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Feed Utilization and Biochemical Characteristics of Clarias gariepinus (Burchell, 1822)
Fingerlings Fed Diets Containing Fish Oil and Vegetable Oilsas Total Replacements
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Abstract: The effects of dietary vegetable lipid sources on the growth performance and haematology of African
catfish, Clarias gariepinus (initial mean weight 6.37+0.24g) were examined in a 10 weeks feeding trial in an
attempt to eliminate the expensive fish oil in the preparation of fish diets. Twenty fish were alotted for each
treatment tanks in triplicates groups at random and were fed five isonitrogenous and isocaloric diets of fish
oil-based diet (Control), benni seed oil-based diet (BS-ail), groundnut oil based-diet (GN-oil), soybean oil-based
diet (SB-oil) and palm oil-based diet (P-oil) as diets 1-5, respectively. Results showed that feed consumption,
weight gain and survival rates of fish were generally high as no significant difference was found in the specific
growth rate among treatments. There were some marginal differences recorded in the protein efficiency ratio
and feed conversion ratio of the control diet and P-oil but they were superior to others with BS-oil having the
least quality. Fish carcass protein and lipids were significantly different among all treatments but the control
and P-oil had marginaly different values followed by SB-oil and the least being fish fed dietary BS-ail. Fish
haemoglobin was marginaly different in all treatments except diet 2 (BS-oil) while diet 5 (P-oil) had highest
value of cholesterol (228 g/dl) and, diet 1 (control) had the least (202 g/dl). Blood protein ranged between
3.87-4.22 g/dl with significant differences among the treatments of which value was highest in diet 4 (SB-oil)
and least in diet 2 (BS-ail). It could be concluded from the present study that, vegetable oil sources including
palm oil, soybean oil and groundnut oil can be utilized by catfish as the sole lipid source in fish diet with
negligible impact on growth performance while the utilization of benni seed oil should be limited for efficient
feed utilization by fish and ensure good food fish quality.
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INTRODUCTION

Lipids (fats) are high-energy nutrients that can be
utilized to partialy spare (substitute for) protein in
aquaculture feeds. Lipids supply about twice the energy
as proteins and carbohydrates. Lipids typically comprise
about 15% of fish diets, supply essentia fatty acids
(EFA) and serve as transporters for fat-soluble
vitamins. According to Jobling [1], cost-effective,
practical aquaculture feeds can be produced using
vegetable oil in the absence of fish oil with no
resulting or apparent loss in fish growth. Hence, there is
a growing demand to substitute fish oil with less
expensive lipids-rich plant sources [2] and in this respect,
pulses and oilseed meals have economic potentials
[3, 4]. The use of vegetable oils such as soybean oil that
contains very high levels of linoleic acid has been
found useful in fish production whereas high levels of

this fatty acid exhibited a sparing effect for energy [5].
Although grain legumes have been widely used as protein
source in aquaculture feeds production [6], much have
not been done about utilizing oilseeds and their by-
products as major source of dietary lipid/fat within
aquaculture feeds production for warmwater omnivorous
fish species such as catfish (Clarias gariepinus). Beside
this, few studies have been conducted on the use of
oilseed meals such as benniseed (sesame) meal and
cottonseed meal in warmwater fish nutrition [7] in
partial replacement of fish aqil, there is the need to
intensively conduct researches on the utilization of
vegetable oil as atotal replacement of fish oil in aquafeed
production. Clarias gariepinus is a major fish species for
aguaculture in African and it has also been introduced in
Europe and Asia. It is cultured for its omnivorous feeding
habit, high growth rate and its resistance to handling and
stress [8].
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This study was carried out to evaluate the nutritive
potential of various mechanically-extracted oil from
plants-soybean meal, groundnut cake, benni seed and oil
palm as replacement for fish oil in the diets of Clarias
gariepinus fingerlings.

