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The use of Coconut (Cocos nucifera) oil as an Alterna-
tive Source of Energy In the Diets of African Mudcat-
fish (Clarias gariepinus - Burchell, 1822) Juveniles

"Hammed A.M, Amosu A.O, Fashina-Bombata H.A, Ajepe R.G, Olufowobi M.T.

Abstract— A twelve week investigation into the effects of feeding substituted palm oil (PMO) with coconut oil
(CNO) as an alternative source of energy, on the growth performance and nutrient utilization of Clarias gariepi-
nus juveniles was conducted. Six (6) isonitrogenous 40% crude protein diets were formulated where CNO replaced
PMO at 100%, 80%, 60%, 40%, 20% and 0% inclusions and labelled diets 1,2,3,4,5 and 6 respectively. Juveniles
of C. gariepinus (40.39+2.98¢) stocked at 20 fish/50lts plastic tanks in triplicate, were fed twice daily to satiation
with weight changes recorded weekly. Samples of experimental diets and fish carcass were analyzed for proximate
composition, while growth performance and quality of diets were evaluated. Fish fed diet 4 (containing 60% palm
oil, 40% coconut oil) inclusion had the highest mean weight 203.36+2.27g and the best food conversion ratio of 1.44
+0.34g after the twelve weeks of study. There was significant differences (P< 0.05) in the percentage weight gain
between fish fed diet 1 (333.28+£1.269) and fish fed diet 4 (401.75+10.9g). No significant difference (P>0.05) was
recorded in protein intake (P1) between fish fed diets 2, 3 and 4 while significant difference (P< 0.05) was recorded
in the protein efficiency ratio of fish fed diet 3 (3.05+0.18) and diet 4 (2.50+0.10). Therefore, for better growth, a
40% partial replacement of PMO with CNO as dietary lipid in diet of African mud catfish (Clarias gariepinus) juve-
niles as alternative source of energy is recommended.

Index Terms— Clarias gariepinus, diet, coconut oil, palm oil, growth rates, nutrient utilization.

INTRODUCTION

he consumption and demand for fish as a cheap

source of protein is on the increase in Nigeria, not
only because of the level of the poverty but also be-
cause of its nutritional value. The vast majority of the
fish supplies in most cases are from import and a small
quantity from the rivers in the country. Fish require
high-quality nutritional balanced diet for growth and
attainment of market size within the shortest possible
time. Thus, local production of fish feed is very cru-
cial to the development and sustainability of aquacul-
ture in rural areas. This is expected to bridge the al-
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ready existing wide gap between fish demand and
supply in Africa, especially in Nigeria.

Lipids serve as important source of dietary energy for
all fish and to a greater extent for marine and cold wa-
ter fish which have limited ability to utilize dietary
carbohydrate for energy [1]. Studies have shown that
providing energy using dietary lipids minimizes the
use of protein which is more expensive as energy
source [2]. The fatty acid composition of the dietary
lipid has a significant influence on the tissue fatty acid
composition of the fish [3] [4]. Although, increasing
dietary lipids can help reduce the high costs of diets by
partially sparing protein in the feed, problems such as
excessive fat deposition in the liver can affect fish
health and reduce market quality of fish [5]. Despite
this fact, fat-deficient diets, on the other hand, may
result in growth retardation and physiological disor-
ders. It is therefore important to get the proper lipid-
energy ratio in diets for the most economical produc-
tion of fish. Although dietary lipid concentration of up
to 20% have been observed to give optimum results in
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some species [6] [7] [8], no definite percentage of die-
tary lipids can be given for fish diets without consider-
ing the type of lipid as well as the protein and energy
content of the diet.

Coconuts (Cocos nucifera, family Arecaceae) oil
could be a kind of dietary lipids in fish feed and nutri-
tion due to its fatty acid composition [9]. According to
research it contains 60-70% fatty acids, 4-10% water,
and has a protein of < 10% and non-sugar carbohy-
drate < 20%) [9]. It is highly saturated (about 90%)
and the majority of coconut oil is medium chain tri-
glycerides (65%) [9]. The biochemical composition of
coconut oil are as follows: Caprylic acid at 8%, Capric
acid at 7%, Lauric acid (49%), Myristic acid (17.5-
18%), Palmitic acid (8-9%), Stearic acid (2-3%), Oleic
acid (5-6%), Linoleic acid (1.8-2%): other compo-
nents in coconut oils but not fatty acids includes: vit-
amin E, vitamin C, sterols and squalene [9] [10] [11]
[12].

