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Abstract

A 84-days long experiment was conducted with a view to observe the effects of different feeds on growth and
survival of Clarias batrachus grow-out. There were seven treatments (FISOL, BETAL, SOYAL, LINOL, MIXOL,
SATOL and NATFO containing Fish oil, Beef tallow, Soybean oil, Linseed oil, Mixed oil (i.e. containing in 1:1:1:1
ratio of Fish oil, Beef tallow, Soybean oil, Linseed oil), Vegetable oil and minced chicken meat as natural food,
respectively, each having three replications, stocked with 30 grow-out having an initial average weight 55.83 + 3.14
in a circular plastic pools (capacity 300 L). The six feeds were formulated with basic ingredients (Soybean meal,
35%; soluble starch, 29%; Casein, 19.5%; carboxy - methyl - cellulose, 2%; papain, 0.5%; vitamin and mineral mix,
4.0%) with iso-energetic (19.55 kJ/g, F1-F6 ) diets and results were compared with natural food fed fishes. Each
diet was hand fed two times daily for 84-days to duplicate homogenous groups of 30 fish. The fishes fed with live
chicken waste showed significantly poor results (p > 0.05) in terms of weight gain and Specific Growth Rate (SGR%)
compared to the rest six treatments. The survival was recorded as 100% in all the treatments. Results showed that
the growth performance significantly (p < 0.05) different with various lipid of animal and plant origin. At the end of the
84-days study the highest weight gain % was recorded in LINOL (F4) as 105.1%. For other treatment weight gain
was recorded as 40.3%, 75.4%, 25.6%, 60.2%, 37.0%, and 44.1%for FISOL, BETAL, SOYAL, MIXOL, SATOL and
NATFO respectively. The feed efficiency in terms of Feed Conversion Ratio (FCR) recorded as 2.46 to 3.22 among
all the feeding trials. It could be concluded, based on the results of this trial, that a diet formulated with a gross
energy of 19.55kJ/g is sufficient to promote better feed efficiency and growth performance in C. batrachus grow-out
however, the best growth was recorded in linseed oil (LINOL) followed by BETAL and MIXOL.

energetic (19.55 kJ/g, F1-F6) diets. Weighed dry ingredients and some
water were poured into a mixer and the resulting dough processed in
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Introduction

Air-breeding Catfish, Clarias batrachus, commonly known as Ma- 120 1

gur. It is commercially important and high market value fish. Feed ma-
nagement determines the viability of aquaculture as it accounts for at
least 40-60% of the cost of fish production [1]. Clarias batrachus, is a 100 -
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promising species for aquaculture exploitation with its carnivorous fe- 2
eding habits. In order to increase growth rate and deposition of energy 20
nutrients in terms of flesh, besides the protein, the research towards = 80 -
the inclusion of cheaper lipid sources has to be studied towards increa-

sing lipid/energy ratios in the diet. Suitable alternative energy nutrients 70 1

such as oilseed by-products are the most promising sources of lipid and
energy for aqua-feed in the future [2]. In aquaculture, dietary lipids
play an important role in commercial diets as source of energy, essential
fatty acids for growth and development of fish [3]. Fish oil is the major
source of dietary lipids in aquaculture nutrition. Fish oil is produced
from small marine pelagic fish and represents a finite fishery resource
[4]. India have huge potential for the production of cheaper source of
lipids from plant and animal origin e.g. beef tallow, Soybean oil, satu-

60 -
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Figure 1: Growth performance of Clarias batrachus fed with different lipid
sources in basal diet.

rated oil etc., which can be utilized as source of lipid in carnivorous
fish nutrition. Sarowar et al. [5] have studied the impacts of different
diets on growth and survival of Clarias batrachus grow-outs. The pre-
sent study was taken up to evaluate the utilization impact of various
dietary lipids on the optimum growth in Magur (Clarias batrachus), at
grow-out stage.

