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Effect of vitamins on digestive enzyme activities and growth performance of 

striped murrel Channa striatus  
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ABSTRACT: 
  Five diets (diets incorporated with folic acid, vitamin B, vitamin C, vitamin/
mineral mix and control) were used to determine their effects on survival, digestive 
enzyme activity, protein profiling and growth of striped snakehead Channa striatus 
fingerlings. All vitamin diets showed significant difference in enzyme activity like 
protease, amylase and lipase, when compared to that of control. The fingerlings fed 
with vitamin C diet showed significantly (P<0.05) better performance in terms of 
survival rate, weight gain and Specific Growth Rate (SGR) when compared to the rest 
of the four diets. The electrophoretic studies revealed that high molecular weight 
fractions were added up in muscle tissue of C. striatus fed with vitamin and mineral 
supplemented diets. 
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INTRODUCTION 

 Vitamins are complex organic substances usually 

of low molecular weight, which are essential for a wide 

variety of metabolic processes. They are required in 

negligible quantities and are basic for fish growth, 

multiplication and general health. Fish can't produce 

vitamins and must obtain from diets. Fish raised in cages 

and other intensive culture systems must be 

supplemented with rich feeds containing vitamin 

supplements for better survival and development. 

Minimum requirement of about 15 essential vitamins 

have been noted for channel catfish (Andrews and Murai, 

1974), common carp (Hwang and Lin, 2002) and 

juvenile tilapia (Shiau and Jan, 1992). The vitamin levels 

prescribed for pellet diets for fish are around 25% to 

100% above least levels to avoid deficiency symptoms. 

Fish nutritionists have demonstrated that in order to 

promote growth, any diet must include an energy source, 

essential amino acids, fatty acids, vitamins and minerals.  

 Detailed knowledge of digestive physiology of 

fish is essential to promote maximum growth in fish 

contributed by tissue protein synthesis (Blier et al., 

1997). Presence and activity of certain enzymes may be 

used as a comparative indicator of survival rate and 

development (Chan et al., 2004). Moreover, enzyme 

activity depends on food content of the corresponding 

substrate to a greater extent. Information on the intestinal 

enzyme activities is essential to know the digestive 

efficiency of the cultured species at the particular stage 

of development besides that, it is equally important to 

characterize and to know the classes of the digestive 

enzyme for a better understanding for the course of 

action of feed in the digestive physiology. The 

overarching worldview is that digestive enzyme 

activities in fishes are characteristic of feeding 

environment, associating admirably with diet (Kapoor et 

al., 1975; Fernandez et al., 2001). Animals are believed 

to be flexible in their digestive enzyme synthesis in light 

of eating regimen, due to the fact that the metabolic cost 

of delivering a lot of digestive enzymes would be wasted 

by animals ingesting low levels of the substrates for 

those enzymes (Karasov, 1992; Caviedes-Vidal et al., 

2000). 

 The striped murrel, commonly called snakehead, 

Channa striatus, is a freshwater fish which is a 

carnivorous, obligatory air breather, well known for its 

taste, high nutritive value, recuperative and medicinal 

qualities (Khanna, 1978) and is a valuable food fish in 

Asia (Haniffa et al., 2006). This study was designed to 

evaluate the application of different vitamins as a feed 

additive in the diet of Channa striatus fingerlings. 

 

MATERIALS AND METHODS 

 C. striatus fingerlings (length: 6.5 ± 1.1cm; 

weight 10 ± 0.49g) reared from CARE (Centre for 

Aquaculture Research and Extension) Aquafarm were 

acclimatized in cement tanks (3.2m x 1m x 1.2m)  for 

seven days. During acclimatization, the fishes were fed 

with control feed (Table 1) twice a day at 5% of its body 

weight. The acclimatized fingerlings were randomly 

selected and distributed into (3.2m x 1m x 1.2m) cement 

tanks filled with well water at a stocking rate of 30 

fingerlings per tank. Triplicates were maintained for each 

of the five experimental feed (Table 1). Diet 1 served as 

control diet D1 was without vitamins and the remaining 

four diets were incorporated with vitamins and minerals 

viz., D2 with folic acid, D3 with vitamin B, D4 with 

vitamin C and D5 with vitamin - mineral mix (Table 1). 

