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Abstract:  
Labeo bata  is considered an important fish due to its preference as delicious protein food to the peoples. 

For  promoting fast growth of this species under commercial farm culture knowledge of digestive enzyme 

activities related to effective feed is important. As efficient  supplementary diet biochar conditioned feed is 

used. Quality of supplementary diet is identified with proximate composition of  biochar feed showing 

occurrence of rich nutrients in the feeds.  

Amylase and trypsin activities showing significant difference of value between the  experiments done with 

biochar conditioned feeds with a comparison to other.  Enzyme activities during starvation period have 

significant variations from that of a period after 8 hrs of feeding to Labeo bata. Regression analysis   

between the metabolic faecal nitrogen (g N/100 g dried biochar feed) and biochar feed nitrogen (%) 

exhibiting a significant correlation (R
2
= 0.9088).  
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Introduction 

Labeo bata plays significant  role in the ecological 

food chain. In freshwater lentic habitat this 

species acts as an important nekton fauna. To the 

human population this fish species is also 

important because of its consideration as largely 

digestible animal protein. Knowledge of digestive 

enzyme activities and selection of nutritious feed 

are important to support the growth acceleration 

of this fish species.  Literature reveals that the 

information of  enhancing growth rate of Labeo 

bata  is prerequisite for farm culture to meet its 

market demand for human population (Andaloro 

1982,  Einarsson et al. 1996, Chou et al. 2001).   

So, for efficient growth rate of a fish species 

understanding of digestive enzyme activities  is 

important and further selection of  feed quality is 

also important.  On the other  efficient quality of 

diet is most important for optimum growth of a 

fish species (Reimer 1982, Ugolev and Kuz’mina 

1994, Hidalgo et al. 1999, Lundstedt et al. 2002). 

Thus, biochemical information of digestive 

enzymes of the carps are significant the 

knowledge of which are poor on the indigenous 

carps (Onishi et al. 1976, Jonas et al. 1983).  

Literature explicitly reveals that biochemical 

analysis of  freshwater Labeo gonius is poor 

(Alabaster and Lloyd 1980,  Appel et al. 1974, 

Ash 1988, Alarcón et al. 1998, Takii et al. 1985, 

Munilla-Morán et al. 1990, Munilla-Morán and  

Saborido-Rey 1996a, b, Caruso et al. 1992, 1993a, 

b, 1995, 1996, 1999, 2003, 2004, 2005,   2006, 

2008, 2009, Caruso and Genovese 2000).  

Digestive enzyme  activities of any fish species 

varies due to  the variations of both food and 

feeding habit (Kitamikado and Tachino 1960a, b. 

c, Shimeno and Ikeda 1967, Shimeno et al. 1979,  

Chakrabarti et al. 1995 and Furné et al. 2005).  A 

look into the existing literature explicitly reveals  

that knowledge of digestive enzyme activity of 

freshwater carp is poor  (Berger and Broida 1977, 

Buddington et al. 1997,  Baglole  et al. 1998,  

Cahill 1990, Faranda et al. 1983, Fernández et al. 

2001, Fal’ge and Fountoulaki et al. 2005, Deguara 
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et al. 2003, Einarsson et al. 1996,  Govoni et al. 

1986, Greco et al. 1989, Hofer  1979 a, b, Halver 

1989, Hofer and Schiemer 1981, Hofer and  Köck 

1989, LS 1980, Kunitz 1947, Kolkovski 2001, 

Kofuji et al. 2005, MacDonald et al. 1986, 

Moriarty 1990, Micale and Genovese 1998, 

Micale et al. 2006, Phillips 1969, Papandroulakis 

et al. 2001, Rosch et al. 1989, Ribeiro et al. 1999,  

Ribeiro et al. 2008, Sachar et al. 1955, 1998, 

Smith 1980, Segner et al. 1989, Sarasquete  et al. 

1993, Seixa et al. 1999, Sera et al. 1974, Shimeno 

and  Takeda 1985, Spedicato et al. 1998, 

Spannhof 1976, Stevens and Hume 1998, 

Tengjaroenkul et al. 2000, Tietz and Fiereck 

1966, Tramati 2005, Tortonese 1975, Uys and  

Hecht 1987, Uys et al. 1987, Walter 1984, 

Zambonino and  Cahu  2007, Zhou et al. 2011).   

