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Introduction

The African catfish, Clarias gariepinus, is valued as the most 
economically important fish cultured in Africa. This species is 
reputed for its desired aquaculture traits, including high fecundity, 
fast growth, hardiness, and market attractiveness. It is one of the most 
researched culturable fish in Nigeria. Modern culture techniques such 
as aquaponics and biofloc systems have also adopted catfish as one 
of the experimental species for the viability of the systems. Biofloc 
aquculture systems transform fish waste into microorganism biomass 
through the addition of carbon sources. The type of carbon source 
significantly influenced the water quality of the system. The floc serves 
as additional food for the fish, leading to faster growth and higher 
production of fish compared to traditional methods. Microorganism-
enriched floc confers immunological enhancement to fish, thereby 
improving fish health. Many ingredients, such as grains, sucrose, 
sugarcane byproducts, tapioca, rice, wheat bran, etc., have been used 
as carbon supplements in biofloc systems. Ligno-cellulose materials 
like bran showed limited success in biofloc systems due to the to the 
slow release of carbon, but tends to have higher microbial diversity 
and immune-boosting potential for cultured organisms. Researcher 
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efforts to improve carbon release and utilization of lignified and 
cellulose materials in biofloc systems remain pertinent. This work 
compared the growth performance and condition indices of catfish in 
biofloc systems where untreated, fermented, and hydrolyzed fermented 
rice bran were used as carbon sources. In ethanol production, acid 
hydrolysis of rice bran resulted in the conversion of its starch and 
cellulose component into reducing sugar, and fermentation has been 
used to increase the nutrient value of rice bran. While fermented rice 
bran has been well experimented with in biofloc, we hypothesize that 
acid hydrolyzed once could also serve in the system [1-12].

Materials and Methods

Experimental Setup

The experiment was conducted at the biological garden, Umaru 
Musa Yar’adua University. Fingerlings of African catfish, Clarias 
gariepinus, of 11.15 ± 1.50 g initial weight were obtained from 
hatchery-reared stock and kept in a 200-liter plastic tank for a 
7-day acclimation period. The fish were fed a diet containing 40% 
crude protein at 5% body weight during 8:00–18.00 hours daily. 
Experimental tanks were seeded with 1 liter of water from a pre-
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fertilized earthen fish pond containing abundant phytoplankton. The 
fish were randomly distributed to the three experimental treatments 
of untreated, fermented, and hydrolyzed fermented rice bran biofloc 
in a triplicate of 20 fish per tank at a 2:1 biomass (g) to volume (l) 
ratio. Each experimental setup was seeded with 2 liters of water from a 
pre-fertilized earthen fish pond containing abundant phytoplankton.

Fermentation and Acid Hydrolysis of Rice Bran

Milled rice bran was sieved through a 0.50 mm sieve and sterilized 
in an autoclave. The solid-phase fermentation procedure described by 
[13] was followed with slight modifications. 50 g of rice bran was added 
to 45 ml of distilled water, while 5 g of baker’s yeast dissolved in 5 ml 
of water was added to make up a 1:1 weight-to-volume ratio of rice 
bran to water. The mixture was incubated in a beaker at a temperature 
of 27°C for 24 hours. Acid hydrolysis of rice bran was carried out 
using 50 ml of 2% sulfuric acid mixed with 50 g of rice bran, and the 
mixture was incubated at 90°C for 3.5 h. This was modified from. 
The hydrolyzed product was subjected to fermentation as described 
before. The fermented and hydrolyzed fermented products were oven 
dried at 45°C for 6 h, powdered, and sieved through 100 µm mesh. 
The fermented rice bran (FRB) and hydrolyzed fermented rice bran 
(HFRB) were used as carbon sources in biofloc production catfish [11].

