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Abstract

This study aimed to evaluate the protein requirements of Clarias batrachus fry,
were estimated by feeding isocaloric diets. The influence of dietary protein level on
weight gain, survival, food utilization and body composition were estimated. The
Asian catfish, C. batrachus fry were fed four diets containing 25% (diet 1), 30%
(diet 2), 35% (diet 3) and 40% (diet 4) protein levels and 3580 kcal kg-1 of energy
level for 30 days. Fry fed with diet 3 containing 35% protein showed the highest
final body weight, survival, specific growth rate and protein efficiency ratio and
were significantly (P < 0.05) affected by dietary treatments. C. batrachus fry raised at
25% protein (diet 1) had higher apparent feed conversion ratio (AFCR) (1.30±0.13)
than 35% dietary protein level (0.63±0.07). Higher protein efficiency ratio (4.52±0.4)
observed at higher protein level (35%) than 25% protein level (3.08±0.6). Body lipid
and ash content observed to have been influenced (P < 0.05) by diets with increasing
protein level. Further, crude protein was not affected (P > 0.05) with increase in
dietary protein level. The study concluded that the diet 3 containing 35% protein
was optimal for growth of C. batrachus fry.

Introduction

In aquaculture practices, more emphases are
generally given to the dietary protein requirements
to achieve optimal fish growth and production.
Protein is one of the major dietary nutrients, affecting
growth performance of fish and also feed cost (Lovell
1989). Regular intake of protein is required by fish to
build new tissues and to repair old tissues. Protein
deficiency in the diet result in reduction of growth
and loss of weight due to utilization of body protein
to maintain the functions like building of new tissues
and repairing of new tissues (Rath 1993; Singh et al.
2009).  Hence, fish require high levels of protein in
their diets, which vary from fish species to species.
In addition, extremely high protein levels may result
in poor growth and increased susceptibility of fish
to diseases and parasites due to poor water quality.
When fed to fish, diets containing excessive amounts

of protein cause toxicity since the fish tend to excrete
high amounts of ammonia in the rearing water which
may lead to growth depression (Zeitoun et al. 1976).
On the other hand, reduction in fish growth could be
due to lack of non-protein energy in diets containing
high amounts of protein (Jauncey 1982), in which
case some protein would be used for energy rather
than growth. Moreover, excess dietary protein which
cannot be stored are catabolized preferentially over
carbohydrates and fats and used for energy instead
of growth by some fishes (Wilson 1989). Requirements
of protein in the diets for silver carp, were reported to
be between 37% and 42% (Singh 1989), for common
carp between 31% and 54%  (Varghese et al. 1976;
Sen et al. 1978; Pandian 1989) and for  pearl gourami
45% (Singh et al. 2003).

The Asian catfish, Clarias batrachus, is widely
distributed throughout Indian continents and is
known as a species of aquaculture importance. The
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twin qualities; rapid growth and high marketability,
make it a good candidate fish species for aquaculture
production (Goda et al. 2007; Singh et al. 2009).
Commercially available artificial feeds are used to
supplement the protein requirements in the mass
production of fry. However, this use is based more
on availability than suitability (Tidwell et al. 1992;
Gupta et al. 2007); the available artificial feeds are
not designed specifically for catfish and fail to meet
the actual protein requirements of the fry. An
economically viable commercial production of C.
batrachus requires reliable diets that will support
nutritional requirements for optimal growth and
survival. Studies on the protein requirements of C.
batrachus have been focused on juveniles (Khan et al.
1993) and information regarding the optimum
protein level in fry diet is scarce. For sustainable
aquaculture of this species, knowledge of optimal
dietary protein requirements, growth and feed
utilization need to be investigated. Therefore, the
objective of this study was to determine the optimum
level of dietary protein, growth, feed utilization and
body composition of Asian catfish, C. batrachus fry.

Materials and Methods

Test animals and experimental system
Fry of Asian catfish C. batrachus were procured from

a local fish seed supplier (M/s Jawhar fish seed
supplier, Fazilka, Punjab) and acclimatized to
laboratory conditions for one week in two plastic trough
containing 50 L water. Fry were fed to satiation, a
mixture of groundnut oil cake and wheat flour (1:1).
Daily removal of 50% water from plastic trough was
done to remove uneaten food and excreta and
replenishment of same volume of fresh water. Groups
of 30 catfish fry of average 0.2 g body weight were
stocked in 12 plastic troughs of 15 litre capacity.
Triplicate troughs were allotted randomly for each
feeding treatment. The water quality was maintained
through daily 50% water exchange and siphoning out
of the waste material. Continuous aeration was provided
by air stones using an air compressor to ensure oxygen
saturation. The experiment was lasted for 30 days.

