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Abstract  Little  is known about the effects of the dietary  intake of palm o il and extracted fishmeal on growth performance 
and tissue fatty acid composition of Heterobranchus longifilis. Twenty H. Longifilis fingerlings were allotted for each 
treatment tanks in triplicate groups at random and were fed ten isonitrogenous and isoenergetic diets during a 12-week 
feeding trial. Diets were prepared by replacing fish oil with palm oil (PO) at  0, 25, 50, 75 or 100% (of fish oil) in ext racted and 
un-ext racted fishmeal-based diets in a 2 x 5 factorial design. Feeding H. longifilis fingerling with various levels of PO did not 
result in differences in fish growth and feed utilizat ion parameters (P > 0.05). This suggests that complete replacement of FO 
with PO can support growth comparable to a FO based diet.  However, reduced growth and feed utilization parameter values 
were observed in H. longifilis fingerling fed un-extracted fishmeal-based diets (P < 0.05). Extract ion of lipids from fishmeal 
resulted in lower concentration of tissue eicosapentaenoic acid, docosahexaenoic acid and total n-3 PUFA (p < 0.05). While 
the tissue concentration of saturated, monounsaturated, n-9, n-6 and 18:2n-6 fatty acids increased in the extracted than the 
un-ext racted groups (P < 0.05). PO and ext racted fishmeal resulted in increased index of atherogenicity and index of 
thrombogenicity of the fillet (P < 0.05), but the value was less than 1.00 considered to be healthy for human consumer. From 
the results of this study we conclude that H. longifilis fingerling be fed  diets containing PO and extracted fishmeal, to enhance 
fish growth, survival and feed efficiency. 
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1. Introduction 
Dietary lipids play an important role as a source of energy 

for fish growth and as carriers for fat soluble v itamins. Fish 
oil is widely used in the production of fish feed because of its 
high content in monounsaturated fatty acids (MUFA) used 
by fish as metabolic energy source and omega-3 long chain 
polyunsaturated fatty acids (n-3 lcPUFA) that are essential to 
biological structure, stress resistance, normal function of cell 
membranes and development of immunity in fish.[1, 2]  
The dynamic development of aquaculture with a g lobal 
average growth rate of 8.8% per year since 1970[3] has 
resulted in increased demand for fish oil which has reached 
its limit of sustainability.[4[ On the contrary, production of 
global vegetable oil has steadily increased reaching a vo lume 
of 100 t imes more than fish oil.[5] Therefore, replacement of 
fish oil with vegetable oils appears to be a viab le option 
given their availab ility, low cost and absence of dioxins and 
pollutants.[6 – 10]. 
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Among the vegetable oils, palm oil (PO) is currently the 
most abundantly produced in the world.[11] PO contains 
high level of saturated fatty acids especially 16:0 and also 
contains monounsaturated fatty acids principally made up of 
18;1n-9; [12] both classes of fatty acids are good sources of 
energy for fish.[13] Crude palm o il (CPO) has a deep 
orange-red colour due to the high content of carotenoids and 
is a rich source of v itamin  E.[14] The use of palm o il at 
various levels in diets for catfish,[8, 15, 16] Atlantic 
salmon,[17] and climbing perch[18]  resulted in growth and 
feed utilization efficiency comparable to fish fed with 
equivalent levels of dietary fish oil. Lim et al.[19] found that 
the inclusion of at least 8% CPO or RBDPO in African 
catfish diets significantly improved growth performance, 
dietary protein retention and fillet vitamin E concentration of 
this fish. In recent past, CPO and RBDPO have been 
evaluated as dietary lip ids for fish and this was done in the 
presence of residual fish oil from the fishmeal component in 
the experimental d iets.[16 - 19, 20] However, fishmeal 
contains approximately 10% fish oil as purchased, which 
might provide sufficient HUFA to meet the essential fatty 
acid requirement of H. longifilis and obviate the effects of 
the lipid o f interest. 

In the present study, the nutritive value o f palm oil as a 
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lip id source for African catfish H. longifilis using an 
extracted fishmeal–based diet was evaluated. The study was 
designed to eliminate any potential confounding effects of 
the residual fish oil found in fishmeal as used in previous 
study.[21] The principal object ive of th is study was to 
investigate the effect of ext racted fishmeal and palm oil on 
growth, feed utilization efficiency, fillet and liver fatty acid 
composition of Heterobranchus longifilis fingerlings. 

2. Materials and Methods 
Experimental diets 
Palm oil was selected and used for this study based on the 

superior performance exhib ited by H. longifilis fed palm o il 
containing diet in the previous study.[22] The Danish fish 
meal used as the primary  protein source in the test diets was 
exhaustively extracted with hexane to reduce the residual 
lip id to trace amounts (about 1.0%) before inclusion in the 
diets. Ten isonitrogenous and isolipidic experimental d iets 
(Table 1) were fo rmulated by replacing fish oil with palm o il 
at 0, 25, 50, 75 or 100% (of fish oil) in  extracted and 
un-ext racted fishmeal-based diets. 

The diets were formulated to contain similar contents of 
total fat, protein and energy. This was confirmed by 
chemical analysis (Table 1). The difference in the diets was 
the levels of PO and the fishmeal type, leading to variations 
in the fatty acid concentration of the diets (Table 2). This 
study was carried out using thirty circular bowls capable of 
holding 62 litres of water in  a 2 x 5 factorial design. Each 
bowl was filled to a depth of 35cm with water from storage 
reservoir. Six hundred H. longifilis were randomly stocked 
in 30 circular bowls at 20 fingerlings per tank; 60 fingerlings 
per treatment, experimental d iets were fed to triplicate 
groups of fish twice a day to apparent satiation at 09:00 and 

16:00 respectively over a period o f twelve weeks. One hour 
after feed ing, uneaten feed was siphoned, dried to constant 
weight at 700C and reweighed. Total fish weight in each tank 
was determined every two weeks to check their growth. 
Feeding was stopped 24 h prior weighing. 

