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The effects of substitution dietary fish protein by soybean protein on growth, survival, biochemical
composition and mineral composition of juvenile Heterobranchus Iongifilis, Sarotherodon
melanotheron and Oreochromis niloticus were evaluated. Three diets were formulated to be
isonitrogenous (35% crude protein) by substituting fish meal for soybean meal at levels of 0 (FM), 25
(SBM25) and 50% (SBM50). Diets were fed to triplicate groups of each species at ratio of 5% body
weight. At the end of the study period, final body weight (FBW), final body length (FBL), specific growth
rate (SGR) and protein efficiency ratio (PER) decreased with an increasing dietary soybean protein level
in H. longifilis. Survival rate (SR) was 1.5 times lower in juvenile catfish fed SBM50 (29.3%) than FM- and
SBM25-fed fish (44%). S. melanotheron fed all three diets had no significant difference in FBW, FBL,
SGR, SR, FCR, PER or production time. In O. niloticus, SR, FCR and PER were not affected by dietary
protein substitution level. However, FBW, FBL and SGR increased with an increasing dietary soybean
protein level. The production time generally showed a decline at lower protein substitution levels. The
production cost was significantly lower in fish fed SBM50. Proximate composition analysis indicated
that the carcass moisture in the three species and carcass protein content in H. longifilis and O.
niloticus were not affected by dietary protein source. In S. melanotheron, carcass protein content
showed a decline in fish fed SBM50. Carcass lipid, ash and gross energy levels in these species were
also significantly affected by dietary protein sources. Carcass calcium and phosphorus concentrations
in fish were significantly reduced with a high inclusion of dietary soybean meal. The results of this
study indicated that fish meal can be replaced with soybean meal up to 50% level in diets for Tilapia S.
melanotheron without adverse effects on growth, nutrient utilization or nitrogen balance.
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INTRODUCTION

Nile tilapia Oreochromis niloticus, black-chinned tilapia
Sarotherodon  melanotheron and  African caffish
Heterobranchus longifilis are the major species used in

*Corresponding author. E-mail: atse_boua_ celestin@ hotmail.
com.

intensive aquaculture in Ivory Coast because of their
rapid growth, ready acceptance of artificial diets and
resistance to disease (Atsé et al., 2009). Moreover, fish
meal which is a primary protein source of the fish diets is
the major constraint of the intensive aquaculture develop-
ment. In fact, this feedstuff has a well balanced essential
amino acid profile, essential fatty acids, digestible energy,
vitamins, minerals and good palatability (El-Saidy and



Gaber, 2003; Wu et al., 2004; Tacon and Metian, 2008).
However, it is expensive, usually unavailable in develop-
ing countries and the use of fish meal in the aquaculture
feeds causes phosphorus pollution (Phromkunthong and
Udom, 2008; Cahu et al., 2009).

Currently, plant proteins such as soybean meal, linseed
meal, sunflower meal and cottonseed meal are usually
used to partially or totally replace fish meal in the fish
diets. In these proteins, soybean meal has one of the
most plant proteins used for substituting fish meal in the
world (Yigit et al., 2010). This ingredient has high protein
content, relatively well balanced amino acid profile,
reasonable price and it is available in many countries
(Kumar et al., 2010; Oso et al., 2011). However, nutrients
composition such as protein ratio, amino acid content,
lipid profile ratio, ash ratio and mineral content of fish
meal and soybean meal are different. These differences
in raw materials could influence growth, feed utilisation
and fish carcass composition (Tomas et al., 2005).
Moreover, there is a variation in the use of soybean for
different fish species.

A number of studies on the utilization of soybean meal
as a partial or complete replacement for fish meal in of
teleost fish diets have been reported (Wu et al., 2004;
Tocher et al., 2008; Kumar et al., 2010). For H. longifilis
and Sarotherodon melanotheron, very few studies
reported the substitution of fish protein by soya protein in
diets. The incorporation of soya protein in fish diet could
reduce the cost of diet and improve growth (Akinrotimi et
al., 2007). The aim of this study was therefore to investi-
gate the influence of partial or total substitution of fish
protein by soya protein on growth and feed efficiency and
carcass mineral composition of three West African
aquaculture species.

