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Abstract 
Gibelion catla is commercially important fish species with other Indian Major Carp (IMC). The planning of the study was 
done from October 2020 to November 2021. The experiment was conducted for sixty days to investigate the effect of varying 
dietary protein diets on liver and intestine histology of G. catla reared in biofloc system. The experiment consisted of 
completely randomised design with five treatments viz., Control (T0-30% protein), T1 (20% protein), T2 (25% protein), T3 
(30% protein), T4 (35% protein). All the treatments had four replicates. Biofloc was maintained at C:N ratio of 20:1with rice 
bran as carbon source. Fry of average length (2.65± 0.00cm) and average weight (0.21±0.01g) were stocked @ 30 fry L-1. No 
adverse effect was observed in liver histology of catla fingerling reared in experimental groups. The result obtained in the 
study suggests that the different dietary protein diets in biofloc system has effect on fish intestine histology and the fish could 
be supplied with 30% protein dietin biofloc system. 
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Introduction 
Histology is the study of cells, tissues and 

organs as seen through microscope.  Histological 
study correlates morphology with the functioning of 
structural units of organism and helps in supervising 
fish health, assessing stress and detect signs of disease 
not easily recognized on gross examination 
(Schwaiger et al. 1997, Mokhtar 2017). Any 
alterations or injuries in organs serves as warning 
signs of damage to animal health, reduced survivaland 
increase of susceptibility to disease (Velmurugan et 
al. 2009). The protein intake above 25% by fish is 
remarkably excreted as nitrogenous waste which at 
higher concentration influences the water quality and 
leads to mortality, diseases and accumulation of 
harmful residue in the culture system. In intensive 
culture system, stress in fish can be initiated by poor 
water quality, stocking density, feed and feeding 
technique and infestation by parasites or a disease 
(Tacon 1992, Ashley 2007). 

Biofloc technology (BFT) in aquaculture system 
focuses on more efficient utilisation of nutrient input 
with limited or zero water exchange (Widanarni et al. 
2012). BFT system enhances water quality through 
addition of extra external carbon sources in 

accordance with high level of aeration that stimulates 
the growth of heterotrophic bacteria which in turn 
convert toxic nitrogenous waste into potentially 
consumable microbial floc in aquaculture system 
(Avnimelech 2009, Crab et al. 2012, Ahmad et al. 
2017). Fish obtain their nutritional requirement 
through the food they consume, and fish larvae show 
preference to live feed compared to formulated feed 
(Murugesan et al. 2010). 

Gibelion catla was selected for the experiment 
as it is the most preferred farm fish and shows 
preference to zooplankton dominated food (Natarajan 
& Jhingran 1961, Jha et al. 2015). It is back bone for 
composite fish culture or polyculture with Labeo 
rohita and Cirrhinus mrigala in Indian subcontinent 
(Dwivedi et al. 2004, Tiwari et al. 2016) and also 
shared sizeable proportion in the landing from the 
Indian rivers (Dwivedi et al. 2016, Tripathi et al. 
2017a, 2017b).  In BFT system, Gibelion catla 
fingerlings consume the planktonic contributes in the 
floc and can easily graze on floating bioflocs (Prajith 
& Madsoodana 2011, Deb et al. 2020).  

The liver and intestine are the important organs 
in digestion and absorption of nutrients from food. 
Histological analysis of these organs is considered as 
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a good indicator of the nutritional status of fish (Jasim 
2016). Histological changes in liver can reveal the 
adverse effects of the feed components, inadequate 
food to the cultured organism and environmental 
condition that can cause state of pathology in 
aquaculture production experiments (Tacon 1992, 
Caballero et al. 2004, Fahmi et al. 2019). 
Histopathological changes in the intestine may vary 
depending on the species and feed used in the 
experiments (Rašković et al. 2011). 

Biofloc supplementation reduces the 
requirement of protein in diets. So, the present study 
was conducted toinvestigate the effect of varying 
dietary protein diets on liver and intestine histology of 
Gibelion catla reared in biofloc system. 

