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Abstract 
 
A 62-d trial was conducted to evaluate the effects of different C/N ratios on water 
quality, growth performance, digestives activity, and antioxidant indicators of tilapia 
fingerlings in BFT systems. Three biofloc treatments (added molasses) with a C/N ratio 
of 14 (BFT14), 17 (BFT17), and 20 (BFT20) were tested against control in clear-water, 
each treatment in triplicate. Four hundred twenty tilapias (24.2±0.1 g) were 
distributed on 12 tanks of 350 L. The dynamics of water quality parameters showed a 
shift from a predominantly autotrophic to a predominantly heterotrophic biofloc with 
an increase in the C/N ratio from 14 to 20. The growth and Feed conversion of tilapia 
were not significantly different between the control, BFT14, and BFT17 groups. A low 
weight gain and high FCR were found in the BFT20 treatment (0.61±0.07 and 1.11±0.12 
g/d) compared to the control (0.84±0.05 and 1±0.07 g/d). Activities of proteases and 
alpha-amylase in the liver and digestive tract were similar in all treatments. As a 
measure of stress, CAT and SOD activities did not differ significantly among the four 
groups. Overall, it was possible to reduce the C/N ratio to14, without negatively 
affecting the biofloc development, growth performance, and physiological parameters 
of juvenile tilapia.  

 

Introduction 
 

Algeria has drafted an ambitious program for the 
development of inland aquaculture, with the creation of 
aquaculture farms for warm-water fish like tilapias and 
catfish MPRH (2014). The southern regions of Algeria 
have significant groundwater resources that can be used 
in aquaculture. However, the most important part of 
this resource is constituted by non-renewable fossil 
aquifers (Saker & Bouhoun, 2007) and its exploitation 
requires rational and judicious management for 
sustainable aquaculture development. Conventional 
open-water fish farms require a significant renewal of 
water for the elimination of wastes generated by 
cultured fish. However, large quantities of waste are 

released directly to the external environment, which is 
further amplified by the global trend of intensification of 
production (Edwards, 2015). Minimizing water 
exchange in aquaculture improves biosecurity by 
reducing pollution and limiting the risk of disease 
propagation (Khanjani & Sharifinia, 2020).  

Aquaculture wastewater comes in the forms of 
suspended wastes (uneaten feed and fecal matter) and 
dissolved wastes (ammonia, nitrite, nitrate, phosphorus, 
and organic matter) (Miller & Semmens, 2002).  
Conventional wastes management in aquaculture 
systems is based on effluent treatment outside the 
culture unit, using settling ponds and wetlands, or a 
combination of mechanical and biological filtration by 
nitrifying bacteria (Crab et al., 2012; Tucker et al., 2008). 

How to cite 
 

Dilmi, A., Refes, W., Meknachi, A. (2022). Effects of C/N Ratio on Water Quality, Growth Performance, Digestive Enzyme Activity and Antioxidant 
Status of Nile tilapia Oreochromis niloticus (Linnaeus, 1758) in Biofloc Based Culture System. Turkish Journal of Fisheries and Aquatic Sciences, 22(1), 
TRJFAS19754. http://doi.org/10.4194/TRJFAS19754 

https://orcid.org/0000-0002-1032-2818
https://orcid.org/0000-0003-2748-5549
https://orcid.org/0000-0003-3858-9394


 
Turkish Journal of Fisheries & Aquatic Sciences         TRJFAS19754 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These techniques generate additional production costs 
and require frequent maintenance (Crab et al., 2012).  
The biofloc technology (BFT) is an eco-friendly 
aquaculture method, based on a waste nutrients 
treatment within the culture unit and requires a low 
water renewal rate (0.5 to 1% per day) (Hargreaves, 
2013; Singh et al., 2020). The main principle of BFT 
consists of the addition of external carbon sources 
combined with high aeration to promote the 
development of suspended microbial aggregates in the 
culture system (Ahmad et al., 2017; Bossier & Ekasari, 
2017; Khanjani & Sharifinia, 2020), which contains a 
various mixture of bacteria, microalgae, zooplankton 
and organic particles (Cardona et al., 2016; Dauda, 
2020). Bacterial populations play a key role in water 
quality control through the removal of nitrogenous 
wastes (Dauda, 2020). Furthermore, the biofloc can be 
used as a food source for aquaculture species such as 
shrimp and tilapia (Crab et al., 2012; Khanjani & 
Sharifinia, 2020). 