Sample collection and analysis 
Diets were analysed for proximate composition using 

standard methods.[23] Moisture was determined 
gravimetrically after drying in oven at 105℃ for 24 h; ash 
by incineration in a muffle furnace at 4500C for 16 h; protein 
(N x 6.25) by the Kjeldahl method after acid digestion and 
lip ids by petroleum ether extraction. At the end of the trial, H. 
longifilis was fasted for 24 h and anesthetized with  solution 
of methane sulphonate (MS222).[24] The fish were then 
dissected and their liver removed and weighed for the 
determination of hepatosomatic index (HSI).  

Fatty acid analysis was performed  on three samples of 
each experimental diet  and pooled fillet  and liver samples for 
each experimental t reatment. The ext raction of total lip ids 
and preparation of fatty acid methyl esters was performed 
according to Sukhija and Palmquist.[25] Fatty acids methyl 
esters were separated by GC on a Varian Model 3300 gas 
chromatograph equipped with flame ionisation detector. A 
flexib le fused silica Megabore column (30 m X 0.32 mm, 1 
µm film thickness) with bonded stationary phase of 
CP-WAX was employed. Helium was used as the carrier gas 
at 1.0 ml/min, inlet p ressure 12 psi. Injector and the detector 
temperatures were 250 and 300℃, respectively. The column 
temperature was programmed to be initially 140℃  for 5 min 
and then to increase at a rate of 3℃ to a final temperature of 
240℃. Fatty acids methyl esters were identified in 
comparison to an external standard (SupelcoTM 37 
component FAME Mix). 

Table 1.  Formulation of experimental diets (g kg -1) for fingerling Heterobranchus longifilis 

 
 

Experimental diets 
Extracted Fishmeal  Un-extracted Fishmeal 

0 PO 25 PO 50 PO 75 PO 100 PO  0 PO 25 PO 50 PO 75 PO 100 PO 
Ingredients (g kg -1)            
Fish meal (Danish) 398.00 398.00 398.00 398.00 398.00  398.00 398.00 398.00 398.00 398.00 

Soybean meal 313.00 313.00 313.00 313.00 313.00  313.00 313.00 313.00 313.00 313.00 
Corn flour (Maize) 172.00 172.00 172.00 172.00 172.00  172.00 172.00 172.00 172.00 172.00 

Cassava starch 20.00 20.00 20.00 20.00 20.00  20.00 20.00 20.00 20.00 20.00 
Methionine 10.00 10.00 10.00 10.00 10.00  10.00 10.00 10.00 10.00 10.00 

Vit./Min. Premix 20.00 20.00 20.00 20.00 20.00  20.00 20.00 20.00 20.00 20.00 
Salt  (NaCl) 1.50 1.50 1.50 1.50 1.50  1.50 1.50 1.50 1.50 1.50 
Vitamin C 0.50 0.50 0.50 0.50 0.50  0.50 0.50 0.50 0.50 0.50 

Chromic Oxide 5.00 5.00 5.00 5.00 5.00  5.00 5.00 5.00 5.00 5.00 
Oil* 60.00 60.00 60.00 60.00 60.00  60.00 60.00 60.00 60.00 60.00 

            
Proximate composition (n=3)            

Moisture (g/kg) 6.20 6.15 6.23 6.10 6.31  6.23 6.20 6.10 6.20 6.12 
Crude protein (g/kg) 45.72 45.81 45.43 45.56 45.76  45.10 44.97 45.02 44.98 44.98 

Lipid (g/kg) 10.67 10.71 10.86 10.64 10.56  11.89 11.92 11.90 11.91 11.89 
Ash (g/kg) 8.80 8.70 8.60 8.70 8.81  8.14 8.05 8.10 8.02 8.06 

NFE** (g/kg) 34.81 34.78 35.11 35.10 34.87  34.87 35.06 34.98 35.09 35.07 
Gross energy*** (MJ/kg) 21.3 21.33 21.36 21.3 21.28  21.65 21.66 21.65 21.67 21.65 

* 0 PO = 0% Palm oil and 100% FO, 25 PO = 25 % palm oil and 75% FO, 50 PO = 50% Palm oil and 50% FO, 75 PO = 75% Palm oil and 25% FO, 100 PO = 100% 
Palm oil and 0% FO. **NFE = Nitrogen free extracts including crude fibre; = 100 – (CP + lipid + ash) 
*** calculated from the published compositions of the ingredients used (NRC, 1993) 
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Table 2.  Fatty acid profile of experimental diets* (% of total fatty acids) 

 ∑Saturates1 ∑monoene 
2 18:1n-9 ∑ n-93 18:2n-6 20:4n-6 ∑ n-64 18:3n-3 20:5n-3 22:6n-3 ∑ n-35 n-3/n-6 

Dietary treatments             
FO replacement (%)             

0 31.44 38.42 20.75 25.06 4.31 0.58 6.04 2.21 5.38 11.81 24.11 4.11 

25 35.67 41.00 25.87 29.83 6.39 0.47 7.83 1.83 4.00 9.70 15.79 2.01 

50 37.08 39.58 28.86 31.67 7.66 0.36 8.67 1.31 3.26 7.17 14.32 1.72 

75 42.13 39.08 31.95 33.61 9.80 0.22 9.01 0.86 1.82 4.18 8.62 0.98 

100 47.99 37.60 32.89 34.18 10.37 0.08 10.01 0.46 0.96 2.16 4.41 0.45 

Fishmeal type             
Extracted 37.08 41.27 31.36 33.46 8.00 0.33 9.05 1.33 1.61 6.77 12.00 1.47 

