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Abstract: 
The purpose of this experiment is to the effect of various carbon sources in the 

biofloc system on growth performance, feed utilization, hematological indices and body 

biochemical composition, of red tilapia under varying stocking densities. A set of 300 red 

tilapia fingerlings in good health, weighing 2.44:2.55±0.19 g on average, were cultivated 

for 14 weeks at a density of 100 and 150 fish/m3 in fiberglass tanks (75 L). Eight 

treatments, representing four distinct carbon sources molasses, sugar, and rice bran as well 

as control (clear water) were used in the design of the experiment, with two stocking 

densities of 100 and 150 fish/m3. Three times a day, the fish were fed commercial feed 

with a protein content of 32%, up to 5% of their body weight. Growth, and feed utilization 

were all significantly impacted by the addition of carbon sources, according to the analysis 

of variance data. According to the data, molasses and rice bran produced the best growth 

performance, feed utilization and hematological indices for red tilapia at a stocking density 

of 100 fish/m3. 

Keywords: Biofloc technology, Carbon sources, stocking density, Growth performance, 

body chemical composition, hematological indices, red tilapia 

 

 

INTRODUCTION 

Due to their broad tolerance to salinity, red 

tilapia (Oreochromis sp.) are a fish species that may 

flourish in both freshwater and saltwater 

environments (Yue et al., 2016; Ahmadi et al., 

2016). Red tilapia is becoming more and more 

consumed, and it is now one of the fish exported 

(FAO, 2018). Because tilapia are omnivorous fish 

with a wide range of environmental tolerances and 

the ability to live in large densities, biofloc 

technology has been utilized in the intensive 

production of tilapia. 

A number of factors limit the amount of 

tilapia that can be produced to meet consumer 

demand, one of which is the reduced water quality 

caused by feed waste in the cultivation tank system. 

As inedible feed, feces, and fish metabolic waste 

products accumulate in aquaculture containers, this 

waste will break down and lower the water quality 

parameters (Putra et al., 2017; Ombong and Indra, 

2016). As a result, water quality in fish farming needs 

to be properly managed for the best possible living 

conditions (Nurhatijah et al., 2016). 

The foundation of Biofloc technology is the 

careful control of the carbon to nitrogen ratio and the 

input of carbonaceous organic materials to the 

cultivation system, which promotes the growth of 

heterotrophic bacteria (Khanjani and Sharifinia, 

2020). Carbohydrates have been identified by 

Emerenciano et al. (2017) and Khanjani et al. 

(2017) as an efficient means of mitigating the effects 

of nitrogenous wastes in aquaculture systems that 

have either very little or no water exchange.  
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When determining the amount of carbs 

required to maintain a high C:N ratio, it is important 

to account for the presence of proteins in complex 

carbohydrates, including wheat flour and barley flour 

(Avnimelech, 2009; Walker et al., 2020). There are 

numerous other factors to take into account when 

choosing a carbon source, including accessibility, 

palatability and digestibility, bioavailability and 

bacterial uptake efficiency, water-dispersibility, and 

cost-effectiveness. According to Khanjani et al. 

(2017), carbonaceous organic matter should be 

suspended in water to increase its accessibility to 

bacteria and should be liquid or finely powdered to 

decrease its settling rate. 

The incorporation of carbonaceous organic 

materials into the cultivation system and meticulous 

regulation of the carbon to nitrogen ratio, which 

encourages the growth of heterotrophic bacteria, form 

the basis of Biofloc technology (Khanjani and 

Sharifinia, 2020). In aquaculture systems with either 

very little or no water exchange, Emerenciano et al. 

(2017) and Khanjani et al. (2017) have found that 

carbohydrates are an effective way to mitigate the 

consequences of nitrogenous wastes. 

Greater success is linked to the employment 

of the biofloc production system in the culture of 

species that have traits like feeding on detritus, 

tolerating moderate oxygen levels, and adapting to 

large densities (Khanjani and Sharifinia, 2020). 

Because of its unique qualities, tilapia may be 

produced in the biofloc system under both intense 

and super intensive conditions (Avnimelech, 2009; 

Samocha et al., 2017). According to Durigon et al. 

(2019), this species can also eat bacteria that depend 

on biofloc. The management of the biofloc system is 

significantly influenced by the kind of carbon source 

that is employed in it (Panigrahi et al., 2019). 

The current study assessed the effects of 

three different carbon sources molasses, sugar, and 

rice bran as well as clear water in the biofloc system 

on the body biochemical compositions, growth 

performance, hematological indices, and water 

quality for red tilapia. 

MATERIALS AND METHODS 

The current study was carried out at the 

experimental fish unit, Department of Fish 

Production, Faculty of Agriculture, Azhar University, 

for a total of 14 weeks from 3 August to 10 

November, 2021, in collaboration with the 

department of animal, poultry, and fish production, 

Faculty of Agriculture, Damietta University, Egypt. 

The purpose of this study was to determine how 

adding a carbohydrate source to different stocking 

densities in the biofloc system affected the red 

tilapia's (Coptodon rendalli) growth performance, 

feed consumption, body composition, blood 

components, and histological evaluation . 

Red tilapia (Coptodon rendalli) fingerlings 

were obtained from fish hatchery Kilo 21, Lakes and 

Fish Resources Protection and Development 

Authority, Egypt. The average body weight and 

length of red tilapia are 2.7 g and 6.8 cm, 

respectively. A total of 300 fingerlings of two distinct 

stocking densities (100 and 150 fish /m3) were 

placed in 24 tanks (66×47×44 cm - 75 L) (triplicated 

for each) using a (2×4) factorial design with two 

stocking density 100 and 150 fish/m3 and four 

external carbon sources (clear water - control), 

molasses, sugar and rice bran, respectively). The 

experimental design was summarized by the 

following groups: 

T1: Clear water(control) 100 fish /m3 (D1+ CS)  

T2: Clear water(control) 150 fish /m3 (D2+ CS) 

T3: Molasses 100 fish / m3 (D1+ MO) 

T4: Molasses 150 fish / m3 (D2+ MO) 

T5: Sugar 100 fish / m3 (D1+ SU) 

T6: Sugar 150 fish / m3 (D2+ SU) 

T7: Rice bran 100 fish / m3 (D1 + RB) 

T8: Rice bran 150 fish / m3 (D2 + RB) 

Feeding was done by hand disseminating 

equal amounts of 5% biomass per day at 9:00, 13:00, 

and 16:00 hours. To help the fish's culturing 

environment, the feeding was done 6 days weekly 

with one day off (Price and Morris, 2013). The 

addition of carbon is done every 8 days. 

 

Table (1) Chemical composition of the experimental 

diets (DM%). 

Chemical composition DM% 

Dry mater 90.1 

Crude protein 30.3 

Fat 6.1 

Ash 4.95 

Crude fiber 4.8 

NFE1 53.85 

Organic carbon 37.45 

GE Kcal/100g2 450.70 

1-Nitrogen Free Extract= 100- (protein + fat + ash 

+fiber) 

2- GE = gross energy was calculated as 5.65,9.45 and 

4.12 Kcal /100gram of protein, lipid, and 

carbohydrate, respectively after (NRS, 2011) 

Every two weeks, ten fish individuals from 

each tank were randomly picked. A digital weighing 

scale was used to measure the individual's body 

length (BL) and body weight (BW), respectively. 

After sampling, each fish was put back into its tank, 

and the feeding schedule was modified based on the 

weight change. 

Water quality parameter: 

The experiment involved monitoring several 

water quality measures, including temperature, pH, 

O2 and total ammonia, in order to track the impact of 
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the biofloc system and compare it to the clear water 

(control). 

Water temperature and dissolved oxygen 

were measured using a portable oxygen meter (Oxy 

Guard meter) daily at 13.00 h. pH values were 

recorded daily using a portable pH meter (Oxy Guard 

meter). Total ammonia nitrogen (TAN) was 

measured biweekly using the spectrophotometer 

model. Soluble reactive phosphorus (SRP), sludge 

volume index (SVI), and TSS values were measured 

twice during the experimental TSS period. 

Biofloc volume: 

Weekly measurements of the biofloc volume 

(water settleable solids) were made with an Imhoff 

cone. Imhoff or settling cones are an easy approach 

to index the concentration of suspended solids in 

order to track the growth of biofloc. The volume of 

sediments that settle in one liter of system water can 

be measured using the graduations marked on the 

outside of the cones. after 15 to 20 minutes of 

sedimentation, measuring the amount of biofloc in 

1000 milliliters of tank water (Avnimelech & 

Kochba, 2009). Tilapia biofloc systems will perform 

well if the settleable solids concentration is kept 

between 25 and 50 mL/L. (Hargreaves, 2013). 