Several studies have reported the beneficial effect 
of the biofloc environment in fish and shrimp culture, 
notably the improvement of water quality (Minabi et al., 
2020; Rajkumar et al., 2016; Wang et al., 2015), 
enhancing growth performance and feed utilization 
(Azhar et al., 2020; Hisano et al., 2019; Kamilya et al., 
2017; Luo et al., 2014) and improving aquatic animal 
welfare (Chakrapani et al., 2021; Liu et al., 2018; Yu et 
al., 2020).  

In all aquatic animal production systems, the main 
objective of water quality management is to maintain 
nitrogen waste concentrations less than toxic levels 
(Hargreaves, 2013), which are variable depending on the 
species and development stage.   

In the biofloc system, ammonia removal is 
achieved by the combined action of microalgae, 
autotrophic bacteria, and heterotrophic bacteria whose 
dominance is mainly determined by the 
carbon/nitrogen (C/N) ratio in the culture water (Ebeling 
et al., 2006; Hargreaves, 2006; Xu et al., 2016). The 
increase in the C/N ratio leads to a shift from a biofloc 
environment dominated by photoautotrophic or 
chemoautotrophic communities to an environment 
dominated by heterotrophic communities, with impacts 
on water quality and floc production (Liu et al., 2018; Xu 
et al., 2016).  Generally, feeds commonly used in 
aquaculture have a C/N ratio of around 10. However, it 
is necessary to increase the C/N ratio by adding an 
external carbon source to promote biofloc development 
(Hargreaves, 2013). Carbohydrate additions favor 
suspended solids accumulation by increasing the 
bacterial biomass production in the heterotrophic 
system (Gaona et al., 2016; Gou et al., 2019), which can 
clog the gills of fish and shrimp at high concentrations. 
The C/N ratio should be optimized to ensure biofloc 
formation while limiting the excessive accumulation of 
suspended solids. Crab et al. (2009), suggest that the 
C/N ratio should be maintained around 20 to neutralize 
the inorganic nitrogen. whereas, Xu et al. (2016) 

reported that the C/N ratio can be reduced to 12 in 
shrimp culture by promoting the autotrophic pathway of 
ammonium removal. Tilapia is the second most 
important cultured fish in word after the carps. This 
species has the advantages of fast growth speed, 
adaptability to high stocking densities, strong resistance 
to diseases, adaptable feeding habits, and tolerance of 
poor water quality (Prabu et al., 2019). Tilapia is 
perfectly adapted to biofloc systems, by its ability to 
consume biofloc, as well as its tolerance to high 
concentrations of suspended solids (Avnimelech, 2011; 
Poli et al., 2019). 

Previous studies have reported the improvement 
of growth parameters, feed efficiency, enzyme activity, 
and immune response of tilapia in the BFT system (Haraz 
et al., 2018; Liu et al., 2018; Long et al., 2015; Mirzakhani 
et al., 2019). The impact of C/N ratio manipulation on 
the evolution of physicochemical parameters and its 
relationship to the physiological indices such as 
digestive enzyme activity and antioxidant capacity of 
tilapia remains poorly documented.  

Therefore, the present study aims to investigate 
the effect of varying the C/N ratio between 14 and 20 on 
water quality, growth performance, digestive enzyme 
activity, and antioxidant status of tilapia in the BFT 
system.  
 

Materials and Methods    
 

Experimental Design and Fish Stocking 
 
The experiment was conducted over 62 days, from 

December 2017 to February 2018, at the marine 
experimental fish farm of the National Center for 
Research and Development of Fisheries and 
Aquaculture located at Bou Ismail, 50 km at the West of 
Algiers (Algeria). Four hundred twenty mixed-sex tilapia 
with an average weight of 24.2 ± 0.1 g, were distributed 
in 12 conical tanks (0.8 m diameter) with a useful 
volume of 350 liters. The placement of the tanks 
followed a completely randomized design, with four 
treatments in three replicates.  This experiment 
consisted of three treatments in BFT systems at C/N 
ratios of 14 (BFT14), 17 (BFT17), and 20 (BFT20), 
compared to the control group (C) in clear water. To 
accelerate the initial development of biofloc in the new 
culture system, the BFT tanks were filled to 50% with 
biofloc-rich water as suggested by Krummenauer et al. 
(2014). The biofloc-rich water was taken from a 3 m3 
tank of tilapia culture with a stabilized biofloc water, 
which had concentrations of 0.3 mg/L ammonium, 0.12 
mg/L nitrite, 150 mg/L nitrates, 455 mg/L total 
suspended solids, and alkalinity of 160 mg/L. The tanks 
were placed in a greenhouse under a natural 
photoperiod. Each tank was equipped with an electric 
thermostat (500 W) to maintain the water temperature 
at 24 °C and two air stones to provide water oxygenation 
and agitation. Nets were installed above the tanks to 
prevent the escape of fish. The BFT group treatments 
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were conducted without water exchange, except to 
compensate for losses by evaporation.  