MATERIALS AND METHODS
Experimental diets

Three practical diets (isonitrogenous) on a crude protein of 35%
were formulated with commercially available ingredients. Carcass
fish meal (59.5% crude protein) was the tuna protein source in the
control diet. The test diets were formulated by substituting fish meal
for soybean meal (45.5% crude protein) at levels of 0 (FM), 25
(SBM25) and 50% (SBM50) replacement. Ingredients and chemical
composition of the diets are presented in Table 1. To prepare the
diets, practical ingredients were ground into small particle sizes
(approximately 250 pM) in a Wiley mill. All dry ingredients were
mixed together with 1% fish oil (FM) and soya oil (SBM25 and
SBM50) in a food mixer for 15 min. Lysine and methionine at 0.5%
and premix vitamin and mineral supplemented at 2% were added to
the test diets. Thereafter tap water was blended into the mixture to
attain a consistency appropriate passing through a meat grinder
with 0.5 to 3 mm holes die. After pelleting, the diets were dried to
moisture content of 80 to 100% and stored at -20°C until use. The
diet containing fish meal (FM) as the main source of protein was
considered as the reference diet. More also, the cost of each diet
was determined by multiplying the contributions of each diet
ingredient by their cost per kilogram and summing the values
obtained for all the ingredients (Table 1).
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Experimental procedure

Hatchery reared African catfish H. longifilis fingerlings with mean
initial weight of 0.2 £ 0.0 g, black-chinned tilapia S. melanotheron
juveniles (11.9 = 0.4 g), and Nile tilapia O. niloticus juveniles (11.6 =
4.2 g) were obtained from the Experimental Aquaculture Station of
Layo (5°19'N, 4°19'W), Ivory Coast. Prior to the experiments, the
fish were acclimatized two weeks into tanks and fed a commercial
fish meal-based diet (35% crude protein) to satiation. Experimental
fish were then randomly distributed into 9 identical 4 m® tanks for
each growth experiment per fish species (40 fish per tank with three
replicate tanks per treatment for S. Melanotheron and O. niloticus
and 500 fish per tank for H. longifilis). Fish were fed a ratio of 5%
body weight three times daily (08:00, 12:00 and 17:00 h). All fish in
each tank were individually weighed at the start of the experiments,
every month, and at the end of the experiments (180 days). At the
end of the trials, ten fishes per tank were randomly withdrawn for
analysis of fish carcass composition and calculation of nutrient
retention rates.

Growth performance, feed
parameters

efficiency and production

All calculations were performed for each fish individually in each
tank at the end of the trials as follows:

Specific growth rate = (In final weight — In initial weight) / number of
days

Survival rate = (Final number of fish / initial number of fish) x 100
Feed conversion ratio = dry feed intake (g) / weight gain (g)

Feed efficiency ratio = [wet weight gain (g) / dry feed intake (g)] x
100

Protein efficiency ratio = weight gain (g) / protein intake (g)
Production time = Experimental period (days) / weight of fish
produces (kg)

Production cost = Cost of feeding (CFA) / weight of fish produces

(kg)

Carcass composition analysis

The proximate composition of diet ingredients, diets and fish
carcass (whole body fish excluding viscera) were determined using
the standard methods of the AOAC (2003) as follows: dry matter
after drying in oven at 105°C for 24 h until constant weight, protein
(N x 6.25) by the Kjeldahl method after acid digestion, lipids by
hexane extraction in a Soxhlet system, ash by incineration in a
muffle furnace at 550°C for 24 h, while nitrogen-free extract (NFE)
was calculated by difference. The gross energy contents of the
diets and the fish were calculated on the basis of their crude
protein, lipid and carbohydrate contents using the equivalents of
22.2, 38.9 and 17.15 kJ g respectively (Luquet and Moreau,
1989). Experimental diets and fish were analysed for mineral
composition (calcium, phosphorus, potassium, sodium, magnesium,
iron, zinc, manganese and copper), using microwave digestion and
atomic absorption spectrophotometer (Varian SAA 110) air-
acetylene flame (AOAC, 2003). All the samples were analyzed in
triplicate and the mean of each value were taken. Proximate and
mineral compositions of the experimental diets are given in Table 1.

Statistical analysis

All data collected were subjected to one-way analysis of
variance(ANOVA) and the significance of the differences between
means was tested using Duncan’s multiple range test (P < 0.05).
Statistical version 7.1 software (Statsoft, Tulsa, OK, USA) was used
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Table 1. Ingredients (gkg™), proximate and mineral compositions (dry matter basis) of diets used in the

experiment.