Growth Performance and Feed utilization: 

Weight gain (WG) = Average Final body 

weight (g) – Average Initial body weight (g).                                 

(Carlos, 1988). 
Weight gain/day =Average Weight gain / 

day of experiment 

                  According to De-Silva and 

Anderson, (1995).  

Specific growth rate % (SGR) = [(Ln 

Average Final body weight - Ln Average Initial body 

weight (g)/ day of experiment] ×100. 

                  As reported by El-Sayed and 

Jamal, (2004). 
Feed conversion ratio (FCR) = Feed intake 

(g)/Weight gain (g) 

                        According to El-Sayed and 

Jamal, (2004). 

Feed conversion efficiency (FCE) = 

Weight gain (g)/ Feed intake (g) 

Protein efficiency ratio (PER) = weight 

gain (g)/protein intake (g) 

Chemical analysis of fish body: 

Precipitated flocs were taken from various 

treatments to determine the proximate composition of 

the fish, and a random pooled sample of fish was 

sampled from each tank of different treatments at the 

end of the experiment. Standard procedures were 

followed for the chemical analysis of biofloc and 

whole-body DM%, CP%, EE%, and ash content % 

(AOAC, 1995). Fish and samples were grounded and 

kept at -20 °C for further examination after being 

dried in an oven at 70 °C for 24 hours until they 

attained a constant weight. By burning for two hours 

at 600 degrees Celsius, the amount of ash was found. 

The Kjeltech (Model 1030, Tecator, Höganäs, 

Sweden) auto analyzer was utilized to determine 

crude protein using the micro-Kjeldhal technique, 

which yielded %N × 6.25. Using sechelt extraction 

and diethyl ether at 40–60 °C, the crude fat content of 

several samples was calculated. 

Blood sampling protocol: 

Fish were put to sleep with 100 µg mL1 

MS222 (Tricaine methane-sulfonate, Sigma-Aldrich 

Co. LLC) before blood was taken, as stated by Cicia 

et al. (2012). Blood samples were randomly taken 

from each of the two fish in each tank (ten fish for 

each treatment). Using sterile 2.5-mL syringes, blood 

samples were extracted from the caudal vein and 

divided into equal portions. The first portion was kept 

for use in heparinized tubes for hematological assays, 

while the second part was chilled for three hours at 4 

°C after coagulating at room temperature for thirty 

minutes. Serum was then extracted from the clotted 

samples by centrifuging them for ten minutes at 4 °C 

and 3000 rpm. Following that, the serum was stored 

at -20 °C until further immunological, biochemical, 

and antioxidant investigations could be conducted. 

 

Blood Hematological assessments:  

A hemocytometer and Natt-Herrik solution 

were used to quantify the erythrocyte and leukocyte 

counts according to the Stoskopf (1993) technique. 

However, the hemoglobin level was ascertained using 

the cyanomethemoglobin technique, which was 

endorsed by Balasubramaniam and Malathi 

(1992). Moreover, the PCV%, MCV, MCH, and 

MCHC were computed using the microhematocrit 

method (Dacie and Lewis, 1991). Blood smear slides 

were prepared according to the protocol described by 

Blaxhall and Daisley (1973), allowed to air dry, 

fixed with methanol for three to five minutes, stained 

with gimsa stain for eight to ten minutes, rinsed with 

distilled water, and then allowed to dry at room 

temperature in order to calculate the differential 

leukocytic count. 

Statistical analysis: 

The data homogeneity and normalcy were 

assessed using the Shapiro-Wilk test. Additionally, 

two-way ANOVA statistical analysis approach was 

used to all calculated and estimated data, and Tucky's 

range test was used to confirm any discrepancies 

between the means. P < 0.05 served as the tested 

threshold of significance. The findings are shown as 

mean± pooled SE values (SAS, 2012) was used for 

all statistical analyses. 

RESULTS AND DISCUSSION 

Water quality red tilapia: 
The measured values of the water quality 

variables (temperature, pH, dissolved oxygen and 

total ammonia nitrogen) are shown in Table 2 but 
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have not clear trend. The pH ranged from 6.90±0.17 

to 7.50±0.05, while the average water temperature 

was between 27.70±0.11 and 28.5±0.05ºC. The 

averages of ammonia concentration were ranged 

from 0.039±0.001 to 0.087±0.001, respectively. 

However, there were no notable variations between 

the treatments in terms of total ammonia. Dissolved 

oxygen concentration averages ranged from 

4.80±0.11 to 6.30±0.17, with significant differences 

among treatments. 

 

Table 2: Water quality parameters for red tilapia reared in cultivation tanks under different carbon sources 

during the experimental period. 

 

Items 

Measured parameters 

°C PH 
O2 NH3 

D1+ CS (T1) 27.80 0.11bc 7.10 0.11bc 5.1 0.05c 0.064 0.002b 

D2+ CS (T2) 28.40 0.05ab 7.10 0.05bc 4.9 0.11d 0.087 0.002a 

D1+ MO (T3) 28.20 0.11b 7.3 0.11ab 6.30 0.17a 0.039 0.001d 

D2+ MO (T4) 27.90 0.17bc 6.9 0.17c 5.8 0.11b 0.04 0.002cd 

D1+ SU (T5) 28.50 0.05a 7.5 0.05a 6.20 0.05a 0.04 0.002c 

D2+ SU (T6) 28.10 0.17b 7.4 0.17a 6.1 0.17a 0.04 0.002c 

D1 + RB (T7) 27.70 0.11c 7.00 0.11c 6.0 0.12ab 0.04 0.001cd 

D2+ RB (T8) 27.90 0.12bc 7.20 0.12b 5.9 0.11ab 0.04 0.002c 

One Way ANOVA (P Value) 

P-Value 0.003 0.043 0.0143 0.0398 

CNT, fish group stocked at clean water; 

MO, fish group reared under biofloc system supplemented with molasses; 

SU, fish group reared under biofloc system supplemented with sugar; 

RB, fish group reared under biofloc system supplemented with rice bran; 

Data were presented as the mean ± standard error mean (SEM). 

 

The PH and temperature ranges were 

suitable for tilapia farming and floc production. 

Comparing Oreochromis niloticus raised at varying 

stocking densities to the control fish in biofloc 

systems, comparable outcomes were observed (28.5± 

0.53, 7.8 ± 0.33), respectively (Hwihy et al., 2021). 

18 to 20 °C was the ideal temperature range for 

biofloc (De Schryver and Verstraete 2009). Thus, 

the current investigation shows that, although the 

water temperature values in all treatments were 

greater than the ideal range for biofloc, the cultivated 

red tilapia were still able to withstand them. One 

crucial metric for distinguishing between various 

water masses is dissolved oxygen (Ibrahim and 

Ramzy, 2013; Osman et al., 2021). In the current 

study, the three carbon sources that were chosen had 

considerably more DO than the control. Thilakan et 

al. (2019), who measured DO between 6-7.8 mg L-1 

throughout the experimental period, corroborated this 

conclusion. 

According to Hwihy et al. (2021), the 

biofloc's DO level was lower than that of the control. 

According to Suita et al. (2015) and Wang et al. 

(2016), microorganisms linked to biofloc absorb 

food, maintain water quality, and reduce nitrogen-

containing chemicals, particularly ammonia. In the 

current investigation, all treated groups' ammonia 

levels were considerably lower than those of the 

control. The group that was fed molasses showed the 

lowest amount, which was then followed by rice bran 

and sugar, as well as a lower stocking density. The 

increased absorption and degradation of carbon as a 

substrate for heterotrophic bacteria that metabolize 

ammonia and thereby improve water quality is likely 

the cause of the faster ammonia reduction observed 

in the molas, sugar, and rice bran groups as simple 

carbon sources (Khanjani et al., 2017; El-Shafiey et 

al., 2018; Khanjani et al., 2021). Yet, all of the 

chosen carbohydrate sources demonstrated efficacy 

in bio flocculation, leading to a noteworthy rise in the 

overall number of heterotrophic bacteria. This is in 

line with the findings of Khanjani et al. (2021). 
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Growth performance red tilapia: 

Table 3 illustrates that the ultimate body weight 

(BW) of red tilapia grew significantly (P<0.05) as the 

levels of stocking density decreased. Consequently, 

fish with a stocking density of 100  fish/m3 (D1) 

exhibited the highest BW in comparison to the other 

group of 150  fish/m3 (D2). The final BW of the fish 

rose with all biofloc groups as compared to the 

control, according to the results in this table. When 

compared to other carbon sources and control groups, 

the dietary carbon source molasses (Mo) released the 

highest BW by a significant margin (P<0.05). Fish in 

T3 (D1+ MO), which had a stocking density of 100  

fish/m3 and molasses as a carbon source, had the 

highest final BW, while fish in T2, which had a 

control stocking density of 150  fish/m3 (D2+ CS), 

had the lowest final BW. This indicates that the 

interaction between stocking density and different 

carbon sources affects final BW.