Water Quality and Floc Monitoring

Water parameters were measured every two weeks. The 
temperature (°C) was determined using a mercury in glass 
thermometer, while the pH was measured using a Metrohm Herisau 
E520 pH meter. Dissolved oxygen concentration was determined 
through the Winkler-Azide method [14]. Chemical oxygen demand 
(COD) was determined titrimetrically, while biological oxygen 
demand (BOD) was determined using the incubation method at 
20°C for five days [15]. The total ammonia nitrogen concentration 
was determined using the phenate method [16], while nitrate was 
determined using spectrophotometry [14]. By assuming 16% of 
protein is nitrogen and 46% carbon in rice bran, the amount of carbon 
to be added was calculated following. The total feed consumed per 
day was estimated, and the C:N was adjusted daily to 15:1 by adding 
treatments C of untreated, fermented, or hydrolyzed rice bran. The 
treatment carbon was mixed with 1 liter of water from the treatment 
before being added to the experimental setup. Biofloc volume (ml/L) 
was measured every 14 days for each experimental treatment using an 
Imhoff cone. The floc solution was allowed to settle down for one hour 
before the reading was taken [17-19].

Data Collection

The total length (TL) of fish in centimeters from each replicate 
was measured from the tip of the snout to the end of the caudal fin 
using a meter rule. Body weight was measured using an electronic 
digital balance. At the end of the experiment, all fish in the tank were 
counted, and the survival rate was determined. Growth performance 
in each treatment was estimated by weighing 10 randomly selected 
fish from each treatment and replicates on a biweekly basis, and the 
following growth and condition indices parameters were estimated:

Absolute growth (ΔG, g) = (W2 – W1), g.

Absolute growth rate (AGR, g/day)= (W2−W1)/t

Relative growth (RG %) = (W2 – W1/ W1) × 100

Specific growth rate weight (%∕day) = (ln mean final weight − ln 
mean initial weight)/ no. of culture days ×100,

Where W1 is the initial mean weight (g), W2 is the final mean 
weight ( g), and t is the experimental duration.

Survival (%) = (Number of harvested fish/ number of stocked fish) 
× 100,

FCR = Total Feed fed (g)/Total wet weight gain (g).

Protein efficiency ratio PER = (Body weight gain g)/protein intake g)

Condition factor (CF) = [Body weight, g)/ Body length, cm3)] 
×100 [20]

Hepatosomatic index (HIS) = (Liver weight, g)/(Whole body 
weight, g) ×100

Viscerosomatic index (VSI) = (Viscera weight, g)/ (Whole body 
weight, g) ×100

Statistical Analysis

Results were presented as mean ± SD. A one-way ANOVA was 
used to analyze the data, and the means werecompared using Duncan’s 
multiple range test. All the analyses were performed using SPSS 21.

Results

Water Quality Parameters

The average temperature recorded in this experiment did not 
differ significantly among all treatments (Table 1). A significant lower 
(p < 0.05) dissolved oxygen (DO) level was observed in FRB (5.95 ± 
0.40 mg/L) compared to RBB (6.55 ± 0.50 mg/L) and HFRB (6.15 ± 
0.10 mg/L). The highest DO and COD levels were recorded in the RBB 
treatment (Table 1). The average values for biological oxygen demand 
(BOD), total dissolved solids (TDS), and pH were highest in RBB 
treatment, while TDS and BOD had the highest average values in FRB 
treatment. HFRB treatment recorded the highest average value for 
nitrite. A significantly lower value of pH (6.75) was recorded in HFRB 
treatment (p < 0.05).

Carbon sources

Parameters Rice bran 
(RBB)

Fermented rice 
bran (FRB)

Hydrolyzed 
fermented rice 
bran (HFRB)

Significant 
level

Temp °C 27.80 ± 0.30a 27.50 ± 0.50 a 27.60 ± 0.40 a P > 0.05
pH 7.70 ± 0.10a 7.20 ± 0.35b 6.75 ± 0.50c P < 0.05