Present paper communicates analysis of digestive 

enzyme activities of Labeo bata  related to 

biochar conditioned feeds.   

Materials and Methods 

Fish Sampling  

Assay on the digestive enzyme activity and 

digestibility coefficient (%) analysis are done with  

Labeo bata for which the fish sample is being 

chosen during adult stage. So, the adult fish 

samples have been sampled in live with drag net 

and cast net sampler during a very early morning 

period at about 04.00-05.00 hrs from the littoral 

zone of  Feni river ecosystem of South Tripura 

district, India (Latitude 23
0
00’02” N and 

Longitude 91
0
51’11”E). The studied fauna has 

been identified with meristic analysis (Jayaram 

1999) (fig.1). 

After collections from Feni river the  live fish 

samples are being carried through a dissolved 

oxygenated perforated container with river water. 

After brought into the laboratory the fish samples 

of Labeo bata have been reared into a pre-

stocking culture medium for acclimatisation for 

about 06-08 days period.   

To know the ambient physico-chemical characters 

of the littoral zone of the studied river the water 

samples of Feni river ecosystem of South Tripura 

are also being collected during early morning 

period. The water samples are being analysed in 

the laboratory following the literature of APHA 

(2000). Among different water quality parameters 

of the studied river  some particular  parameters 

such as water velocity, water temperature, pH, 

CO2 and DO2 have been analysed in the field 

while other parameters like DOM, CO3 and HCO3 

have been analysed in the laboratory (table 1). 

Biochar Controlled Feeds 

To perform the analysis of digestive enzyme 

activities with a carp species Labeo bata biochar 

controlled feeds are being used as major 

supplementary diets which are fed to the studied 

fish species in the present experiments. For this 

purpose the feeds are being collected from a 

village of Gomoti district of Tripura.

 

 
Fig. 1: Meristic character (fin formula)  of Labeo bata 
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Table 1:  Physico-chemical characters of Feni river ecosystem of Tripura 

Parameters               Range  

water velocity  1.16 -3.12 m/sec, 

water temperature 26.00 -32.00 
0
C 

pH 7.1 -7.3  

 CO2 3.23 -6.46 ppm 

DO2 4.08 -5.1 ppm 

DOM 1.6 -6.62   ppm 

CO3 28.00 -38.00 ppm 

HCO3 156.00 -164.00 ppm 

 

Analysis of Diets and the Digestive Enzymes 

Proximate composition of  biochar conditioned 

feeds is being analysed consulting the  literature 

of  Halver (1989).  For  assay of the activities of 

amylase, pepsin, and trypsin the literature of  

Hepher (1988) is being consulted.  

Results and Discussion 

To assay the digestive enzyme activities of adult 

stage of Labeo bata biochar conditioned feeds 

have been used. To know the effectiveness of 

biochar conditioned feeds proximate analysis of 

their nutrient composition (figs 2-4) are 

determined and compared to that of usual feeds 

variety (figs. 2a-4a).  Proximate composition of 

biochar conditioned feeds showing relatively 

superior to that of usual feeds variety (figs. 2a-4a).  

Among biochar conditioned feeds 'Biochar 

conditioned Rice powder' has been a non-protein 

rich feed consisting of relatively greater amount 

of  carbohydrate  (r=0.9986, P<0.01) (fig. 2). 

Whereas 'Biochar conditioned chlorella'  and 

'Mustard oil cake' (figs. 3a-4a) respectively have 

been rich with protein (r=0.9844, P< 0.01).   

Experiments during starvation period  of  Labeo 

bata (tables 2 and 4) showing variations in the 

activities of different digestive enzymes in the 

area of stomach, pyloric caeca and intestine as 

well. Values of enzyme related to feeding biochar 

conditioned feeds have  

been compared  between  starvation period  and a 

period after 8 hrs of feeding to the fish sample 

(tables 4-5). Examination of the digestive tract  of 

Labeo bata  depicting a significant difference of  

values of amylase, pepsin and  trypsin (r=0.9882, 

P<0.001) among the  experiments (tables 2-5). 

Several workers during their studies (Bondi and 

Spandorf 1953, Banik 2020, 2021a, 2021b) also 

noticed similar observations.  