Proximate composition of the feed ingredients was 

measured according to AOAC (1990). The fingerlings 

were fed 5% of their body weight twice per day for 45 

days. Once in a fortnight, water change was done 

partially in each tank. Survival was recorded and 

fingerlings were weighed at 15-days interim to predict 

feeding rate, weight gain, Specific Growth Rate (SGR) 

and Feed Conversion Ratio (FCR).  

 To analyze the digestive enzyme activity, the 

intestine of the fishes homogenized (1:2w/v) with 50 
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mM Tris – HCl buffer (pH 7.5) in a water bath, using a 

tissue homogenizer. The preparation was centrifuged at 

10,000 rpm for 15 minutes at 4°C. The floating lipid 

fraction was removed and the aqueous supernatant was 

recovered and kept at -20°C until use. Soluble protein 

content was evaluated using Lowry et al. (1951), 

protease  activity  was  assayed according  to  Anson  

(1938)  and  Folin (1929), amylase activity following 

Jiang (1982) and Worthington and WBC (1993) and 

expressed as specific activity (Umg-1 protein) and lipase 

activity based on methods of Borlongan (1990) and 

expressed as Umg-1 .  Statistical analysis was done using 

one-way analysis of variance. 

 For SDS-PAGE analysis, the muscle tissue of the 

fish was sliced into smaller pieces and kept at -20°C 

prior to freeze-drying. Freeze dried tissue was 

homogenized to powder form.  Extraction of protein 

from snakehead fish muscle tissue was carried out 

following Gam et al. (2006). Briefly, 1.0 mg of 

powdered fish muscle was extracted using 1 ml of 40 

mM Tris (pH 8.8), vortexed and centrifuged at 12,000 

rpm for 30 minutes at room temperature and the 

supernatant was recovered. SDS-PAGE was performed 

as described by Laemmli (1970) in 12% polyacrlyamide 

gel. Protein samples were then loaded and 

electrophoresis was performed at a constant voltage of 

200 - 245 V. The run was stopped when the dye front 

was 2 to 3 mm away from the bottom edge of the gel.  At 

the completion of electrophoresis, the glass sandwich 

was disassembled. The stacking gel was discarded and 
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S. No 
 

Ingredients 
 

Protein (%) 
 

Carbohydrate (%) 
 

Crude fat (%) 

1 Fish meal 76.24 1.7 10.3 

2 Clam meal 30.24 1.9 12.2 

3 Soyabean flour 26.58 29.5 0.3 

4 Tapioca flour 13.9 38.9 0.4 

5 Wheat flour 19.7 32 11.9 

6 Rice flour 6.88 15.63 0.18 

7 Rice bran 2.72 5.04 0.06 

Table 2. Proximate composition of feed ingredients  

Ingredients  (%) D1 D2 D3 D4 D5 S. No 

Fish meal 40 40 40 40 40 1 

Clam meal 10 10 10 10 10 2 

Soyabean flour 10 10 10 10 10 3 

Tapioca flour 10 10 10 10 10 4 

Wheat flour 10 10 10 10 10 5 

Rice flour 10 10 10 10 10 6 

Rice bran 7.5 7.5 7.5 7.5 7.5 7 

Groundnut oil 2.5 2.5 2.5 2.5 2.5 8 

Folic acid − 0.02 − − − 9 

Vitamin – B − − 0.02 − − 10 

Vitamin – C − − − 0.02 − 11 

Vitamin / Mineral mix* − − − − 0.02 12 

Table 1. Feed formulation of different diets  

*Vitamin - Mineral premix (mg kg-1 diet): riboflavin(80mg), biotin (6.0mg), vitamin A (6000 IU), vitamin D3(2000 

IU), vitamin E (6000 IU), nicotinic acid (0.1 mg), thiamin hydrochloride (0.6 mg), pyridoxine (15 mg), inostol (40 

mg), astaxanthin (400 mg),  choline chloride (60 mg), Zinc (as sulphate) (-72 mg), iron (as sulphate) (-36 mg), man-

ganese (as sulphate) (-12 mg), selenium (as selenate) (-0.2 mg), chromium (trivalent, as chloride) (-0.8 mg), iodine 

(as iodide) (-1.2 mg), copper (as sulphate) (-24 mg), cobalt (as chloride) (-0.6 mg) and molybdenum (as molybdate) (-

0.2 mg). 