Table 3: Effect of stocking density levels and different carbon sources on body weight (BW), wight gain (WG), 

Average daily gain (ADG) of red tilapia. 

 

Items 

Measured parameters 

Initial weight Final weight WG/g ADG g/d 

Effect of stocking density  

Stocking density 100 

fish/m3 (D1) 

2.52±0.06 37.68±0.17a 35.16±0.17a 0.36±0.01a 

Stocking density 150 

fish/m3 (D2) 

2.49±0.06 36.04±0.14b 33.56±0.14b 0.34±0.01b 

P Value 0.895 0.0389 0.380 0.380 

Effect of carbon resources  

Clear water (CS) 2.51±0.07 29.00±0.22 26.49±0.22 0.27±0.002 

Molasses (MO) 2.52±0.07 41.03±0.22 38.51±0.22 0.39±0.002 

Sugar (SU) 2.49±0.07 38.83±0.22 36.34±0.22 0.37±0.002 

Rice bran (RB) 2.47±0.07 38.57±0.22 36.10±0.22 0.36±0.002 

P-Value 0.985 >0.001 >0.001 >0.001 

Effect of stocking density and carbon resources  

D1+ CS (T1) 2.48±0.09 29.60±0.29 27.11±0.30 0.28±0.003 

D2+ CS (T2) 2.53±0.09 28.40±0.29 25.87±0.30 0.26±0.003 

D1+ MO (T3) 2.53±0.09 42.54±0.29 40.01±0.30 0.41±0.003 

D2+ MO (T4) 2.51±0.09 39.53±0.29 37.02±0.30 0.38±0.003 

D1+ SU (T5) 2.55±0.09 39.29±0.29 36.74±0.30 0.37±0.003 

D2+ SU (T6) 2.44±0.09 38.38±0.29 35.94±0.30 0.37±0.003 

D1 + RB (T7) 2.51±0.09 39.30±0.29 36.79±0.30 0.38±0.003 

D2+ RB (T8) 2.43±0.09 37.84±0.29 35.41±0.30 0.36±0.003 

P-Value 0.983 0.114 0.109 0.109 

CNT, fish group stocked at clean water; 

MO, fish group reared under biofloc system supplemented with molasses; 

SU, fish group reared under biofloc system supplemented with sugar; 

RB, fish group reared under biofloc system supplemented with rice bran; 

Data were presented as the mean ± standard error mean (SEM). 
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The weight gain (WG) averages as 

influenced by stocking density were 35.16 and 33.56 

g for two stocking densities of 100  and 150  fish/m3, 

respectively, according to the results shown in Table 

3, and the differences between means were 

significant (p<0.005). The average daily gain (ADG), 

which was 0.36 and 0.33 g on average for the two 

stocking densities, showed the similar pattern. The 

weight gain (WG) influenced by the four carbon 

sources (CNT, MO, SU, and RB) was 26.49, 38.51, 

36.34, and 36.10 g, as indicated in this table. The 

same trend was also seen in the average daily gain 

(ADG), with the averages for the four groups being 

0.27, 0.39, 0.37, and 0.36 g. 

Table 3 displays the effects of stocking 

density and various carbon sources together on red 

tilapia weight growth (WG) and average daily gain 

(ADG). red tilapia in T3 (W1+ S3) recorded the 

highest WG and the best ADG, according to the 

table's data. For all carbon sources employed in this 

experiment, a drop in stocking density was associated 

with an almost substantial rise in average WG and 

ADG. 

With a zero-water exchange system, the 

current study verified the positive impacts of each of 

the stocking density and crbon sources enhanced 

bioflocs on growth performance in red tilapia 

fingerlings. These findings suggest that adding a 

carbohydrate, such as molasses, sugar, or rice bran, to 

the commercial diet in the BFT system encourages 

the establishment of heterotrophic bacterial 

populations. 

Lower growth was observed in the groups 

raised at a high stocking level (150  fish per m3), 

which is in line with the findings of Bakeer et al. 

(2007) and Sorphea et al. (2010). Although tilapia 

can withstand high densities, they are an aggressive 

and territorial fish, and the ongoing stress from 

overcrowding and competition for territory can be the 

reason for the negative effect of density on growth 

(Zhang et al., 2016). Numerous studies (Ju et al., 

2008; Ray et al., 2010b; Emerenciano et al., 2013a, 

2013b, 2013c; Cardona et al., 2016; Ahmad et al., 

2017; Becerril-Cortés et al., 2017; Daniel and 

Nageswari, 2017) have shown that a variety of 

microorganisms that are assembled in biofloc 

systems play a crucial role in removing nitrogenous 

waste and supplying food, nutrition, and general 

health. Furthermore, research by Kamilya et al. 

(2017) and Khatoon et al. (2016) suggests that the 

presence of microbial floc and the system's ability to 

maintain water quality may be responsible for the 

improved growth performance in a biofloc system. 

According to Ekasari (2014), when compared to 

non-biofloc systems like traditional and recirculating 

aquaculture systems, biofloc systems can increase net 

productivity by 8:43%. More crucially, biofloc a 

waste rich in nutrients—can be used as a feed in BFT 

to reduce environmental problems in the aquaculture 

business. 

In comparison to the control group, the 

study's final weight, weight gain, specific growth 

rate, and relative growth rate all increased 

significantly (P > 0.05). The present study's findings 

are consistent with a number of studies on the 

following species: Carassius auratus (Wang et al., 

2015), Litopenaeus vannamei (Burford et al., 2004; 

Xu et al., 2013), Marsupenaeus japonicas (Zhao et 

al., 2012), Oreochromis mossambicus (Avnimelech 

1999, 2007), and Macrobrachium rosenbergii 

(Asaduzzaman et al., 2008). 

Feed utilization of red tilapia: 

Table 4 displays feed utilization information 

for red tilapia fingerlings. Because of the treatment 

effect on feed intake (FI), the average FI values as 

influenced by stocking density of 100  and 150  

fish/m3 increased from 46.59 to 46.24 g, respectively, 

with significant differences (P<0.05). (Table, 4). 

Regarding the impact of various carbon sources 

independent of stock density levels, Table 4's data 

revealed that the FI values for each of the carbon 

sources (CNT, MO, SU, and RB) were 42.11, 48.01, 

48.12, and 47.34 g, respectively. The differences in 

feed intake resulting from treatment effects are 

statistically significant.  

Regarding the impact of the interaction 

between stocking density and various carbon sources 

on FI values, Table 5 data illustrated that, at the end 

of the experiment, (D1+ MO) T3 recorded the highest 

average FI value (48.15 g) at a stocking density of 

100 fish/m3 and with molasses as a carbon source. 

The disparities between FI values are large, while 

(D2+ CNT) T2 recorded the lowest value (41.65 g) at 

a stocking density of 100 fish/m3 and a clear system. 

The FCR values for red tilapia at two 

stocking densities of 100  and 150  fish/m3 were 

displayed in Table 4's results. At the conclusion of 

the experiment, the FCR averages were 1.35 and 

1.40, with large variations between these means 

(Table, 4). The data collected showed that fish 

supplied at a density of 50 fish/m3 had the highest 

FCR. In the red tilapia biofloc, as shown in Table 4, 

the various carbon sources had a substantial impact 

on FCR. 

 



DJAS., Vol. (4) (I): (149-164) (2025) 
 

155 

Table 4: Effect of stocking density levels and different carbon sources on feed utilization of red tilapia. 