TDS (mg/l) 195.00 ± 10.00a 243.00 ± 15.50b 205.00 ± 18.50c P < 0.05
COD (mg/l) 102.50 ± 5.50a 115.20 ± 8.70b 98.00 ± 5.50b P < 0.05
BOD (mg/l) 55.50 ± 6.50a 60.45 ± 10.50a 41.50 ± 8.00b P < 0.05
DO (mg/l) 6.55 ± 0.5a 5.95 ± 0.4ab 6.15 ± 0.10b P < 0.05

TAN (mg/l) 3.85 ± 0.55a 2.52 ± .0.45b 2.60 ± 0.50b P < 0.05
Nitrite (mg/l) 0.35± 0.10 a 0.30± 0.10 b 0.33 ± 0.10 c P < 0.05

Means with a different superscript in the same row are significantly different (P < 0.05).

Table 1: Physicochemical parameters of water in a catfish biofloc system where rice bran, 
fermented rice bran, and hydrolyzed fermented rice bran (HFRB) were used as carbon 
sources.
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Floc Production

The biofloc volume was significantly higher in HFRB starting from 
week 2 of the experiment compared to all other treatments (Figure 1). 
The floc volume reached maximum in week 7 with values of 135.1 
ml/l, 166.6 ml/l, and 111.0 ml/l for HFRB, FRB, and RBB treatments, 
respectively.
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Figure 1: Floc production in the catfish biofloc system where rice bran, fermented rice 
bran, and hydrolyzed fermented rice bran were used as carbon sources.

Growth Parameters and Feed Efficiency

The growth rates, survival, and feed utilization of catfish in 
the biofloc system for the 8 weeks of rearing (Table 2) showed that 
treatment of rice bran through solid phase fermentation and acid 
hydrolysis enhanced its utilization as carbon sources in biofloc as 
the final weight and specific growth rates were higher compared with 
untreated rice bran. The highest final weight (85.5 g) was recorded in 
HFRB treatment, while the lowest value of weight gain (80.26) was in 
RBB. The feed conversion ratio was also highest in HFRB treatment. 
The survival was however lowest in HFRB, and this was significant (P 
< 0.05). The growth of catfish in biofloc utilizing hydrolyzed fermented 
rice bran as a carbon source in this experiment was better than that 
in untreated bran, as the growth rates were higher. The best FCR 
obtained for catfish (1.52 ± 0.05) was recorded in HFRB treatment, 
and this was significantly higher (P < 0.05). The percentage survival 
was significantly lower in HFRB treatment (P < 0.05).

Parameters Rice bran (RBB) Fermented rice 
bran (FRB)

Hydrolyzed rice 
bran (HFRB)

Initial weight (g) 11.15 ± 1.60a 11.15 ± 1.60a 11.55 ± 1.60a

Final weight (g) 80.26 ± 3.20a 81.70 ± 2.50b 85.50 ± 2.55b 

Absolute growth (g) 70.15 ± 2.80a 70.65 ± 1.80c 74.53 ± 1.50b 

Absolute growth rates(g/day) 0.992 ± 0.03a 1.000 ± 0.03c 1.031 ± 0.02b 

Relative growth (%) 8.643 ± 0.21a 8.695 ± 0.11a 8.964 ± 0.10b 

Specific growth rate(%/day) 1.211 ± 0.16a 1.23 ± 0.14a 1.28 ± 0.13b 

Survival% 92 ± 1.55a 95 ± 1.50a 86 ± 1.52b

Feed conversion ratio 1.65 ± 0.04a 1.68 ± 0.03a 1.52 ± 0.05b 

Protein efficiency ratio 0.403 ± 0.03a 0.405 ± 0.04a 0.421 ± 0.05b 

Means (n=10) followed by different letters in each rows are significantly different (P < 0.05).

Table 2: Growth parameters of catfish reared in a biofloc system where rice bran, fermented 
rice bran, and hydrolyzed fermented rice bran were used as carbon sources.

