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Abstract: A feeding trial was carried out in concrete tank to examine complete and partial replacement of the
fish protein with soya protein in practical feeds of African catfish Heterobranchus longifilis. Three diets
containing 35% crude protein replacing 0% (FD), 50% (MD) and 100% (SD) of the fish protein with
similarpercentage of soya protein were formulated. Soya protein diets were supplementing with 0.5% of
methionine and lysine. After 4 months of feedings at 5% body weight, the best growth was achieved with fish
fed FD. Growth parameters such as Final Body Weight (FBW), Body Weight Gain (BWG) and Specific Growth
Rate (SGR) decreased with the increase dietary soya protein. Similarly, the feed and protein utilization
parameters decreased significantly with increasing soya protein substitution in diet. The highest number of the
extreme fish size was obtained with the fish fed MD. Cannibalism was observed during the first two months of
experiment and was higher 1n fish fed SD. Fish fed MD showed higher values of carcass lipid content while
higher values of carcass ash content were obtained with fish fed SD.
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INTRODUCTION

The catfish Heterobranchus longifilis is one of the
most suitable species for aquaculture in West Africa
(Legendre, 198%; Otémé et al., 1996). Biological and
ecological characteristics such as omnivorous feeding
habit, good acceptance of commercial pellet diet,
resistance to disease, pollution and tolerance to low
dissolved oxygen meke H. longifilis an excellent
candidate for aquaculture (Micha, 1973, Bard et ol., 1976;
Legendre, 1983). In add, this fish commands high market
value in West Africa, because of its good flavour and
ability to grow of large size (Legendre, 1983, 1989). In
spite, of these advantages, one of the major reasons given
for the low production of the catfish larvae and juveniles
1s the high mortality rate due to canmbalism.

Fish meal which serves as the main protein sources
of the fish feed because of its high quality protein
content, is not only very expensive but also usually
unavailable (Keembiyehetty and Gatline, 1997) particularly
in developing countries. Efforts to replace fishmeal with
vegetable protein from more sustainable sources have

been embarked upon by various authours (El-Sayed, 1990;
Shiau et al., 1990; Watanabe et al., 1993; Robinson and
Li, 1994). Since, the current focus of nutrition studies is
the reduction and the possible elimination of fish meal and
fish o1l from practical diets (Craig, 2004).

Soybean has one of the most promising plant
proteing  for  substituting  fish  meal worldwide
{Adewumi, 2006). Soya 1s widely cultivated and soybean
meal have high protein content with a well balanced amino
acids profiles, constant composition, reasonable price
(Storebakken et al., 2000) and it can be used for the fish
feeding. This mcorporation of soya protein in fish diet
could reduce the cost of diets and improve growth
(Rumsey, 1993). However, considerable variations exist in
the ability of different fish species to utilize soybean
protem. Concerning carmnivorous catfish, many studies
have shown successful i replacing fish meal with
soybean meal in diet. For example carnivorous blue catfish
Tctalurus furtacus grow well on diets with 70% of crude
protem from soybean meal (Webster et al, 1992).
Robmson and L1 (1994) also reported that soybean meal
could be used to completely replace fish meal in catfish

Corresponding Author: Boua Célestin Atsé, Département Aquaculture, Centre de Recherches Océanologiques (CRO), BP V

Abidjan 18 Céte d’Ivoire



J. Fish. Int., 3 (3): 68-74, 2008

feed Based on these results soya protein could be one
suitable alternative protein of catfish feed

Altemnatively, the changing of the protein source in
the diets could reduce the canmbalism in the young fish
culture entraining to the reduction of fish mortality. This
aspect of camnivorous fish has not been studied.
Therefore, the objective of this study was to evaluate the
effect of a partial or complete substitution of dietary fish
protein with soya protein on growth performance,
cannibalism rate, economic value and carcass composition
of African catfish /. longifilis fingerlings.

MATERIALS AND METHODS

Experimental diets: Three experimental diets were
formulated to be 1somitrogenous in terms of crude protein
(35%). The proximate composition of these diets was
given in Table 1. Fish meal protein was replaced by soya
protein on the basis of crude protein as follows: fish diet
(FD) = 0% soya protein replaced fish protein; mixture diet
(MD) = 50% soya protein replaced fish protein; soya diet
(8D) = 100% soya protein replaced fish protein in diet. To
balance of lysine and methiomne, 0.5% from each amino
acid was added of soya protein diets and 2% premix
vitamin and mineral supplemented each diet formulated.
The energy values were calculated using the gross energy
values for the macro nutrients (Luquet and Moreau, 1989).