Water quality parameters were determined daily
and there were no significant differences between
dietary treatments at any sampling period. Ranges
of temperature, pH, dissolved oxygen, ammonia,
nitrates and nitrites were from 34.2 to 34.6oC, 8.0 to
8.37, 7.62 to 8.50 mg L-1, 0.12 to 0.16 mg L-1, 0.09 to 0.16
mg L-1 and 0.04 to 0.07 mg L-1, respectively, during the
experimental period. The water quality parameters
were within the acceptable range as reported for C.
batrachus (Rao et al. 1994) rearing and culture.

Diet preparation and feeding trial
Four isocaloric diets were formulated with different

proportions of ingredients to contain 25% (diet 1),
30% (diet 2), 35% (diet 3) and 40% (diet 4) protein
level. The ingredients and proximate composition of
the experimental diets are shown in Table 1. The
ingredients of each diet were mixed thoroughly and
an aliquot of water were added to the mixture. The
resulting dough was cooked for 20 min in a pressure
cooker. After cooling, the dough was pelletized by
using a hand pelletizer. Pellets of 1mm diameter size
were dried at 50oC. The dried diets were then stored
in airtight plastic containers. Experimental diets were
fed to the fry at 7% of body weight, twice a day (09:00
and 17:00 h) for a period of 30 days. After every 10
days, ten fishes from each trough were weight
individually for recording weight and calculating
daily food ration.

Diet and body composition analysis
At the end of the experiment, ten fishes from each

replicate were sacrificed for the analysis of
chemical composition of whole body. Diet and
body tissue at the end of the experiment were
analysed for dry matter (DM), crude protein (CP),
lipid and total ash according to the method of
AOAC (2000). Organic matter (OM) of diets was
calculated by subtracting the total ash value from
DM. Total carbohydrates was estimated by
subtracting CP and lipid values from OM. Gross
energy of diets was calculated on the basis of gross
energy values of crude protein, total carbohydrate
and lipid of the respective diets. The digestible
energy values of the diets were calculated as 14.6
MJ kg-1 proteins, 33.9 MJ kg-1 lipids and 10.5 MJ kg-

1 carbohydrate on the basis of values adapted for
channel catfish (NRC 1993).

Growth parameters
At the end of the feeding trial, the water from each

plastic trough was siphoned out and the total number
of fry in each trough was counted. Randomly the
individual body weights of fry were recorded and
the mean final body weight was multiplied with total
number of fry to arrive at final biomass production
from each trough. Feed conversion ratio was
considered to be apparent as no correction was made
for uneaten food left (if any). The following formulae
were used to calculate growth performance in C.
batrachus fry:
1.      Specific growth rate (SGR) = 100 (loge final body

weight - loge initial body weight)/culture period
(days).
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2.     Apparent feed conversion ratio (AFCR) = total
dry feed fed (g)/total live weight gain (g).

3.   Protein efficiency ratio (PER) = weight gain/
protein intake.

Analysis of data
The experimental data were subjected to one-way

ANOVA (Snedecor & Cochran 1968) and results were
considered to be statistically significant at 0.05
probability level or smaller.

Results

Growth performance
The diets are formulated in such a way that gross

energy level remains almost same in all the
experimental diets. Estimated digestible energy for
different experimental diets ranged from 11.13 to
11.46 kJ g-1 of diet (Table 1). The data of final body
weight, biomass gain, percent survival, feed intake,
specific growth rate (SGR), apparent feed conversion
ratio (AFCR) and protein efficiency ratio (PER) are
summarised in Table 2.

The initial body weight (0.2 g) of the fish fry was
similar among the treatments. The final body weight

attained by diet 1 treatment was the lowest (0.68±0.08
g), followed by diet 2 (0.82±0.05 g), however, both
were lower than that of diet 3 (0.99±0.07 g) and diet 4
(0.91±0.05 g) fed fish treatments (Table 2). It was
observed that net body weight gain in fish fed on
35% and 40% protein diet was significantly higher
(P < 0.05) than that of fish fed on 30% protein diet,
which was also significantly higher than that of 25%
protein diet fed fish. Dietary protein levels had
significant effect on AFCR and PER values in catfish
fry. AFCR value of 25% protein diet was significantly
higher (P < 0.05). Fish fed diet containing 35% protein
showed significantly lower (P < 0.05) AFCR value
and better than those obtained with the diets
containing 40% and 30% level protein (Table 2). Fry
fed the 35% (diet 3) protein diet showed the highest
PER followed by diet 2, 4 and 1 treatment.