MATERIALSAND METHODS

Preparation of Experimental Diets and Experimental
Procedures. Mechanically-extracted oils from soybean
seed, cotton seed, benni seed and palm oil and fish oil
(cod liver ail) were used to formulate five isonitrogenous
(40% Crude protein) and isocaloric (3500 kcal/kg) diets for
catfish fingerlings. The control diet (Diet 1) contained cod
liver ail as the fish oil source which was replaced with
each vegetable oil at the samelevel in four other separate
dietsfor diets 2-5; Benni seed oil, Ground nut oil, Soya oil
and Palm oil respectively. All the five diets are
represented as 1 (Contral), 2 (BS-ail), 3 (GN-ail), 4 (SB-ail)
and 5 (P-ail). Total of 300 Clarias gariepinus fingerlings
(average weight of 6.37+0.24g) was randomly distributed
into the five treatments in triplicates concrete tanks of
2.0x2.0x1.5m. All dietswere chemically analyzed for crude
protein, crude fibre, crude fat/lipid, ash, moisture, nitrogen
free-extract and calorific value using the methods of
AOAC [9] gross energy was determined by bomb
calorimetry using an adiabatic Gallenkamp calorimeter
(Model OC-5182). Each diet was fed to experimenta fish
in triplicate tanks to apparent satiation twice daily
(09:00 h and 17:00 h) for 70 days. Individual fish in each
tank were weighed at the start and every 14 days to
monitor growth response and feed utilization. Water
quality parameters which include dissolved oxygen,
pH and ammonia were kept within the range of 6.7-6.9
(mgl), 7.2-7.8 and 0.16-0.18 (mg/l), respectively and were
considered favourable in fish culture tanks according
to Boyd [10].

Determination of Fish Growth and Performance and
Analysis Carcass Composition: Fish growth and
performance and nutrient utilization were determined
according to the methods of Jobling[1] for fish Mean
weight gain (MWG), Specific growth rate (SGR), Protein
efficiency ratio (PER), Feed conversion Ratio (FCR),
Protein intake (Pl) and fish Survival rates (SR %). Fish
carcass was analyzed for crude protein, lipid and ash
using the methods of AOAC [9] in al treatments at the
end of the feeding trial.

Haematological Study: Blood sampleswere collected into
heparinised bottles through the caudal peduncle of fish
from each treatment. The capillary tubes were micro-
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centrifuged and relative packed cell volume (PCV) of
the red blood cell was measured to determine the
percentage haematocrit value [11]. Other haematol ogical
indices assessed are haemoglobin, percentage plasma
protein and cholesterol.

Statistical Analysis: The experiment consisted of a
completely randomized design with three replicates
for each five dietary treatments. Statistical analysis of
the data included the one-way analysis of variance
(ANOVA) using the SPSS version 10.0 for windows
on PC (Statistical Graphics Corp, US). Significant mean
differences were separated at 5% using the methods of
Steel et al. [12] whereas appropriate and values are
expressed as means + SE.

RESULTS

The proximate compositions of the experimental diets
are presented in Table 1. Growth response, feed and
protein utilization efficiency by catfish are as shown in
Table 2, which reveals that the best overall weight gain
was obtained in fish fed with SB-oil based-diet and the
least weight gain was recorded in fish fed diet 2 (BS-ail).

No significant differences was recorded in weight
gain and growth response by fish fed the entire lipid-
based feeds as SGR ranged between 0.64 — 0.65 (%/day).
There are significant variations (p<0.05) in the feed intake
pattern among treatments which was ranged between
22.87gindiet 3(GN-ail) and 23.85g in diet 2 (BS-oil). Feed
utilization indices a'so varied significantly (p<0.05) among
treatments (Table 2). Fish fed diet 4 had the best PER and
FCR among al the treatments while fish fed diet 2 had the
least PER and inferior FCR. However, growth response
and feed utilization was similar in fish fed diet 1 (Control)
and fish fed diet 3 (GN-oil). Fish survival rates was
generaly high in all dietary treatments whereas values
ranged between 93.33% in SB-oil and 98.33% in both
control diet and GN-oil based diet fed fish. Mortality rate
was therefore non-differential among treatments.

Table 3 presents the body proximate composition of
experimental fish after the 70-day feeding trial. Dietary
lipid-based feedings significantly affected fish carcass
compositions. Vaues of al parameters assessed; dry
matter, crude protein, crude lipids and ash were all
significantly different (p<0.05) among treatments. Fish
carcass protein and lipids were only marginally different
between the control diet fed fish and diet 5 (P-oil) and the
same trend was exhibited by fish fed diets 2 and 4 for
values of crude protein and lipids respectively. Similarly,
the feeding of the fish with diets containing different lipid
sources brought about significant changes (p<0.05) in



World J. Fish & Marine i, 2 (2): 93-98, 2010

Table 1: Gross and proximate composition (g/kg dry matter) of experimental diets

Experimental Diets

Nutrient Parameters 1 (Control) 2 (BSail) 3(GN ail) 4 (SB ail) 5(Pail)
Gross composition