 

 
Figure 2: Proximate composition (%) of  Biochar conditioned rice powder 
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Figure 2a: Proximate composition (%) of  usual rice powder 

 

 
Figure 3: Proximate composition (%) of  Biochar conditioned Mustard oil cake 

 

 
Figure 3a: Proximate composition (%) of usual Mustard oil cake 

 

 
Figure 4: Proximate composition (%) of Biochar conditioned Chlorella 

U
 m

g
¯1

 o
f 

n
u

tr
ie

n
t 

Carbohydrate  Ash    Crude protein Crude fibre Crude lipid 

U
 m

g
¯1

 o
f 

n
u

tr
ie

n
t 

Crude protein      Carbohydrate    Crude fibre    Crude lipid   Ash 

U
 m

g
¯1

 o
f 

n
u

tr
ie

n
t 

Crude protein   Carbohydrate Crude fibre     Crude lipid   Ash 

U
 m

g
¯1

 o
f 

n
u

tr
ie

n
t 

Crude protein Carbohydrate  Crude lipid     Ash     Crude fibre 



                                 Rajarshi Banik 
 CURRENT SCIENCE 

 

CURRENT  SCIENCE 
 

CS 4 (2), 526-538 (2024) 

 

530 

 

 
 

 
Figure 4a: Proximate composition (%) of  usual Chlorella 

  

Table 2: Digestive enzyme activity (in activity unit/ 100 g fish body weight) during  adult stage of 

Labeo bata when fed usual feeds. 

.........during starvation period.... 

Name of the feed Enzyme Stomach Pyloric caeca Intestine 

 Usual Rice powder Amylase 0.30±0.04 0.35±0.03 0.41±0.02 

 Pepsin 0.01±0.02 0.0 0.0 

 Trypsin 0.04±0.01 0.0 0.0 

Usual Chlorella Amylase 0.34±0.04 0.44±0.04 0.31±0.04 

 Pepsin 0.14±0.04 0.0 0.0 

 Trypsin 0.04±0.02 0.01±0.01 0.01±0.01 

Usual Mustard Oil cake Amylase 0.04±0.02 0.11±0.04 0.11±0.04 

 Pepsin 0.11±0.04 0.0 0.0 

 Trypsin 0.08±0.04 0.01±0.01 0.0 

Control Amylase 0.04±0.02 0.09±0.02 0.11±0.04 

 Pepsin 0.08±0.01 0.04±0.04 0.04±0.04 

 Trypsin 0.02.00 0.0 0.0 

 

Table 3: Digestive enzyme activity (in activity unit/ 100 g fish body weight) during  adult stage of 

Labeo bata when fed usual feeds. 

.........after 08 hrs of feeding in the digestive tract...... 

Name of the feed Enzyme Stomach Pyloric caeca Intestine 

 Usual Rice powder Amylase 0.33±0.02 0.37±0.04 0.43±0.04 

 Pepsin 0.02±0.04 0.0 0.00 

 Trypsin 0.08±0.01 0.04±0.02 0.08±0.04 

Usual Chlorella Amylase 0.36±0.02 0.48±0.02 0.33±0.02 

 Pepsin 0.18±0.02 0.0 0.0 

 Trypsin 0.07±0.02 0.04±0.02 0.14±0.02 

Usual Mustard Oil cake Amylase 0.06±0.04 0.16±0.02 0.09±0.02 

 Pepsin 0.12±0.02 0.0 0.0 

 Trypsin 0.1±0.02 0.06±0.02 0.14±0.02 

Control Amylase 0.03±0.02 0.1±0.04 0.14±0.02 

 Pepsin 0.1±0.02 0.1±0.02 0.6±0.02 

 Trypsin 0.02.00 0.01±0.02 0.0 

 

 

 

U
 m

g
¯1

 o
f 

n
u

tr
ie

n
t 

Crude protein Carbohydrate  Crude lipid     Ash     Crude fibre 



                                 Rajarshi Banik 

CURRENT SCIENCE 
 

CURRENT  SCIENCE 
 

CS 4 (2), 526-538 (2024) 

 

531 

 

 
 

Table 4: Digestive enzyme activity (in activity unit/ 100 g fish body weight) during  adult stage of 

Labeo bata when fed Biochar conditioned feeds. 

 ........during starvation period... 