In the control tanks, water is renewed 05 to 08 
times a day from a 16 m3 reservoir tank. The fish were 
fed to satiety, three times daily with a commercial pellet 
of 02 mm for the first 30 days (45% protein, 12 % fat, 2.4 
% fiber, 8.8 % ash), then with a 3 mm pellet (30% 
protein, 6 % fat, 3.4 % fiber, 8.2 % ash) until the end of 
the experiment. The quantities of food distributed each 
day were noted in the daily tracking sheets. In biofloc 
groups, molasses is added daily as a carbon source to 
adjust C/N ratios. The amounts of molasses used were 
calculated taking into account the carbon content in the 
feed and molasses, according to Duy and Van Khanh 
(2018). 
 
Water Quality Parameters 

 
Water temperature (T) and dissolved oxygen (DO) 

were monitored twice daily by using a handheld 
Oximeter (YSI 85). The pH was measured daily by a 
handheld pH meter (HANNA HI9025). Ammonium 
(NH4

+), Nitrite (NO2
-), and Alkalinity (ALK) were 

monitored twice a week. The determination of total 
suspended solids (TSS) is carried out weekly. Analyses of 
NH4

+, NO2
- and ALK were carried out according to Rodier 

et al. (2009). Nitrates (NO3
-) are measured once a week 

with a test strip (MQuant 1100200001). The settleable 
solids (SS) were measured twice a week by 
sedimentation of 1 liter of the sample in an Imhoff cone 
for 20 minutes (Avnimelech & Kochba, 2009). 
 
Growth and Production Parameters 

 
After 30 days experiment (D30) and at the end of a 

feeding trial (D62), all the fish in each tank were counted 
and weighed to calculate the zootechnical parameters 
according to the following equations (Kamilya et al., 
2017; Zhang et al., 2016): 

 
Survival rate:  

S (%) = Nf / Ni × 100 

 
Daily weight gain:  

DWG (g / d) = (IBWf - IBWi) / t 

 
Specific growth rate:  

SGR (% / d) = (ln IBWf - ln IBWi) / t × 100 

 
Feed conversion ratio:  
FCR = Total feed supply (kg)/fish biomass increase (kg) 

 
Final stocking density: 

FSD (kg / m3) = Final biomass (kg) / tank volume (m3) 

 
Where Nf is the final number of fish, Ni is the initial 

number of fish, IBWf is the final body weight, IBWi is the 
initial body weight and t is the time in days. 

Tissue Sampling and Preparation 
 
At the end of the feeding trial, fish were starved for 

24 h prior to sampling. Four random fish from each tank 
were euthanized in 0.2% 2-phenoxy-ethanol (van der 
Salm et al., 2005) for desiccation to remove the digestive 
tract and liver. Afterward, the two organs were 
homogenized separately on ice with 10 volumes of Tris-
HCl buffer (pH 7.5) using a blender. The mixtures were 
centrifuged at 6000 rpm for 60 min at 4 °C in a 
refrigerated centrifuge and the supernatants were 
stored at - 80 °C until utilization. The analysis was 
performed by two replicates for each sample. 
 
Proteases Activity 

 
Proteases were determined according to the 

method described by Anasori et al. (2015), using casein 
as a substrate. One ml of the sample was added to 1 ml 
of 1% casein solution and incubated at 37 °C for 10 min, 
then the trichloroacetic acid (TCA) was added to stop the 
reaction. After standing for 30 min at room 
temperature, the mixture was centrifuged for 05 min at 
9000 rpm. The supernatant was mixed with the sodium 
carbonate solution and the Folin-Ciocalteu reagent, 
then incubated for 30 min in the dark. The solution was 
centrifuged for 05 minutes at 9000 rpm and the 
absorbance of their supernatants was measured at 660 
nm. Protease activity was determined by reference to a 
calibration curve using tyrosine as the standard. One 
unit (U) of protease activity is defined as the amount of 
enzyme required to release one micromole of tyrosine 
per minute (Hatate et al., 2000). 
 