Un-extracted 40.03 37.00 24.77 28.27 6.57 0.35 7.57 1.33 4.55 7.23 14.90 2.23 

*Diets as explained in Table 1 
1 Contains 12:0, 14:0, 16:0, 18:0, 20:0, 22:0, and 24:0.  
2 Contains 16:1 n-9, 16:1 n-7, 18:1 n-9, 18:1 n-7, 20:1 n-11, 22:1 n-11 and 24:1 n-9.  
3 Contains 16:1 n-9, 18:1 n-9, and 24:1 n-9.  
4 Contains18:2 n-6, 18:3 n-6, 18:4 n-6, 20:2 n-6, 20:3 n-6, 20:4 n-6, 22:2 n-6, 22:3 n-6, 22:4 n-6 and 22:5 n-6. 
5 Contains 18:3 n-3, 18:4 n-3, 20:4 n-3, 20:5 n-3, 22:5 n-3 and 22:6 n-3. 

The index o f atherogenicity (IA) and the index of 
thrombogenicity (IT) were calculated as proposed by 
Ulbricht and Southgate,[26] taking into account the effects 
of the different FA on human’s health: 

IA = [(12:0) + (4×14:0) + (16:0)] × [(PUFA n-6 and n-3) + 
MUFA]–1  

IT = [(14:0) + (16:0) + (18:0)] × [(0.5×MUFA) + (0.5×n-6) 
+ (3×n -3) + (n-3×n-6− 1)]−1 

Where PUFA represent the polyunsaturated fatty acids 
(18:2n-6, 18:3n-3, 20:4n-6, 22:5n-3 and 22:6n-3) and MUFA 
the monounsaturated fatty acids (all isomers of 14:1, 16:1, 
18:1 and 20:1). Concentrations of the FA were expressed as 
g per 100g. 

Statistical analysis 
The data were subjected to two way analysis of variance 

(ANOVA) and if significant (P < 0.05) d ifferences were 
found, Duncan’s mult iple range test[27] was used to rank the 
group using SPSS version 13.0 (SPSS Inc., Chicago, IL, 
USA) computer program. 

3. Results 

Performance 
There was no significant difference in the init ial weight of 

H. longifilis fingerlings (P > 0.05) (Table 3). The mean final 
weights of H. longifilis fingerling fed all levels of palm o il 
substitution for fish oil were not significantly different. A ll 
group of fish increased in weight by around fourfold (400%) 
and specific growth rates (SGR) varied between 1.40 and 
1.52. Similar trends were ev ident for feed utilization 
parameters [average feed intake (AVFI) and feed conversion 
ratio (FCR)]. There were no significant differences between 
AVFI or FCR for all fish fed PO diets. The lowest FCR (1.14) 
was observed for 6% PO (100% FO rep lacement) treatment, 

while AVFI ranged from 20.42 (3% PO) to 23.30 (4.5% PO). 
However, significant (P < 0.05) differences were observed 
between fish fed ext racted and un-extracted fishmeal diets. 
The un-extracted fish group had  lower values for final 
weight, weight gain, average feed intake, feed conversion 
ratio and specific growth rates (SGR) than those fed 
extracted fishmeal d iet. 

Viscerosomatic and hepatosomatic ind ices were both 
significantly higher in fish fed diets containing 0, and 4.5% 
PO than 6% PO d iet. However, hepatosomatic index (HSI) 
of fish fed 0%, 1.5% and 3% PO were similar. Fish fed d iet 
in which  PO replaced 100% FO (6% PO) had the lowest liver 
weight. Viscerosomatic index (VSI) of fish fed 25% and  
100% PO were similar and significantly (P < 0.05) 
decreased compared with fish fed 0%, 50% or 75% PO. 
Extraction of lip ids from fishmeal used for this study had 
significant (P < 0.05) effects on HSI and VSI of fish. HSI 
and VSI of fish fed un-extracted fishmeal-based diets were 
significantly (P < 0.05) higher than those fed extracted 
fishmeal-based diets. There was no interaction between PO 
substitution and fishmeal type on any of the growth 
parameters measured. 

Fillet fatty acid composition 
The fatty acid  composition of the fillet  is shown in Tab le 4. 
There were significant interaction between dietary PO and 
fishmeal type on fatty acid composition of fillets. Thus 
18:3n-3, 20:5n-3 and 22:6n-3 of the fish fed the control d iet 
(6% FO) were significantly higher than those fed diets in 
which PO replaced 25, 50, 75 and 100% of the FO in the 
control diet (P < 0.05). Fish fed diets with  6% PO (100% 
replacement) had the lowest concentrations of these fatty 
acids. However, the concentration of monounsaturated, sum 
n-9 and sum n-6 fatty acids were significantly higher in the 
fillet of fish fed diet in which FO was replaced 100% with 
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PO. Fish fed d iet in which 75% FO was replaced with PO 
had the highest concentration of saturated fatty acid, which 
was also significantly (P < 0.05) higher than those of fish fed 
other diets. Fish fed the extracted fish meal-based diets 
exhibited h igher (P < 0.05) concentration of saturated, 
monounsaturated, sum n-9, sum n-6 and 18:2n-6 fatty acids 
in the fillet than the un-extracted group. On the other hand 
the concentrations of sum n-3, 20:5n-3 and 22:6n-3 were 
significantly (P < 0.05) reduced in the fillets of fish fed 
extracted fish meal diets. Sign ificant (P < 0.05) effects of FO 
substitution and fish meal type interaction were observed on 

all fillet fatty acids measured. Fillet sum saturated, sum 
monounsaturated, 18:1n-9, sum n-9, 18:2n-6 and sum n-6 
fatty acids were significantly (P < 0.05) higher in  fish fed 
extracted fish meal and 100% FO replacement while 
un-ext racted fish meal and 0% PO fed fish had least 
concentrations of these fatty acids in their fillet. On the other 
hand fish fed 0% PO and un-extracted fish meal diets had the 
highest concentration of 20:4n-6, sum n-3, 18:3n-3, 20:5n-3, 
22:6n-3 fatty acids and n-6:n-3 fatty acid ratio. The least 
concentration occurred in the fillet of fish fed  ext racted fish 
meal and 100% FO replacement. 