 

Items 

Measured parameters 

Fi FCR PER 

Effect of stocking density levels 

Stocking density 100 fish/m3 (D1) 46.59±0.18a 1.35±0.01b 2.51±0.02a 

Stocking density 150 fish/m3 (D2) 46.24±0.14b 1.40±0.01a 2.41±0.02b 

P Value 0.755 0.652 0.737 

Effect of carbon resources 

Clear water (CNT) 42.11±0.23c 1.59±0.01 2.01±0.2 

Molasses (MO) 48.01±0.22a 1.25±0.01 2.68±0.2 

Sugar (SU) 48.12±0.22a 1.33±0.01 2.52±0.2 

Rice bran (RB) 47.34±0.22b 1.32±0.01 2.54±0.2 

P-Value >0.001 >0.001 < 0.001 

Effect of Stocking size and stocking density levels 

D1+ CNT (T1) 42.57±0.35 1.57±0.02 2.12±0.03 

D2+ CNT (T2) 41.65±0.35 1.61±0.02 2.07±0.03 

D1+ MO (T3) 48.15±0.35 1.21±0.02 2.77±0.03 

D2+ MO (T4) 47.87±0.35 1.30±0.02 2.58±0.03 

D1+ SU (T5) 48.31±0.28 1.32±0.02 2.54±0.02 

D2+ SU (T6) 47.94±0.28 1.34±0.02 2.50±0.02 

D1 + RB (T7) 47.35±0.28 1.29±0.02 2.59±0.02 

D2+ RB (T8) 47.52±0.28 1.36±0.02 2.49±0.02 

P-Value 0.043 0.867 0.901 

CNT, fish group stocked at clean water; 

MO, fish group reared under biofloc system supplemented with molasses; 

SU, fish group reared under biofloc system supplemented with sugar; 

RB, fish group reared under biofloc system supplemented with rice bran; 

Data were presented as the mean ± standard error mean (SEM). 

 

The results showed that FCR rose when 

more carbon sources were added. When compared to 

other carbon sources and clear systems, molasses was 

shown to have the highest FCR. Significant 

differences were seen between the treatments 

(P<0.001). Additionally, Table 5 showed that the 

range of FCR values affected by the combination of 

carbon sources and stocking density was 1.21 to 1.57. 

Fish of treatment T3, stocked at 100  fish/m3, had the 

highest FCR with molasses serving as a carbon 

source. Treatment differences were statistically 

significant (P<0.001). 

Table 4 shows that a decrease in stocking 

density was associated with a significant (P<0.05) 

increase in the average protein efficiency ratio (PER). 

The addition of carbon sources to the biofloc system 

enhanced the PER values, as Table 4 demonstrates, 

and there were notable variances between the three 

carbon sources and clear water. Additionally, Table 

5's data demonstrated that fish stocked at 100  and 

150  fish/m3 using molasses as a carbon source had 

increased PER values. 

The development and production of 

microbial flocs recycles wastes and leftover feeds, 

which helps fish recycle and repurpose feed nutrients 

and ultimately improves overall feed assimilation, 

particularly in situations where there is no water 

exchange (Avnimelech, 2006; Avnimelech et al., 

2008; Xu and Pan, 2012). Regarding the beneficial 

impacts of BFT on growth performance, these 
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findings showed that red tilapia fingerlings are 

adaptable to novel nutritional environments and that 

microbial flocs induced the production and/or activity 

of digestive enzymes, leading to better nutrient 

digestion in the gut. This enhanced feed utilization 

and growth performance may be explained by these 

findings (Moss et al., 2001; Xu et al., 2012a, b; Xu 

and Pan, 2012). The FCR (1.25) for red tilapia in the 

molasses group was comparable to those of Sagar et 

al. (2009) and Hari and Kurup (2003). After 98 

days, red tilapia cultivated in a sugar biofloc system 

showed an FCR of 1.33, according to Ballester et al. 

(2017). However, L. vannamei grown in the biofloc 

system showed improved FCR (0.89–1.76) (Serra et 

al., 2015; Khanjani et al., 2017; Peixoto et al., 

2018). 

In general, the growth of red tilapia 

fingerlings cultured in BFT was influenced by the 

supply of carbon. In similar study, L. vannamei post 

larvae have grown in the presence of molas, starch, 

and wheat flour groups (Khanjani et al., 2017). For 

L. vannamei in a grow-out stage, Ekasari et al. 

(2014) also showed comparable growth performance 

utilizing molasses, tapioca, tapioca by-product, and 

rice bran. Similar growth performance was also 

shown by Lobato et al. (2019) and Vilani et al. 

(2016) while producing white leg shrimp using 

molasses and cassava flour and molasses and rice 

bran. 

 

Hematological parameters of red tilapia: 

Blood index analyses are a useful method 

for examining the health of fish kept in aquaculture 

since they yield trustworthy data on metabolic 

illnesses (Osman et al., 2019). As well as, various 

dietary supplements may have an impact on blood 

components (Animashahun et al., 2006; Osman et 

al., 2019). Assessing the quality and suitability of 

feed ingredients for farm fish requires consideration 

of hematological and blood biochemical factors 

(Maxwell et al., 1990; Ighwela et al., 2012). As a 

result of their typical sensitivity to food composition, 

they are widely employed in the assessment of fish 

health (Abdel-Tawwab et al., 2010; Solomon and 

Okomoda, 2012; Habte-Tsion et al., 2013; 

Kondera et al., 2017). 

As shown in Table (5), two stocking 

densities of 100  and 150  fish/m3 did not affect 

hemoglobin (Hb), red blood cell count (RBCs), or 

mean cell volume (MCV) of red tilapia, and the 

differences between the two groups were non-

significant. While mean cell hemoglobin (MCH), 

mean cell hemoglobin concentration (MCHC), and 

white blood cell (WBC) were affected by two 

stocking densities of 100  and 150  fish/m3, while D1 

(50 fish/m3) had the highest averages and D2 (150  

fish/m3) had the lowest averages, the differences 

between the two groups were significant. 

The results in Table 5 showed that adding 

carbon sources to biofloc of red tilapia enhanced their 

means of hemoglobin (Hb), mean cell hemoglobin 

concentration (MCHC), and white blood cell (WBC). 

When compared to other carbon sources and pure 

water, the fish groups in the system using molasses as 

a source of carbon emitted the most significantly 

(P<0.05). while sources of carbon had no effect on 

the increasing values of RBCS, MCV, or MCH. 

Hb, RBCS, MCV, MCH, and MCHC of red tilapia 

were not affected by the interaction between stocking 

density and different carbon sources (Table, 5). while 

WBCs of red tilapia were affected by interaction 

between stocking density and different carbon 

sources, where the highest value of WBCs was in T3 

(D1+ MO) and the lowest value was in T2 (D2+ 

CNT). 

The results of this study suggest that the biofloc 

system, which is a combination of stocking density 

and carbon source, did not affect the physical 

conditions of the red tilapia. Specifically, there was 

no discernible influence on RBC, Hb, MCV, MCH, 

or MCHC. Bakhsh et al. (2018) observed the same 

outcome for common carp fingerlings raised in the 

biofloc method. In a similar vein, Azim and Little 

(2008) found no statistically significant differences in 

the blood Hct of Nile tilapia between the biofloc 

groups and the control group. A similar pattern was 

noted in additional research (Xu and Pan, 2014; 

Long et al., 2015). 

Moreover, there was no discernible difference in 

the total hemocyte count of shrimp between the 

biofloc groups and the control group (Xu and Pan, 

2014). Conversely, Xu and Pan (2013) discovered 

that there was a substantial difference in the total 

hemocyte count between the shrimp in the biofloc 

groups and the control group. It appears that this 

phenomenon could be explained by several cultural 

species and experimental settings. White blood cell 

count (WBC) levels in the current study increased 

significantly across all biofloc groups as compared to 

the control. These findings somewhat concurred with 

the findings of Long et al. (2015) and Azim and 

Little (2008). Fish fed rice bran and molasses had the 

highest concentration of white blood cells (WBCs) in 

their blood. The blood biochemical values obtained 

in this study were generally within the Nile tilapia's 

permissible ranges. Mahmoud and El-Hais (2017) 

and Ayyat et al. (2017) both endorsed these findings. 