Amylase Activity 

 
The alpha-amylase activity was determined 

according to Bernfeld (1955) using starch as a substrate. 
The reaction mixture consists of 0.5 ml of 1% starch 
solution and 0.5 ml of the sample diluted in phosphate 
buffer (pH 6.9). After incubation for 3 minutes at 25 °C, 
the reaction is stopped by the addition of a 
dinitrosalicylic acid reagent. The solution tubes were 
placed in a boiling water bath for 5 minutes, then cooled 
to room temperature. Afterward, 10 ml of distilled 
water was added to each tube and their absorbances 
were measured at 540 nm. The alpha-amylase activity 
was determined by using the maltose standard curve. 
One unit of enzyme activity was defined as the amount 
of enzyme that liberated 1 micromole of maltose per 
minute at 25 °C. 
 
Catalase Activity 

 
Catalase activity (CAT) was determined by the 

method of Aebi (1984), measuring the decrease in 
hydrogen peroxide concentration at 240 nm. The 
reaction mixture contained a 20 µl sample solution, 100 
µl H2O2 substrate, and 2.5 ml phosphate buffer (pH 7). 
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The absorbance of H2O2 at 240 nm is measured for 1 min 
in kinetic mode using a spectrophotometer. One unit of 
catalase activity is defined as the amount of enzyme 
necessary to decompose one micromole of H2O2 at 25 
°C.  
 
SOD Activity 

 
The activity of superoxide dismutase (SOD) is 

analyzed according to the method of Marklund and 
Marklund (1974) based on the auto-oxidation of 
pyrogallol. To a tube containing 2.9 ml of Tris-EDTA 
buffer (pH 8.2) and 50 µl of 20 mmol pyrogallol, 50 µl of 
the sample is added. The rate of auto-oxidation of 
pyrogallol is measured by a spectrophotometer at 325 
nm for 60 seconds in kinetic mode. One unit of SOD 
activity is defined as the amount of SOD inhibiting 50% 
of pyrogallol auto-oxidation at 25 °C.  

Enzyme activities are expressed in specific activity 
(unit/mg protein). Protein concentration in the samples 
was determined by the method of (Lowry et al., 1951). 
 
Statistical Analysis 

 
The results are expressed as means ± standard 

deviation. Means were compared using one-way 
ANOVA followed by a Tukey HSD test when significant 
differences were found at P ˂0.05. The homogeneity of 
the variances was verified by Cochran C, Hartley, Bartlett 
tests. The data were analyzed using STATISTICA 8.0 
software. 
 

Results 
 

Water Quality Parameters 
 
The results of mean values obtained from water 

physicochemical analysis are shown in Table 1. Average 
water temperatures are around 24 °C and dissolved 
oxygen levels were above 6 mg/l during the whole phase 
of the experiment in all treatments. pH and alkalinity 
were significantly lower in the BFT treatments 
compared to the control, with the lowest values in the 
BFT14 treatment. The lowest ammonium and nitrite 

concentrations are recorded in the BFT20 and control 
groups. Nitrate levels were higher in the BFT treatments 
compared to the control, with the highest values 
recorded in the BFT14 group. TSS and SS in the BFT 
treatments increased significantly with the increase in 
the C/N ratio. 

The variation of physicochemical parameters 
during the experiment is shown in Figure 1. A large 
fluctuation in NH4

+, NO2
- and NO3

- concentrations was 
observed in the biofloc treatments. Levels remain within 
acceptable limits for Tilapia (DeLong et al., 2009). NH4

+, 
NO2

-and NO3
- concentrations decreased as C/N ratios 

increased, with the lowest concentrations observed in 
BFT20 and control groups. Water alkalinity is more 
stable in the control group and decreases steadily over 
time in the biofloc system, with the lowest values 
recorded in the BFT14 group. TSS and SS increase 
steadily over time in the biofloc system to reach 
maximum values at the end of the experiment (> 1000 
mg/L). 
 