Table  3.  Growth performance of H. longifilis following feeding on experimental diets* for 12 weeks 

 
Initial weight 

(g) 
Final 

weight (g) weight gain Av. Feed 
intake (g) FCR SGR HIS (%) VSI (%) 

Dietary treatments         
FO replacement (%) NS NS NS NS NS NS * * 

0 5.80 25.60 19.81 21.76 1.26 1.47 0.98a 4.42ab 
25 5.90 26.35 20.46 21.38 1.25 1.40 0.91ab 3.96bc 
50 5.81 26.70 20.89 20.42 1.22 1.48 0.92ab 4.60a 
75 5.67 27.11 21.43 23.30 1.30 1.49 1.07a 4.33ab 

100 5.82 28.86 23.02 21.35 1.14 1.52 0.78b 3.68c 
Fishmeal type NS * * * * * * * 

Extracted 5.69 29.75a 24.06 a 20.21b 1.10b 1.58a 0.96a 4.58a 
Un-extracted 5.83 24.10b 18.28 b 23.07a 1.37a 1.37b 0.90b 3.81b 

FO rep. X FM type NS NS NS NS NS NS NS NS 
SEM 0.17 1.30 1.13 0.78 0.05 0.06 0.54 0.19 

*Diets as explained in Table 5.1 
Values in the same column followed by the same letter are not significantly different at P > 0.05 

Table 4.  Fillet fatty acid composition of Heterobranchus longifilis fed the experimental diets* for 12 weeks (g 100-1) 

 ∑Saturates1 ∑monoene 
2 18:1n-9 ∑ n-93 18:2n-6 20:4n-6 ∑ n-64 18:3n-3 20:5n-3 22:6n-3 ∑ n-35 n-3/n-6 

Dietary treatments             
FO replacement (%) * * * * * * * * * * * * 

0 35.56e 18.56e 18.56e 26.79d 3.85e 1.41a 6.73e 1.88a 3.57a 28.17a 36.75a 5.55a 

25 38.44d 23.65d 23.65d 28.12d 5.86d 1.16b 8.34d 1.59b 2.73b 23.64b 28.01b 3.39b 

50 38.90c 27.61c 27.61c 31.08c 7.33c 0.95c 9.14c 1.19c 2.31c 18.26c 23.88c 2.66c 

75 39.93a 32.73b 32.73b 33.59b 8.50b 0.62d 9.93b 0.84d 1.39d 11.42d 14.98d 1.53d 

100 39.79b 34.76a 34.76a 36.52a 10.37a 0.23e 10.86a 0.46e 0.75e 6.07e 8.04e 0.75e 

Fishmeal type * * * * * * * NS * * * * 

Extracted 40.32a 30.55a 30.55a 34.43a 7.84a 0.84b 9.66a 1.19 1.11b 16.85b 20.71b 2.35b 

Un-extracted 36.72b 24.37b 24.37b 28.10b 6.51b 0.91a 8.29b 1.19 3.18a 18.17a 23.95a 3.20a 

FO rep. X FM type * * * * * * * * * * * * 

SEM 0.001 0.001 0.01 0.61 0.02 0.01 0.02 0.01 0.001 0.01 0.02 0.003 

*Diets as explained in Table 1 
Values in the same column followed by the same letter are not significantly different at P > 0.05  
1 Contains 12:0, 14:0, 16:0, 18:0, 20:0, 22:0, and 24:0.  
2 Contains 16:1 n-9, 16:1 n-7, 18:1 n-9, 18:1 n-7, 20:1 n-11, 22:1 n-11 and 24:1 n-9.  
3 Contains 16:1 n-9, 18:1 n-9, and 24:1 n-9.  
4 Contains18:2 n-6, 18:3 n-6, 18:4 n-6, 20:2 n-6, 20:3 n-6, 20:4 n-6, 22:2 n-6, 22:3 n-6, 22:4 n-6 and 22:5 n-6. 
5 Contains 18:3 n-3, 18:4 n-3, 20:4 n-3, 20:5 n-3, 22:5 n-3 and 22:6 
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Table 5.  Liver fatty acids composition Heterobranchus longifilis fed the experimental diets for 12 weeks (g 100-1g) 

 ∑Saturates1 ∑monoene 2 18:1n-9 ∑ n-93 18:2n-6 20:4n-6 ∑ n-64 18:3n-3 20:5n-3 22:6n-3 ∑ n-35 n-3/n-6 

Dietary treatments             
FO replacement (%) * * * * * * * * * * * * 

0 28.14e 62.70a 32.57e 35.82e 1.31d 0.41a 2.31e 0.52a 0.73a 3.27a 6.03a 2.73a 

25 33.15d 59.40b 46.09d 48.87d 1.87c 0.32b 2.61b 0.42b 0.54b 2.59b 4.25b 1.65b 

50 34.55c 58.29c 49.61c 51.58c 2.18b 0.25c 2.57c 0.29c 0.43c 1.85c 3.43c 1.35c 

75 37.32b 57.69d 50.73b 52.25a 2.20b 0.14d 2.53d 0.17d 0.22d 1.01d 1.72d 0.76d 

100 41.83a 54.01e 51.42a 51.74b 2.50a 0.05e 2.74a 0.10e 0.12e 0.50e 0.93e 0.34e 

Fishmeal type * * * * * * * * * * * * 

Extracted 33.47b 60.01a 51.19a 53.08a 2.14a 0.22b 2.72a 0.29b 0.21b 1.73b 2.98b 1.09b 