There is information on copra meal and other dietary
fatty acids as source of energy and their level of inclu-
sion in diets of farmed fish species has revealed signif-
icant benefit in physiology of fishes [13] [14]. Pres-
ently little is known and this study form current base-
line research to investigate the growth response and
the effects of feeding substituted palm oil (PMO) with
coconut oil (CNO) as an alternative source of energy,
on the growth performance and nutrient utilization
of Clarias gariepinus (Burchell, 1822) juveniles.

MATERIALS AND METHODS

Experimental Design

Eighteen circular plastic tanks of about ~50 litres were
used to carry out the experiment at the Lagos State
University hatchery. A total of 380 juveniles were
hatchery reared fish at the Hatchery unit of the de-
partment of Fisheries, Lagos State University in Ojo,
Lagos State. The fish were acclimatized for 24hours
and then stocked at 20 fish/ tank for experimentation.

Fish Feed Formulation and Preparation

Six (6) different feeds were formulated (Table 1)
based on combination of animal and plant protein
sources. The formulated feeds differed in the percent-
age composition of coconut oil and palm oil. Diet
preparation was based on descriptions of [15] as re-
ported by [16] [17] [18].

Feeding trials of the Juveniles

The fish were fed at 4% body weight. Ration was fed
thrice (8am, 12noon and 4pm) daily for twelve (12)
weeks while body weight was measured fortnightly.
The body weight measurements to the nearest 0.01 g
using a sensitive weighing balance (Electronic Preci-
sion Balance Model EJB-KD-3000g, Endel Global
Weighing Company).

Determination of Growth and Nutrient Utilization
Growth indices such as weight gain (WG), percentage
weight gain (%WG), specific growth rate (SGR), feed
conversion ratio (FCR), gross feed conversion ratio
(GFCR), protein intake (PI), protein efficiency ratio
(PER) and survival rates were used to evaluate the ex-
perimental diets.

Water Quality Management

Following the description of [19] using a conductivity
meter kit (model KTO, HQ, 40D PHC 101-LD 101-01
by Hach Company Ltd, USA, temperature, dissolved
oxygen concentration and pH were measured on a
weekly basis. Temperature ranged between 27-29°C;
dissolved oxygen concentration 5.0 — 6.7mg™ and pH
6.2-7.1.

Chemical Evaluation of Experimental fish

Samples of experimental diets and fish were analyzed
for their proximate composition according to the
methods [20]. A sample of 2.5 g was taken in Kjeldahl
flask to which nitric acid and perchloric acid was add-
ed at the ratio of 2.5:1. The sample was boiled very
gently; adjusting flame as necessary, until the solution
is colorless and dense white fumes appeared. Then it
was cooled slightly and the volume was made up to
250 ml. This sample was directly used to estimate the
chromium content by flame ionization Atomic Absorp-
tion Spectrophotometer (AAS 4129, Electronics Cor-
poration of India Limited) using chromium cathode
lamp (357.9 nm).

RESULTS AND DISCUSSIONS

The use of vegetable oils in the production of aqua-
feed has been a welcome development for the aquacul-
ture industries over decades [21]. Recent studies re-
vealed that substantial use of vegetable oils as energy
sources in fish diets have yielded positive growth re-
sponse in fish [22] [23].
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The study shows an increase in the weekly fish weight
changes (Table 2) in all diets with the fish fed diet 4
(containing 60% PMO, 40% CNO) having the highest
body weight (162.80+£7.75g) and significantly differ-
ent (p<0.05) from fish fed diet 3 (134.60+12.64Q).