Zootechnical Parameters 

 
The results of the fish yield parameters are given in 

Table 2. During the whole of the experiment, no 
mortalities were registered in all treatments reflecting 
the good conditions under which the experiment was 
conducted. After 30 days of rearing, the analysis of 
growth and feed conversion indices showed no 
significant differences between the different 
experimental groups. At the end of the experiment, 
differences in growth were recorded between tilapia 
reared in a biofloc system and those reared in clear 
water, with a significant difference in growth rates 
observed between the BFT20 and control group. The 
final stocking density in group BFT20 was significantly 
lower than in BFT14 and control treatments. The feed 
conversion ratio was significantly higher in BFT20 
compared to other groups. 
 
Digestive Enzyme Activities 

 
Analysis of enzyme activity in the digestive tract 

and liver of Tilapia juveniles showed no significant 

Table 1. Mean values ± standard deviation of water quality parameters in the experiment using different C/N ratios in biofloc rearing 
system of Nile tilapia juveniles compared to control treatment in clear water. 

 C BFT 14 BFT 17 BFT 20 

T (°C) 24.15±0.19 24.19±0,10 24.12±0.02 23.97±0.20 
DO (mg/l) 6.60±0.15 6.18±0.29 6,32±0.22 6.17±0.21 
pH 8.04±0.005a 7.72±0.01b 7.82±0.01c 7.85±0.01d 
NH4

+ (mg/l) 0.11±0.02a 0.25±0.03b 0.18±0.01c 0.14±0.01ac 
NO2

- (mg/l) 0.12±0.03a 0.29±0.02b 0.18±0.02c 0.10±0.02a 
NO3

- (mg/l) 7.19±0.64a 142±8.17b 77±7.48c 44.76±6.72d 
Alk (mg/l) 177.5±2,76a 159.7±1.682b 165.33±2,214c 168.77±1.762d 
TSS (mg/l) - 465.9±27.4a 619.8±21.9b 750.5±30.2c 
SS (ml/l) - 42.58±0,5a 52.22±2.02b 59.44±1.84c 

Values on the same row with different superscript letters are significantly different (P˂0,05). 
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Figure 1. Dynamic changes in water quality parameters in control and biofloc tanks throughout the experimental period. (A) NH4
+, 

(B) NO2
-, (C) NO3

-, (D) Alkalinity, (E) TSS, (F) SS. Values are means (± SD) of three replicates tanks per group for each sampling date. 
 
 
 
 
Table 2: Growth performance of Tilapia juveniles after 30 and 62 days of rearing in the biofloc system at different C/N ratios and in 
a control group. 

 IBW (g) FBW (g) DWG (g/d) SGR (%/d) FSD (kg/m3) FCR S (%) 

Day 30 
C 24.26±0.08 43.2±1.2 0.63±0.04 1.93±0.08 4.3±0.1 0.93±0.05 100±0 
BFT14 24.29±0.13 42.5±0.9 0.61±0.02 1.86±0.05 4.2±0.1 0.92±0.05 100±0 
BFT17 24.27±0.16 41.2±0.3 0.58±0.01 1.79±0.01 4.1±0.1 0.98±0.04 100±0 
BFT20 24.15±0.09 41.3±1.5 0.57±0.05 1.79±0.13 4.1±0.2 0.97±0.08 100±0 
Day 62 
C 43.2±1.2 76.28±3.37a 0.84±0,05a 1.85±0.07a 7.6±0.3a 1.00±0.07a 100±0a 
BFT14 42.5±0.9 72.13±2.11ab 0.77±0.04ab 1.75±0.05ab 7.1±0.1a 1.02±0.04a 100±0a 
BFT17 41.2±0.3 67.78±5.56ab 0.70±0.09ab 1.65±0.14ab 6.8±0.6ac 1.05±0.08a 100±0a 
BFT20 41.3±1.5 62.15±4.12b 0.61±0.07b 1.52±0.12b 6.1±0.3c 1.11±0.12b 100±0a 

Each value represents means ± SD. Values from the same column and the same sampling times with different superscript letters are significantly 
different (P˂0,05). 
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differences between the different groups. The specific 
activity of proteases ranged from 50.4 ± 8.9 to 56 ± 11.7 
U / mg protein in the digestive tract and from 0.39 ± 0.16 
to 0.49 ± 0.52 in the liver (Figure 2). Alpha-amylase 
activity varying from 4.1 ± 0.5 to 4.8 ± 0.5 U/mg proteins 
in the digestive tract and from 3.5 ± 0.3 to 4.5 ± 1.3 U/mg 
proteins in the liver (Figure 3). 
 