Un-extracted 36.52a 56.83b 40.97b 43.02b 1.88b 0.25a 2.38b 0.31a 0.61a 1.96a 3.57a 1.64a 

FO rep. X FM type * * * * * * * * * * * * 

SEM 0.003 0.003 0.003 0.003 0.02 0.003 0.003 0.003 0.003 0.003 0.06 0.003 

*Diets as explained in Table 1 
Values in the same column followed by the same letter are not significantly different at P > 0.05  
1 Contains 12:0, 14:0, 16:0, 18:0, 20:0, 22:0, and 24:0.  
2 Contains 16:1 n-9, 16:1 n-7, 18:1 n-9, 18:1 n-7, 20:1 n-11, 22:1 n-11 and 24:1 n-9.  
3 Contains 16:1 n-9, 18:1 n-9, and 24:1 n-9.  
4 Contains18:2 n-6, 18:3 n-6, 18:4 n-6, 20:2 n-6, 20:3 n-6, 20:4 n-6, 22:2 n-6, 22:3 n-6, 22:4 n-6 and 22:5 n-6. 
5 Contains 18:3 n-3, 18:4 n-3, 20:4 n-3, 20:5 n-3, 22:5 n-3 and 22:6 n-3. 

Liver fatty acid composition 
The fatty acid composition of the liver of Heterobranchus 

longifilis fed the experimental diets over 12 weeks are 
presented in Table 5. Liver of fish fed 100% FO replacement 
for PO diet contained the highest concentration of saturated, 
18:1n-9, sum n-6, 18:2n-6 and lowest concentrations of the 
n-3 polyunsaturated fatty acids. Highest concentration of 
monounsaturated, n-9, 18:1n-9, n -6, 18:2n-6 and lowest 
concentration of monounsaturated and n-3 polyunsaturated 
fatty acids were observed the liver of H. longifilis. Similar to 
the fillet, significant (P < 0.05) effect of FO rep lacement and 
fish meal type interaction was observed in all the fatty acids 
measured in the liver. 100% fish oil substitution with 
un-ext racted fish meal-based diet produced the highest 
concentration of total saturated fatty acid in the liver of H. 
longifilis. The lowest value of the sum saturated fatty acid 
was observed in the liver of fish fed un-extracted fish meal 
diet at 0% FO substitution. The concentration of 18:1n-9, 
sum n-9, sum n-6 and 18:2n-6 were significantly (P < 0.05) 
increased in the liver of fish fed extracted fish meal with  
100% PO than in fish fed the other diets. These fatty acids 
were significantly (P < 0.05) lower in the liver of fish fed 
un-ext racted fish meal with  0% PO. No  significant (P > 0.05) 
difference was observed in the liver concentrations of 
20:4n-6, sum n-3, 18:3n3 and 22:6n-3 of fish fed extracted 
and un-ext racted fish meal-based diet at 0% PO, however, 
the value of these fatty acids were significantly (P < 0.05) 
higher than in  the liver of fish fed  the other diets. The level of 
20:5n-3 fatty acid and the ratio of n-6:n- 3 fatty acids were 
significantly higher in the liver of fish fed un-extracted fish 
meal diets at 0% PO than those maintained on other diets. 
The concentration of all n-3 fatty acids, 20:4n-6 and the ratio 
of n-6:n -3 fatty acids were consistently low in the liver of 

fish fed extracted fish meal with 100% PO compared to other 
dietary groups. 

Index of atherogenicity and index of thrombogenicity  
The index of atherogenicity (IA) and index of 

thrombogenicity (IT) of the fillet of H. longifilis are 
presented in Tables 6. The fillet IA and IT of H. longifilis fed 
100% PO and IA of fish fed extracted fish meal diets were 
significantly (P < 0.05) h igher than that of fish fed the other 
diets. However, the value was less than 1.00 considered to be 
healthy for human consumer. Complete replacement of fish 
oil with PO together with the extraction of fish meal caused a 
significant (P < 0.05) increase in the fillet IA of H. longifilis. 
No significant interaction effect of FO replacement and fish 
meal type interaction was observed in the fillet it. 

Table 6.  Index of atherogenicity and index of thrombogenicity of H. 
longifilis fed the experimental diets* for 12 weeks 

 IA IT 
Dietary treatments   

FO replacement (%) * * 
0 0.34e 0.05e 

25 0.41d 0.08d 

50 0.44c 0.09c 

75 0.58b 0.16b 

100 0.71a 0.31a 

Fishmeal type * NS 
Extracted 0.54a 0.14 

Un-extracted 0.45b 0.14 
FO rep. X FM type * NS 

SEM 0.003 0.003 

*Diets as explained in Table 1 
Values in the same column followed by the same letter are not significantly 
different at P > 0.05 
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4. Discussion 
The central issue in this trial is the feasibility of replacing 

FO with PO. The results shows that substantial part of 
marine FO can be replaced with vegetable alternatives 
especially PO. PO can meet the energy requirement of fish 
by providing easily oxidised fatty acids especially 18:1n-9 
and simultaneously generate improved fillet quality by the 
deposition of tocopherols and tocotrienols in fish fillets.[28] 
These also add value to the product, the health benefit of 
tocotrienols in human diet has been shown to include the 
prevention of cardiovascular diseases and cancer.[28] The 
accumulat ion of palm vitamin E in fish flesh would also slow 
down the process of oxidation thereby maintaining the 
quality of the flesh for longer period.  