Materials and Methods
Experimental diets

Six semi-purified experimental diets were formulated to be iso-
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Feed — F-1 F-2 F-3 F-4 F-5 F-6 F-7
Ingredients FISOL BETAL SOYAL LINOL MIXOL SATOL NATFO
Soybean meal 35.0 35.0 35.0 35.0 35.0 35.0 -
Starch Soluble 29.0 29.0 29.0 29.0 29.0 29.0 -
Casein 19.5 19.5 19.5 19.5 19.5 19.5 -
Carboxy Methyl Cellulose 2.0 2.0 2.0 2.0 2.0 2.0 -
Papain 0.5 0.5 0.5 0.5 0.5 0.5 -
Vitamin
& Mineral Mix. 4.0 4.0 4.0 4.0 4.0 4.0 -
Fish Oil 10.0 - - - 25 - -
Beef Tallow - 10.0 - - 2.5 - -
Soybean Oil - - 10.0 - 25 -
Linseed Oil - - - 10.0 25 - -
Saturated Oil - - - - - 10.0 -
Live Fish/ Natural Food - - - - - - 100.0
FISOL =Fish Oil; BETAL = Beef Tallow; SOYAL = Soybean Oil; LINOL = Linseed Oil; MIXOL = Mixed Qil ( Fish Oil : Beef Tallow : Soybean Oil : Linseed
Oil ::1:1:1:1w/w); SATOL = Saturated Oil; NATFO = Natural Food

Table 1: Ingredient composition (w/w) of feeds for Clarias batrachus.

a hand pelletizer to make 2 mm diameter pellets. Compounded feed
pellets were dried in an oven at 60°C, packed separately and stored at
-20°C until used during the feeding trial. The dietary treatments were
designated as FISOL (Fish oil), BETAL (Beef tallow), SOYAL (Soybean
oil), LINOL (Linseed oil), MIXOL and SATOL (Vegetable oil) contai-
ning lipid source @ 10% lipid source in all the five feeds except in MI-
XOL (containing FISOL, BETAL, SOYAL, LINOL in the ratio of 1: I:
1: 1 w/w) and results are compared with natural food (NATFO). Table
1 gives the summary of ingredients used in the formulation of experi-
mental diets and proximate composition of all dietary treatments.

Fish rearing and feeding trials

Clarias batrachus grow-outs were hatchery bred at National Bureau
of Fish Genetic Resources (NBFGR), Lucknow and shifted to the wet
laboratory. Fishes were acclimated to laboratory conditions in a 1500
L capacity Fibre Reinforced Plastic (FRP) tank, feeding on crumbled
pelleted feed containing a minimum of 500 g per kg crude protein for
one week. Further, fishes were accustomed to aerated, 300 L capacity
plastic pools with two - thirds filled with water and covered with plastic
covers. Four hundred twenty (Replicate 3 X Feed 7 X Fish 20) grow-
out ( Av. initial weight 55.83 + 3.14 g) were randomly sampled and
distributed into 21 plastic pools ( Feed 7 X Replicate 3 = 21 pools) con-
taining about 200 L of water. During the experiment, the fishes were fed
twice a day at 10:00 and 17:00 hours ad libitum per day. The weighing
of fishes during and on termination of the experimentation was carried
as determined by Hasan et al. [6]. All fish were starved for 24 h prior
to weight measurements. Rearing pools were cleaned every second day
and about half of the water was replaced with fresh bore-well water to
reduce the nitrogenous waste accumulated. Fishes were weighed indivi-
dually at the beginning and at the end of the experiment, whereas batch
weighing per pool was carried out once every 2 weeks to monitor grow-
th performance in terms of weight gain ratio alongside measuring feed
consumption. At the end of the experiment after 12 weeks, surviving
fishes were randomly grouped into three per tank and used to determi-
ne body indices and carcass proximate composition. Proximate compo-
sitions of feeds and fish carcasses were analyzed following Association
of Official Analytical Chemists (AOAC) [7] methods. All samples were
analysed in triplicate. Dry matter was estimated after drying in oven at

105°C for 24 hours; crude protein (N x 6.25) by the Kjeldahl method
after acid digestion; Crude lipid by di-ethyl ether extraction method
using Soxhlet apparatus.