Antioxidant Status 

 
The results show that no significant differences in 

antioxidant enzyme activity were found between the 
different groups. The values range from 171.9 ± 19.5 to 
197.7 ± 20.4 U / mg proteins for catalase activity and 
from 74.3 ± 3.2 to 78.6 ± 7 U / mg proteins for SOD 
activity (Figure 4).                
 

Discussion 
 

In the biofloc system, the control of water quality 
parameters and the understanding of their dynamics 

and interactions are essential for the best management 
of the production cycle (Emerenciano et al., 2017). The 
monitoring of nitrogen substances concentration is the 
main objective for the management of environmental 
parameters in all aquaculture production systems 
(Hargreaves, 2013). Three conversion pathways are 
implicated in the ammonia nitrogen removal process in 
the biofloc system: absorption by photoautotrophic 
algae, nitrification by chemoautotrophic bacteria, and 
assimilation by heterotrophic bacteria (Ebeling et al., 
2006; Hargreaves, 2006). The contribution of each of 
these pathways in a biofloc system is mainly determined 
by the C/N ratio applied (Ebeling et al., 2006). In this 
study, temperature and dissolved oxygen values were 
similar between the different experimental groups, and 
remain within the acceptable limit for the good 
development of Tilapia (El-Sayed, 2006). The decrease in 
pH and alkalinity in the biofloc groups compared to the 
control is due to the use of inorganic carbon by 
autotrophic and heterotrophic bacteria (Ebeling et al., 
2006). The lower alkalinity values in the BFT14 group 

 

Figure 2. Specific activity of proteases in the digestive tract (A) and liver (B) of tilapia juveniles from the different experimental 
groups. The values are expressed as means ± SD (n=3). 

 
 
 

 

Figure 3. Specific activity of alpha-amylase in the digestive tract (A) and liver (B) of tilapia juveniles from the different experimental 
groups. The values are expressed as means ± SD (n=3). 
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compared to the BFT17 and BFT 20 groups may be due 
to the higher contribution of nitrifying bacteria in the 
ammonia nitrogen removal process in this group. 
According to Ebeling et al. (2006), for each gram of 
ammonium converted to nitrate, 7.05 g of alkalinity is 
consumed by nitrifying bacteria, while the conversion of 
1 g of ammonium by heterotrophic bacteria consumes 
3.57 g of alkalinity. In this experiment, the dynamics of 
the nitrogenous substances in BFT treatments showed 
that the nitrogen removal process is different depending 
on the C/N ratio used.  In the BFT14 group, the high 
nitrite and nitrate levels show that nitrification is the 
main process used, indicating the dominance of the 
autotrophic pathway of ammonia immobilization. 
Autotrophic bacteria convert ammonia-nitrogen to 
nitrite and then to nitrate and heterotrophic bacteria 
assimilate ammonia–nitrogen directly into bacterial 
protein (Ebeling et al., 2006; Luo et al., 2020). The 
increase in the C/N ratio to 17 and then 20 in the BFT17 
and BFT20 treatments promoted the development of 
heterotrophic bacteria that directly assimilate 
ammonium, which explains the low nitrate 
concentrations in these groups. In the BFT system, the 
dominance of the heterotrophic nitrogen uptake 
pathway is characterized by low nitrate levels (Kamilya 
et al., 2017; Ray & Lotz, 2014).  Our results support the 
work of other researchers indicating that increasing the 
C/N ratio favors the dominance of heterotrophic 
bacteria in BFT systems (Liu et al., 2018; Silva et al., 
2017; Xu et al., 2016). Xu et al. (2016), suggest that the 
net heterotrophic biofloc was achieved after increasing 
the C/N ratio to 18 or higher. Heterotrophic bacteria 
have a higher maximum growth rate compared to 
nitrifying bacteria (Ebeling et al., 2006; Hargreaves, 
2006), which may explain the faster stabilization of 
ammonium and nitrite levels in the BFT20 group.    