Ingredient Experimental diet

FM SBM25 SBM50

Corn flour 100 100 100
Fish meal 380 190 -
Soybean meal - 248 500
Wheat bran 340 222 120
Cottonseed meal 150 200 240
Fish oil 10 5 -
Soya oil - 5 10
Lysine - 5

Methionine - 5 5
Vitamin and mineral premix® 20 20 20
Total 1000 1000 1000
Proximate analysis (% )°

Moisture 10.8 £ 0.1 10.7 £ 0.1 10.5+0.2
Crude protein 35.5+05 35.6+1.3 35.6 +0.9
Total nitrogen 57+01 57+0.2 57+0.3
Crude fat 9.2+9.2 8.3+0.9 12.9+1.0
Ash 12.1 £1.1 9.5+0.6 7.4+0.7
Crude fibre 8.4+04 8.4+0.2 8.8+0.3
Carbohydrate content® 23.3+0.3 27.5+0.8 24.8+0.6
Gross energy (kJ g diet™)° 15.5+0.2 15.9+0.7 17.2+0.5
Cost (CFAkg™)® 260 225 195
Mineral composition

Calcium (g kg™ 33.9+2.0 18.7 £ 0.1 14.2+1.5
Phosphor (g kg") 10.2+£0.3 74+£04 52+141
Potassium (g kg™) 6.5+0.2 8.1+0.4 12.3+0.7
Sodium (g kg™) 6.0+0.3 6.2+0.2 7.4+0.6
Magnesium (g kg") 25103 2.7+0.1 2.6 £0.1
Iron (mg kg™ 371.3+3.5 640.0+17.3 970.0 £50.0
Zinc (mg kg™) 243.0 +43.0 121.0+9.0 133.3 +25.2
Manganese (mg kg") 81.0£20 79.0+£25 82.0+£5.0
Copper (mg kg") 373126 36.3+55 32.0+£8.0

2Vitamin and mineral mixture; each 1 kg of mixture contains: 4800 I.U. Vit A, 2400 IU cholecalciferol (vit. D),
409 Vit E, 8 g Vit K, 4.0 g Vit By, 4.0 g Vit B2, 6 g Vit B6, 4.0 g pantothenic acid, 8.0 g nicotinic acid, 400 mg
folic acid, 20 mg Biotin, 200 mg Choline, 4 g Copper, 0.4 g lodine, 12 g Iron, 22 g Manganese, 22 g Zinc,
0.04 g Selenium. Folic acid, 1.2 mg; niacin, 12 mg; D-calcium pantothenate , 26 mg; pyridoxine HCL, 6 mg;
riboflavin, 7.2 mg; thiamine HCL, 1.2 mg; sodium chloride (NaCl, 39% Na, 61% Cl), 3077 mg; ferrous
sulphate (FeSO47H.0, 20% Fe), 65 mg; manganese sulphate (MnSO,, 36% Mn), 89 mg; zinc sulphate
(ZnS0,4.7H,0, 40% Zn), 150mg; copper sulphate (CuS0O4.5H,0, 25% Cu), 28 mg; potassium iodide (Kl, 24%
K, 76% 1), 11 mg: Celite AW521 (acid-washed diatomaceous earth moisture-silica), 1000 mg. ® Values
represent the mean of three replicates. ° Carbohydrate content = 100 — (% moisture + % protein + % fat + %
fiore + % ash). ® Gross energy = (22.2 x protein + 38.9 x fat + 17.2 x Carbohydrate content). *Price in CFA
pound: 100 CFA = 0.22 $ based on 2011 exchange prices in lvory Coast.



for determining the level of significance and values are expressed
as means * standard deviation.