 

 
 

Table 5: Effect of stocking density levels and different carbon sources on hematological parameters of red tilapia. 
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Items 

Measured parameters 

Hb RBCS MCV MCH MCHC WBCs 

Effect of stocking density levels 

Stocking density 100  

fish/m3 (D1) 

11.66±0.04 4.05±0.25 98.14±0.08a 30.77±0.08 32.20±0.14a 27.18±0.44a 

Stocking density 150  

fish/m3 (D2) 

11.71±0.04 4.07±0.25 97.47±0.08b 30.82±0.08 31.44±0.14b 24.74±0.44b 

P Value 0.395 0.995 <0.001 0.66 0.001 0.001 

Effect of carbon resources 

Clear water (CNT) 10.98±0.06d 3.61±0.32 97.96±0.11 30.54±0.11 31.45±0.20b 19.27±0.62c 

Molasses (MO) 12.20±0.06a 3.73±0.32 97.65±0.11 31.24±0.11 32.40±0.20a 30.71±0.62a 

Sugar (SU) 11.95±0.06b 3.88±0.32 97.96±0.11 30.88±0.11 31.92±0.20ab 27.72±0.62b 

Rice bran (RB) 11.63±0.06c 4.00±0.32 97.64±0.11 30.53±0.11 31.86±0.20ab 26.14±0.62b 

P-Value <0.001 0.148 0.076 0.001 0.010 <0.001 

Effect of Stocking size and stocking density levels 

D1+ CNT (T1) 10.96±0.80 3.60±0.51 98.20±0.15 30.51±0.16 31.14±0.27 20.49±0.87e 

D2+ CNT (T2) 10.61±0.80 3.72±0.51 98.08±0.15 31.21±0.16 32.02±0.27 18.05±0.87f 

D1+ MO (T3) 12.22±0.80 4.01±0.51 98.20±0.15 30.86±0.16 31.54±0.27 31.93±0.87a 

D2+ MO (T4) 12.27±0.80 3.99±0.51 98.08±0.15 30.50±0.16 31.07±0.27 29.49±0.87b 

D1+ SU (T5) 11.01±0.80 3.62±0.51 97.72±0.15 30.56±0.16 31.90±0.27 26.50±0.87cd 

D2+ SU (T6) 11.66±0.80 3.74±0.51 97.22±0.15 31.26±0.16 32.78±0.27 24.92±0.87d 

D1 + RB (T7) 11.97±0.80 3.99±0.51 97.72±0.15 30.91±0.16 32.30±0.27 27.36±0.87c 

D2+ RB (T8) 11.92±0.80 3.87±051 97.22±0.15 30.55±0.16 31.83±0.27 28.94±0.87b 

P-Value 1.00 1.00 0.429 1.00 1.00 0.001 

CNT, fish group stocked at clean water; 

MO, fish group reared under biofloc system supplemented with molasses; 

SU, fish group reared under biofloc system supplemented with sugar; 

RB, fish group reared under biofloc system supplemented with rice bran; 

Data were presented as the mean ± standard error mean (SEM). 

 
Proximate analysis of red tilapia: 

Proximate analysis of red tilapia as affected 

by stocking density is presented in Table 6. It is clear 

that the stocking density D1 (100  fish/m3) 

significantly increased crude protein content 

(P<0.05), while the stocking density D2 (150  

fish/m3) significantly increased lipid and ash contents 

(P<0.001), but moisture and dry matter content were 

not significantly affected (Table, 6). 

Results of the proximate analysis Table 9 

showed that the addition of sources of carbon 

increased dry matter (P<0.05) as well as protein, 

lipid, and ash contents (P<0.001), while dry matte 

content was not significantly affected.  

The interaction between stocking density 

and source of carbon (Table, 6) showed that 

proximate analyses of whole fish showed no 

significant differences among treatments for moisture 

contents. According to Table 9, T8 (D2 + RB) was 

found to have the highest value of crude protein 

contents (52.39%), while T2 (D2 + CNT) was found 

to have the lowest value (51.49%). 

          As found in this table, the highest value of 

crude fat was (11.27%) in the T2 (D2+ CNT) group 

that received clear water (control) at a density of 150  

fish/m3, whereas the T7 (D1 + RB) group that 

received rice bran at a density of 100  fish/m3 had the 

lowest value of crude fat contents (9.15%). The 

results in Table 6 indicated that T2 (D2 + CNT) 

recorded the highest value of ash contents (17.96%), 

and the lowest value (14.97%) was in T7 (D1 + RB). 

The differences among treatments were significant 

(<0.05, 0.001, and <0.001) for crude protein, crude 

fat, and ash contents, respectively.
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Table 6: Effect of stocking density levels and different carbon sources on measurements of chemical 

composition of red tilapia.  

 

Items 

Measured parameters 

Moisture Dry matter Crude protein Crude Fat Ash 

Effect of stocking density levels 

Stocking density 100  fish/m3 

(D1) 

72.21±0.19 27.79±1.39 52.58±0.07a 10.24±0.08a  15.64±0.05b 

Stocking density 150  fish/m3 

(D2) 

71.91±0.09 26.31±1.39 52.19±0.07b 9.64±0.08b 16.45±0.05a 

P Value 0.021 0.364 0.047 <0.001 <0.001 

Effect of carbon sources 

Clear water (CNT) 73.14±0.12a 26.86±1.79 51.60±0.10c 10.71±0.11a 17.14±0.06a 

Molasses (MO) 72.34±0.12b 27.66±1.79 52.61±0.10b 10.35±0.11b 16.72±0.06b 

Sugar (SU) 71.55±0.12c 28.90±1.79 52.93±0.10a 9.39±0.11c 15.26±0.06c 

Rice bran (RB) 71.22±0.12d 28.78±1.79 52.80±0.10a 9.30±0.11c 15.06±0.06d 

P-Value <0.001 0.469 <0.001 <0.001 <0.001 

Effect of Stocking size and stocking density levels 

D1+ CNT (T1) 73.366±0.17 26.646±6.77 51.65±0.13 10.16±0.15 16.32±0.09 

D2+ CNT (T2) 72.926±0.17 27.086±6.77 51.49±0.13 11.27±0.15 17.96±0.09 

D1+ MO (T3) 72.56±0.17 27.446±6.77 52.65±0.13 9.79±0.15 15.90±0.09 

D2+ MO (T4) 72.12±0.17 27.88±6.77 52.56±0.13 10.90±0.15 17.54±0.09 

D1+ SU (T5) 71.800±0.17 28.20±6.77 52.80±0.13 9.44±0.15 15.35±0.09 

D2+ SU (T6) 71.29±0.17 28.71±6.77 53.07±0.13 9.33±0.15 15.17±0.09 

D1 + RB (T7) 71.13±0.17 28.87±6.77 53.22±0.13 9.15±0.15 14.97±0.09 

D2+ RB (T8) 71.30±0.17 28.70±6.77 52.39±0.13 9.45±0.15 15.14±0.09 

P-Value 0.183 0.431 0.005 0.001 <0.001 

CNT, fish group stocked at clean water; 

MO, fish group reared under biofloc system supplemented with molasses; 

SU, fish group reared under biofloc system supplemented with sugar; 

RB, fish group reared under biofloc system supplemented with rice bran; 

Data were presented as the mean ± standard error mean (SEM). 

Table 6's results demonstrated that, when 

compared to the control group, the different sources 

of carbon (molasses, sugar and rice bran) obtained 

the greatest significance in terms of crude protein and 

dry matter and the lowest in terms of fat and ash 

content. However, Azim and Little (2008) found that 

the chemical makeup of the Nile tilapia (O. niloticus) 

fish in the tanks under biofloc and control did not 

significantly differ from one another. Same 

observations were documented by Wasielesky et al. 

(2006), who found that while the crude lipid and ash 

content tended to increase in the biofloc treatments, 

there were no significant differences (P > 0.05) in the 

chemical composition of the shrimp whole body  

 

between the biofloc treatments and the control group 

in the moisture and protein content. 

Conclusion: 

In this study, demonstrated the effective 

application of molasses, sugar and rice bran as carbon 

supplement for biofloc. The addition of carbon 

sources particularly, molasses at stocking density 100 

fish per m3 of red tilapia fingerlings, promotes 

growth performance, feed utilization and anti-stress 

markers of red tilapia cultured in biofloc system as an 

effective environmentally friendly aquaculture 

technique. 



DJAS., Vol. (4) (I): (149-164) (2025) 
 

   159 
 

REFERENCES 

Ayyat M. S., Mahmoud H. K., El-Hais A. E. A. M. 

and Abd El-Latif K. M. (2017). The role of 

some feed additives in fish fed on diets 

contaminated with cadmium. Environmental 

Science and Pollution Research, 24(30):23636-

23645. 

Ahmad, I., Babitha Rani, A. M., Verma, A. K. and 

Maqsood, M. (2017). Biofloc technology: an 

emerging avenue in aquatic animal healthcare 

and nutrition. Aquaculture international, 25(3): 

1215-1226. 

 Ahmadi, N., Baroiller, J. F., D’Cotta Carreras, H. 

and Morillon, R. (2016). Adaptation to sali-

nity. In: Torquebiau, E. (Ed.), Climate Change 

and Agriculture Worldwide. Springer, 

Dordrecht, pp. 45–58. 