The highest percentage weight gain (401.75+10.9) was
observed and recorded on diet 4 containing (60%
PMO, 40% CNO) and the lowest percentage weight
gain (333.30£1.26) was recorded on diet 1 containing
(0% PMO, 100% CNO) at the end of the experiment
as shown in table 2.

The highest food conversion ratio (1.96+0.12) was
observed and recorded in diet 3 containing (40%
PMO, 60% CNO) and the lowest food conversion ra-
tio (1.44+0.34) recorded in diet 4 containing (60%
PMO, 40% CNO) at the end of the experiment. This
shows that fishes fed on diet 4 converted the diet well
with good performance. The improvement in FCR
with increasing high lipid level in tested feeds is in
agreement with previous studies [24].

The highest mean GFCE (80.65+1.50) was observed
in diet 4 and was significantly different from the value
obtained from fish fed diet 1 (67.57+4.26) (Figure 1).

The highest weekly specific growth rate (0.015+0.026)
was observed in diet 5 containing (80% PMO and
20% CNO) at the end of the experiment. The lowest
specific growth rate (0.007+0.0002) was recorded in
diet 3 containing (40% PMO, 60% CNO) and this in-
dicates an improvement in growth with time.

The decrease in protein efficiency ratio PER with in-
creasing high lipid level in PMO and CNO in this
study agrees with earlier studies [25] who did not ob-
serve any protein sparing effect of lipid when they fed
European Sea bass on graded levels of dietary lipid.
Research findings opined that there was an influence
of a non-protein source of energy (lipid or carbohy-
drate) on the nitrogen retention and that dietary lipid
may also influence the growth performance and pro-
tein utilization [26]. This could imply no palatability
problem and that their utilizations were adequate,
which is similar to the work on the utilization of coco-
nut and palm oil in catfish diet [23].
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The 100% inclusion levels in of the various oils used
in the present study appear to be within acceptable
limits that ensures balances in fatty acids components
of feed. This result may however be responsible for
the high level performance of fish under all treatments
which is in line with the reports of [27] [28] and is re-
sponsible for overall 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 [29]. Marginally superior PER and FCR
exhibited by fish fed on diet 4 (280.69+0.10) and
(1.24+0.34) respectively, as reported in table 2 com-
pared to other diets could be as a result of its superior
fatty acid composition as vegetable oils are known to
have a reduced amount in EPA and DHA [30] . It
could be the high quality dietary fatty acid composi-
tion in palm oil over coconut oil.

Consequently, fish carcass quality (Table 4) was simi-
lar for diet 3 and fish fed diet 4, especially in terms of
crude protein and lipid value and closely related to the
values of other vegetable sources except for few dif-
ferences. This observation is similar to those made on
other fish species including Atlantic salmon [31] [32].

CONCLUSION

This experiment reveals that both palm oil and coco-
nut oil could be used as energy sources in the diets of
juvenile African mud catfish at between 60%
PMO/40% CNO to 100% PMO/0% CNO inclusions
without any problem to the fish growth and health.
However, the best growth performance was noted to
be at 60% PMO/40% CNO inclusion thus it is recom-
mended.
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Table 1: Gross composition of the experimental diets with different oil levels 550 -
fed to African Catfish (Clarias gariepinus) juveniles ’
400 4
Ingredients Diet 1 Diet 2 Diet 3 Diet 4 Diet5 | Diet6 30 -
/DM B(%PM0, 100%CNO
(9/DM)
0% 20% 40% 60% 80% 100% “ 300 1 B20%PMO, 0% CNO
PMO PMO PMO PMO PMO PMO g
’ ’ ’ ’ ’ ’ 2 LR 0,
100% | 80% | 60% | 40% | 20% | 0% S {HEMO, WA CHO
CNO | CNO | CNO | CNO | CNO | CNO 3 WE0%EMO, 40% CNO
Fish meal 37.17 37.17 37.17 37.17 3717 | 37.17 :' 200 4 B30%EMO, 20% (N0
Soybean 37.17 37.17 37.17 37.17 3717 | 37.17 i 0 = 100%PALO, 0% CNO
meal ok
White 19.17 19.17 19.17 19.17 19.17 19.17 |
maize 10
Palm oil 0 1 2 3 4 5 91
Coconut oil 5 4 3 2 1 0 ’
Ca,S04 0.5 0.5 0.5 0.5 0.5 0.5 0
Premix 1 1 1 1 1 1 Tnitial Wt.(g) Final Wt.(g) Wi gainfg) oWt gin  SGR FCR GFCE b3 PER
Total 100 100 100 100 100 100 Growthparameterstested