Materials and Methods 

A. Experimental design and biofloc preparation 

The planning of the study was done from 
October 2020 to November 2021. The experiment  
was conducted in HDPE (High Density Polyethylene) 
drum of 100-L capacity for 60 days in Wet laboratory 
of Department of Aquaculture, College of Fisheries, 
Shirgaon, Ratnagiri, Maharashtra, India. The 
experiment consisted of five treatments with T1, T2, 

T3 and T4 supplied with different dietary protein 
level feed at the rate of 20, 25, 30 and 35 % 
respectively in biofloc system and T0 as control with 
clear water supplied with 30% protein feed. All the 
treatments had four replicates randomly assigned as 
per CRD (Kandathil et al. 2020).  

The preparation and maintenance of biofloc 
inoculum were made following the procedure of 
Avnimelech (1999) and Schryver (2008). 

B. Biofloc development in experimental tank, 
fish stocking and management 

A quantity of 5 L of biofloc inoculum and 75 L 
of freshwater was added to all the experimental tanks 
at the start of the experiment. The unit was allowed to 
develop biofloc for subsequent two days and then the 
fry of average length (2.65± 0.00cm) and average 
weight (0.21±0.01g) were stocked at the rate of 3no’s 
L-1 (i.e. 24 no’s per 80L) (Sawant et al. 2020).  

The addition of rice bran was carried out once in 
a day based on the calculation described by Schryver 
(2008) to maintain C:N ratio of 20:1 in the BFT 
treatment during the experiment. 

Table 1. Ingredients and proximate composition of experimental diets. 
Ingredients (g kg–1 DM) % of ingredients 
 T1 (20%) T2 (25%) T3 (30%) T4 (35%) C (30%) 
Casein fat free1 175 235 292 350 292 
Gelatin2 50 50 50 50 50 
Dextrin 160 144 130 115 100 115 
Starch 431 385 343 300 343 
Cellulose 100 100 100 100 100 
Carboxymethyl cellulose 10 10 10 10 10 
Sun flower oil + cod liver oil (2:1) 60 60 60 60 60 
Vit+Min.3 27.5 27.5 27.5 27.5 27.5 
Vit.C 2.5 2.5 2.5 2.5 2.5 
Proximate composition of diet (% dry weight basis) 
Crude Protein 21.3 24 30.8 34.2 30.8 
Lipid  1.9 1.6 2.1 2.0 2.1 
Ash  12.3 14.8 16.2 17.3 16.2 
Crude fibre 1.8 2.1 2.5 3.0 2.5 

1 Casein, Hi- LR: >=92% CP- (Hi Media, India) 
2 Gelatin: 90% CP 

3 Composition of vitamin mineral premix 
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C. Experimental diet  

Four semi- purified diets with different protein 
levels were prepared viz., Control (T0-30% protein), 
T1 (20% protein), T2 (25% protein), T3 (30% 
protein), T4 (35% protein) as shown in Table 1. 
Feeding trial was conducted for sixty days. 
D. Histology 

At the end of 60 days feeding trial period, fishes 
were sacrificed and pooled samples of fish fingerling 
internal organs such as intestine and liver were 
collected and fixed in 10% neutral buffered formalin 
for histological studies. The preserved organs were 
cut in cross section into a proper size (1-2 mm) and 
washed under the gentle flow of tap water. The 
properly washed tissues were dehydrated with a series 
of paraffin. The paraffin embedded tissues were 
sectioned longitudinally at 5µ thickness using 
microtome (MEDIMEAS MRM-RM) and stained 
with hematoxylin and eosin (H & E). Pathological 
changes manifested in the tissue sections were 
examined under light microscope (Zeiss Primo star) 
and microphotographs were taken with T Capture 
software (Bullock 1989). 

Results 

A. Liver 
The sections of the liver were examined at the 

end of the experiment. The results of histological 
examination of liver are presented in Plate 1 (A-E).  
No adverse histological changes were observed in the 
liver of the fish reared in experimented groups. There 
was no effect of different dietary protein diets on the 
liver parenchymal morphology in fish reared in 
biofloc system. 

B. Intestine 
The sections of the intestine were examined at 

the end of the experiment (Plate 2: A-E). Increased 
number of goblet cells and microvilla length were 
observed in intestine histology of fish with increase in 
protein in biofloc groups. Intact submucosa, mucosa 
and serosa were observed in biofloc groups compared 
to control. Degeneration of serosa layer was noticed 
in control treatment.  