Abdel-Tawwab M., Ahmad M. H., Khattab, Y. A. 

and Shalaby A. M. (2010). Effect of dietary 

protein level, initial body weight, and their 

interaction on the growth, feed utilization, and 

physiological alterations of Nile tilapia, 

Oreochromis niloticus (L.). Aquaculture, 298(3-

4):267-274. 

Animashahun R. A., Omoikhoje S. O. and 

Bamgbose, A. M. (2006). Haematological and 

biochemical indices of weaner rabbits fed 

concentrates and Syndrella nodiflora forage 

supplement. Proc. 11th Annual Conference of 

Animal Science Association of Nigeria. Institute 

of Agricultural Research and training Nigeria, 

pp. 29-32. 

AOAC (2000). Official methods of analysis of AOAC 

international, 17th edn. Association of 

Analytical Communities, Gaithersburg. 

Asaduzzaman, M., Wahab, M. A., Verdegem, M. C. 

J., Huque, S., Salam, M. A. and Azim, M. E. 

(2008). C/N ratio control and substrate addition 

for periphyton development jointly enhance 

freshwater prawn Macrobrachium rosenbergii 

production in ponds. Aquaculture, 280(1-4): 

117-123. 

Avnimelech, Y. (2006). Bio-filters: the need for an 

new comprehensive approach. Aquac Eng 

34:172–178. 

Avnimelech, Y. (1999). Carbon/nitrogen ratio as a 

control element in aquaculture systems. 

Aquaculture, 176, 227–235. 

Avnimelech, Y. (2007). Feeding with microbial flocs 

by tilapia in minimal discharge bio-flocs 

technology ponds. Aquaculture 264:140–147. 

Avnimelech, Y., (2009). Biofloc Technology: A 

Practical Guide Book. World Aquaculture 

Society, Baton Rouge, Louisiana, USA. 182 P. 

Avnimelech, Y., Verdegem, M., Kurup, M. and 

Keshavanath, P. (2008). Sustainable land-

based aquaculture: rational utilization of water, 

land and feed resources. Mediterranean 

Aquaculture Journal, 1(1): 45-54. 

Azim, M.E. & 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 

283:29–35. 

Bakhsh E. M., Khan S. A., Marwani H. M., Danish 

E. Y., Asiri A. M. and Khan S. B. (2018). 

Performance of cellulose acetate-ferric oxide 

nanocomposite supported metal catalysts toward 

the reduction of environmental pollutants. 

International journal of biological 

macromolecules, 107:668-677. 

Ballester, E. L. C., Marzarotto, S. A., Silva de 

Castro, C., Frozza, A., Pastore, I. and Abreu, 

P. C. (2017). Productive performance of 

juvenile freshwater prawns Macrobrachium 

rosenbergii in biofloc system. Aquaculture 

Research, 48(9): 4748-4755. 

Becerril-Cortés, D., Monroy-Dosta, M. D. C., 

Coelho-Emerenciano, M. G., Castro- Mejía, 

G., Cienfuegos-Martínez, K. and Lara-

Andrade, D. (2017). Nutritional importance for 

aquaculture and ecological function of 

microorganisms that make up Biofloc, a review. 

Int. J. of Aquatic Science, 8(2): 69-77. 

Bakeer, M. N., Mostafa, M. A. A. and Higaze, A. Z. 

(2007). Effect of fish size and density at initial 

stocking on growth performance and fish 

marketable size. Mansoura Univ. J. Agric. Sci. 

32. 

Burford, M. A., Thompson, P. J., McIntosh, 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, 232(1-4), 525-537. 

Balasubramaniam, P., and Malathi, A. (1992). 

Comparative study of hemoglobin estimated by 

Drabkin's and Sahli's methods. Journal of 

postgraduate medicine. 38: 8. 

Blaxhall, P. and Daisley, K. (1973). Routine 

haematological methods for use with fish blood. 

Journal of fish biology. 5: 771-781. 



DJAS., Vol. (4) (I): (149-164) (2025) 
 

   159 
 

Cardona, E., Gueguen, Y., Magré, K., Lorgeoux, B., 

Piquemal, D., Pierrat, F. and Saulnier, D. 

(2016). Bacterial community characterization of 

water and intestine of the shrimp Litopenaeus 

stylirostris in a biofloc system. Bmc 

Microbiology, 16(1): 1-9. 

Cicia, A. M., Schlenker, L. S., Sulikowski, J. A., and 

Mandelman, J. W. (2012). Seasonal variations 

in the physiological stress response to discrete 

bouts of aerial exposure in the little skate, 

Leucoraja erinacea. Comparative Biochemistry 

and Physiology Part A: Molecular & Integrative 

Physiology, 162(2), 130–138. 

 

Durigon, E.G., Lazzari, R., Uczay, J,. Lopes, 

D.L.D.A., Jerônimo, G.T., Sgnaulin, T. and 

Emerenciano, M.G.C., 2019. Biofloc 

technology (BFT): Adjusting the levels of 

digestible protein and digestible energy in diets 

of Nile tilapia juveniles rose in brackish water. 

Aquaculture and Fisheries, 1-10. 

DOI:10.1016/j.aaf.2019.07.001 

Daniel, N. and Nageswari, P. (2017). Exogenous 

probiotics on biofloc based aquaculture: a 

review. Current Agriculture Research Journal, 

5(1): 88. 

De Schryver P. and Verstraete W. (2009). Nitrogen 

removal from aquaculture pond water by 

heterotrophic nitrogen assimilation in lab-scale 

sequencing batch reactors. Bioresource 

technology, 100(3):1162-1167. 

Dacie, J., and Lewis, S. (1991). Miscellaneous tests. 

Practical haematology. 7th Ed. London, 

Churchill Livingstone: 227-257. 

El-Shafiey M. H. M., Mabroke R. S., Mola H. R. A., 

Hassaan M. S. and Suloma A. (2018). 
Assessing the suitability of different carbon 

sources for Nile tilapia Oreochromis niloticus 

culture in BFT system. AACL Bioflux, 

11(3):782-795. 

Emerenciano, M. G. C., Martínez-Córdova, L. R., 

Martínez-Porchas, M. & Miranda-Baeza, A. 

(2017). Biofloc technology (BFT): a tool for 

water quality management in aquaculture. 

Water quality, 5, 92-109. 

Ekasari, J., Angela, D., Waluyo, S. H., Bachtiar, T., 

Surawidjaja, E. H., Bossier, P. and De 

Schryver, P. (2014). The size of biofloc 

determines the nutritional composition     and     

the     nitrogen      recovery      by      aquaculture 

animals. Aquaculture, 426, 105-111. 

Ekasari, J. (2014). Biofloc technology as an integral 

approach to enhance production and ecological 

performance of aquaculture (Doctoral 

dissertation, Ghent University). 

Emerenciano, Maurício, 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. Aquac. Int. 21, 987–1007. 

Emerenciano, M., Cuzon, G., Paredes, A. & 

Gaxiola, G. (2013a). Evaluation of biofloc 

technology in pink shrimp Farfantepenaeus 

duorarum culture: growth performance, water 

quality, microorganisms’ profile and proximate 

analysis of biofloc. Aquaculture international 

21:1381–1394. 

Emerenciano, Maurício, 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. Aquac. Int. 21, 1381–1394. 

Emerenciano, M., Gaxiola, G. and Cuzon, G. 

(2013b). Biofloc technology (BFT): a review 

for aquaculture application and animal food 

industry. Biomass now-cultivation and 

utilization, 301- 328.  

Emerenciano, Maurcio, Gaxiola, G. and Cuzo, G. 

(2013c). Biofloc technology (BFT): a review for 

aquaculture application and animal food 

industry. Biomass Now - Cultivation and 

Utilization. 

FAO, (2018). The State of World Fisheries and 

Aquaculture. Meeting the sustainable 

development goals. Food and Agriculture 

Organization, Rome. 

Hwihy H., Zeina A., Abu Husien M. and El-

Damhougy K. (2021). Impact of Biofloc 

technology on growth performance and 

biochemical parameters of Oreochromis 

niloticus. Egyptian Journal of Aquatic Biology 

and Fisheries, 25(1):761-774. 

Hargreaves J. A. (2013). Biofloc production systems 

for aquaculture. SRAC Publication number 

4503, 12 pp. 

Habte-Tsion, H. M., Liu, B., Ge, X., Xie, J., Xu, P., 

Ren, M. and Chen, R. (2013). Effects of 

dietary protein level on growth performance, 

muscle composition, blood composition, and 

digestive enzyme activity of Wuchang bream 

(Megalobrama amblycephala) fry. The Israeli 

Journal of Aquaculture- Bamidgeh, IJA_65. 

