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Different fats in the diets were used to examine their impact on the fatty acid profile of asian catfish(Clarias 
batrachus) on feeding the diets for 12-weeks. 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 with three replications, stocked with 30 grow-out having an initial 
average weight 55.83 + 3.14g 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 (F7) fed fishes. Each diet was hand fed two times daily during experimental period to 
triplicate homogenous groups of 30 fish.  The muscle fillet polyunsaturated fatty acids (PUFA) content varied 
with different lipid levels suggesting that the dietary fat has impact on deposition of fatty acid in flesh. The 
muscle unsaturated fatty acids, including Docosa-hexaenoic acid (22:6n3, DHA) level, were comparatively 
higher in MIXOL diet followed by NATFO and LINOL diets, indicating selective deposition of fatty acids. It 
was concluded that addition of various fats in the diet has role in the composition of carcass fatty acid profile in 
Clarias batrachus  and the  MIXOL (Fish Oil :  Tallow : Soybean Oil : Linseed Oil :: 1 : 1 :1 :1 w/w)  could be 
safely used for better and/ or  more deposition of healthy fatty acids (EPA and DHA) which are considered as 
human health beneficial fatty acids and also useful to economize the  cost of the broodstock feed. 
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1. INTRODUCTION 
 

It is documented[1]  in fish cultured in intensive farming  
systems need all energy nutrients in the diet. The requirements of 
major nutritional ingredients like protein and gross energy is a 
requisite for the feed formulation of a balanced diet for the 
culturable fishes. In India there is a huge source for the 
production of economically viable plant sources e.g. numerous 
de-oiled cakes rich in essential fatty acid (EFA) which can be 
properly utilized as source of fats in predatory /carnivorous fish 
feed not only for growth performances but also for ovarian tissue 
growth and  maturation through dietary interventions. The uses of 
such, mentioned above, agro by-products, like various de-oiled                
cakes etc. can be successfully used in place of animal origin fats 
as energy source and EFA. Thus, the fatty acid composition of      
. 

       . 
 
* Corresponding Author 
Mail id: ppsicar@gmail.com,  
Fax +91-22 26361573; ph: +91-22-26361446 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

plant source ingredients have a rich source of EFA which can be 
used for   carnivore fish feeding system/ nutrition.  Obviously these 
can be very well used in place of animal fat, and studies can be 
made for nutrients deposition in carcass and also help in maturation 
of the ovary as well. Sarowar et al. [2] have studied the effects of 
various diets on survival and growth of Channa striatus. Influence 
of dietary protein/ lipid ratio and requirement has been well 
documented in C. striatus [3].  Since the fish oil (FO) is not only 
expensive but becoming least available, there is really an urgent 
requirement to assess the nutritional potential of other naturally 
available sources of lipid from both plants and animals. World 
widely, there is pressure to replace FO with less expensive plant fat 
source.  Replacement of FO by vegetable source oils had been 
proved in number of fishes without impairing the growth. [4-10].  
The metabolic impact of various dietary oils of fish are still not 
very clearly worked out, in catfishes as the changes in dietary oils 
may lead to imbalances in the ratios of  essential or non-essential 
fatty acids, and may be affecting fatty acid profile of the carcass. 
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Fish lipids are very importance because of better levels of 
polyunsaturated fatty acids (PUFA), being reported to reduce the 
cardiac diseases [11] and lower triacylglycerol levels in plasma 
[12]. In addition, to these they reduce the physiological 
symptomatic alterations [13,14]. Lipid content and FA proximate 
composition in fish carcass are known to change significantly 
depending on the supply of feed ingredients to fish and as well as 
environmental conditions [15,16]. A study have shown that n-3 
PUFA of marine animals changes dependent on various 
environmental and biological factors, such as diet of the animals, 
taxonomy, latitude and water, temperature at which they were 
caught and harvested [17]. The present study was taken up to 
assess the impact of different dietary lipids on the carcass fatty 
acid profile in the edible tissue of Asian catfish C. batrachus and 
also FA profile enrichment of this commercially important fish 
which is under threatened stage [18]. 
 
2. MATERIALS AND METHODS 
 

2.1 Feed Preparation  
Six semi-purified experimental diets were formulated to 

be iso-energetic iso-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 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) containing 
lipid source @ 10% lipid source in all the five feeds except in MI-
XOL (containing FISOL, BETAL, SOYAL, LINOL in the ratio of 
1: 1: 1: 1 w/w) and results are compared with natural food 
(NATFO). Table 1 gives the summary of ingredients used in the 
formulation of experimental diets and proximate composition of 
all dietary treatments. 

 
2.2 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 + 3.14g) were randomly sampled and 
distributed into 21 plastic pools ( Feed 7 X Replicate 3 = 21 pools) 
containing 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 individually at the 
beginning and at the end of the experiment, whereas batch 
weighing per pool was carried out once every 2 weeks to monitor 
growth 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 determine fatty acid profile of the fish. 
 