Fish meal 23.15 23.15 23.15 23.15 23.15
Blood meal 36.78 36.78 36.78 36.78 36.78
Dried brewers' grain 10.36 10.36 10.36 10.36 10.36
Y ellow maize 16.57 16.57 16.57 16.57 16.57
Fish ail (Cod liver) 9.00 - - - -
Benni seed oil - 9.00 - - -
Groundnut oil - - 9.00 - -
Soyaoil - - - 9.00 -
Palm oil - - - - 9.00
Fish premix * 1.00 1.00 1.00 1.00 1.00
Bone meal 1.50 1.50 1.50 1.50 1.50
Methionine + Lysine 2.00 2.00 2.00 2.00 2.00
Proximate composition (%)

Crude protein 40.22 40.10 40.74 40.36 40.63
Crude lipid 13.74 13.28 14.08 13.79 13.76
Crudefibre 521 4.66 5.27 5.63 5.40
Ash 12.16 11.83 11.80 12.02 12.16
NFE 2 28.67 30.13 28.11 28.20 29.02
Gross energy (Kcal/kg) 3498.40 3513.53 3518.30 3506.70 351044

Fish pre-mix. Colborne Dawes Nutrition Ltd., UK. g/kg diet: vitamin A, 1600 IU; vitamin D, 2400 |U; vitamin E, 160 mg; vitamin K, 16 mg; thiamin,
36 mg; riboflavin, 48 mg; pyridoxine, 24 mg; niacin, 288 mg; panthotenic acid, 96 mg; folic acid, 8 mg; biotin, 1.3 mg; cyanocobalamin, 48 mg; ascorbic
acid, 720 mg; choline chloride, 320 mg; calcium 5.2 g; cobalt, 3.2 mg; iodine, 4.8 mg; copper, 8 mg; iron, 32 mg; manganese, 76 mg; zinc, 160 mg; Endox

(antioxidant) 200 mg.
2NFE: Nitrogen Free Extract

Table 2: Growth response and feed utilization by C. gariepinus fed different dietary lipids for 70 days

Experimental Diets

Indices 1 (Control) 2 (BS-ail) 3 (GN-ail) 4 (SB-ail) 5 (P-ail)
Initial weight (g) 6.37+0.24 6.31+0.24 6.48+0.24 6.26+0.24 6.37+0.24
Weight gain(g) 18.26+0.62* 17.98+0.70° 18.05+0.53% 18.97+0.322 18.25+0.107
Feed intake (g) 23.26+1.21° 23.85+1.03? 22.87+1.30° 23.25+0.84° 23.30+1.05°
SGR (%/day) 0.65+0.01° 0.65+0.06* 0.64+0.10* 0.65+0.02° 0.65+0.03?
PER 0.79+0.13° 0.75£0.11° 0.79+0.10° 0.82+0.122 0.78+0.08°
FCR 1.27+0.03° 1.33+0.04° 1.27+0.01° 1.23+0.04° 1.28+0.0b?
Survival rate (%) 98.33 95.00 98.33 93.33 96.67

Mean values on the same row with different superscripts are significantly different (p<0.05)

Table 3: Fish carcass composition after 70-day feeding trial

Parameters (%) 1 (Control) 2 (BS-ail) 3 (GN-oil) 4 (SB-ail) 5 (P-ail)
Dry matter 84.18+2.17° 82.51+1.52¢ 83.88+2.26° 84.16+1.83° 84.23+1.08°
Crude protein 67.15+3.27° 66.05+2.24° 66.17+1.24° 66.19+1.02° 67.12+0.15°
Crude lipid 10.84+1.107 11.89+0.73° 12.50+0.63" 11.96+0.76° 11.03+1.072
Ash 0.56+0.112 0.48+0.16° 0.33+£0.18° 0.31+0.11° 0.57+0.13°
Mean values on the same row with different superscripts are significantly different (p<0.05).

Table 4: Haematological indices of C. gariepinus fed different dietary vegetable oils

Haematological Indices 1 (Control) 2 (BS-ail) 3 (GN-oil) 4 (SB-ail) 5 (P-ail)

Hb (g/dl) 14.04+1.172 13.81+1.12° 13.97+1.072 13.96+1.022 14.01+1.15*
PCV (%) 44.28+0.78* 42.05+1.24° 43.73+1.24° 43.87+0.65" 44.15+0.412
ESR (mm/h) 11.21+1.41° 11.19+0.12¢ 12.00+0.307 11.82+0.26° 11.76+0.37°
Protein (g/dl) 4.06+£0.24° 3.87+0.12° 3.93+0.31° 4.22+0.41% 4.10+0.06°
Cholesterol g/dl) 202+3.24° 217+5.06° 226+4.01° 219+2.3%° 228+0.08°

Mean values on the same row with different superscripts are significantly different (p<0.05).
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the heamatology and blood chemistry of the
experimental fish (Table 4). Vaues of haemoglobin (Hb)
and PCV decreased from that of the control diet in all
vegetable oil fed fish. ESR and blood protein were also
significantly (p<0.05) affected by treatment while
cholesterol values were not affected by treatments with
values ranging between 203 (g/dl) in diet 2 and 211 (g/dl)
indiet 4.