This study demonstrated the absence of a significant 
difference in  growth rate or feed conversion ratio in  H. 
longifilis fed diets containing PO ranging from 25% to 100% 
replacement for FO and those fed FO (0% PO). This suggests 
that complete replacement of FO with PO can support 
growth comparable to a FO based diet. The results compare 
favourably with the reports of Torstensen et al.[17], Bell et 
al.[13] in which the growth and feed conversion ratio were 
similar at all levels of PO replacement for FO in the diet of 
Atlantic salmon. 

The suitability of palm oil as a dietary lipid and energy 
source has been demonstrated for various tropical fish.[9, 13, 
16] H. longifilis, like other warmwater fish, are more 
inclined to require greater amounts of n-6 fatty acids 
compared to n-3 fatty acids for maximal growth.[29] High 
levels of n-3 PUFA have been reported to depress the growth 
of tilapia,[30, 31] channel catfish, Ictalurus punctatus[32] 
and African catfish Clarias gariepinus.[8] However, Chou et 
al.[33] reported no growth depression in hybrid t ilap ia fed 
semi purified diets with graded levels of CLO up to 5%. In 
this study, since H. longifilis grew better when fed with PO 
diets (high in n-6 PUFA) compared to fish fed with CLO 
diets (high in n-3 PUFA), this results suggest that H. 
longifilis require n-6 fatty acids for growth. The reduced 
growth observed in fish fed with the un-extracted fish meal 
diet might be associated with the higher n-3 PUFA 
concentrations in the fish oil. 

The fatty acid compositions of fillet lipids were closely 
influenced by dietary fatty acid input. However, while 
dietary fatty acids are closely related to fatty acids deposited 
in the fillet, specific fatty acids are selectively retained or 
utilized. There was selective deposition and retention of 
DHA, since fillet DHA concentrations were always higher 
than diet concentrations. This fact has also been observed in 
Atlantic salmon,[13, 34, 35] rainbow trout,[6] African 
catfish[8] and turbot.[36, 37] The possible mechanisms 
underlying this selective deposition include the high 
specificity of fatty acyl transferases for DHA and the relative 
resistance of DHA to β- oxidation stemming from the 
complex catabolic pathway for this HUFA.[34] 

However, monounsaturated fatty acids, LA, LNA and 
EPA were selectively ut ilized in flesh, when present at high 

concentrations in the diet, whereby dietary  concentrations 
were always higher than flesh concentrations.[6, 8, 13, 34 – 
37], These data suggest that the monoenes, as well as LA and 
LNA, are readily oxid ized when present at high 
concentrations. However, the levels of LA in H. longifilis 
flesh remained significantly  higher in  fish fed d iet containing 
100% PO and extracted fish meal than in FO (0% PO and 
un-ext racted fish meal) fish. 

The liver fatty acid compositions were closely related to 
diet compositions as observed in the fillet. In comparison to 
fillet fatty acids, there was selective retention of 
monounsaturated fatty acids in the liver, but no selective 
retention of the n-3 HUFA, EPA and DHA. However, as was 
seen in fillet, LA and LNA were not selected for deposition 
in liver lip ids. Lipid storage depots in fish are used to store 
fat that are not required immediately fo r physiological 
functions such as synthesis of cell membrane 
phospholipids.[38] In addition, storage lip ids also act as a 
reserve of metabolic energy that may be used during times of 
low feed intake and to prov ide fatty acids for reproductive 
functions, including energy production.[38] For this reason 
the retention of monounsaturated fatty acids may be related 
to energy storage, as these fatty acids are preferred substrates 
for β-oxidation in fish.[17, 39] H. longifilis displayed high 
bioconversion efficiency of n-3 fatty acids, which results in a 
higher concentration of DHA in  the fillet of the fish 
compared to the level of this fatty acid in their d iet.  

The IA and IT take the interactions among different fatty 
acids into account, allowing an integrated assessment of 
dietary lip id on human coronary health.[26] Higher values of 
IT and IA (>1.0) are detrimental to human health.[40] There 
were statistically significant differences in the IA of fillet 
from H. longifilis fed diets with different PO replacement 
levels and extracted and un-extracted fish meal, but the 
values do not exceed 0.71 and 0.54 for fish fed the various 
levels of PO and extracted and un-ext racted fish meal-based 
diets, respectively. Therefore, the differences in potential 
health impact of fillets from H. longifilis fed the 
experimental diets appear to be minor. Similar results were 
obtained in largemouth bass fed diet with fish oil compared 
to fish fed diets with canola, chicken fat or combination of 
chicken fat and menhaden fish oil.[41] 

From the results of this study, it is logical to conclude that 
the growth performance, survival and feed  efficiencies were 
significantly higher in fish fed diets containing PO and 
extracted fishmeal than in the fish fed FO. However, fish’s 
fatty acid composition especially n-3 HUFA were reduced in 
fish fed higher PO levels and extracted fishmeal based diets, 
which may subsequently affect the quality of the fish in 
terms o f human  n-3 and n-6 fatty acid requirement. To 
address this, further studies is therefore needed to reverse 
this change in fatty acid compositions by evaluating the 
effects of adding combinations of fish oil and vegetable oils 
to the diet of H. longifilis on growth, lipogenesis and tissue 
fatty acid composition. 

 



 Research in Zoology 2012, 2(4): 23-30 29 
 

 

REFERENCES  
[1] Sargent, J.R. and Tacon, A., “Development of farmed fish: a 

nutritionally necessary alternative to meat” Proc. Nutr. Soc. 
58, 377–383, 1999. 

[2] Montero, D., Kalinowski, T., Obach, A., Robaina, L., Tort, L., 
Caballero, M.J. and Izquierdo, M.S., “Vegetable lipid sources 
for gilthead sea bream (Sparus aurata): effects on fish health. 
Aquaculture 225: 353 – 370, 2003.  