Feed performance was evaluated on the basis of Specific growth
rate = {[(loge final body weight-loge initial body weight)/time] x 100},
food conversion ratio= (dry food intake/live weight gain), average daily
gain = (growth/experiment duration), survival rate = [(initial no. of
Fishes/final no. Fishes) x 100] and weight gain (%) = {[(final weight
- initial weight)/initial weight] x 100}. Variations in weight gain (%),
SGR, FCR, PER after feeding of the test diets were analyzed by one-
way ANOVA and Tukey’s multiple range test and their mean differences
by Least Significant Differences (LSD). Duncan’s multiple Range test
was used to determine which treatment means differed significantly (P
< 0.05) using SPSS version 16.0. Water analyses were carried out fol-
lowing methods APHA [8].

Results

Various water quality parameters (HIMEDIA Kit): water tempera-
ture, pH and Dissolved Oxygen (DO), total alkalinity were observed
and found to be least affected by different treatment feeds. The values
of all the parameters of ambient water, i.e. temperature, pH, DO and
alkalinity were almost similar for all the feeding treatments during the
experimental period and were well within the optimal range. The wa-
ter quality recorded for water temperature, pH, dissolved oxygen and
total alkalinity as 24 + 2°C, 6.8 - 7.6, 6.8 - 7.5 ppm and 136 - 139 ppm,
respectively.

During the feeding trial, the fishes readily accepted the diets, and
survival rates were 100% in all the feeding trials. The growth respon-
ses under different treatments are given in Table 2 and 3 and Figure 1.
Initial body weight of the various dietary groups did not vary signifi-
cantly, but the performances were significantly different (p < 0.05) in
terms of weight gain, SGR, FCR, PI and survival %. At the end of the
84-days study the weight gain was recorded as 74.34 + 3.43g, 98.56 +
5.47g, 75.38 + 3.65g, 109.33 + 4.22g, 89.23 + 3.87g, 79.59 + 4.62g and
78.54 + 6.26g for FISOL, BETAL, SOYAL, LINOL, MIXOL, SATOL and
NATFO respectively. The highest growth recorded in LINOL followed
by BETAL, MIXOL. The SGR, FCR and PI ranged between 0.12 to 0.37
%, 2.46 to 3.22 and 0.18 to 0.67 respectively. Results are shown in Table
3. The proximate composition of fish flesh is shown in Table - 4. HSI
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Feed In weight Fn weight Weight gain (g) % Weight Feed In weight Fn weight SGR % FCR Pl (g) Survival
(9) (9) gain (9) (9) %
F1 SGR % FCR Pl(g) |Survival %
F1 53.00 £3.10° 74.34+3.43° 21.34 403 (FISOL)
(FISoL) F2 56.20 + 2.50° 98.56 +5.47° 0.29  2.68 0.50 100
F2 56.20 +2.50° 98.56 +5.47° 42.36 75.4 (BETAL)
(BETAL) F3 60.00 +2.80° 75.38 +3.65¢ 0.12  3.22 0.18 100
F3 60.00 +2.80° 75.38+3.65¢ 15.38 25.6 (SOYAL)
(SOYAL) Fa4 53.30 + 3.60° |109.33 +4.22° 0.37  2.46 0.67 100
F4 53.30 +3.60° 109.33+4.22° 56.03 105.1 (LINOL)
(LINOL) F5 5570 + 4.10° 89.23+3.87° 024  2.91 0.40 100
F5 55.70 £+ 4.10° 89.23+3.87° |33.53 60.2 (MIXOL)
(MIxoL) F6 58.10 +3.90° |79.59 +4.622 0.16  3.10 0.26 100
F6 5810 £3.90° 79.59+4.62° |21.49 37.0 (SATOL)
(SATOL) F7 54.50 +2.00° 78.54 +6.26° 0.19  2.52 0.29 100
F7 (NATFO) |54.50 £2.00° 78.54 £6.26° 24.04 441 (NATFO)

Means in a given column having the same letter superscript are not significantly
different at (p < 0.05) by ANOVA and Duncan multiple range test.

Table 2: Initial and final weights and lengths, weight gain and percent weight gain
of the C. batrachus grow-out of different treatments during 84 days experimental
period.