Dissolved inorganic nitrogen (NH4
+, NO2

- and NO3
-) 

concentrations in all experimental groups, remained 
within the acceptable range for Tilapia growth (Monsees 

et al., 2017; Webster & Lim, 2002). These results suggest 
that the use of a C/N ratio of 14 is sufficient to maintain 
nitrogenous compounds in the safe range for Tilapia 
culture. The application of higher C/N ratios requires the 
use of additional quantities of molasses, which has an 
impact on production costs. SS and TSS are strong 
indicators of biofloc development (Avnimelech, 2012). 
In Tilapia culture, TSS and SS should be kept below 500 
mg/L and 50 ml/L respectively (Avnimelech, 2011; 
Emerenciano et al., 2017). During this study, the 
suspended solids gradually accumulate in BFT groups to 
reach values above 1000 mg/L at the end of the 
experiment in BFT17 and BFT20 groups. Similar values 
were recorded in biofloc systems (Azim & Little, 2008; 
Xu et al., 2016). However, TSS levels remained below 
600 in the BFT14 treatment. The increase in the C/N 
ratio by the addition of molasses is associated with an 
increase in TSS and SS. This accumulation of TSS is due 
to the increase in microbial biomass resulting from the 
faster growth of heterotrophic bacteria (Xu et al., 2018). 
Furthermore, ammonia removal by heterotrophic 
bacteria produced 40 times more bacterial biomass than 
autotrophic bacteria (Ebeling et al., 2006; Xu et al., 
2018).   

The results of our study did not show an 
improvement in growth performance, feed utilization, 
and survival rate of juvenile Tilapia reared in the biofloc 
system compared to control. Similar results were 
obtained by Pérez-Fuentes et al. (2018) and Widanarni 
et al. (2012), for Tilapia.  

On the other hand, several studies have reported 
improved growth performance and feed utilization of 
Tilapia in biofloc systems (Azim & Little, 2008; Haraz et 
al., 2018; Hisano et al., 2019; Liu et al., 2018; Long et al., 
2015; Luo et al., 2014; Mirzakhani et al., 2019). The 
improvement in growth performance and feed 
efficiency of fish in BFT systems is linked to improved 
water quality and the use of biofloc as an additional 
source of food. Studies based on the nitrogen isotope 

 

Figure 4. Specific activity of catalase (A) and SOD (B) in the liver of Tilapia juveniles from different experimental groups. The values 
are expressed as means ± SD (n=3). 
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tagging techniques have confirmed the use of biofloc as 
a food source for tilapia (Avnimelech, 2007) and shrimp 
(Burford et al., 2004). In our experiment, the artificial 
pellets were distributed to satiety at a frequency of 
three times a day in all the tanks, which probably 
reduced the contribution of the biofloc in the feeding of 
the juvenile tilapia. The application of feed deprivation 
periods of up to 3 days per week improved the feed 
efficiency of Tilapia in biofloc systems without affecting 
growth performance (Correa et al., 2020). In this 
context, (Cavalcante et al., 2017) indicated that the 
reduction in feed ration by 15% did not affect the 
growth and feed efficiency of Tilapia in the biofloc 
system. This indicates that the dietary restriction 
promotes the use of the biofloc as a food source for fish.  

This study did not find a significant effect of 
increasing the C/N ratio on the growth performance of 
tilapia. However, we found a lower growth rate in the 
BFT20 treatment when compared with the control. The 
tilapia in the BFT20 treatment had lower feed efficiency 
than tilapia in the BFT14, BFT17, and control groups. The 
high TSS values above 700 mg/L may affect tilapia 
growth and feed intake in the BFT20 group. Generally, 
high levels of suspended solids can reduce growth and 
cause gill obstruction in fish and shrimp (Azim & Little, 
2008; Schveitzer et al., 2013).  

Previous studies on tilapia culture have indicated a 
negative effect on growth and feed utilization in BFT 
treatments with C/N ratios greater than 15 (Liu et al., 
2018; Pérez-Fuentes et al., 2018). Similar results were 
obtained in shrimp culture with a better zootechnical 
performance recorded in BFT treatments with lower C/N 
ratios (Chakrapani et al., 2021; Xu et al., 2016, 2018). On 
the other hand, Wang et al. (2015) reported improved 
growth and feed utilization indices in C/N ratios of 20 
and 25 compared to C/N ratios of 15 in Carassius 
auratus (Linnaeus, 1758) culture. Similarly, Minabi et al. 
(2020) found that a C/N ratio of 19 appears to provide 
better growth and feed utilization and biochemical 
composition of the common carp. Xu et al. (2016), 
suggest that the mixed biofloc type dominated by 
microalgae and autotrophic bacteria is more beneficial 
for shrimp development compared to the biofloc system 
dominated by heterotrophic bacteria. The optimization 
of the best C/N ratio for the good development of fish 
and shrimp in biofloc systems is still under discussion. 
This study showed that it is possible to reduce the C/N 
ratio to 14 without negative effects on water quality and 
tilapia growth in BFT system.   