RESULTS

Growth performance, feed efficiency and production
parameters

Mean final body weights (FBW), final body length (FBL),
specific growth rate (SGR), survival rate (SR), feed
conversion ratio (FCR), protein efficiency ratio (PER),
production cost (PC) and production time (PT) of H.
longifilis, O. niloticus and S. melanotheron fed different
diets are shown in Table 2. Growth performance (FBW,
FBL, SGR) and protein efficiency ratio (PER) of juvenile
African catfish H. longifilis decreased with the increasing
of the soybean meal incorporations in feed. We observed
that SBM50-fed juvenile catfish had 1.5 times lower
survival rate (29.3%) than FM-fed and SBM25-fed fish
(44%). In contrast FCR, PC and PT of juvenile catfish fed
with the SBM50 diet were significantly higher (P<0.05)
than those of fish fed FM and SBM25. In this species, the
mortality was higher for fish fed SBM50. In S.
melanotheron, the substitution of dietary fish meal by
soybean meal did not affect the growth performance and
the feed efficiency parameters. Survival in this species
was not significantly different (P>0.05) among the
experimental groups, even through a slight increase was
observed when dietary soybean meal increase.

On the other hand, inclusion of soybean meal up to
50% into Black-chinned tilapia diet resulted in a lower
production cost (P<0.05) as compared to the FM and
SBM25 diets (Table 2, P<0.05). In this species, pro-
duction time (PT) was not significantly different (P>0.05)
among the experimental groups. In Nile tilapia O.
niloticus, there was no significant difference (P>0.05)
among the survival rate (SR), FCR and PER between the
dietary groups although fish fed diets SBM25 and SBM50
showed significantly (P<0.05) lower SGR values than that
of FM diet (Table 2). FBW and FBL values of O. niloticus
decreased with the increasing level of soybean meal in
diet. The best FBW and FBL were observed in fish fed
FM. Production time (PT) of O. niloticus increased with
high level of soybean meal in diet. Fish fed FM and
SBM25 diets resulted in significantly higher production
cost (PC) than those fed SBM50 diet.

Carcass nutrient composition

Carcass proximate composition of H. longifilis, O.
Niloticus and S. melanotheron at the end of the
experiments is given in Table 3. No significant difference
in carcass moisture content was observed between the
three fish species fed with different dietary protein
sources. The carcass crude protein content of H. longifilis
and O. niloticus did not show any significant difference
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among the experimental groups. In contrast, S.
melanotheron fed SBM50 had the significantly lowest
values of carcass crude protein (54.2%) than those fed
the FM and SBM25 (58.2%). H. longifilis fed SBM25 diet
had the highest significant (P<0.05) values of carcass
lipid (30.6%) and energy (25.2 kJg') and lowest values of
ash (8.2%). There was no significant difference between
the carcass lipid contents and energy of both S.
melanotheron and O. niloticus fed FM and SBM25, which
were significantly lower than that of fish fed SBM50. For
these two species of fish, ash carcass contents
decreased in fish fed the diets with soybean meal
inclusion unlike the carcass energy which increased with
soybean protein high level in diet.

Mineral composition

At the end of the feeding trial, there was no significant
difference between the carcass Ca’* and P* contents of
both H. Longifilis and S. melanotheron fed FM and
SBM25 diets which were significantly higher than those of
fish fed SBM50 diet (Table 4). For O. niloticus, carcass
Ca®* tended to decrease significantly as dietary soybean
meal increased (Table 4). H. longifilis fed the FM and
SBM25 diets had significantly higher values of carcass K*
contents than those of fish fed the SBM50 diet (Table 4).
The highest carcass Zn®* values had been noted with H.
longiﬁlis fed the FM diet. In S. melanotheron, the carcass
Mg“* levels of fish fed SBM25 and SBM50 diets were
higher than those of fish fed the control diet. Overall, the
carcass Na*, Fe**, Mn** and Cu*" of fish species H.
longifilis, S. melanotheron and O. niloticus did not show
any significant difference among the experimental
groups. The Mg®* values of H. longifilis and O. niloticus
also showed the similar tends (Table 4).

DISCUSSION

The growth data of H. longifilis and O. niloticus were
affected by both the nature and the levels of dietary
protein source contrary to S. melanotheron. Maximizing
the utilization of dietary protein for growth is related to
both the dietary inclusion level of protein and the
availability of non-protein energy sources, such as lipid
and/or carbohydrate (Ergin et al., 2008). Inclusion of
non-protein energy has been shown to spare dietary
protein from catabolism to provide energy and enhance
its utilization for growth (Ergiin et al., 2008; Ghanawi et
al.,, 2011). For H. longifilis feeds, utilisation parameters
were also influenced by the dietary protein source. For
this fish, fish meal could be the most important dietary
protein sources because H. longifilis is both omnivorous
and carnivorous, and hence needed the highest fish
protein for growth. Moreover, the decreasing growth of H.
longifilis and O. niloticus fed with soya protein diet could
be due to the quantity and the quality of soybean meal



14994 Afr. J. Biotechnol.

Table 2. Growth performance, feed utilization and production parameters of Heterobranchus longifilis, Oreochromis niloticus and

Sarotherodon melanotheron fed with formulated diets.