Figure 1: Effect of different diet compositions on the growth rate and nutrient
Table 2: Cumulative growth performance of C. gariepinus juveniles fed diets with  utilization of juvenile C. gariepinus
different levels of coconut and palm oil inclusions

Parame- Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
ters 0% PMO, 20% 40% 60% 80% 100%
100% CNO PMOO, PMOO, PMOO! PMOO! OPMO! Table 3: Proximate analysis of the experimental feeds of C. gariepinus juveniles
g?\lg g?\lg é&g éﬁlg 0% CNO fed diets with different levels of coconut and palm oil inclusions
Initial 40.39+2.98° | 40.06+3. | 40.10+3. | 40.53+3. | 40.97+2 | 40.64%15 . . - - - -
Weight( 18 66° 79° 14 3 Feed com- | Dietl Diet 2 | Diet 3 | Diet 4 | Diet 5 Diet 6
9 position
C\l/r:l " 17542.80° 185:201 | 19660x | 20336+ | 186:27 | 1858269 0% 20% 20% 60% 80% 100%
0 28 221 8 PMO, | PMO, | PMO, | PMO, | PMO, | PMO,
Weight | 134.60£126 | 144407 | 15650+ | 16280¢ | 144%7.2 | 144.407. 100% | 80% 60% 40% | 20% 0%
gain(g) 4 592 6.50% 7.75° 52 952 CNO CNO CNO CNO CNO CNO
%Weigh 333.28+1.26° 361.81+1 390.27+ 401.75+ 351.55+ 355.22+10 Crude pro- 33.2 35.6 33.7 375 34.3 34.7
t gain 1.24° 10.4° 10.9° 10.7° 7 tein %
SGR 0.008+0.001° 83)22810. 83)203710. 8&03810. %(z)é‘?io %)blzio.o Crude fibre | 7.2 89 96 8.7 101 94
- %
FCR .84%0.29° .88+0. .96=0. 44+0. .800. .78+0.26%
1.84+0.29 $a88+0 2 ;a96+0 1 ib44+0 3 1920+0 1.78+0.26 Ash % 104 88 92 71 89 91
a
GFCE 67.57+4.26 1;9411. ;2.31912. 2866511. 7316:13:1 ;3.46:1.7 Moisture % 81 83 80 66 83 8.4
a a
PI 0.58+0.42 2;57i0.5 2;57i0.2 g.a58i0.4 g.OSaQiO. 0.58+0.78 Crude lipid 6.2 71 71 76 75 73
%
PER 2.70+0.08 2.83+0.1 3.05+0.1 2.50£0.1 2.90+0. 2.81+0.14°
> e P 15 NFE 349 | 313 | 324 | 325 | 309 311

Figures in the same horizontal row having the same superscript are not signifi-

cantly different (p > 0.05).
y (p ) Table 4: Proximate composition of experimental fish samples fed diets with dif-

ferent levels of coconut and palm oil inclusions

Body Initial Diet 1 Diet Diet Diet Diet Diet 6
compo- body 2 3 4 5
sition com- 0% 20% 40% 60% 80% 100%

posi- PMO, | PMO, | PMO, | PMO, | PMO, | PMO,
tion 100% 80% 60% 40% 20% 0%
CNO CNO CNO CNO CNO CNO

Crude 66.15 67.67 | 69.45 | 68.48 | 72.59 71.1 71.3
protein
Ash % 14.30 13.90 | 12.10 14.3 11.70 13.7 13.9
Crude 1.65 1.43 1.45 1.62 141 153 157
fibre %
Mois- 13.30 12,70 | 12.80 115 10.20 115 12.7
ture %
Crude 4.60 4.30 4.20 4.1 4.10 4.2 4.3
lipid %
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