Means in a given column having the same letter superscript are not significantly
different at (p < 0.05) by ANOVA and Duncan’s multiple range test

Table 3: Average Initial and final weight, specific growth rate (SGR), food conver-
sion ratio (FCR), Per day Increment (Pl) and survival rate (%) of C. batrachus
grow-outs fed various experimental diets for 84 days.

Parameters (g.100g" |In Values F1 F2 F3 (SOYAL) F4 F5 F6 F7

DM)* (FISOL) (BETAL) (LINOL) (MIXOL) (SATOL) (NATFO)
Moisture (Wet wt. 78.1+2.3° 76.4 +5.2° 741 +3.12 73.5+6.2° 74.5+4.2° 72.6 +1.9° 73.8+6.12 74.4 +4.2°
basis)

Crude Fat* 7.2+0.5% 8.1+0.4° 8.9+0.2° 8.1 +0.6° 8.0+0.2° 7.9+0.3° 8.0 +0.5° 7.0+0.22
Crude Protein* 60.1 +4.52 62.3 +4.12 65.1+2.3° 64.7 + 1.5° 64.2 +1.3° 66.0 + 2.6° 63.2 +2.12 63.8 +3.12
Dry Matter* 214 +6.1° 222 +3.1° 23.8+4.12 257 +2.8° 24.3 +4.42 254 +5.12 24.2 +3.8° 24.2 +1.8°
HSI 1.9+0.3° 1.8 +0.09° 1.9+0.12 2.1+04° 2.0+0.2° 2.1+0.3° 1.9+0.22 1.8 +0.3°
Vsl 2.7 +0.2¢ 2.9+0.3¢ 3.2+0.1° 34+0.22 3.5+0.42 3.8+0.48 3.3+0.32 3.5+0.6%

Mean Values in same period with different superscript letters are significantly different (p < 0.05). HIS= Hepatosomatic index; VSI= Viscerosomatic index.

Table 4: Whole body proximate composition (g.100g"' DM*) and indices of Clarias batrachus grow-out fed with feeds containing different lipids for twelve week.

and VSI ranged between 1.8 £ 0.09 to 2.1 £ 0.4 and 2.7 + 0.2 to 3.8 +
0.4 respectively.

Discussion

In general, fishes utilize dietary lipid poorly. For instance, Furui-
chi and Yone [9] noted depressed growth and feeding efficiency in red
sea bream, Pagrus major, and common carp, Cyprinus carpio fed diets
with high carbohydrate and low lipid contents. The optimum level of
dietary nutrients should enhance maximum growth and feed efficiency
[10] and so the decrease weight gain and the specific growth rate may
due to higher energy content and high carbohydrate and lipid content
in the diets [11]. An inverse relationship between growth and dietary
lipid/ energy was reported by Daniels and Robinson [12] in juvenile red
drum, Sciaenops ocellatus. Knowledge of the optimal level of protein
and protein-sparing effects of non-protein nutrients such as lipids and
carbohydrate can be used effectively in reducing feed costs [7]. Lin et
al. [13] reported that better SGR may have partly resulted from better
carbohydrate and lipid utilization by Magur grow-out feeding strategy
and carbohydrate source. Furthermore, Magur grow-outs tended to be
fatter indicating that they may be able to better utilize lipids for growth.
The better lipid utilization by Magur grow-outs may be related to diffe-
rences of their natural diets. Magur is carnivorous in nature [14] and it
mainly feeds on a carnivore diet containing some carbohydrates during
the grow-out stages, mainly on zooplankton [15], which contains lit-
tle digestible lipid and carbohydrates. Our SGR values are comparable
with those values of De Silva et al. [16]. Although the carcass protein,
carbohydrate, and lipid contents increased after feeding the test diet,

there was no appreciable change in body composition of the following
treatments.

Lipids are a concentrated and highly digestible source of energy
[17] and favoured over carbohydrate as an energy source [18,19]. The
control diet was devoid of lipids and so the proteins might have been
used for energy production and not for growth.