160



DJAS., Vol. (4) (I): (149-164) (2025) 
 

   159 
 

Hari, B. and Madhusoodana Kurup, B. (2003). 
Comparative evaluation of dietary protein levels 

and plant–animal protein ratios in 

Macrobrachium rosenbergii (de Man). 

Aquaculture Nutrition, 9(2): 131-137. 

Ju, Z. Y., Forster, I., Conquest, L. and Dominy, W. 

(2008). Enhanced growth effects on shrimp 

(Litopenaeus vannamei) from inclusion of 

whole shrimp floc or floc fractions to a 

formulated diet. Aquaculture Nutrition, 14(6), 

533-543. 

Ju H, Conway D, Li Y, Harvey A, Lin E and 

Calsamiglia-Mendlewicz S. (2008). The 

Impacts of Climate Change on Chinese 

Agriculture — Phase II, Adaptation Framework 

and Strategy Part 2: Application of the 

Adaptation Framework: A Case Study of 

Ningxia, Northwest China. Report to DEFRA 

(now DECC) and DFID, ED02264, Issue 2. 

Jhingran, V. G., Gopalakrishnan, V. and Fishery 

Resources and Environment Division Food 

and Agriculture Organization, 

(1974). Catalogue of cultivated aquatic 

organisms. Food and Agriculture Organization 

of the United Nations. 

Khanjani M. H., Alizadeh M. and Sharifinia M. 

(2021). 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 International, 29(1):307-

321. 

Khanjani M. H., Alizadeh M. and Sharifinia M. 

(2020). Rearing of the Pacific white shrimp, 

Litopenaeus vannamei in a biofloc system: The 

effects of different food sources and salinity 

levels. Aquaculture Nutrition, 26(2):328-337. 

  

Khanjani, M. H. and Sharifinia, M. (2020). Biofloc 

technology as a promising tool to improve 

aquaculture production. Reviews in 

Aquaculture, 12(3), 1836-1850. DOI: 

10.1111/RAQ.12412. 

 

Khanjani, M. H., Sajjadi, M. M., Alizadeh, M. and 

Sourinejad, I. (2017). Nursery performance of 

Pacific white shrimp (Litopenaeus vannamei 

Boone, 1931) cultivated in a biofloc system: the 

effect of adding different carbon sources. 

Aquaculture Research, 48,1491-1501. 

DOI:10.1111/are.12985. 

Kamilya, D., Debbarma, M., Pal, P., Kheti, B., 

Sarkar, S. and Singh, S. T. (2017). Biofloc 

technology application in indoor culture of 

Labeo rohita (Hamilton, 1822) fingerlings: The 

effects on inorganic nitrogen control, growth 

and immunity. Chemosphere, 182, 8-14. 

Kondera, E., Kościuszko, A., Dmowska, A. and 

Witeska, M. (2017). Haematological and 

haematopoietic effects of feeding different diets 

and starvation in common carp (Cyprinus 

carpio) L. Journal of Applied Animal Research, 

45(1): 623-628. 

Khanjani M. H., Sajjadi M. M., Alizadeh M. and 

Sourinejad I. (2017). Nursery performance of 

Pacific white shrimp (Litopenaeus vannamei 

Boone, 1931) cultivated in a biofloc system: the 

effect of adding different carbon sources. 

Aquaculture Research, 48:1491-1501. 

Lobato, O. S. C., Ribeiro, F. D. A. S., Miranda-

Baeza, A. and Emerenciano, M. G.C. (2019). 
Production performance of Litopenaeus 

vannamei (Boone, 1931) fed with different 

dietary levels of tilapia processing waste silage 

reared in biofloc system using two carbon 

sources. Aquaculture, 501, 515-518. 

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, 448:135-141. 

Mahmoud H. K. and El-Hais A. (2017). Effect of 

dietary garlic (Allium sativum) supplementation 

on Nile tilapia Oreochromis niloticus juveniles’ 

performance under two stocking denisties. 

Egyptian Journal of Nutrition and Feeds, 

20(1):115-124. 

Moss, S. M., Divakaran, S. and Kim, B.G. (2001). 

Stimulating effects of pond water on digestive 

enzyme activity in the Pacific white shrimp, 

Litopenaeus vannamei (Boone). Aquaculture 

Research, 32:125-132. 

Maxwell, M. H., Robertson, G. W., Spence, S. and 

McCorquodale, C. C. (1990). Comparison of 

haematological values in restricted‐and ad 

libitum‐fed domestic fowls: White blood cells 

and thrombocytes. British Poultry Science, 

31(2): 399-405. 

Nurhatijah, N., Muchlisin. Z. A., Sarong, M. A. and 

Supriatna, A. (2016). Application of biofloc to 

Maintain the water quality in culture system of 

the tiger prawn (Penaeus monodon). AACL 

Biofluc, 2016, Volume 9, Issue 4. 

Ibrahim L. A. and Ramzy E. M. (2013). Water quality 

and its impact on Tilapia zilli (case study) 

161



DJAS., Vol. (4) (I): (149-164) (2025) 
 

   159 
 

Qarun Lake-Egypt. International Water 

Technology Journal, 3(4):170-191. 

Ighwela, K. A., Ahmad, A. B. and Abol-Munafi, A. 

B. (2012). Haematological changes in Nile 

tilapia (Oreochromis niloticus) fed with varying 

dietary maltose levels. World J Fish Marine Sci, 

4(4): 376-381. 

Osman, A. G. M., Farrag, M. M. S., Badrey, A. E. 

A., Khedr, Z. M. A. and Kloas, W. (2021). 
Water quality and health status of monosex Nile 

Tilapia, Oreochromis niloticus cultured in 

aquaponics system (ASTAF-PRO) Egyptian 

Journal of Aquatic Biology and Fisheries, 

25(2):785–802. 

Osman A. G. M., Gadel-Rab A. G. Mahmoud F. A., 

Hamed H. S., Elshehaby M. M., Ali A. E. and 

Kloas W. (2019). Blood Characteristics and 

Tissue Histology of Nile Tilapia (Oreochromis 

Niloticus Niloticus) Fed A Diet Containing 

Cheese Skipper (Piophila Casei) Larvae. 

Scholarly Journal of Food and Nutrition, 

25(3):219-228. 

Ombong, F. and dan Indra, R. N. S. (2016). Aplikasi 

Teknologi Bioflok (BFT) pada Kultur Ikan Nila 

(Oreochromis niloticus). Jurnal Budidaya 

Perairan. Vol.4 No.2: 16-25. 2016. 

 

Panigrahi, A., Sundaram, M., Saranya, C., Satish 

Kumar, R., Syama Dayal, J., Saraswathy, R., 

Otta, S. K., Shyne Anand, P. S., Nila Rekha, 

P. and Gopal, C. (2019). Influence of 

differential protein levels of feed on production 

performance and immune response of pacific 

white leg shrimp in a biofloc–based system. 

Aquaculture, 503, 118-127. 

DOI:10.1016/j.aquaculture.2018.12. 036. 

Panigrahi, A., Sundaram, M., Chakrapani, S., 

Rajasekar, S., Syama, D. J. and Chavali, G. 

(2019) Effect of carbon and nitrogen ratio (C:N) 

manipulation on the production performance 

and immunity of Pacific white shrimp 

Litopenaeus vannamei (Boone, 1931) in a 

biofloc-based rearing system. Aquac Res 50:29–

41. 

Peixoto, S., Silva, E., Costa, C. B., Nery, R. C., 

Rodrigues, F., Silva, J. F. and Soares, R. 

(2018). Effect of feeding frequency on growth 

and enzymatic activity of Litopenaeus vannamei 

during nursery phase   in   biofloc system. 

Aquaculture Nutrition, 24(1): 579-585. 

Putra, I., Rusliadi, R., Fauzi, 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. 

Journal F1000Research. Vol. 6 ;1546.  

Ray, A. J., Lewis, B. L., Browdy, C. L. and Leffler, 

J. W. (2010) Suspended solids removal to 

improve shrimp (Litopenaeus vannamei) 

production and an evaluation of a plant-based 

feed in minimal-exchange superintensive 

culture systems. Aquaculture 299:89–98. 

Samocha, T. M., Prangnell, D. I., Hanson, T.R., 

Treece, G. D., Morris, T. C., Castro, L. F. 

and Staresinic, N. (2017). Design and 

operation of super intensive, biofloc- dominated 

systems for indoor production of the pacific 

white shrimp, Litopenaeus vannamei– The 

Texas A&M AgriLife Research Experience. 