2.3 Lipid extraction 

Total lipid was extracted from muscle following 
Folch[19]. Muscle tissue (5g) was homogenised in 10 volume of 
methanol (w/v) followed by 20 volume of chloroform (w/v) in a 
homogenizer (ART Miccra, Germany).  

The homogenate was filtered (using a funnel with a 
folded defatted filter paper) to recover the liquid phase and the 
filter residue was re-homogenised with a second volume of 
chloroform–methanol. The filtrate was washed with 0.2 volume (4 
ml for 20 ml) of 0.9% NaCl solution and phases were thoroughly 
mixed. The mix was poured into a separating funnel and allowed 
to separate. The lower chloroform phase containing lipids was 
collected and evaporated under vacuum in a rotary evaporator to 
bring down the volume to 2-3 ml. Further evaporation of 
chloroform was done under nitrogen stream and residue was 
weighed to quantify the amount of lipid extracted. The lipid 
residue was re-dissolved in chloroform/ methanol (2:1, v/v) and 
then stored in a 25 ml conical flask with glass stopper under 
nitrogen at -20 °C until needed.  
 
2.4 Preparation of fatty acid methyl esters (FAME) 
  The method as per AOAC[20] was followed to esterify 
the lipid. FAME was prepared from the isolated lipids by heating 
with the methanolic NaOH and then with BF3 methanol for 
esterification. An aliquot of 5 ml n-heptane was added to recover 
the methyl esters in organic phase. The mixture was washed with 
saturated NaCl solution and two phases were separated using a 
separating funnel. The upper n-heptane phase was collected and 
stored in 10 ml all glass vials until further analysis. 
 
2.5 Gas chromatography – mass spectrometry (GC-MS) 

Fatty acid methyl esters were separated using a Shimadzu 
QP2010 quadruple Gas Chromatography Mass Spectrometer 
(GCMS) equipped with a Carbowax (30 m x 0.25 mm ID; 0.25-μm 
film thickness) capillary column (Cromlab S.A.). Helium was used 
as the carrier gas. Injector and detector temperatures were set at 
250 °C. Injection was performed in split mode (1:15). The column 
temperature was programmed initially at 50 °C for 2 min and then 
increased at a rate of 10 °C per min to a final temperature of 230 
°C. FAME was separated at constant pressure (23.1 kpa) and peaks 
were identified by comparing standard mass spectra with the 
relative abundances of m/z ranging from 40 to 550. The values of 
fatty acids are presented in peak area percentage of total identified 
fatty acids. 
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3. RESULTS AND DISCUSSION 
 

3.1 Total lipid content 
  The results on total lipid content (%) measured in the 
muscle tissue of Clarias batrachus significant differences (p<0.05) 
were observed in different feedings (F1-F7) fed fishes. The total 
lipid content in muscle was found to be in the range of 2.8+0.23 to 
3.1+0.17%.  According to the one suggested by Kleimenov[21], 
fishes belongs to the group of low fat fishes having an average 
lipid content of 2-8%. The lipid contents in the body of fishes as 
well as prey animals have been reported to be very high [22]. As 
the fish consume prey with medium lipid content, the additional 
dietary lipid would be deposited in the body of fishes due to higher 
levels of lipids in the diet. 
 
3.2 Fatty acid composition 

A total fatty acids were identified in muscle tissue of 
Clarias batrachus fed with different diets are presented in Fig 1-7 
and results suggests that the fillet profile changes as per the dietary 
sources of the fats fed to the fishes.  In the earlier studies on fatty 
acids profiles of a marine fish, 15 fatty acids were identified by 
Gopakumar [23] and 19 were reported by Joydeep et al.[24]. In 
muscle tissue/carcass, the important and common essential fatty 
acids like Arachidionic acid (AA, 20:4n-6) was the principal n-6 
PUFA at a level of 3.41-8.91% of total fatty acids. 
Eicosapentaenoic acid (EPA, 20:5n-3), and docosahexaenoic acid 
(DHA,22:6n-3) were the major n- 3 PUFA identified, accounting 
0.52-3.29 and 0.27-0.78 respectively (Table 2). The fatty acid 
composition of fish carcass well known to be modified by dietary 
interventions [25], deficiency of nutrients in food [26]  and non-
food nutrients like temperature[27]. It has been well documented 
that  the  PUFA  content  in  fishes  varied inversely  with  climatic 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

temperature [17]. Climatic temperature changes  is well known to 
vary the fatty acid profile of the carcass fish so that the 
unsaturation inversely changes with the  temperature[28]. The 
lipid content in the muscle tissue recorded was decreased, the 
profile of EPA and DHA which are considered as human health 
beneficial essential fatty acids [20], recorded towards  higher level. 
The EFA profile of C. batrachus muscle was influenced by the 
lipids of the feed, reported for many species [29-33].The changes  
in EFA in the carcass of the C. batrachus fed with different fats 
types in the feed  were recorded in the present study. This 
observation concurs with other fish with normal growth and 
development of body[34], and established the fact that the 
metabolic responses of carnivorous fish is set to at high level of 
intake protein as well [35].  
 