Deposition of high lipid contents in the fishes fed higher amounts
of lipid may be due to the availability of sufficient energy in those diets
[20]. Fatty carcasses of fishes at higher dietary lipid and carbohydrate
levels were also reported by Wee and Ng [18]. Inversely, higher amounts
of dietary carbohydrate usually retard growth [21]. The requirements
of dietary lipid vary among different species according to their mode
and habits of feeding. Lin et al. [13] reported that the capacity to utilize
different lipid sources varies among fishes species. Tilapia [22], yellow
tail [23] and channel catfishes [24] grew better when fed a lipid with
enriched carbohydrate diet. On the other hand, there was no signifi-
cant difference in net weight gain between lipid and starch fed white
sturgeon [25]. According to the researchers the air breathing did not
intake the purified diets [26,27]. The best growth performance and feed
utilization was gained in LINOL followed by BETAL, MIXOL, SATOL
groups and the decline in growth in the FISOL and feed utilization with
different dietary lipid above this level was observed in present study.
Similar results have been reported in turbot [28,29], salmon [30], rain-
bow trout [31], Carp [32]. However, some reports showed no effect of
dietary lipid on body weight gain in juvenile turbot [33] and Atlantic
halibut [34]. Martino et al. [35] reported in Surubim, a carnivorous fre-
shwater fish in Brazil, that fish weight gain increased with dietary lipid
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from 60 to 180 g per kg. Although many species like salmonids, sea bass
or rainbow trout, where a protein sparing effect of lipids has been well
demonstrated [36- 39], an increase in dietary lipid level from 40 to 120
g per kg does not appear to improve protein utilization in grass carp
with no clear protein sparing effect of dietary lipid. Peres & Oliva-Teles
[40] believed this lack of protein sparing effect by dietary lipid may be
related to the high protein level of the diet and according to Dias et al.
[39], the beneficial effects of an increase of the lipid level from 100 to
180 g per kg in sea bass diets were significant only with a low protein
diet, but not with a high protein diet. But in the present study, althou-
gh the dietary protein content was relatively high, when lipid level was
below 40 g per kg, the protein utilization increased with the lipid level.
This suggests, even in high protein diets, the protein sparing effect by
lipid is possible within a low upper limit. This was further proved by
the lowest protein retention in the lipid-free diet group. The significant
decreased lipid retention with the increased dietary lipid levels, suggest
an increased proportion of lipid used for energy. This agrees with Cho
& Watanabe [41] who observed in rainbow trout, that the highest lipid
diet did not promote the highest lipid retention. Peres & Oliva-Teles
[40] also reported decreasing lipid retention when dietary lipid increa-
sed from 120 to 300 g per kg. Lipid utilization demonstrated by Akand
et al. [42] for stinging catfishes, H. fossilis: by Hasan et al. [6] for Asian
catfishes, Clarias batrachus: by Hasan et al. [43] for Indian major carps
and by Habib et al. [17] for Puntius gonionotus. The relationship of body
lipid content with protein and moisture contents is a common pheno-
menon in fishes, and our results are comparable to those of Stansby
and Olcott [44]. Based on the results of the present investigation, it is
estimated that types of lipid effects on the growth performance of the
grow-outs of Clarias batrachus however, the best growth recorded in
linseed oil fed fishes followed by tallow rich feeds.

Acknowledgment

Authors are grateful to the Director, NBFGR, Lucknow for providing facilities
to conduct the experiments.

References

1. Jamu DM, Ayinla OA (2003) Potential for the development of Aquaculture in
Africa. World Fish Center.

2. Hardy RW (2000) New developments in aquatic feed ingredients, and poten-
tial of enzyme supplements. In: Avancesen Nutricion AcuicolaV.Memorias delV
Simposium Internacional de Nutricion Acuicola, Merida,Yucatan, Mexico, (Ed.
by LE Cruz-Suarez, D Ricque-Marie, M Tapia-Salazar, MA Olvera-Novoa & R
Civera-Cerecedo), 216-226.

3. Pei Z, Xie S, Lei W, Zhu X, Yang Y (2004) Comparative study on the effect of
dietary lipid level on growth and feed utilization for Gibel carp (Carassius au-
ratus gibelio) and Chinese longsnout catfish (Leiocassius logirostris Gunther).
Aquaculture Nutrition 10: 209-216.