Name of the feed Enzyme Stomach Pyloric caeca Intestine 

 Usual Rice powder Amylase 0.30±0.04 0.44±0.02 0.68±0.03 

 Pepsin 0.09±0.02 0.0 0.0 

 Trypsin 0.14±0.02 0.1±0.04 0.1±0.04 

Usual Chlorella Amylase 0.39±0.04 0.52±0.04 0.41±0.04 

 Pepsin 0.12±0.04 0.0 0.0 

 Trypsin 0.09±0.04 0.04±0.04 0.16±0.04 

Usual Mustard Oil cake Amylase 0.09±0.02 0.11±0.04 0.06±0.02 

 Pepsin 0.14±0.04 0.0 0.0 

 Trypsin 0.17±0.04 0.11±0.04 0.16±0.04 

Control Amylase 0.08±0.02 0.14±0.04 0.18±0.04 

 Pepsin 0.11±0.02 0.10±0.02 0.9±0.04 

 Trypsin 0.00 0.02±0.02 0.00 

 

Table 5: Digestive enzyme activity (in activity unit/ 100 g fish body weight) during  adult stage of 

Labeo bata when fed Biochar conditioned feeds. 

.........after 08 hrs of feeding in the digestive tract...... 

Name of the feed Enzyme Stomach Pyloric caeca Intestine 

 Usual Rice powder Amylase 0.32±0.02 0.53±0.03 0.72±0.04 

 Pepsin 0.1±0.02 0.0 0.0 

 Trypsin 0.16±0.04 0.11±0.02 0.11±0.02 

Usual Chlorella Amylase 0.42±0.03 0.54±0.02 0.46±0.02 

 Pepsin 0.14±0.02 0.0 0.0 

 Trypsin 0.11±0.02 0.01±0.02 0.19±0.02 

Usual Mustard Oil cake Amylase 0.12±0.04 0.15±0.02 0.08±0.03 

 Pepsin 0.16±0.06 0.0 0.0 

 Trypsin 0.22±0.02 0.21±0.02 0.18±0.02 

Control Amylase 0.09±0.04 0.15±0.02 0.19±0.02 

 Pepsin 0.12±0.04 0.09±0.04 0.76±0.02 

 Trypsin 0.0 0.04±0.02 0.0 

 

An analysis on the values of enzymes after 08 hrs 

of feeding to the studied fish samples exhibiting  

variations in the values of  amylase, pepsin and 

trypsin in the digestive tract of Labeo bata (tables 

3 and 5). The non-protein diet (viz., biochar 

conditioned rice powder) showing relatively 

greater value of amylase in the intestine and 

somewhat less in the pyloric caeca. Protein-rich 

diet reflecting relatively low value of amylase 

activity in the intestine (tables 2-5).  

Adult stage of Labeo bata  exhibits relatively 

large value of pepsin and trypsin in the stomach 

area (tables 2-5).  Hepher (1988) and Caruso et al. 

(2008, 2009) also noticed similar findings in their 

experiments while working with the activity of  

pepsin on some other fish species. While feeding  

non-protein feed the value of amylase has usually 

been increased significantly (r=0.98, P<0.001) 

from the pyloric caeca to the intestine during the 

assay of digestive enzyme activity. Similar studies 

have also been  revealed  during the experiments 

with teleost fish species (Hepher 1979, Lovell 

1988, Banik 2020, Banik 2021a, b). 
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Fig.  5: Regression analysis  between dietary nitrogen and faecal nitrogen  in Labeo bata 

 

Experiments  with the controlled condition  

depicting a trend of increase in the values of 

amylase in the gut from the stomach to the 

intestine followed by pyloric caeca (tables 2-3). 

While comparing the values of table 3   it shows a 

relatively greater results than those of table 2. 

Several workers have also been noticed similar 

results with different fish species (Nose (1964, 

1967, 1971). The biochar feeds provided to Labeo 

bata showing significant observations in  the 

digestive enzyme activities.  When similar nature 

of feeds used in their experiments with different 

fish species several workers (Bondi and Spandorf 

1953, 1954 and  Bondi et al. 1957) also observed 

similar findings. Zhou et al. (2011) pointed out 

that in the fish fauna the activity of chymotrypsin 

varies in relation to species, age and weight etc. In 

the present experiment activities of chymotrypsin 

remains in a poor or negligible concentration  

during 6 hrs after feeding the diet to Labeo bata 

(fig. 3). 