Body composition
Whole body composition of C. batrachus fry is

shown in Table 3. There were significant differences
(P < 0.05) for whole-body lipid and ash contents.
Both body lipid and ash content decreases
significantly with increase in protein content of the
diet, whereas, protein values were increased.
However, fry fed 25% protein (diet 1) recorded lower
protein content (P > 0.05) compared with the other
treatments.

Table 1: Ingredient and chemical composition of the experimental diets

* Vitamin & mineral per gram of premix contained: Vitamin A
8000 i.u., vitamin B2 2.8 mg, vitamin B12 5 mg, vitamin D3
1500 i.u., vitamin E 5 mg, vitamin K3 5 mg, vitamin PP 12.5
mg, D calcium pantothenate 5 mg, copper sulphate 0.7 mg,
zinc sulphate 2.5 mg, ferrous sulphate 6.2 mg, potassium
iodide 0.4 mg, manganese sulphate 3.8 mg, sorbitol 20 mg.
# Values are the mean of three determinations.

† Organic matter = dry matter – total ash.
§ Total carbohydrates = organic matter – (crude protein +
total lipid).
$ Calculated using gross caloric values of 5.65, 9.45 and 4.1 kcal g-1 for
protein, fat and carbohydrate, respectively, according to Brett (1973).
¶ Calculated as 14.6 MJ kg-1 protein, 33.9 MJ kg-1 lipid and
10.5 MJ kg-1 carbohydrate, according to NRC (1993).
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Table 2: Growth performance of Clarias batrachus fry fed with increasing levels of dietary protein for 30 days*

* Values are the mean of triplicate groups of ten random
fishes. Mean values in the rows with different superscripts
are significantly different (P < 0.05).
$ Specific growth rate (SGR) = 100 (loge final body weight -

loge initial body weight)/culture period (days).
† Apparent feed conversion ratio (AFCR) = total dry feed fed
(g)/total live weight gain (g).
# Protein efficiency ratio (PER) = weight gain/protein intake.

Table 3: Carcass composition of Clarias batrachus fry (% dry weight) fed increasing levels of dietary
protein for 30 days*

Discussion

The protein level was increased steadily from diet
1 to diet 4, which was required to study the protein
requirements of fish. Because of the protein level
increased, some other constituent must vary among
the dietary treatments, and in the present study total
carbohydrate concentration decreased steadily from
diet 1 (48.98%) to diet 4 (31.76%). The decrease in
carbohydrate concentration was due to decreased
levels of rice bran and wheat flour in the diets. The
increased ash content in diet 4 was due to the
presence of higher level of fish meal and soybean
meal as a major feed ingredient. Fish meal and
soybean meal are generally considered as good
quality protein sources with essential amino acid
index (EAAI) of around 0.90. The initial body weight
of the Clarias fry was similar among the treatments.
The final body weight attained by diet 1 was the
lowest, followed by diet 2; however, both were lower
than that of diet 3 and 4 fed fish (P < 0.05). Since the
diets were offered at 7% of the wet body weight and
the fish consumed the diets within 25 min, voluntary
intake of the diets was not a factor that affected
growth, which corroborates the observations of Moon
and Gatlin (1994); Giri et al. (2000) and Giri et al.
(2003). The inferior growth performance of Clarias
fry fed diet 1 and 2 might be due to the presence of
higher level of carbohydrates in the diets, which
agrees with the observation of Venkatesh et al. (1986)

in Clarias batrachus fed a diet containing more than
50% carbohydrate. It is seen in the present study that
fry were capable possibly of tolerating carbohydrate
up to 37.96% diet without exhibiting growth
reduction, which was much higher than the values
reported for channel catfish (28%) (Garling & Wilson
1977), but less than the values reported for Nile tilapia
(40%) (Anderson et al. 1984), hybrid catfish of C.
macrocephalus × C. gariepinus (50%) (Jantrarotai et al.
1994), and C. batrachus (51%) (Giri et al. 2000). The
poor performance of fry on diets with lower protein
levels may have been influenced by the relationship
between the protein and energy in the diets.
Information on the gross energy requirements of the
test fish is lacking, but the energy level used in the
present study was based on the available information
from other studies on catfish. Earlier, Khan et al. (1993)
concluded that the optimum protein requirement of
juvenile M. nemurus is 42% with protein to digestible
energy ratio of 113.82 mg kcal-1. The 40% protein diet
used in this study has protein to gross energy ratio
of 111.7 mg kcal-1. The protein and energy level in
fish diets is important because fish, like any other
animal, eat primarily to satisfy their energy
requirements and they tend to adjust their feed intake
in accordance with their energy requirements (Cho
& Kaushik 1985; Smith 1989; Kim et al. 1991).
Excessive energy levels also have deleterious effects
such as deposition of fat (Hajra et al. 1988) which is
undesirable.