 

 

the resolving gel was stained using coomassie brilliant 

Blue. Molecular weights of the proteins were determined 

by comparing relative mobility of protein bands to the 

standard protein markers. The presence or absence of the 

protein bands were scored for similarity index studies. 

The dendrogram was constructed based on the similarity 

index values using UPGMA algorithm in NTSYS-pc, 

version 2.01 and the molecular weight of the protein 

bands were calculated using Total Lab 100 software.  

The similarity index was calculated according to Lamont 

et al. (1986).  

 

RESULTS 

 Mean temperature (28 ± 1.5ºC), dissolved 

oxygen (5.9 ± 0.6 mg/l), and total ammonia (0.5 ± 0.2 

mg/l) were recorded during the feeding trial. Proximate 

composition of feed ingredients was recorded in Table 2 

and the body composition of C. striatus fed on different 

diets was given in Table 3. The highest survival rate 

(93%) was observed in (93.5±2.56%) vitamin C and 

(93.7±1.81%) vitamin - mineral mix incorporated diets. 

Significant differences (P<0.05) in the survival rate were 

noticed as a function of vitamin C and vitamin - mineral 

mix incorporated diets when compared to folic acid 

(92.1±1.56%), vitamin B (91.6±1.81%) incorporated  

diets and control diet (82.3± 2.36%) as illustrated in 

Table 4. After 45 days, there was a significant difference 

between the mean weights as a function of different 

experimental diets (D1 – D5), when compared to control 

diet. 

 The highest weight gain (11.46±0.52g) was 

noticed in Channa striatus fed on diet incorporated with 

vitamin C. The mean weight gain of C. striatus 

fingerlings for each vitamin diet (8.61 to 9.13 g) was 

significantly higher than that of the control (7.03±0.11g). 

Among the experimental fishes, the highest protein 

content was noticed in vitamin C incorporated diet 

(36.91%), followed by vitamin - mineral mix 

incorporated diet  (35.52%), vitamin B incorporated  diet 

(34.80%), folic acid incorporated diet (33.75%) and 

control (30.58%). The highest carbohydrate content was 

found in control diet (17.57%) whereas the lowest 

carbohydrate content was found in vitamin C (13.14%). 

Fat was found as the highest in control (13.65%) and the 

lowest in vitamin C incorporated diet (10.75%). 

 After 45days of culture, the activity of digestive 

enzymes observed as a function of Vitamin diets showed 

significant difference when compared to that of the 

control. The protease activity was significantly higher in 

vitamin C diet (110.58±2.49 Umg-1), followed by 
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Diets 
 

Crude protein (%) 
 

Crude carbohydrate (%) 
 

Crude fat (%) 
S. No 

Control (D1) 30.58±2.19 17.57±1.29 11.65±0.72 1 

Folic acid diet (D2) 33.75±1.60 15.57±1.19 10.82±1.01 2 

Vitamin B diet ( D3) 34.80±1.07 15.14±1.06 10.20±0.93 3 

Vitamin C diet (D4) 36.91±1.64 13.14±1.32 9.75±0.97 4 

Vitamin - Mineral mix diet (D5) 35.52±2.10 14.00±1.09 9.68±0.84 5 

Table 3. Body composition of C. striatus fed different diets  

Figure 1. Protease activity of Channa striatus  

fingerlings fed on test diets 
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Total number of bands 
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vitamin mineral mix diet(103.41±2.92 Umg-1), vitamin B 