Formulated diet

Species Parameter FM SBM25 SBM50 F-max p
Initial body Weight (g) 0.15 +0.012 0.15 +0.012 0.15 +0.012 - -
Final body Weight (g) 133.2+52.7°  74.6+30.80°  52.1 +25.6° 98.94 0.000000
Final body Length (g) 24.7 +3.2° 20.7 +3.5° 17.9 +3.2° 88.243  0.000000
Heterobranchus  Specific growth rate (%/j) 5.6 +0.3° 52+0.1° 48+04° 5.294 0.047
longifilis Survival rate (%) 43.9+1.3° 44.0 +6.0° 29.3+3.5° 12.876 0.007
Feed conversion ratio 1.0+0.1% 1.2+0.0% 1.6+0.2° 13.885 0.006
Protein efficiency ratio 29+0.2° 2.4+0.1° 1.8+0.3% 19.934 0.002
Production cost (CFA/kg) ~ 258.3 + 19.3 268.3 * 6.6° 302.4 +4.2° 10.603 0.011
Production time (days/kg) 13.9 £ 2.7° 20.2+3.3° 86.5+10.5°  114.226  0.000017
Initial body Weight (g) 11.9+0.3% 11.9 £0.5% 11.9 £ 0.6% - -
Final body Weight (g) 133.8 +6.3° 1255+ 10.6°  124.3+9.9° 0.953 0.437
Final body Length (g) 23.6 +1.0° 23.2+0.9° 23.7 +0.4° 0.7852 0.4592
Sarotherodon  Specific growth rate (%)) 1.3 £0.02° 1.3 £0.03 1.3 £0.04% 0.433 0.668
melanotheron Survival rate (%) 84.2+9.5° 87.5+4.3° 91.7 +1.4° 1.9010 0.2294
Feed conversion ratio 2.4 +0.7° 2.9+0.3% 2.4 +0.3° 1.484 0.299
Protein efficiency ratio 1.3+0.4% 1.0+0.1% 1.2+0.1% 1.261 0.349
Production cost (CFA/kg) 580.4 +24.1°  643.1+38.4° 4491+ 33.6°  27.68 0.0009
Production time (days/kg) 435+3.1° 46.2+4.3° 43.9+3.9° 0.441 0.662
Initial body Weight (g) 11.6 £4.2° 11.6 £4.2° 11.6 £4.2° - -
Final body Weight (g) 221.9+50.4°  169.7+32.6°  140.7+30.3°  43.98 0.000000
Final body Length (g) 222+ 1.6° 20.4+1.3° 19.1+1.4°  43.9801  0.000000
Oreochromis Specific growth rate (%f]) 1.6+0.1° 1.5+0.04% 1.4+0.1% 7.162 0.026
niloticus Survival rate (%) 71.3+12.2% 76.0 +9.2° 67.3+6.4° 0.4339 0,6668
Feed conversion ratio 1.1+0.2% 1.2 +0.04% 1.2+0.1% 1.207 0.363
Protein efficiency ratio 2.7 £0.4° 2.4 +0.1% 2.3+0.2° 1.605 0.277
Production cost (CFA/kg) ~ 278.3 + 46.2° 270.9+9.6°  235.1+258  54.275 0.0001
Production time (days/kg) 26.0 + 1.0 31.120.8° 43.1+5.6° 38.547 0.00038

*Values are means = SD. Values in the same row with different superscripts are significantly different (P < 0.05)

used in the SBM25 and SBM50 diets.