[3] Food and Agric. Organization (FAO) (2006). FAO Fisheries 
Circular No 1018. [online] Available from: 
http://ftp.fao.org/docrep/fao/009/a0604e/a0604e00.pdf, 2006 

[4] Vargas, R.J., Guimarães de Souza, S.M., Kessler, A.M. and 
Baggio, S.R., “Raplacement of fish oil with vegetable oils in 
diets for jundia´ (Rhamdia quelen Quoy and Gaimard 1824): 
effects on performance and whole body fatty acid 
composition”. Aquacult. Res., 39: 657 – 665, 2008. 

[5] Bimbo, A.P., Production of fish oil.  In fish oils nutrition. 
(Stansby, M.E. (ed.) Van Nostrand Reinhold, NewYork, 
141-180, 1990. 

[6] Caballero, M.J., Obach, A., Rosenlund, G., Montero, D., 
Gisvold, M. and Izquierdo. M.S., “Impact of different dietary 
lipid sources on growth, lipid digestibility, tissue fatty acid 
composition and histology of rainbow trout, Oncorhynchus 
mykiss”. Aquaculture 214, 253–271, 2002. 

[7] Izquierdo, M.S, Obach, A, Arantzamendi1, L., Montero1, D., 
Robaina1, L. and Rosenlund, G., “Dietary lipid sources for 
seabream and seabass: growth performance, tissue 
composition and flesh quality”. Aquc. Nutr. 9: 397 – 407, 
2003. 

[8] Ng, W-K., Lim, P.K. and Boey, P.L., “Dietary lipid and palm 
oil source affects growth, fatty acid composition and muscle 
α-tocopherol concentration of African catfish, Clarias 
gariepinus”. Aquaculture 215, 229 – 243, 2003. 

[9] Turchini, G.M., Mentasti, T., Froyland, L., Orban, E., 
Caprino, F., Moretti, V.M. and Valfre, F., “Effects of 
alternative lipid sources on performance, tissue chemical 
composition, and mitochondrial fatty acid oxidation 
capabilities and sensory characteristics in brown trout (Salmo 
trutta L)”. Aquaculture 225, 251–267, 2003. 

[10] Turchini, G.M., Torstensen, B.E. and Ng, W-K. “Fish oil 
replacement in finfish nutrition”. Rev. Aquac. 1, 10–57, 2009. 

[11] Ng, W-K., Koh, C.B., and Zubir, B.D. “Palm oil-laden spent 
bleaching clay as a substitute for marine fish oil in the diets of 
Nile tilapia, Oreochromis niloticus”. Aquaculture Nutrition 
12: 459 – 468, 2006.  

[12] Ng, W-K., Tocher, D. R. and Bell, J. G. “The use of palm oil 
in aquaculture feeds for salmonid species”. European Journal 
of Lipid Science and Technology. 109: 394–399, 2007.  

[13] Bell, J.G., Henderson, R.J., Tocher, D.R., McGhee, F., Dick, 
J.R., Porter, A., Smullen, R.P. and Sargent, J.R. “Substituting 
fish oil with crude palm oil in the diet of Atlantic salmon 
(Salmo salar) affects muscle fatty acid composition and 
hepatic fatty acid metabolism”. J. Nutr. 132: 222 – 230, 2002. 

[14] Nesaretnam, K. and Muhammad, B., Nutritional properties of 
palm oil. Organising Committee of 1993 Palm Oil 
Familiarization Programme, Selected Readings on Palm Oil 
and its Uses. Palm Oil Research Institute of Malaysia, Kajang, 

Selangor, pp. 57– 67, 1993. 

[15] Legendre, M., Kerdchuen, N., Corraze, G. and Bergot, P., 
“Larval rearing of an African catfish , Heterobranchus 
longifilis: effect of dietary lipids on growth, survival and fatty 
acid composition of fry”. Aquat. Living Resour. 8: 355 – 363, 
1995. 

[16] Ng, W-K., Tee, M. C. and Boey, P. L., “Evaluation of crude 
palm oil and refined palm olein as dietary lipids in pelleted 
feeds for a tropical bagrid catfish Mystus nemurus (Cuvier & 
Valenciennes)” Aquacult. Res. 31: 337 – 347, 2000.  

[17] Torstensen B.E., Lie O. and Froyland L., “Lipid metabolism 
and tissue composition in Atlantic Salmon (Salmo salar L.) – 
effects of capelin oil, palm oil, and oleic acid enriched 
sunflower oil as dietary lipid sources”. Lipids. 35: 653 – 664, 
2000.  

[18] Varghese, S. and Oommen, O.V., “Long-term feeding of 
dietary oils alters lipid metabolism, lipid peroxidation, and 
antioxidant enzyme activities in a teleost (Anabas testudineus 
Bloch)”. Lipids 35: 757 – 762, 2000. 

[19] Lim, P.K., Boey, P.L. and Ng, W.K., “Dietary palm oil level 
affects growth performance, protein retention and tissue 
vitamin E concentration of African catfish, Clarias 
gariepinus”. Aquaculture 202: 101–112, 2001. 

[20] Legendre, M., Kerdchuen, N., Corraze, G. and Bergot, P., 
“Larval rearing of an African catfish , Heterobranchus 
longifilis: effect of dietary lipids on growth, survival and fatty 
acid composition of fry”. Aquat. Living Resour. 8: 355 – 363, 
1995. 

[21] Babalola, T.O.O., D.F. Apata, Omotosho, J.S. and Adebayo, 
M.A., “Differential effects of dietary lipids on growth 
performance, digestibility, fatty acid composition and 
histology of African catfish (Heterobranchus longifilis) 
fingerlings”. Food and Nutrition Sciences. 2: 11 – 21, 2011. 