diet (95.21±2.77 Umg-1), and folic acid diet (84.12±1.58 

Umg-1) (Figure 1). The average value of amylase activity 

was significantly higher in vitamin C diet (53.50±2.49 

Umg-1) when compared to all other diets (Figure 2). The 

average value of lipase activity in the intestine of          

C. striatus was higher in vitamin C diet (93.80±1.42 

Umg1) (Figure 3). All Vitamin diets showed difference in 

enzyme activity as a function of nature of  vitamin 

incorporated and the difference was statistically 

significant when compared to that of the control. With 

regard to growth parameters, control diet produced least 

growth which showed variation when compared to 

vitamin diets. From the SDS-PAGE analysis, more 

number of protein bands indicating increase in 

qualitative protein in fish fed with vitamin and mineral 

supplemented diets were observed. A total of 63 bands 

were observed and the similarity coefficients ranged 

from 0.64 – 0.95. More number of bands (16) occurred in 

vitamin C diet fed fish while the least (9) in control diet 

fed fish. Molecular weight of the fish muscle tissues 

varied from 1.9 kDa to 153 kDa (Table 5). High 

molecular weight protein bands were observed in the 

four diets supplemented with vitamin and mineral diets.  

 

DISCUSSION  

  Vitamin requirements of fish have been reported 

to vary with species, size or age, protein quality, level of 

energy, water quality, presence of natural food, feeding 

and culture management. In the present study, vitamin 

supplemented diets resulted in an increase in weight gain 

and specific growth rate of C. striatus. The results 

showed that survival and growth rate of fingerlings 

increased (P < 0.05) with 200 mg of vitamin C / Kg feed. 

The present finding correlated with those of Adham et al. 

(2000), who stated about the dietary requirement of 

ascorbyl sulphate as vitamin C sources in              

Clarias gariepinus. Gupta (2006) investigated the 

relative efficiency of various level of dietary vitamin E 

on SGR and FCR of Labeo rohita fingerlings. The 
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Growth parameters 
Control  

(D1) 

Folic acid 

Diet (D2) 

Vitamin B 

Diet (D3) 

Vitamin C 

Diet (D4) 

Vitamin - Mineral 

mixed Diet (D5) 

 

S. No 

Initial weight (g) 10.8±0.09 10.6±0.12 10.7±0.45 10.6±0.67 10.8±0.36 1 

Final weight (g) 17.83±0.11 19.11±0.34 20.15±0.49 22.06±0.52 20.93±0.48 2 

Survival rate (%)* 82.3±2.36 92.1±1.56 91.6±1.81 93.5±2.56 93.7±1.81 3 

Weight gain (g)** 7.03±0.11 8.61±0.31 9.45±0.45 11.46±0.52 9.13±0.39 4 

SGR*** 1.11±0.28 1.33±0.09 1.56±0.14 1.62±0.23 1.49±0.04 5 

FCR **** 3.42±0.01 2.75±0.02 2.51±0.04 2.06±0.01 2.43±0.03 6 

Table 4. Growth performances of Channa striatus fed with experimental diets 

Figure 2. Amylase activity of Channa striatus  

fingerlings fed on test diets 
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Figure 3. Lipase activity of Channa striatus fingerlings 

fed on test diets 
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enhanced growth performance of C. striatus in the 

present study might be due to the increase in digestive 

enzyme activity as induced by the vitamins. Our findings 

were similar to the increase in digestibility by enzyme 

activities as demonstrated by Ghosh et al. (2002) in rohu 

(Labeo rohita). It is normal that tissue levels achieve a 

most extreme or saturation level past which they don't 

increase with additionally increase in dietary 

concentration; the excess intake is discharged or 

metabolized (Sahoo and Mukhopadhyay, 2008). The 

reduced growth performances in fish fed on control diet 

clearly indicated the vitamins had a specific effect on 

growth of fish as already suggested by Ram (1966).  

 Carnivorous fishes as often as possible show 

higher proteolytic enzyme activities, to process their high

-protein animal dietary from foods (Fish, 1960; Cockson 

and Bourne, 1972; Reimer, 1982). Digestive enzyme 

activities in fishes, in any case, differ among species and 

can be influenced by age and in addition by the amount 

and composition of diet (Péres et al., 1998). The 

digestive enzyme activities and nutrient digestive values 

were affected by dietary composition, with carbohydrate 

and fat changes eliciting the strongest effect. 

Storebakken and Goswami (1996) reported the 

interrelationship between astaxanthin and vitamin A in 

Atlantic salmon. Mahajan and Agrawal (1980) reported 

that, the hatchlings of Cirrhina mrigala, fed purified 

diets with evaluated levels of crystalline ascorbic acid, 

the ideal necessity was 650-700 mg ascorbic acid/kg feed 

in light of weight gain, mortality and behavioral and 

morphological criteria. This level gives off an impression 

of being on the high side, potentially because of the 

utilization of crystalline ascorbic acid which is a unstable 

type of vitamin C (Sahoo and Mukhopadhyay, 2008). 

Mishra et al. (2007) reported better immunity, growth, 

and survival in rohu fingerlings after feeding diets 

containing 500 mg/kg ascorbic acid for eight weeks. 

 The incorporation of vitamin-C in diets enhanced 

digestive enzyme activities, including protease, amylase 

and lipase, which have subsequently brought about better 
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Ref  

Band No 

D1 D2 D3 D4 D5 

MW 

(kDa) 

Rf MW 

(kDa ) 

Rf MW 

(kDa ) 

Rf MW 

(kDa ) 

Rf MW 

(kDa) 

Rf 

1 - - 149.4 0.66 149.9 0.06 153.8 0.05 151.3 0.06 

2 - - 136.5 0.09 130.2 0.10 143.4 0.07 142.2 0.07 

3 - - - - - - 134.3 0.09 130.7 0.10 

4 112.8 0.13 109.1 0.14 114.3 0.13 127.2 0.10 112.4 0.14 

5 89.81 0.19 - - 101.7 0.16 107.1 0.15 102.2 0.16 

6 - - 90.6 0.19 86.36 0.2 94.7 0.18 94.7 0.18 

7 66.98 0.25 - - - - 84.4 0.20 84.7 0.20 

8 - - - - - - 48.47 0.30 - - 

9 51.30 0.29 59.5 0.27 61.81 0.26 37.4 0.34 53.2 0.29 

10 - - 44.6 0.32 44.4 0.32 - - 40.9 0.33 

11 39.18 0.32 37.8 0.34 31.6 0.37 27.2 0.39 29.5 0.38 

12 22.42 0.41 24.8 0.40 21.4 0.41 18.6 0.43 - - 

13 4.45 0.54 14.2 0.46 9.66 0.49 10.5 0.48 17.9 0.43 

14 - - - - - - 7.26 0.51 9.32 0.49 

15 - - 5.92 0.52 3.73 0.55 3.38 0.56 3.27 0.57 

16 2.06 0.62 - - - - 2.17 0.60 2.28 0.6 

17 2.06 0.69 2.03 0.62 1.99 0.65 2.06 0.65 2.09 0.65 

Table 5. Molecular weight and Rf values of protein isolated from C. striatus fingerlings fed on different  

experimental diets  



growth. Vitamins could influence the enzyme activities 

in a different manner and vitamin C actuated a more 

intense stimulation than the others. This stimulation of 

amylase and protease activity was associated with the 

growth. The production of digestive enzymes can be 

regulated by genes, hormones, and food (Péres et al., 

1998). The agreement is that protease, lipase, and 

amylase secretion and contents change relatively in light 

of the amount of their respective substrates (Lhoste et al., 

1994).  

 Digestive enzyme activity can be prompted as a 

response to growth or attempting to drive more 

supplements from a deficient meal during digestion 

(Wormhoudt et al., 1980). The outcomes for Octopus 

maya (Aguila et al., 2007) recommended that the 

enzyme capacity of octopuses and, thus, food 

digestibility could be enhanced utilizing supplements 

that fortify enzyme secretion. In this sense, it was 

discovered that enzyme secretion can be directed by 

visual, chemical and endocrinological stimuli. The 

increase in the protein content of the C. striatus was 

illustrated by the protein banding pattern of the muscle 

tissue by SDS-PAGE. 

 

CONCLUSION 

 In short, the results of the present study showed 

the effect of vitamins on the growth performance of       

C. striatus, and also on digestive enzymes. It is 

concluded that, use of 200 mg kg-1 supplement of vitamin 

C in C.  striatus diet could be recommended based on 

results of this study. The electrophoretic studies revealed 

that high molecular weight fractions are added up in 

muscle tissue of C. striatus fed with vitamin and mineral 

supplemented diets. This clearly suggests that both 

qualitative and quantitative increase in the protein 

content of the fish. 
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