Soy meal contains anti-nutritional compounds that
influence feed intake, growth and protein retention
(Storebakken et al., 2000). Replacement of fish meal with
soybean meal up to 50% in Nile tilapia O. niloticus and
African catfish H. longifilis feed lowered growth, primarily
by lowering protein efficiency ratio (PER) and secondary
increasing feed conversion ratio (FCR). In contrast,
soybean meal levels of 25% or more have little or no
effect on Black-chinned tilapia S. melanotheron growth
performances. Replacement of fish meal with soybean
meal at levels between 20 and 50% in the diet has
variable effects on growth, depending on the study
(Refstie et al., 2000). This variance is perhaps associated
with the specific requirement, the synthesis ability or the
enzymatic equipment of fish. Thus, studies involving
partial or total replacement of fish meal with soybean
meal in diets for different fish species are difficult to

compare. The higher growth performance exhibited by H.
longifilis fed fish diet was in agreement with Toko et al.
(2008), who obtained higher growth performance with
same species fed fish meal diet in comparison with ones
fed soybean diet. In addition, Borgeson et al. (2006) had
reported that substituting fish protein with plant protein at
higher levels of dietary protein reduces the growth for O.
niloticus. The lowest values of FCR (FCR <2) associated
to the best values of PER (PER>2) of fish fed diets with
decreasing soybean meal inclusion resulted in a highest
growth in H. longifilis and O. niloticus. In addition, there
was a general decrease in FCR and increase in PER for
fish fed FM diet compared to the SBM feed-fish. Such
observation may be related to the fact that FCR
decreases, while PER increases with increased feeding
rate and growth (Chakraborty et al., 2011).

In S. melanotheron, feeding trials revealed that the
sources and the levels of dietary protein appeared to be
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Table 3. Carcass composition of Heterobranchus longifilis, Oreochromis niloticus and Sarotherodon melanotheron fed with formulated

diets*(dry matter basis).

Formulated diet

Species Parameter FM SBM25 SBM50 F-max p
Moisture (%) 75.7 +0.8° 74.9+0.7° 75.2+0.7° 0.827 0.482
Heterobranchus ~ Crude protein (%) 59.8 + 0.5° 59.9 + 0.5° 59.9 + 0.5° 0.017 0.983
longifilis Lipid (%) 25.1 +0.8° 30.6 +0.3° 24.1+0.4° 129.245  0.000012
Ash (%) 11.0 £+0.4° 8.2+0.2° 12.2+0.7° 59.817 0.0001
Gross energy (kJg')  23.1+0.3° 25.2+0.2° 22.7 +0.1° 131.565 0.00001
Moisture (%) 70.1 +4.3° 70.1+1.5° 67.3+0.8° 1.171 0.372
Sarotherodon Crude protein (%) 58.2 + 0.4° 58.2 +0.3° 542 +2.2° 9.022 0.016
melanotheron Lipid (%) 16.9+0.7° 16.7+1.2° 23.2+0.2° 65.631 0.00008
Ash (%) 20.0 +0.5° 18.3+1.1° 16.5+0.1° 17.985 0.003
Gross energy (kJg™) 19.5+0.3° 19.4 +0.5% 21.1+0.6° 12.619 0.007
Moisture (%) 69.6 + 1.4° 69.1 +0.12 69.1 +0.3° 0.3826 0.698
Oreochromis Crude protein (%) 63.1 +0.03% 63.0 +0.1° 62.6 + 0.5 2.407 0.171
niloticus Lipid (%) 19.7 £+0.2° 20.5 +0.5° 26.6 +0.6° 180.367  0.000004
Ash (%) 17.7+0.6° 15.3+0.5° 13.0 £ 0.01° 88.539 0.00004
Gross energy (kJg')  21.5+0.3° 22.0 +0.2° 23.8+0.6° 105.750  0.000021

*Values are means * SD. Values in the same row with different superscripts are significantly different (P < 0.05).

relatively unimportant for the growth. A similar result was
observed by Goda et al. (2007) who observed com-
parable growth and feed utilization in tilapia Sarotherodon
galilacus fed soybean meal diet with those fish meal
based diet. Since S. melanotheron is an herbivorous fish
(Koné and Teugels, 2003), it could have the enzymatic
equipment to use nutrient and energy provided by
soybean meal.