Condition Indices

Condition factor (Fulton factor) calculated showed that catfish in 
the FRB treatment had higher values (0.54) followed by those in RBB 
(0.47) and HFRB (0.44) treatment fishes (Figure 2). Similar trends 
were observed with hepatosomatic index and viscerosomatic index in 
this experiment. The HIS showed a significantly higher value of 5.9% 
in the FRB treatment (P < 0.05).
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Figure 2: HIS (hepatosomatic index), CF (condition factor), VSI (viscerosomatic index) 
African catfish, C. gariepinus fingerlings reared in a biofloc system where rice bran, 
fermented rice bran, and hydrolyzed fermented rice bran were used as carbon sources.

Discussion

This experiment demonstrated that differential treatment of 
rice bran influenced its performance as a carbon source in biofloc 
production of catfish. Even though fermented bran has been well 
researched in this system, our findings suggest that acid-hydrolyzed 
fermented rice bran also has potential for consideration as well. Acid 
hydrolysis of rice bran resulted in the conversion of its starch and 
cellulose components into reducing sugar [11]. This may improve 
its performance in carbon release in the biofloc system. Slow carbon 
release by rice bran has been attributed to its low performance as a 
biofloc carbon source [5,21]. Rice bran is a cheap carbon source; efforts 
towards boosting its carbon release have been the focus of research. 
All the water quality parameters recorded in the system were within 
the range recommended for aquaculture and catfish production. 
Temperature is an important ecological factor with a profound effect 
on fitness, growth, and metabolism performance in aquatic organisms 
[22-24]. Variations in the temperature in our research were not 
significant, indicating no external influence on the treatment used. 
DO is an important abiotic factor influencing the growth and survival 
of fish. A significant reduction in the level of dissolved oxygen (DO) 
observed in FRB compared to the rest of the treatment could be due 
to higher microorganisms in this system, as reported in previous 
findings [25-27]. The pH range of 7-8.5 was said to be suitable for 
biofloc system performance, while recommends an average pH of 
6.7, as biofloc systems tend to lose their buffering capacity at lower 
pH. The stability of the bioflocs was found to be dictated by the pH. 
All the treatments used in the current research maintained the pH of 
catfish biofloc within the recommended range [28-31], even though 
the pH level in the HFRB treatment was significantly lower (P < 0.05). 
Recovery of the acid after the hydrolysis process is a major bottleneck, 
and this informed our modified method for reducing acid utilization 
in the hydrolysis process. Future research towards optimizing acid 
hydrolysis of bran for biofloc carbon usage may be important. The 
survival rates of RBB and FRB treatments were significantly higher 
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(P < 0.05) than HFRB treatments. This may be connected to lower 
pH in HFRB treatment. In this study, a higher concentration of total 
ammonium nitrate was recorded in HFRB treatment even though not 
significant (P > 0.05). This is in line with the findings of [27,32], who 
reported the use of complex carbon such as bran to decrease ammonia 
concentration in biofloc when compared to other carbon sources with 
simple sugar. The growth parameters of the catfish in the biofloc system 
after 8 weeks of rearing in this experiment showed that treatment of 
rice bran through solid phase fermentation and fermentation after 
acid hydrolysis enhanced its utilization as carbon sources in biofloc as 
the final weight and specific growth rates were higher compared with 
untreated rice bran. Organosomatic indices of catfish in this research 
showed a direct link between the effects of change in carbon source 
and environment on the fish; the response in such indices in response 
to nutrition has been well reported [33,34]. The use of acid-hydrolyzed 
fermented bran in this research proved efficacious in the system, as 
the growth parameters of this fish therefrom were well above the 
untreated rice bran treatment. The floc level was also higher in the 
hydrolyzed fermented bran treatment in this research. The observed 
drawback in this use of hydrolyzed bran is the low pH produced in the 
biofloc system. This might account for the reduced survival rates of 
the fish in this system. In conclusion, the results of this study suggest 
that hydrolyzed fermented rice bran can be used in catfish biofloc 
systems as a carbon source without negative consequences on water 
quality, growth, and feed utilization. However, adjusting the pH may 
be required for better performance and is recommended. Further 
research is needed to investigate the optimal hydrolization condition 
of bran for their usage as carbon sources in biofloc systems.
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