Discussion 
Histological study is important for assessing 

effects of both internal (feed used) and external 
(aquatic) environmental conditions on the fish 
cultured (Rajeshkumar & Munuswamy 2011).There is 
no literature on study of liver and intestine histology 
of catla fed varying protein diets in biofloc system. 
A. Liver 

Liver is an important organ in nutrient 
metabolism and any histological changes in the organ 
are considered useful indicator for evaluating the 
nutritional and toxic condition (Najdegerami et al. 
2016, Bakhshi et al. 2018). In the present study, no 
histological changes were observed in the liver 
parenchyma cells of fish reared in biofloc system and 
clear water system. According to Bakhshi et al, 
(2018), due to better nourishment in biofloc system, 
reducing the feeding rate to 75% of daily feeding had 
no impact on the liver's histology and enhanced the 
quantity and qualification of hepatic cells in common 
carp. In contrast, Romano et al. (2018) observed 
damage in liver due to increase in ammonia-N to 
dangerously high levels in raw rice bran (RRB) and 
rice bran incubated for 24 hr with Bacillus species 
under aeration (ResRB) groups of biofloc system 
which was restored to normal liver with no alterations 
in liver histopathology through water exchange and 
stability in water quality during the experiment. 

Hence, the different dietary protein feed and 
environmental condition had no adverse effect on 
liver of catla indicating better nourishment even at 
lower protein diet and better water conditions for the 
fish under biofloc culture.  
B. Intestine 

Histological change is an important aspect in 
understanding pathological alteration related to 
nutritional sources in fish (Shi et al. 2017). Intestine 
epithelium is an important site for the absorption of 
nutrients, osmotic balance, immunity, recycling of 
enzymes and macronutrients (Uran et al. 2008). 
Protein nutrients particularly affects the construction 
of microvilli (Li et al. 2017). Increased number of 
goblet cell was observed with increase in dietary 
protein fed to the fish in BFT system compared to 
control. Enterocytes along with goblet cells produce 
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enzymes essential for proper food digestion  
(Al Mamun et al. 2021). Biofloc shows probiotic 
properties and like probiotics increase the number of 
goblet cells in the villi, increasing the absorption of 
nutrients (Ali et al. 2015). Bakhshi et al. (2018), 
reported no detectable changes in gut 
histoarchitecture of common carp reared in biofloc. 
Integrity of intestine is presumed to be a key factor 
for the growth and welfare of farmed fish (Saraiva  
et al. 2015). Degeneration in intestinal mucosa was 
observed in control group. Damagein intestine may 
affect the digestion and absorption of nutrients by the 
fish body which can compromise the healthy growth 
of fish (Liu et al. 2020). Mirzakhani et al. (2019), 
observed enhanced feed efficiency in biofloc group 
due to increased villus length and diameter of the Nile 
tilapia fish which resulted in higher nutrient 
absorption in BFT group. This shows that biofloc has 
no negative effect on intestine of the catla reared in 
biofloc indicating the better absorption of the nutrient 
which might lead to better growth of the fish. 

Conclusion 
In the present study, the Gibelion catla fed 

varying dietary protein diets in indoor biofloc had no 
adverse effect on liver and intestine of the fish. The 
fish can be fed with low protein diets of 30% protein 
in biofloc culture system as BFT system provides 
better environmental conditions with reduced 
physiological changes in the fish. BFT system can 
enhance better nutrient utilization and absorption of 
nutrients which can improve growth performance and 
survival of the fish. There is need to study the 
enzymatic activity in the intestine and liver for better 
understanding of the functioning of organ in the 
biofloc system. 
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Plate 1. Histological analysis of liver sections of catla (Gibelion catla) fed different dietary protein diets in the biofloc 
system. A. Control (T0) (30% CP), and biofloc system; B. T1 (20% CP), C.T2 (25% CP), D.T3 (30% CP), E.T4 (35% CP). 
H- Hepatocytes, S- Sinusoid, V- vacuolation. Stain: H & E (40X). 
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Plate 2. Histological analysis of intestine (L. S.) of catla (Gibelion catla) fed different dietary 
protein diets in the biofloc system. A. Control (T0) (30% CP), and biofloc system; B. T1 (20% CP), C. 
T2 (25% CP), D. T3 (30% CP), E. T4 (35% CP). M- Mucosa, Bm-Basement membrane, G- Goblet 
cells, Sm- Submucosa, Ms-Muscularis, S -Serosa, D- Degeneration of serosa layer, V- Villi. Stain: H & 
E (40X). 

 