More also, in the present study, the moisture content of
fish carcass did not vary with experimental diets. On the
contrary, protein, lipid, ash and energy were significantly
influenced by the dietary protein source. Our results show
a significant increase in S. melanotheron and O. niloticus
carcass lipid contents with higher levels of soybean meal
in diets. The rising lipid values obtained with tilapia fish
fed SBM50 diet may be due to the highest lipid content
(12.9%) observed in SBM50 diet. A similar result for
carcass fat is reported by Abdelghany (2003) in O.
niloticus and Goda et al. (2007) in S. galilaeus. The high
fat and energy retention values in this group, clearly
suggest that there were rising lipogenesis with high levels
of fish meal replacements as reported by Kaushik et al.
(2004) in European sea bass. In addition, Costanzo et al.
(2011) showed dietary protein levels and sources as the
major factors responsible for the species lipogenesis and
lipid retention. In H. longifilis carcass, the changes of
lipid, ash and energy levels did not reflect those of diets
used in contrast with S. melanotheron and O. niloticus.
These fish had a significant decrease in ash carcass with
high levels of fish meal replacement. Normally, the ash
content of good quality fishmeal averages between 17

and 25%, more ash indicates a higher mineral content,
especially calcium, phosphorus, and magnesium
(Costanzo et al., 2011).

Calcium and phosphorus constitute the majority of the
ash found in fishmeal associated with the bone fraction
(Sugiura et al., 2000). Ca and P were highly available
and retained for the three species H. longifilis, S.
melanotheron and O. niloticus fed with fish meal diet.
Unlike the phosphorus in plants, phosphorus in fishmeal
is in a form highly available to most animals (Tocher et
al., 2008). Phosphorus is a nutritionally important mineral
due to its requirement for growth, bone mineralization,
and energy metabolism (Lall, 2002). Reduced growth
was the main P deficiency sign observed in most fish
species (Phromkunthong and Udom, 2008). However, the
results of carcass mineral composition showed that Ca
and P concentrations in H. longifilis, S. melanotheron and
O. niloticus carcass were considerably reduced with high
inclusion of dietary SBM. This could be due to the low
levels of these minerals in soybean meal based diets. In
fact, Ca and P are the dominant inorganic components in
the whole fish and about 90% of Ca and 80% of P are
found in the bones (Hertrampf and Piedad-Pascual,
2000). Thus, fish meal Ca and P contents are more
important than those of soybean meal. The phosphorus
in plants is not as readily available to fish because it is
primarily in the organic form known as phytic acid (Lall,
2002). Moreover, phytic acid readily chelates di- and
trivalent cations such as calcium and zinc, thus reducing
the availability of these minerals (Watanabe et al., 1997;
Yigit et al., 2010).
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Table 4. Carcass mineral composition (dry matter basis) of Heterobranchus longifilis, Oreochromis niloticus and Sarotherodon

melanotheron fed with formulated diets*.

Formulated diet

Species Parameter FM SBM25 SBM50 F-max p
Calcium (g kg™ 19.2+0.8° 18.7+0.7° 12.4 +0.4° 89.388 0.000034
Phosphor (g kg™) 19.7+0.4° 19.1+0.5° 12.5+0.9° 56.2985 0.000129
Magnesium (g kg™ 18.9 £ 0.5% 18.6 £ 0.4° 18.7 £0.4° 0.4935 0.6332
Heterobranchus ~ Potassium (g kg™) 22+0.3° 2.0+0.2° 5.3+0.2° 143.2990  0.000009
longifilis Sodium (g kg™ 1.2+0.2° 114012 114012 0.1041 0.9028
Iron (mg kg™ 701.1+18.3%  706.1+10.0° 706.3+9.1° 0.1552 0.0012
Zinc (mg kg™ 121.0+6.2° 92.5+5.7° 88.9 +6.2° 25.5470 0.0012
Manganese (mg kg™) 17.8 +8.5% 18.5+8.5% 18.2 +8.9% 0.0050 0.995
Copper (mg kg™ 113.3+13.3°  103.3+6.8* 107.4+4.7° 0.9318 0.4442
Calcium (g kg™) 18.4+0.0° 18.4+0.1° 16.2+0,0°  2439.244 0.0000
Phosphor (g kg™) 17.3+0.3° 17.3+0.4° 14.2+0.1° 150.337  0.000007
Magnesium (g kg™ 10.6 £ 0.1° 12.4+05° 12.6 +0.6° 18.310 0.0028
Sarotherodon Potassium (g kg 3.4+0.1° 3.2+05° 3.3+0.6° 0.801 0.491
melanotheron Sodium (g kg™ 11.0+0,1? 11.0+0.2° 11.0 +0.0° 0.042 0.9596
Iron (mg kg™) 556.3 +14.8%  524.3+56.6° 540.3 +43.0° 0.437 0.665
Zinc (mg kg™) 61.9+2.2° 64.3+5.9° 62.0 +2.7° 0.358 0.713
Manganese (mg kg™) 8.4 +0.6° 8.0 +1.0% 8.7 +0.6° 0.596 0.5804
Copper (mg kg™ 363.3+32.2% 370.0+456* 366.7+57.7° 0.016 0.9842
Calcium 18.3 +0.6° 15.2+0.2° 7.5+0.5° 505.4501  0.000000
Phosphor 17.2+0.2° 12.7 +0.8° 12.3+0.2°  102.8548  0.000023
, Magnesium 11.4+0.4° 11.2+0.5° 11.1+0,3° 0.0899 0.9152
Oreochromis Potassium 3.1+0.1° 2.9+0.1° 3.1 £0.0% 2.415 0.1700
niloticus . a a a
Sodium 1.1+0.2 1.0 £0.1 1.2+0.2 0.0029 0.9971
Iron 600.3 +51.4%° 570.7+50.3° 580.3+454%  0.2807 0.7647
Zinc 83.0 +5.4° 82.3+7.6% 78.0 +2.1° 0.2835 0.7627
Manganese 13.9+4.1% 19.3+5.0° 17.3+3.1% 1.3030 0.3389
Copper 216.7+331% 201.7+63.9%° 207.9+26.9°  0.0867 0.918