4. Ng WK, Lim PK, Boey PL (2003) Dietary lipid and palm oil source affects grow-
th, fatty acid composition and muscle a-tocopherol concentration of African ca-
tfish, Clarias gariepinus. Aquaculture 215: 229-243.

5. Sarowar MN, Jewel MZH, Sayeed MA, Mollah MFA (2010) Impacts of different
diets on growth and survival of Clarias batrachus Grow-outs. Int J Bio Res 1:
08-12.

6. Hasan MR, Alam MG, Islam MA (1989) Evaluation of some indigenous ingre-
dients as dietary protein sources for the catfishes (Clarias batrachus, Linna-
eus) Gow-outs. In Aquaculture research in Asia; management techniques and
nutrition. Huisman EA, N Zonneveld and AHM Boumans (Eds.), Pudoc. Press,
Wageningen, 125-137.

7. AOAC (Association of Official Analytical Chemists) (1990) In: Official Methods
of Analysis of the Association of Official Analytical Chemists, 15th edn (ed. by
K. Helrich), Association of Official Analytical Chemists, Arlington, Virginia, 1298.

8. APHA (1998) Standard Methods for the examination of water and wastewater.
Published by American Public Health Association, Washington, DC 2005.

20.

2

=

22

2

w

24,

25.

26.

27.

28.

29.

30.

3

=

32.

Furuichi M, Yone Y (1980) Effect of dietary dextrin levels on the growth and
feed efficiency, the chemical composition of liver and dorsal muscle, and the
absorption of dietary protein and dextrin in fishes. Bull Japan Soc Sci Fishes
46: 225- 229.

. Shiau SY (1997) Utilization of carbohydrates in warmwater fish-with particular

reference to tilapia, Oreochromis niloticus x O. aureus. Aquaculture 151: 79-96.

. Page JW, Andrews JW (1973) Interactions of dietary levels of protein and ener-

gy on channel catfishes (Ictalurus punctatus). J Nutr 103: 1339-1346.

. Daniels WH, Robinson EH (1986) Protein and energy requirements of juvenile

red drum (Sciaenops ocellatus). Aquaculture 53: 243-252.

. Lin JH, CuiY, Hung SSO, Shiau SY (1997) Effect of feeding strategy and carbo-

hydrate source on carbohydrate utilization by white sturgeon (Acipenser tran-
smontanus) and hybrid tilapia (Oreochromis niloticus x O. aureus). Aquaculture
148: 201-211.

. Haniffa MA, Arockiaraj AJ (1999) Dietary lipid requirement in the grow-outs of

Clarias batrachus (Bloch). Natl Symp on Sustainable Development of Fisheries
towards 2020 AD, 69.

. Parameswaran S (1975) Investigation on the biology of some fishes of the ge-

nus Channa gronovivs, PhD thesis, Magadh University, Bodh-Gaya, 299.

. De Silva SS, Gunasekera RM, Atapattu D (1989) The dietary protein require-

ments of young tilapia and an evaluation of the least cost dietary protein levels.
Aquaculture 80: 271- 284.

. Habib MAB, Hasan MR, Akand AM (1994) Dietary carbohydrate utilization by

silver barb Puntius gonionotus. In SS De Silva ed. Asian Fishes Soc Spec Publ.
Asian Fisheries Society, Manila, Phillippines, 57-62.

.Wee KL, Ng LT (1986) Use of cassava as an energy source in a pelleted feed

for the tilapia, Oreochromis niloticus L. Aquac Res 17: 129-138.

. Austreng E, Risa S, Edwards DJ, Hvidsten H (1977) Carbohydrate in rainbow

trout diets. Il. Influence of carbohydrate levels on chemical composition and
feed utilization of fish from different families. Aquaculture 11: 39-50.

Shimeno S, Hosakawa H, Takeda M (1979) The importance of carbohydrate
in the diet of a carnivorous fishes. In proceedings of a World Symposium on
Finfish Nutrition and Fish food Technology, J Halver and K Tiews eds, Vol I.
Hamburg, Heeneman, Berlin, 127-143.

. Cowey CB, Sargent JR (1979) Nutrition. In Fish physiology Vol 8. Hoar WS,

Randall DJ, Brett JR eds. Academic Press, New York, 1-69.