DISCUSSION

Use of plant lipid sources in the production of
aquafeed has been a welcome development for the
development of the aguaculture industry over decades.
Recent studies have revealed that substantial use of
vegetable oils as energy sources in fish diets have yielded
positive growth response in fish [13, 14]. The results
gathered from this study have demonstrated that all the
vegetable oil sources used are of good nutrient
composition as al diets formulated were adequately
consumed and SGR was marginaly different among
treatments including control. This observation could
imply that there was no palatability problem and that their
utilizations were adequate, which is similar to that of
Aderolu and Akinremi, [15] in the utilization of
coconut oil and peanut oil in catfish diet. Ng [16] and
Ochang et al.[17] in earlier studies have shown that
vegetable oil can replace fish oil up to 12.5% inclusion
level in catfish diets without feed intake associated
problems. The 9% inclusion levels of the various oils used
in the present study appear to be within acceptable limits
that ensures balances in fatty acids components of the
feeds [18]. This result may however, be responsible for
the high level performance of fish under all treatments
whichisin line with the reports of Fitzsimmonset al. [19]
and Lim et al. [20] and were probably responsible for
overal high survival rates, which was higher than values
(85%) recorded for sharpsnout sea bream fed graded
levels of dietary soybean oil diets in another study by
Piedecausa et al. [4]. Marginally superior feed utilization
efficiency (PER and FCR) exhibited by fish fed control diet
compared to other diets could be as a result of its superior
fatty acid composition as vegetable oils are known to lack
EPA and DHA [21]. It could be that high quality dietary
fatty acid is capable of sparing protein component of the
diet for conversion into energy just like Regost et al. [22]
who reported that increased dietary oil in fish feed is
capable of sparing protein for energy expenses. Other
studies have revealed that the use of linseed, soybean
and various palm oil products do not significantly affect
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growth performance and feed utilization of tilapia[23, 24].
Consequently, fish carcass quality was similar for control
diet and fish fed pam oil, especialy in terms of crude
protein and lipid value and closely related to the values of
other vegetable sources except for few differences. This
observation is similar to those made on other fish species,
including Atlantic salmon [25, 26], turbot [27] and
European sea bass [28]. Fish carcass protein and lipids
were generaly high in all treatments, but were highest in
fish fed control diet with margina differencesfrom fish fed
diet 5. It was however, reported that the use of vegetable
oils (lacking in EPA and DHA) in fish feeds will decrease
the concentrations of beneficial omega-3 HUFA in fish
fillets destined for human consumption [29] and this has
become a major concern to human nutritionist in recent
years. In the light of this, a good fish oil substitute such
as linseed ail (rich in 18:3 n-3) and palm ail (rich in
monoenes) are superior aternatives compared to other
vegetable oils for use in replacing fish oils in aquafeed.
This may be the reason for closely related values shown
by fish fed cod liver oil (Control) and fish fed palm oil
(Diet 5) which remained uncompromised. The results of
the fish haematology in most cases related directly with
the results of fish carcass composition. Haematocrits
showed that Haemoglobin (Hb) and packed cell volume
(PCV) were best in control and fish fed palm oil closely
followed by those fed diets containing GN-oil and SB-ail.
Fish fed benni seed oil (BS) performed least inthe
feed utilization efficiency with relatively least values
for fish carcass quality and probably resulted in the
corresponding poor haematology characteristics of the
fish. Surprisingly, blood protein was highest in fish fed
diet containing SB-oil while the least cholesterol in fish
fed the control diet may be as a result of the superior
composition of its fatty acids but all values were still
within the normal ranges of haematology described for
Clarias gariepinus by Joshi et al. [30].

The present study showed that all vegetable oil
sources tested can be utilized by catfish as the sole lipid
source in fish diet with negligible impact on growth
performance in total replacement of fish oil except benni
seed oil. The oil of benni seed should therefore not be
used for total replacement of fish oils as it may likely
affect the quality of the fish produced.
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