 
 

Fig. 1: Fatty acid profile of Clarias batrachus fed with  F1(FISOL). 

 
It also shows that C. batrachus has the ability to differentiate 
between intake fats, and using them for specific deposition and 
metabolizing for energy purposes, similar to the findings with 
many fish species [31,32,36]. Bell et al. [37] had reported that 
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Table  1:  Ingredients composition (w/w) of feeds for Clarias batrachus. 
Feed 

Ingredients 
F-1 F-2 F-3 F-4 F-5 F-6 F-7 

FISOL BETAL SOYOL 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 - - - 2.5 - - 
Tallow - 10.0 - - 2.5 - - 
Soybean Oil  - - 10.0 - 2.5 -  
Linseed Oil - - - 10.0 2.5 - - 
Saturated Oil  - - - - - 10.0 - 
Live Fish/ Natural Food 
(minced chicken) 

- - - - - - 100.0  

FISOL  = Fish Oil;   BETAL  = Beef Tallow;   SOYOL = Soybean Oil; LINOL = Linseed Oil;  MIXOL = Mixed Oil ( Fish Oil :   Tallow : Soybean Oil : 
Linseed Oil :: 1 : 1 :1 :1 w/w) ;  SATOL = Saturated Oil;  NATFO = Natural Food 
 
Table. 2: Important fatty acid  profile of C. batrachus (values are in %). 

Fatty Acid Emperical formula F1 
(FISOL) 

F2 
(BETAL) 

F3 
(SOYAL) 

F4 
(LINOL) 

F5 
(MIXOL) 

F6 
(SATOL) 

F7 
(NATFO) 

Linoleic acid C18:2(n-6) 9.07 20.59 12.74 18.42 17.55 12.75 15.37 
Alpha-linolenic acid C18:3(n-3) 0.31 0.82 0.37 0.77 0.46 - 1.02 
Eicosenoic acid C20:1(n-9) 0.38 0.98 1.02 0.91 0.73 - 0.88 
Arachidonic acid C20:4(n-6) 4.75 4.38 3.85 5.21 8.91 4.58 3.41 
Eicosapentaenoic acid C20:5(n-3) - 0.76 - 0.70 3.29 - 0.52 
Docosahexaenoic acid C22:6(n-3) 0.57 0.59 0.27 0.66 0.78 - 0.68 
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there is deposition  of EFA were preferred substrates for oxidation 
in salmon. It is documented that feed FA proximate commonly 
impact that on the carcass, and changes in the FA composition of 
carcass in Clarias batrachus  followed alteration in the dietary fats 
and also varied among carcass lipid classes as well demonstrated 
by  Trushenski et al. [38,39] for a lean fillet fish  sp. This 
conceptualized that C. batrachus conforms to the metabolic 
responses in freshwater fish as ability of bioconversion and/or 
accumulation of dietary fats  to C20 and C22 EFA as shown  by 
others[40-42].  
 

 
Fig. 2: Fatty acid profile of Clarias batrachus fed with  F2 (BETAL). 

 

 
Fig. 3: Fatty acid profile of Clarias batrachus fed with  F3(SOYAL). 

 

 
Fig. 4: Fatty acid profile of Clarias batrachus fed with  F4 (LINOL). 

 
Evaluation of poultry fat with cold-pressed linseed oil (LO) as 
supplemental dietary lipid for sablefish (Anoplopoma fimbria)  
reported by Friesen et al. [44]. The LO, has long been studied as 

an alternative source to FO in aquafeeds. But only in the last 10 
years it has been used in diet for some species; sablefish [43-45]; 
seabream [6,46], sea bass [6,47] and turbot [7,48,49]. Results from 
these studies indicate that dietary oil/lipids can be partially 
substituted with LO, however, at higher substitution levels, 
reductions in growth may happen due to the deficiencies in n-3 
HUFAs [6,46,47,49, 51]. The effects of different dietary fats on 
the fatty acid profile of C. batrachus carcass have been 
investigated in the present study. In overall, this study showed that 
C. batrachus performed optimally on diets containing LINOL, 
MIXOL and FISOL with respect to deposition of EFA.  

It can be concluded that out of six types of fats used in 
the present study, the MIXOL is considered best as a feed 
substitute in the artificial diets. The other fats have shown very 
mild to moderate level of changes in the fatty acid at 10% addition 
in the diet in a 12-week trial. Therefore, these fats may be used in 
combination with other fats to cut down the feed price and without 
effecting the survival, growth and carcass quality in terms of fatty 
acid profile of C. batrachus.  
 

 
Fig. 5: Fatty acid profile of Clarias batrachus fed with  F5 (MIXOL). 

 

 
Fig. 6: Fatty acid profile of Clarias batrachus fed with F6 (SATOL). 

 

 
Fig. 7: Fatty acid profile of Clarias batrachus fed with F7 (NATFO). 
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4. CONCLUSION 
 

The observations, in the present study, suggest that 
manipulation with different dietary fat sources in the feed has 
direct relation with fatty acid profile and/or modifications in the 
carcass of C. batrachus grow-out fish.  
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