* Values are the mean of triplicate groups of ten random
fishes. Mean values in the rows with different superscripts

are significantly different (P < 0.05).
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A significant decrease (P < 0.05) in net biomass
gain in diet 2 and 1 treatment with decreasing dietary
protein was observed. Low dietary protein was also
associated with decreased survival of the fry. The
works of Kandasami et al. (1987) and Fiogbe et al.
(1996) also indicated similar decrease in growth as
well as survival of fish, fed low levels of protein (less
than 30% diet). The low fish survival in diet 1
(45.6±11.2 %) and diet 2 (62.3±8.1 %) as compared to
diet 3 (76.5±7.2 %) can be attributed to the dietary
treatments. Fish in diet 1 and 2 treatments were
observed to feed well on artificial diets but increased
mortalities were observed in these treatments during
the latter part of the experiment. Cannibalism was
also noted in the aforementioned treatments.
Cannibalism is known to be triggered by internal
factors such as variable sizes and weak state of the
fry in the culture system, which is influenced by the
fry diet (Ehrlich et al. 1989; Qin & Fast 1996;
Watanabe et al. 1996).

There was a significant (P < 0.05) increase in SGR
and PER, together with an improved AFCR with
increased dietary protein (Table 2). Earlier work in C.
batrachus fry (Chuapoehuk 1987) also indicated that
dietary low level of protein (less than 35% diet)
decreased the PER values in catûsh, which is also
supported by others (Shyong et al. 1998; Giri et al. 2003).

Using the final body weights as the indicator it
was estimated that the dietary protein requirement
was 35% for Clarias batrachus fry with a
corresponding energy value of about 1719.3-1748.5
kJ g-1 diet. This dietary protein requirement value for
catfish fry is much higher than that reported for
Clarias batrachus fry (30%) and Pangasius sp. (30%)
by Chuapoehuk (1987) and Aizam et al. (1980),
respectively, but lower than those found for other
tropical catfishes, particularly C. gariepinus, 40%
(Degani et al. 1989), hybrid catûsh of C. macrocephalus
× C. gariepinus, 40% (Jantrarotai et al. 1998) and
Mystus nemurus, 42% diet (Khan et al. 1996).

Result of present study, indicated that dietary
protein level influenced the whole body DM, CP, lipid
and ash content (Table 3). Protein concentration in
the carcass of catfish increased with increase in
dietary protein levels from 25% to 40% but these
changes were not significant (P > 0.05). A similar
increasing trend of tissue protein has also been
observed for other fish species, Zeitter et al. (1984) in
Cyprinus carpio; Mohanty & Samantaray (1996) in
Channa striatus; Shyong et al. (1998) in Zacco barbata
and Giri et al. (2003) in hybrid post-larvae of Clarias
batrachus x Clarias gariepinus. Shearer (1994) pointed
out that the proximate composition of fish is
influenced by both endogenous factors such as fish
size and sex as well as exogenous factors such as

diet composition. This may partly explain the lack of
agreement concerning the influence of various levels
of dietary protein on the protein content of the fish
body.

The carcass ash content decreased significantly
(P < 0.05) with increase of dietary CP content. There
was a direct relation between whole body DM and
lipid with dietary protein levels, which was reported
earlier also by Juancey (1982) for juveniles of tilapia
Sarotherodon mosambicus; Shiau & Huang (1988) for
hybrid tilapia Oreochromis niloticus x O. aurea; Khan
et al. (1996) for catfish Mystus nemurus and Giri et al.
(2003) for hybrid post-larvae of Clarias batrachus x C.
gariepinus. The increased level of dietary carbohydrate
in fish fed low protein diets might have stimulated
several tissue lipogenic enzyme activities and
converted dietary carbohydrate into fat. The resultant
fat thus synthesised might have been deposited in
the adipose tissues. Similar studies of Likimani &
Wilson (1982) and Giri et al. (2003) also observed
that feeding higher level of carbohydrate increased
tissue DM as well as lipid levels in channel catfish
and hybrid catfish, respectively.

In conclusion, based on the growth performance,
best feed utilisation and highest survival observed in
this study, a diet with dietary protein level of 35% is
required for C. batrachus fry, when fish meal and soybean
meal were used as the primary sources of protein and
the diets were fed at 7% of the wet body weight.
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