. Anderson J, Jackson AJ, Matty AJ, Copper BS (1984) Effects of dietary carbo-

hydrate and fiber on the tilapia Oreochromis niloticus (Linn.) Aquaculture 37:
303-314.

. Furuichi M, Taira H, Yone Y (1986) Availability of carbohydrate in nutrition of

yellowtail. Bull Jpn Soc Sci Fishes 52: 99-102.

Wilson RP, Poe WE (1987) Apparent inability of channel catfish to utilize dietary
mono- and disaccharides as energy sources. J Nutr 117: 280-285.

Hung SS, Fynn-Aikins KF, Lutes PB, Xu RP (1989) Ability of juvenile white
sturgeon (Acipenser transmontanus) to utilize different carbohydrate sources.
J Nutr 119: 727-733.

Wee KL, Tacon AGJ (1982) A preliminary study on the dietary protein require-
ment of juvenile Magur. J Jpn Soc Sci Fishes 48: 1463-1468.

Qin J, Arlow W, Fas, Denfuda D, Weidenbach RV (1997) Growth and survival of
larval Magur (Clarias batrachus) fed different diets. Aquaculture 198: 105-113.

Cacerez-Martinez C, Cadena-Roa M, Metailler R (1984) Nutritional require-
ments of turbot (Scophthalmus maximus): I. A preliminary study of protein and
lipid utilization. J World Aquac Soc 15: 191-202.

Regost C, Arzel J, Cardinal M, Robin J, Laroche M, et al. (2001) Dietary lipid
level, hepatic lipogenesis and flesh quality in turbot (Psetta maxima). Aquacul-
ture 193: 291-309.

Silverstein JT, Shearer KD, Dickhoff WW, Plisetskaya EM (1999) Regulation
of nutrient intake and energy balance in salmon. Aquaculture 177: 161-169.

. Weatherup RN, McCracken KJ, Foy R, Rice D, McKendry J, et al. (1997) The

effects of dietary fat content on performance and body composition of farmed
rainbow trout Oncorhynchus mykiss. Aquaculture 151: 173-184.

Murai T, Takeuchi T, Watanabe T, Nose T (1985) Effects of dietary protein and

J Aquacult Res Dev
ISSN: 2155-9546 JARD, an open access journal

Volume 3 + Issue 5 » 1000138


http://ideas.repec.org/b/wfi/wfbook/36172.html#biblio
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2095.2004.00291.x/abstract
http://www.sciencedirect.com/science/article/pii/S0044848602000674
http://www.cabdirect.org/abstracts/19801414351.html;jsessionid=6B925236C188813EE03FF436759B0A72
http://www.sciencedirect.com/science/article/pii/S0044848696014913
http://www.ncbi.nlm.nih.gov/pubmed/4725721
http://www.sciencedirect.com/science/article/pii/0044848686903546
http://www.sciencedirect.com/science/article/pii/S0044848696014202
http://www.sciencedirect.com/science/article/pii/0044848689901750
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2109.1986.tb00094.x/abstract
http://www.sciencedirect.com/science/article/pii/0044848677901521
http://www.sciencedirect.com/science/article/pii/0044848684902965
http://www.ncbi.nlm.nih.gov/pubmed/3559743
http://www.ncbi.nlm.nih.gov/pubmed/2723821
http://onlinelibrary.wiley.com/doi/10.1111/j.1749-7345.1984.tb00153.x/abstract?systemMessage=Wiley+Online+Library+will+be+disrupted+on+the+26+March+from+10%3A00-12%3A00+BST+%2805%3A00-07%3A00+EDT%29+for+essential+maintenance
http://archimer.ifremer.fr/doc/2001/publication-376.pdf
http://www.sciencedirect.com/science/article/pii/S0044848699000769
http://www.sciencedirect.com/science/article/pii/S0044848696015074

Citation: Yadav AK, Srivastava PP, Shrivastava P, Chowdhary S, Dayal R, et al. (2012) AGrowth Responses of Animal and Plant Origin Dietary Lip-
ids on the Survival, Growth and Feed Efficiency of Asian Catfish, Clarias batrachus (Linnaeus, 1758) Grow-out. J Aquacult Res Dev 3:138

doi:10.4172/2155-9546.1000138

Page 5 of 5

33.

