymes that prevent the oxidation of lipids. The catalytic reaction of SOD
produces hydrogen peroxide from superoxide anion and is further decomposed by CAT to
oxygen and water to prevent lipid peroxidation [65]. The increased SOD and CAT activity
levels in the present study may be attributed to enhanced fish well-being and decreased
oxidative stress.

5. Conclusions

In conclusion, the current study revealed that biofloc technology with different carbon
sources (SM and TF) significantly increased the water quality, growth performance, blood
profile, non-specific immunity, and antioxidant status of O. niloticus compared to the control
group. The use of TF appeared to be more appropriate for the rearing of O. niloticus in
biofloc than SM. Besides the other carbon sources, the current study’s findings encourage
biofloc fish farmers to consider TF as a carbon source for better results, because the BFT
system was identified as an environmentally friendly alternative. This study provides new
insight for future studies that can consider using TF as a carbon source on a larger scale
with a long duration. This will enable us to understand better TF’s effect on fish health and
final yield.
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