Louisiana: The World Aquaculture Society. 368 

P. 

Suita S. M., Ballester E. L., Abreu P. C. and 

Wasielesky Jr. W. (2015). Dextrose as carbon 

source in the culture of Litopenaeus vannamei 

(Boone, 1931) in a zero-exchange system. Latin 

American Journal of Aquatic Research, 

43(3):526-533. 

Serra, F. P., Gaona, C. A. P.,Furtado, P. S.,Poersch, 

L. H. and Wasielesky, W. Jr (2015). Use of 

different carbon sources for the biofloc system 

adopted during the nursery and grow-out culture 

of Litopenaeus Vannamei. Aquaculture 

International,23, 1325-1339. 

Solomon, S. G. and Okomoda, V. T. (2012). Effects 

of photoperiod on the haematological 

parameters of Clarias gariepinus fingerlings 

reared in waterrecirculatory system. Journal of 

Stress Physiology and   Biochemistry, 8(3): 

247-253. 

Solomon S. G. and Okomoda V. T. (2012). Growth 

performance of Oreochromis niloticus fed 

duckweed (Lemna minor) based diets in outdoor 

hapas. International Journal of Research in 

Fisheries and Aquaculture, 2 (4):61-65. 

SAS (2012). Institute Inc. SAS/STAT Statistics user’s 

guide. Statistical analytical system, 5th rev ed. 

Cary, NC, USA. 

Sorphea, S., Lundh, T., Preston, T. R. and Borin, K. 

(2010). Effect of stocking densities and feed 

supplements on the growth performance of 

tilapia (Oreochromis spp.) raised in ponds and 

in the paddy field. Livest. Res. Rural Dev. 22. 

Sagar, V., Sahu, N. P., Pal, A. K., Jain, K. K. and 

Venugopal, G. (2009). Growth and digestive 

enzymes of Macrobrachium rosenbergii 

juveniles: effect of different stock types and 

dietary protein levels under a similar culture 

162



DJAS., Vol. (4) (I): (149-164) (2025) 
 

   159 
 

environment. Aquaculture Research, 40(12): 

1383-1393. 

Stoskopf, M. (1993). Fish medicine. Philadelphia. 

London. Toronto. Montreal. Sydney. Tokyo. 

WB Saunders company. Harcourt Brace 

Jovanovich Inc. 

Thilakan A. P., Kumar K., Shukla S. P., Kumar S., 

Saharan N. and Karmakar S. (2019). 
Occurrences of triclosan in Versova creek of 

Mumbai, India and its toxicity on selected 

aquatic organisms. Journal of Experimental 

Zoology, India 22:737-742. 

Vilani, F. G., Schveitzer, R., da Fonseca Arantes, R., 

do Nascimento Vieira, F., do Espirito Santo, 

C. M. and Seiffert, W. Q. (2016). Strategies 

for water preparation in a biofloc system: 

Effects of carbon source and fertilization dose 

on   water   quality   and   shrimp   performance. 

Aquacultural   engineering, 74, 70-75. 

Walker, D. A. U., Suazo, M. C. M. and 

Emerenciano, M. G. C. (2020). Biofloc 

technology: principles focused on potential 

species and the case study of Chilean river 

shrimp Cryphiops caementarius. Reviews in 

Aquaculture, 12(3), 1752-1782. 

DOI:10.1111/raq.12408 

Wang C., Pan L., Zhang K., Xu W., Zhao D. and 

Mei L. (2016). Effects of different carbon 

sources addition on nutrition composition and 

extracellular enzymes activity of bioflocs, and 

digestive enzymes activity and growth 

performance of Litopenaeus vannamei in 

zero‐exchange culture tanks. Aquaculture 

research, 47 (10):3307- 3318. 

Wang, G., Yu, E., Xie, J., Yu, D., Li, Z., Luo, W. 

and Zheng, Z. (2015). Effect of C/N ratio on 

water quality in zero-water exchange tanks and 

the biofloc supplementation in feed on the 

growth performance of crucian carp, Carassius 

auratus. Aquaculture, 443, 98-104. 

Wasielesky Jr, W., Atwood, H., Stokes, A. and 

Browdy, C. L. (2006). Effect of natural 

production in a zero exchange suspended 

microbial floc based super-intensive    culture     

system     for     white     shrimp     Litopenaeus 

vannamei. Aquaculture, 258(1-4): 396-403. 

Xu W. J. and Pan L. Q. (2014). Evaluation of dietary 

protein level on selected parameters of immune 

and antioxidant systems, and growth 

performance of juvenile Litopenaeus vannamei 

reared in zero-water exchange biofloc-based 

culture tanks. Aquaculture, 426:181-188. 

Xu W. J. and Pan L. Q. (2013). Enhancement of 

immune response and antioxidant status of 

Litopenaeus vannamei juvenile in biofloc-based 

culture tanks manipulating high C/N ratio of 

feed input. Aquaculture, 412:117-124. 

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, 356, 147-152. 

Xu, W. J., Pan, L. Q., Sun, X. H., Huang, J. and 

(2012a). Effects of bioflocs on water quality, 

and survival, growth and digestive enzyme 

activities of Litopenaeus vannamei (Boone) in 

zero-water exchange culture tanks. 

Xu, W.J., Pan, L.Q., Zhao, D.H. and Huang, J. 

(2012b). Preliminary investigation into the 

contribution of bioflocs on protein nutrition of 

Litopenaeus vannamei fed with different dietary 

protein levels in zero-water exchange culture 

tanks. 

Yue, G. H., Lin, H. R. and Li, J.L. (2016). Tilapia is 

the fish for next generation aquaculture. Int.J. 

Mar. Sci. Ocean Tech 3 (1), 11–13. 

Zhang, N., Luo, G., Tan, H., Liu, W., Hou, Z., 2016. 

Growth, digestive enzyme activity and welfare 

of tilapia (Oreochromis niloticus) reared in a 

biofloc-based system with poly-β-

hydroxybutyric as a carbon source. Aquaculture 

464, 710–717. 

Zhao P., Huang J., Wang X., Song X., Yang C., 

Zhang X. and Wang G. (2012). The 

application of bioflocs technology in high-

intensive, zero exchange farming systems of 

Marsupenaeus japonicus. Aquaculture 354-

355:97-106. 

 

 

 

 

 

 

 

 163



DJAS., Vol. (4) (I): (149-164) (2025) 
 

164 

 الملخص العربي
 

أسماك البلطي الأحمر المرباة في ظروف البيوفلوك: تأثير كثافة التخزين ومصادر الكربون الغذائي على أداء النمو  

 ومؤشرات الدم
 أحمد نبيل عبد الصمد1*، محمد فتحى عبدالغنى وأحمد فاروق فتح الباب1      

 .، كلية الزراعة، جامعة دمياط، مصرىوالسمك ىوالداجن ىنتاج الحيوانالإقسم   -1

 القاهرة، مصر، الأزهر، كلية الزراعة، جامعة ىنتاج السمكالإقسم  -2

، مؤشرات الدموعلاف، الغرض من هذه التجربة هو دراسة تأثير مصادر الكربون المختلفة في نظام البيوفلوك على أداء النمو، واستخدام الأ

ة يصحبحالة الأحمر  أسماك البلطيات إصبعي 300استزراعأسماك البلطي الأحمر تحت كثافات تخزين متفاوتة. تم  لجسم لحيويائي اوالتركيب الكيمي

لترًا(.  75لزجاجية )في خزانات من الألياف ا 3سمكة / م 150و  100أسبوعًا بكثافة  14جرام في المتوسط، لمدة  0.19±  2.55: 2.44جيدة، بوزن 

جربة، ي تصميم التلنقية( فات، تمثل أربعة مصادر كربون مميزة هي الدبس والسكر ونخالة الأرز بالإضافة إلى التحكم )المياه ملاثماني معا إجراءتم و

زن و٪ من 5 بمعدل ٪،32لف تجاري يحتوي على نسبة بروتين . تم تغذية الأسماك ثلاث مرات في اليوم على ع3سمكة / م 150و  100بكثافات تخزين 

و واستخدام ل أداء للنمرز أفضالجسم. وقد تأثر النمو واستخدام الأعلاف بشكل كبير بإضافة مصادر الكربون. ووفقاً للبيانات، فقد حقق الدبس ونخالة الأ

 .3سمكة/م 100كثافة تخزين تبلغ تحت الأعلاف ومؤشرات الدم لأسماك البلطي الأحمر 

 