Regression analysis  (fig. 5) between the 

metabolic faecal nitrogen (g N/100 g dried 

biochar feed) and biochar feed (non-protein) 

nitrogen (%) showing a significant correlation 

(R
2
= 0.9088). Ogino et al. (1973) and Kim (1974) 

also determined the metabolic faecal nitrogen  in 

the feed and nitrogen excreted in the faecal matter 

per 100 g feed ingested by the studied fish sample. 

 

Table 6: Apparent protein digestibility coefficient during adult stage of Labeo bata. 

Protein (%) in  

Biochar feed 

Metabolic 

protein (g) 

Digestible 

protein (g) 

Apparent digestibility 

coefficient (%) 

10 3.8 6.20 6.20 x 100/10=  62.00 

20 3.8 14.11 14.11 x 100/20= 70.55 

40 3.8 32.21 32.21 x 100/40= 80.52 

 

Table 7: Apparent protein digestibility coefficient during adult stage of Labeo bata. 

Protein (%) in  

Biochar feed  

Metabolic 

protein (g) 

Digestible 

protein (g) 

Apparent digestibility 

coefficient (%) 

60 3.8 52.82 52.82 x 100/60= 88.03 

80 3.8 73.64 73.64 x 100/80= 92.05 

100 3.8 98.26 98.26 x 100/100= 98.26 

 

The present results  showing apparent digestibility 

coefficient of protein (tables 6-7) in Labeo bata  

with usual feed and biochar conditioned feed as 

well. The values of protein percentage are 

relatively greater in biochar conditioned feeds than 

that of usual feed. It exhibits from the study (table 

7) that the apparent digestibility coefficient (%) of 

protein increases when protein content is 

accelerated in biochar conditioned feeds. Contrary 

to that the protein content has been relatively low 

y = 0.009x + 9.386 

R² = 0.9088 
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in usual feed where  apparent digestibility 

coefficient of protein is also relatively low (table 

6). Some workers (Nose 1967, Hepher 1979) also 

noticed similar observations.     

Multivariate regression analysis (table 8) showing 

a significant correlation of different biochar feeds 

used in the experiment (P<0.01) related to  the 

population density of Labeo bata (table 8).  'R' 

(=0.9273) value exhibiting a significant level of 

multiple correlation coefficient. Coefficient of 

multiple determination (R
2
=0.8597) further 

indicating that the regression is significant. 

ANOVA depicting  a significant level of 'F' 

(=17.39) value suggests that the total regression 

analysis is significant (P<0.01). 

     

Table 8: Multivariate regression analysis on the influence of  biochar feeds and physico-chemical 

parameters of water on  the population density of Labeo bata 

 

Variables    Coefficient ±SE  F  Beta coefficient  

Biochar rice   -9.822  0.3921  49.78  -8.9454* 

Biochar mustard oil cake  -3.951  0.8341  52.44  -1.3141* 

Biochar chlorella  9.7914  0.3755  50.67  10.1268* 

HCO3    -106.021 0.9933  5.80  -0.3308 

DO2    -2.885  2.2811  1.60  -0.1323 

NO3 N    -96.011 0.5574  1.33  -0.1122 

Multiple correlation coefficient           (R)= 0.9273 

Coefficient of multiple determination (R
2
)=0.8597 

Variables not in regression equation: 

Variables    Partial correlation   Tolerance 

Water temperature   0.017    0.650 

pH     0.236    0.566 

CO2     0.108    0.638 

CO3     0.149    0.354 

DOM     0.095    0.801 

PO4 P     0.078    0.696 

Analysis of variance table: 

Source of variation  Degree of freedom Sum of SQ Mean SQ  F Conf level 

Regression   6  45541.610 9090.18 17.39 100.00* 

Residual   17  8888.27 522.84  

Total    23 

__________________________________________________________ 

* (P<0.01) 

 

Ethical Aspect 

In freshwater ecosystem occurrence and 

abundance of natural food biota specific to Labeo 

bata is too low. So, basic aim of the present work 

is to know how growth of  Labeo bata can be 

promoted with biochar controlled feeds.  In order 

to effectively use these feeds for efficient growth 

of the studied fish species experiments with 

starvation are being done to know fish biology 

related to digestive enzyme activity. Therefore, 

the work has no conflict with ethical issue. 
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