[22] Babalola, T.O. and Apata, D.F., “Effects of dietary lipid 
source on growth, digestibility and tissue fatty acid 
composition of Heterobranchus longifilis fingerlings”. 
Journal of Agriculture and Rural Development in the Tropics 
and Subtropics. (in press), 2012. 

[23] Association of Official Anallytical Chemists (AOAC), 
Official Methods of Analysis of the Association of Official 
Analytical Chemists, 16th ed. Association of Official 
Analytical Chemists, Washington, DC., 1999  

[24] Wagner, E. J., Jeppsen, T., Arndt R., Routledge, M. D. and 
Bradwisch, Q., “Effects of rearing density upon cutthroat 
trout hematology, hatchery performance, fin erosion and 
general health and condition”. The Progressive Fish-Culturist 
59: 173-187, 1997. 

[25] Sukhija, P. S. and D. L. Palmquist, “Rapid method for 
determination of total fatty acid content and composition of 
feedstuffs and feces”. J. Agric. Food Chem. 36:1202 – 1206, 
1988. 

[26] Ulbricht, T. l. V. and Southgate, D. A., T., “Coronary 
disease seven dietary factors”. Lancet, 338: 985 – 992, 1991.  

[27] Duncan, D.B., “Multiple range and multiple (F) test”. 
Biometrics, 11, 1-42, 1955. 

[28] Ng, W-K., Sigholt, T. and Bell, J.G., “The influence of 
environmental temperature on the apparent nutrient and fatty 



30 T. O. Babalola et al.:  The Influence of Palm Oil and Extracted Fishmeal on Growth Performance and  
Tissue Fatty Acid Composition of Heterobranchus Longifilis Fingerlings  

 

acid digestibility in Atlantic salmon (Salmo salar L.) fed 
finishing diets containing different blends of fish oil, rapeseed 
oil and palm oil”. Aquacult. Res. 35, 1228–1237, 2004. 

[29] National Research Council (NRC), “Nutrient Requirements 
of Fish. National Academy Press, Washington D.C., USA., 
1993. 

[30] Kanazawa, A., Teshima, S., Sakamoto, M. and Awal M.A., 
“Requirements of Tilapia zillii for essential fatty acids”. Bull. 
Jpn. Soc. Sci. Fish. 46: 1353 – 1356, 1980. 

[31] Huang, C.H., Huang, M.C. and Hou, P.C., “Effect of dietary 
lipids on fatty acid composition and lipid peroxidation in 
sarcoplasmic reticulum of hybrid tilapia, Oreochromis 
niloticus x O. aureus”. Comp. Biochem. Physio. 120: 331 – 
336, 1998.  

[32] Stickney, R.R., McGeachin, R.B., Lewis, D.H. and Marks, J., 
“Response of young channel catfish to diets containing 
purified fatty acids. Trans”. Am. Fish. Soc. 112: 665 – 669, 
1983.  

[33] Chou, B.S., Shiau, S.Y. and Hung, S.S.O., “Effect of dietary 
cod liver oil on growth and fatty acids of juvenile hybrid 
tilapia”. North American J. Aquacult. 63: 277 – 284, 2001.  

[34] Bell, J.G,, McEvoy, J., Tocher, D.R., McGhee, F., Campbell, 
P.J. and Sargent, J.R., “Replacement of fish oil with rapeseed 
oil in diets of Atlantic salmon (Salmo salar) affects tissue 
lipid compositions and hepatocyte fatty acid metabolism” J. 
Nutr. 131, 1535–1543, 2001. 

[35] Bell, J.G., McGhee, F., Campbell, P.J. and Sargent, J.R., 
“Rapeseed oil as an alternative to marine fish oil in diets of 
post-smolt Atlantic salmon (Salmo salar): changes in flesh 
fatty acid composition and effectiveness of subsequent fish 

oil ‘wash out’”. Aquaculture. 218: 515 – 528, 2003.  

[36] Bell, J.G., Tocher, D.R., MacDonald, F.M. and Sargent, J.R., 
“Effects of diets rich in linoleic (18:2n-6) and α-linolenic 
(18:3n-3) acids on the growth, lipid class and fatty acid 
compositions and eicosanoid production in juvenile turbot 
(Scophthalmus maximus L.)”. Fish Physiol. Biochem. 13: 
105 – 118, 1994. 

[37] Regost, C., Arzel, J., Cardinal, M., Rosenlund, G. and 
Kaushik, S.J., “Total replacement of fish oil by soybean or 
linseed oil with a return to fish oil in Turbot (Psetta maxima) 
II. Flesh quality properties”. Aquaculture, 220, 737-747, 
2003. 

[38] Sargent, J.R., Tocher, D.R. and Bell, J,G, The lipids. In: 
Halver, J.E., Hardy, R.W. (Eds.), Fish Nutrition, 3rd ed. 
Academic Press, San Diego, London, UK. pp. 181– 246, 
2002. 

[39] Henderson, R.J. and Sargent, J.R., “Chain-length 
specificities of mitochondrial and peroxisomal 
beta-oxidation of fatty acids in livers of rainbow trout 
(Salmo gairdneri)”. Comp. Biochem. Physiol. 82B: 79 – 85, 
1985. 

[40] Bobe, G., Zimmerman, S.,  Hammond, E.G., Freeman, G., 
Lindberg, G.L. and Beitz, D.C., Texture of butters made from 
milks differing in indices of atherogenicity. Iowa State 
University Animal Industry Report 2004. A.S. Leaflet R1902, 
2004.  

[41] Subhadra, B., Lochmann, R., Rawles, S. and Chen, R., 
“Effect of dietary lipid source on the growth, tissue 
composition and hematological parameters of largemouth 
bass (Micropterus salmoides)”. Aquaculture 255: 210–222, 
2006. 

 


	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion

