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Abstract | Channa is distributed throughout the subcontinent, highly resistive, spine less, adopted to low 
dissolved oxygen and is commercially important worldwide. The objective of this study is to investigate 
the effect of different diet on growth performance of Channa marulius to develop a rearing technique for 
promoting it aquaculture. Four different diets i.e. chicken liver, BSF-larvae, commercial feed and beef mince- 
having different protein levels were administered to compare their suitability as food for the rearing of C. 
marulius for 45 days. The fry fed with chicken liver and BSF-larvae showed significantly better result in terms 
of weight and length gain. The survival rate of C. marulius fed with chicken liver, BSF-larvae, commercial feed 
and beef mince were estimated as 90%, 85%, 80% and 60% respectively. The absolute weight of C. marulius fed 
with chicken liver, BSF-larvae, commercial feed and Beef mince were estimated as 2.24 g, 2.00 g, 1.9 g, and 
1.86 g respectively while the value of the absolute length of C. marulius fed with chicken liver, BSF-larvae, 
commercial feed and Beef mince were estimated as 0.9 cm, 0.9 cm, 0.8cm, and 0.9 cm respectively. The value 
of SGR in term of weight is 1.803%, 1.727% 1.5% and 1.7% on chicken liver, BSF-larvae, commercial diet 
and beef mince respectively. While in term of length the value of SGR is 0.32%, 0.35%, 0.36% and 0.37% on 
chicken liver, BSF-larvae, commercial diet and beef mince, respectively. The difference in growth performance 
observed were highly significant (P ˂ 0.05). The relative growth rate was also higher on chicken liver and 
BSF-larvae and SGR was high on the Chicken liver. It is, therefore determined that C. marulius can be culture 
on animal-based protein diet for profitable farming. By creating more enticing and delectable artificial feed, 
changing feeding strategy, and making more attractive artificial feed, additional study is required to reduce the 
generation of shooters at juvenile stages.
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Introduction

Aquaculture is one of the crucial food-supply 
sectors that ensure the provision of nutritional 

needs to consumers around the world (Mirghaed et 
al., 2018). Aquaculture is predicted to play a key role 
in food security, income, and economic community, 
supplying nutritious food to a growing human 
population (FAO, 2020). Protein one of the most 
significant component needed to improve fish growth 
rate. Dietary protein offers both type of amino 
acid’s needed to sustain body energy and synthesis of 
body protein (Hossain et al., 2010). The requirement 
of protein for animals varies depending on their age, 
species, size, reproductive status, and environment 
(NRC, 2011). Smaller fish have greater protein 
demands as compared to large size fish. Efficient 
growth  is influenced by the amount of high-quality 
protein in diet, especially for carnivorous species (Lee 
et al., 2002).

Snakehead is a carnivorous, air-breathing, freshwater 
fish species that belongs to the Channidae family and 
is distributed in freshwater areas of Southeast Asia. 
(Wallady et al., 2022). The Channidae family consists 
of just two genera, with 26 currently recognized 
species is extensively dispersed across the Iran, South 
Asia, Far East (Li, 2006) India, among these three 
species C. marulia, C. striata, and C. punctate can be 
find in Pakistan in different environmental habitats. 
(Rahman et al., 2012; Chowdhury et al., 2021) C. 
marulius (Hamilton, 1822) is commonly known 
as the bull’s eye snake head or great snake head. C. 
marulius is considered as the species complex (Britz 
et al., 2017). Snakeheads are opportunistic carnivores 
and can breathe air, they are frequently exported and 
sold alive, which increases the risk of purposeful or 
unintentional introduction to habitats where they 
do not belong (Courtenay and Williams, 2004). C. 
marulius a large snakehead fish, is a fast-growing 
species with a high market value and customer 
preference (Khan et al., 2012). C. marulius is raised 
as a food fish for humans and is commercially taken 
from the wild (Dua and Kumar, 2006). Snakehead is 
regarded as a commercially significant species in its 
native area, and as a result, certain wild populations 
in India have been declining due to its use in local 
human diets (Habib et al., 2011; Ali et al., 2013). C. 
marulius is a carnivorous fish which consume a variety 
of animals as food such as fish, frog, snakes, insect, 
earthworms, tadpoles, water birds and mice (Qin and 
Fast, 1996).

According to Raizada et al. (2012) that C. marulius fry 
require about 540–600 g kg-1 of protein, and they may 
be raised to fingerling size on specially designed diets. 
Insect larvae and pupae are typically rich in protein 
40-70% (Rumpold and Schlüter, 2013). The FAO 
strongly recommends the use of insects as human 
food and animal feed as a tool for poverty alleviation 
(FAO, 2010). Many insects are potentially suitable for 
animal feed (van Huis et al., 2013). One such dipteran, 
the black soldier fly (BSF) (Hermetia illucens) has 
had a great deal of success in several tests replacing 
fishmeal with its larval meals, the black soldier fly 
larvae BSFL have the crude protein value stays at an 
average of 24-28 percent from day-old larvae through 
prepupal stage (Gangadhar et al., 2018). A previous 
investigation revealed a useful  correlation between 
food protein content and growth efficiency (Raizada 
et al., 2012). Sagada et al. (2017) demonstrated the 
protein requirement of C. argus is about 48%. The 
purpose of this study is to give adequate and optimal 
protein for excellent development of the C. marulius   
through balanced diet.

Materials and Methods

Fish sampling
The specimen were collected from river Indus district 
Swabi Khyber Pakhtunkhwa, with the help of scope 
nets, cast net and hand net and transported to the 
Department of Zoology, Abdul Wali Khan University 
Mardan on the same day in oxygen filled polythene 
bags. The species were acclimatized for a week to 
laboratory condition.

Experimental design and diets feedings
The feeding trial was conducted in four replicates 
with four variable diets. The experimental feed was 
prepared according to the formula (Table 1), consists 
of Chicken liver, BSF-larvae, commercial feed and 
Beef mince and stored in the refrigerator at 4 oC. 
On the basis of feeding the replicates were divided 
as he controlled group fed with chicken liver, group 
second was fed with the BSF-larvae, group third was 
fed with commercial feed and the group fourth was 
fed with the beef mince. The study was continued 
for 45 days, and the feed was given twice a day. Each 
aquarium was stocked with 20 species of the target 
fish and provide 8% of the target feed according to the 
body weight twice a day. The feed ratio was adjusted 
in the whole experimental trials. Before stocking, the 
average initial biomass of the fry was measured and
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Table 1: Feed formulation for C. marulius. 
Ingredient Weight Percentage Chicken liver (g) BSF-larvae 

(g)
commercial feed 
(g)

Beef mince 
(g)

Protein source 450 45% 450 450 450 450 
Soyabean meal 160 16% 160 160 160 160
Wheat bran 170 17% 170 170 170 170
Corn meal 110 11% 110 110 110 110
Rice polish 40 4% 40 40 40 40
Premixes (Vitamin + Mineral) 15 1.5% 15 15 15 15
Vitamin C 6 0.5% 6 6 6 6
Soyabean oil/ fish oil 50 5% 50 50 50 50 

was not significantly differ across treatments. Physio-
chemical parameters of water were checked regularly 
and 50 % aquarium water was replaced with fresh 
water every day.

Water quality
Physico-chemical parameters of water were examined 
regularly during the experimental trails. Digital 
thermometer was used to measure the temperature, 
dissolved oxygen (DO) (YSI 55 Incorporated, Yellow 
Springs, Ohio, 4387, USA) and an APA Kit was used 
to measure the pH, total alkalinity, ammonia, nitrate, 
and nitrite levels. The data were recorded twice a day 
during the experimental trail.

Growth indices
Measurement of the fish individual (Body weight 
and total length) were taken in the beginning of the 
experiment and after every 5th day throughout the 
experimental period. The biomass of each aquarium 
was determined weekly by weighting the entire stock 
in the aquarium. The following formulae’s were used 
to calculate growth performance.

WG = Fw (g) – IW (g)

WG= Weight gain; FW= Final body weight; Iw = 
Initial body weight.

SR= Survival rate; Nt= Final Population N0= Initial 
Population.

SGR= Specific growth rate (%/day); Wt= Final 

average weight (g); W0= Initial average weight (g).

FCR = Feed conversion ratio; F = Total feed amount 
(g); Bt = Final biomass (g); Bm = Deceased biomass 
(g); B0 = Initial biomass (g).

Statistical analysis
One-way analysis of variance (ANOVA) was used 
to determine the effect of different feed on the C. 
marulius. The significance of difference between 
mean was determined by Tukey`s Multiple range test 
(P<0.05) by using SPSS 16.0 software (Chicago, IL, 
USA).

Results and Discussion

Survival rate
The survival rate in C. marulius fed with chicken 
liver, BSF-larvae commercial feed and Beef mince 
for 45 days were estimated as 90%, 85%, 80% and 
60%, respectively and shown in Table 2. The survival 
rate is observed from final and initial number of fish. 
Due to the aggressive behavior of target juveniles 
most of the fries were affected and injured by the 
cannibalistic behavior throughout the study trials. 
The cannibalistic tendency was observed at minimum 
level in fries fed with Chicken liver followed by BSF-
larvae, commercial feed and Beef mince respectively. 
Similarly, the survival rate of the C. marulius is 
minimum due to cannibalistic behavior.

Absolute growth
Absolute growth is calculated by the standard formula. 
Table 2 and Figure 1 shows the absolute growth of 
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Table 2: Growth response of C. marulius fed with different diet. 
Diet Survival 

rate
Absolute growth Absolute growth rate Specific growth rate

Weight gained 
(g)

Increase in length 
(cm)

Weight gained 
(g/day)

Increase in length 
(cm/day)

Weight gained 
(% per day)

Length 
(% per day)

Chicken liver 90% 2.24 0.9 0.049 0.02 1.803 0.32
BSF-larvae 85% 2 0.8 0.044 0.01 1.727 0.35
commercial feed 80% 1.9 0.9 0.042 0.02 1.527 0.36
Beef mince 60% 1.86 0.9 0.041 0.02 1.712 0.37

C. marulius. The value of the absolute weight is 2.24 
g on chicken liver, 2.00 g on BSF-larvae, 1.9 g on 
commercial diet and 1.86 on Beef mince while the 
value of the absolute length is 0.9 cm fed on chicken 
liver, 0.8cm on BSF-larvae, 0.9 cm on commercial 
diet and 0.9 on Beef mince.

Figure 1: Absolute growth (weight and length).

Figure 2: Absolute growth rate (weight and length).

Absolute growth rate
Table 2 and Figure 2 shows the absolute growth rate 
of the C. marulius. Absolute growth rate shows the 
growth increase in specific unit time. The weight 
gained on chicken liver is 0.049 g/day, 0.044 g/day 
on BSF-larvae, 0.042 g/day on commercial feed and 
0.041 g/day on Beef mince. While the length gained 
was 0.02 cm/day on chicken liver, 0.01cm/day on 
BSF-larvae, 0.042 cm/day on commercial feed and 
0.041 cm/day on beef mince.

Specific growth performance
Specific growth rate (SGR) is the fish body weight 
that grows in daily percentage. Table 2 and Figure 3 
shows the SGR of the C. marulius fed with chicken 
liver, BSF-larvae, commercial feed and beef mince. The 
value of SGR in term of weight is 1.803% on chicken 
liver, 1.727% on BSF-larvae, 1.5% on commercial 
diet and 1.7% on beef mince. While in term of length 
the value of SGR on 0.32% on chicken liver, 0.35% 
on BSF-LARVAE, 0.36% on commercial diet and 
0.37% on the beef mince.

Figure 3: Specific growth rate of C. marulius on different diet.
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Overall growth performance
The overall growth performance of C. marulius on 
different diet is shows in Figure 4. A significance 
difference (P<0.05) was observed in the weight gain of 
C. marulius on chicken liver, BSF-larvae, commercial 
diet and beef mince. C. marulius fed with chicken 
liver shows the highest level of growth and the fish 
fed with beef mince showed lowest value. The growth 
rate in terms of total length observed has shown the 
same result in C. marulius fries fed with chicken liver, 
commercial feed, beef mice whereas the lowest total 
length was observed in C. marulius fries fed with 
BSF-larvae. The means values depicted with standard 
error bars in Figure 4. 

Figure 4: Estimation of overall growth performance in C. marulius 
in response to different diet composition.

Analysis of variance
Analysis of variance (Tukey test) was applied to 
estimate the significance of test variables Table 3. The 
mean value of the final weight, final total length and 
final standard length were shown. The difference in 
growth performance observed were highly significant 
(P ˂ 0.05). Similarly, the weight gain was highly 
significant in C. marulius fries fed on chicken liver (P ˂  
0.05) when compared to beef mince. The difference in 
growth performance observed was highly significant 
in C. marulius fries fed on chicken liver, BSF-larvae, 
commercial feed, and beef mince. The length gain 
was highly increase in fries fed with beef mince as 
compared to other.

Water quality parameter
The physio-chemical parameters, including 

temperature in the 28–30 °C range, PH 7.5–8.5, 
total hardness of 140-158 mgL-1, and DO 5.6–8.5 
mgL-1, were recorded. Total dissolved solid (TDS) 
and electrical conductivity were 450mg/l and 467 
μμ-mho/cm, respectively. These values were deemed 
normal and acceptable for the target specie.

Table 3: ANOVA (feed composition).
Growth 
parameter

Feed composition Mean with St. 
error

p value

Final weight
 
 
 

Chicken liver 1.91(±0.70) 0.00
BSF-larvae 1.73(±0.48)
commercial feed 1.86(±0.68)
Beef mince 1.68(±0.60)

Final total 
length
 
 
 

Chicken liver 2.87(±0.32) 0.00
BSF- larvae 2.42(±0.37)
commercial feed 2.42(±0.56)
Beef mince 2.52(±0.36)

The present work deal with the survival rate of the 
C. marulius fed with chicken liver, BSFL and beef 
mince. The survival rate of C. marulius fries estimated 
in the current study was 90% and 60% fed on 
chicken liver and beef mince, respectively. In current 
observation that when size become large, the survival 
rate increased with practicing proper grading of the 
shooter. Current work on C. marulius is in line with 
work done by Devraj (1973) who also worked on the 
survival of same species. Survival rate was recorded 
as 19.3 %, and 1.3% for 3 months and 5 months 
respectively. With increase in fish size, survival rate 
increased up to 57.5 %. Giri et al. (2002) recorded the 
highest survival rate of the Wallago attu (Bloch and 
Schneider) larvae fed with fishmeal or meat meal-
based diets in combination with plankton. Srivastava 
et al. (2012) also worked on the survival rate of C. 
stratius fed with different diet. The survival rate was 
recorded as 82%, 74% and 76% (p<0.05). Yadav et 
al. (2016) reported overall 90% survival rate during 
the one-year study. Kalhoro et al. (2017) recoded the 
survival rate 90%, 50% and 80% and significantly 
different (P< 0.05). Kumar et al. (2020) conducted the 
experiment on rainbow trout (Oncorhynchus mykiss) 
and found 100% survival rate. The current survival rate 
of C. marulius was high compared to previous work 
conducted on this fish, which could be corroborated 
to the diet formulation and proper grading of fish. 
During the current study, the fry of the C. marulius 
were found aggressive towards the feed. The feed 
was mostly finished with in short period which show 
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the voracious nature of the target fish. During the 
experimental period the chicken liver, BSF-larvae 
and commercial feed were digested easily, and fry 
face the problem in the digestion of beef mince. The 
current study confirms the cannibalistic behavior of C. 
marulius during fry condition. This tallies the findings 
of Diana et al. (1985) according to whom snakehead 
can easily consume a smaller fish of more than half its 
length (Boonyaratpalin et al., 1985; Qin et al., 1996; 
Yadav et al., 2016; Sonawane et al., 2012) conformed 
the cannibalistic behavior of C. marulius. 

The highest growth performance was attained on 
with the chicken liver while the lowest weight gain 
was attained by the C. marulius fed with beef mince. 
In this experiment, Specific growth rate and weight 
gain enhanced in the fry fed with chicken liver and 
the specific growth rate decrease with commercial 
feed. The maximum growth observes in our study in 
the fry fed with chicken liver and minimum in fry fed 
with the beef mince. The minimum growth rate on 
beef mince is due to the digestion of beef mince by C. 
marulius. In a related investigation, Zhao et al. (2021) 
supplied extruded soybean meal to the Epinephelus 
coioides in place of the fish meal that was normally 
consumed. The study showed that the growth and 
feed utilisation of different diets were significantly 
impacted by replacement. This suggested that grouper 
development retardation could result from greater 
dietary ESBM inclusion levels at levels above 45%. In 
studies similar to this one, other fish species including 
Dolly varden (Meng et al., 2020), rainbow trout (Yang 
et al., 2011), and Japanese flounder Saitoh et al. 
(2003) were able to tolerate up to 50%, 40.8%, and 
32% soyabean meal substitution for fish meal protein, 
respectively, without affecting growth utilisation.

In the current study, BSFL provided better weight 
growth than chicken liver. In comparison to fishmeal 
and other protein sources, dried, defatted, and chitin-
reduced BSFL meal (60%) combined with BSFL 
oil (4.8%) and dried BSFL meal (10-20%) resulted 
in similar growth performance in Atlantic salmon 
pre-smolts, according to the findings of (Belghit et 
al., 2018) and (Fisher and Romano, 2020). When 
feeding partially defatted, dried BSFL meal (5-15%) 
to Atlantic salmon post-smolts, similar results have 
also been seen (Belghit et al., 2019). The findings of 
Kumar et al. (2020) are consistent with this study in 
which the significant (p<0.05) effect of different diet 
on the growth performance of O. mykiss was observed. 

Kalhoro et al. (2017) conducted the experiment on 
C. marulius fed with different diet containing squid, 
Tubifex and Pellet feed. From the study increase in 
length and weight was found with fries fed with 
squid and pellet feed. In present study as compared 
to the commercial feed and beef mince the BSF-
larvae show significant SGR result. This finding is 
in contrast with the results of previous work done. 
In previous research, young turbot fed BSFL meal 
containing chitin (1.6–7.3%) were found to have 
lower SGR (Kroeckel et al., 2012). The outcomes 
of formula-fed fry in the current investigation with 
regard to growth were not noteworthy. In a related 
investigation, Mohanty and Samantaray (1996) found 
that C. striata fry fed a formula diet comprising 550 g 
kg-1 protein showed the highest growth performances 
(energy 4320 kcal kg-1). Similar observations have 
also been obtained regarding young Sarotherodon 
mossambicus, Ictaluruspunctatus, and Cyprinus carpio 
(Ogino and Saito 1970), as well as I. punctatus and 
C. carpio ( Jauncey, 1982). The diet that contained 
13.54% fat and 49.72% protein in the feed was ideal 
for C. striatus’s better growth. Kalhoro et al. (2017) 
observed that the SGR value was highly significant 
(P< 0.01). Devraj (1973) reported the 5.0-7.9 cm 
increase in length of C. marulius fed with fish liver in 
5-months. 

Conclusions and Recommendations

It is, therefore determined that C. marulius can be 
culture on animal-based protein diet for profitable 
farming. When the shooters were properly graded, 
cannibalism gradually came to an end, and in 
comparison to cultures based on predator-prey systems 
or supplemental feeding with fish and animal meat, 
the shooters had a comparatively greater survival rate 
and better production. By creating more enticing and 
delectable artificial feed, changing feeding strategy, 
and making more attractive artificial feed, additional 
study is required to reduce the generation of shooters 
at juvenile stages.
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protein diet for profitable farming. By creating more 
enticing and delectable artificial feed, changing 
feeding strategy, and making more attractive artificial 
feed, additional study is required to reduce the 
generation of shooters at juvenile stages.
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