Several previous studies have investigated the 
contribution of the biofloc on the stimulation of 
digestive enzyme activity in fish (Liu et al., 2018; Luo et 
al., 2014; Sontakke et al., 2021; Yu et al., 2020) and 
shrimp (Anand et al., 2014; Cardona et al., 2016; Wang 
et al., 2016; Xu et al., 2013). Generally, increased 
digestive enzyme activity has been associated with 
improved growth and feed utilization. The stimulation of 
digestive enzyme activity may due to the contribution of 
extracellular enzymes released by microorganisms 

associated with the floc and endogenous enzymes 
stimulated by certain bioactive components contained 
in the biofloc (Wang et al., 2016; Xu et al., 2013). 

The current study shows that there is no significant 
effect of the biofloc system on the activity of proteases 
and alpha-amylase in the digestive tract and liver of 
Tilapia. This is consistent with the results obtained for 
growth performance and feed utilization, which is 
probably due to the low contribution of the biofloc in 
the diet of juvenile Tilapia during this experiment. We 
did not find any significant influence of the increase in 
the C/N ratio from 14 to 20 on digestive enzyme activity. 
These results are in agreement with previous findings 
where no significant differences in activities of 
proteases and amylase were found between C/N ratios 
of 15 and 20 in Litopenaeus vannamei culture (Xu & Pan, 
2012). This was in contrast to the results of Liu et al. 
(2018) and Yu et al. (2020), who reported that increasing 
the C/N ratio enhanced the digestive enzyme activity in 
the tilapia and golden crucian carp. 

The antioxidant status can reflect the health status 
of fish (Martins et al., 2019; Shourbela et al., 2021). 
Various factors associated with unsuitable conditions in 
aquaculture systems such as water quality parameters, 
chemical pollutants, diet, stocking density, and 
pathologies can induce oxidative stress in fish (Bakhshi 
et al., 2018; Birnie-Gauvin et al., 2017; Cavalcanti Nery 
et al., 2019; Chowdhury & Saikia, 2020; Dawood et al., 
2019). CAT and SOD are among the main enzymes used 
for the removal of reactive oxygen species, which are 
indicators of oxidative stress in fish (Kovacik, 2017). SOD 
catalyzes the dismutation of superoxide radicals to 
oxygen and hydrogen peroxide, which is subsequently 
eliminated by CAT, preventing the beginning of lipid 
peroxidation (Hoseinifar et al., 2021; Shourbela et al., 
2021). 

In the present study, there were no significant 
differences in the CAT and SOD activities between 
control and BFT treatments. Similar results were 
obtained for SOD activity in tilapia raised in BFT systems 
(Bakhshi et al., 2018; Long et al., 2015). However, other 
studies have shown that biofloc system enhanced SOD 
(Liu et al., 2018; Luo et al., 2014; Zaki et al., 2020) and 
CAT (Mansour & Esteban, 2017; Shourbela et al., 2021) 
activities in tilapia. The absence of impact on antioxidant 
capacity in this study may indicate that the biofloc 
environment did not alter the health status of tilapia 
juveniles. 
  

Conclusions   
 

In general, this study has shown that the dynamics 
of water quality parameters in BFT systems are 
influenced by the C/N ratio used, through the control of 
the balance between autotrophic and heterotrophic 
communities, which are responsible the removal of the 
nitrogenous substances. The C/N ratio can be reduced 
up to 14 without affecting the growth performance, 
feed utilization and physiological parameters of juvenile 
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tilapia. The application of a lower C/N ratio allows 
reducing the production costs by limiting the molasses 
addition and decreasing the water renewal, which is 
linked to the TSS accumulation. The rearing of tilapia 
juveniles in the biofloc system did not alter the studied 
physiological parameters such as the digestive enzymes 
activity, and the antioxidant status, which indicate that 
the biofloc environment did not induce stress in fish.  
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