*Values are means = SD. Values in the same row with different superscripts are significantly different (P < 0.05). FM = Fish meal; SBM = soybean

meal.

In contrast, the high carcass levels of K in H. longifilis
and Mg in S. melanotheron fed soybean meal diets
suggest high retention of these minerals by fish. The
minerals are responsible for skeletal formation,
maintenance of colloidal systems, regulation of acid-base
equilibrium and for biologically important compounds
such as hormones and enzymes (Watanabe et al., 1997).
Deficiency signs in mineral include reduced growth,
biochemical, structural and functional pathologies and
skeletal deformities and quantitative requirements have
been determined for several fish species (Lall, 2002). In
the present study, no pathology of mineral deficiency was
observed. A slight increase in the survival rate was
observed in S. melanotheron when the dietary inclusion
level of soybean meal increased to 50%, however, these
differences were not significant.

In H. longifilis, the results of survival showed that
mortality increases around of 30% when the inclusion of
soybean meal increased up 50% in the diet. The highest
mortality rate observed with fish fed SBM50 due to the
intensifying cannibalistic behavior have consequently
reduced survival rate in this group. Our results suggest
that the cannibalistic component might become important
when soybean protein increased in the diet of African
catfish. This result demonstrates that soybean meal diet
up to 50% cannot cover sufficiently the nutritional need of
H. longffilis.

In this study, the production cost of H. longifilis was
higher in fish fed up to 50% soybean meal as compared
to the lower soybean protein content diets in which no
difference was observed. The production time in fish fed
SBM50 was also 6.2 and 4.3 times greater compared to



fish fed FM and SBM25 diets, respectively. On the other
hand, addition of soybean meal to fish diet up to 50%
decreased production cost in both S. melanotheron and
O. niloticus, even though an increasing production time
could be observed as the fish meal replacement levels
rose in the later species. Inclusion of soybean meal into
African catfish diets resulted in a lower economical
efficiency as compared to the control diet. The soybean
meal diet (SBM50) prices is nearly 75% of the fish meal
diet (FM), so the result of production cost shows that the
use of soybean meal has reduced feed cost and increase
profits in S. melanotheron and O. niloticus. Minimizing the
feed cost could be achieved through the use of
untraditional cheaper feed ingredients. In aquaculture,
feeding of fish has been acknowledged to generally
contribute to the major cost incurred during the
production cycle (Abu et al.,, 2010).In conclusion, this
study showed that replacement of fish protein by soya
protein in diet (35% crude protein) reduces the growth of
H. longifilis and O. niloticus contrary to S. melanotheron.
Therefore, results indicate that the lower ash and higher
lipid contents of O. niloticus and S. melanotheron fish
carcass were associated with soya protein diets.
Furthermore, substitution of fish meal by soya meal up to
50% in the diet reduces the Ca and P carcass contents in
the three species fish studied.

The aquaculture industry must continue to seek out
alternative sources of high-quality plant and animal-
based protein ingredients for their feedstuffs.
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