34.

35.

36.

37.
38.

39.

lipid levels on performance and carcass composition of fingerling carp. Bull Jpn
Soc Sci Fishes 51: 605-608.

Danielssen DS, Hjertnes T (1993) Effect of dietary protein levels in diets for
turbot Scophthalmus maximus) to market size. In: Fish Nutrition in Practice
(Kaushik SJ, Luquet P eds), 89—-96. INRA Editions, Les Colloques no. 61.

Berge GM, Storebakken T (1991) Effect of dietary fat level on weight gain,
digestibility, and fillet composition of Atlantic halibut. Aquaculture 99: 331-338.

Martino RC, Cyrino JEP, Portz L, Trugo LC (2002) Effect of dietary lipid level
on nutritional performance of the surubim, Pseudoplatystoma coruscans. Aqua-
culture 209: 209-218.

Lee DJ, Putnam GB (1973) The response of rainbow trout of varying protein-
energy ratios in a test diet. J Nutr 103: 916-922.

Watanabe T (1982) Lipid nutrition in fish. Comp Biochem Physiol 73B: 3-15.

Beamish FWH, Medland TE (1986) Protein sparing effects in large rainbow
trout, Salmo gairdneri. Aquaculture 55: 35-42.

Dias J, Alvarez MJ, Diez A, Arzel J, Corraze G, et al. (1998) Regulation of
hepatic lipogenesis by dietary protein/energy in juvenile European seabass (Di-
centrarchus labrax). Aquaculture 161: 169-186.

40.

41,

42.

43.

44,

Peres H, Oliva-Teles A (1999) Effect of dietary lipid level on growth performance
and feed utilization by European sea bass juveniles (Dicentrarchus labrax).
Aquaculture 179: 325-334.

Cho CY, Watanabe T (1985) Dietary energy and lipid requirements of rainbow
trout (Salmo gairdneri) at different water temperature. In: Energy Metabolism
of Farm Animals (Moe PV, Tyrrell HF and Reynolds PJ eds), 206—-209. Procee-
dings of the 10" Symposium EAAP, Airlie, Virginia.

Akand AM, Hasan MR, Habib MAB (1991) Utilization of carbohydrate and lipid
as dietary energy sources by stinging catfishes, H. fossilis (Bloch). In fishes
nutrition. Research in Asia De Silva S (ed.). Proceedings of the Fourth Asian
fishes Nutrition Workshop, Asian fishes Soc Spec Publ 5. Asian Fisheries So-
ciety, Manila, Philippines, 93-100.

Hasan MR, Moniruzzaman M, Farooque AMO (1990) Evaluation of leucaena
and water hyacinth leaf meal as dietary protein sources for the Grow-outs of
Indian major carp, Labeo rohita (Hamilton). In the Second Asian Fisheries Fo-
rum. R Hirano and | Hanyu eds, Asian Fisheries Society, Manila, Phillippines,
275-278.

Stansby ME, Olcott HS (1976) Composition of Fishes. In industrial Fisheries
technology Robert E Krieger, Huntington NY, Tukey JW (Eds.) In the problem of
multiple composition. Princeton University, Princeton, NJ.

J Aquacult Res Dev
ISSN: 2155-9546 JARD, an open access journal

Volume 3 + Issue 5 » 1000138


http://www.sciencedirect.com/science/article/pii/0044848691902534
http://www.sciencedirect.com/science/article/pii/S0044848601007384
http://www.ncbi.nlm.nih.gov/pubmed/4705278
http://www.sciencedirect.com/science/article/pii/0044848686900530
http://www.sciencedirect.com/science/article/pii/S0044848697002688
http://www.sciencedirect.com/science/article/pii/S0044848699001684

	Title

	Abstract
	Corresponding author
	Keywords
	Introduction
	Materials and Methods
	Experimental diets
	Fish rearing and feeding trials

	Results
	Discussion
	Acknowledgment
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1
	References