The cost of each diet was determined by multiplying
the respective contributions of each ingredient by their
respective cost per kilogram and summing the values thus
obtained for all the mgredients. The experimental diets
were dried, broken mto suitable sizes and stored at 20°C
until use.

Experimental procedure: Heterobranchus longifilis
fingerlings were obtained by using the procedure of
artificial reproduction established by Legendre (1986). The
larvae have been reared in the requisites structures and
fed consequently with Atemia salina based diet during
35 days. After this period, fish mitial weight 0.15+0.01 g
were counted and stocked at density of 500 fish per tank
(125 fish m™). Three replicate tanks were constituted for
each diet and fish were fed at ration of 5% fresh weight
according to Hem et al. (1994) three times a day (08:00,
12:00 and 17:00 h).

Every day, dead fish of each tank were removed and
counted. A distinetion was drawn between canmbalism
and natural death. Missing fish were presumed to have
succumbed to a complete cannibalism (Hecht and
Appelbaum, 1988). Natural death was determined by the
presence of complete fish floating i the tank
(Haylor, 1991). Monthly samplings were carried out for

Table 1: Formulation and proximate composition of the experimental diets

Diets

FD MD SD
Ingredients (g kg™)
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 -
Saya oil - 5 10
Lysine - 5 5
Methionine - 5 5
Vitamin and mineral premix® 20 20 20
Total 1000 1000 1000
Proximate analysis (% on dry matter basis)®
Moisture 10.8 10.7 10.5
Crude protein 35.5 35.6 35.6
Total nitrogen 57 5.7 57
Crude fat 92 83 12.9
Ash 12.1 9.5 7.4
Crude fibre 8.4 8.4 8.8
Nitrogen-free extract® 23.3 27.5 24.8
Gross energy (kJg diet™)? 15.5 15.9 17.2
Cost (CFA kg™l 260 225 195

“Vitamin and mineral mixture each 1-kg of mixture contains: 4800 1.1 Vit
A, 2400 IU cholecalciferol (vit. D), 40g VitE, 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, 04 g
Todine, 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 HCT., 1.2 mg; sodium chloride (NaCL,
3%% Na, 61% CI), 3077 mg; ferrous sulphate (FeSO,7H,0, 20% Fe), 65
mg; manganese sulphate (WMnSCQy, 36% Mn), 89 mg, zinc sulphate
(Zn80,.TH,0, 40%6 Zn), 150 mg; copper sulphate (Cul0,.5H,0, 25% Cu),
28 mg; potassium iodide (KI, 24% K, 76% 1), 11 mg: Celite AWS21 (acid-
washed diatomaceous earth moisture-silica), 1000 mg; *Values represent the
mean of three replicates; “Nitrogen-fiee extract = 100+(% moistire + %%
protein + % fat + % fibre + % ash); *Gross energy = (22.2 x protein + 38.9
= fat + 17.2x nitrogen-fiee extract); *Price in CFA pound: 100 CFA =015
$ based on 2006 exchange prices in Ivory Coast

assessment of growth, condition factor and general health
of fish. For this purpose, 30 fish of each tank from each
replicate were sampled, measured and weighed and the
feeding rate was adjusted. The extreme high sizes of fish
were also collected in each group, counted and removed
of the other fish of homogeneous size. At the end of the
experiment (120 days), survival fish were collected and
counted from each tank. Thus individual body weight was
recorded and 10 fish were removed from each replicate to
chemical composition determination.

The survival rate, growth performance and nutrient
utilization were evaluated as follows: Cannibalism Rate
(CR) = (umber of fish missing/mitial number of fish)
x100; Mortality rate (MR) = (number of dead fish/mitial
number of fish) x100; Survival Rate (SR) = (final number
of fish/initial mumber of fish) x 100; Body Weight Gain
(BWG) = [(final body weight—imtial body weight)/mitial
weight] x 100; Specific Growth Rate (SGR) = (In final body
weight-ln initial body weightynumber of day; Feed
Conversion Ratio (FCR) = dry feed intake (g)/wet weight
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gain (g); Protein Efficiency Ratio (PER) = weight gain
(g)/protein intake (g); Daily Lipid Gain (DLG) = retained
lipad (g)/biomass gain (kg)/rearing period. The cost benefit
analyses of the diets were performed according to
El-Sayed (1990).

Water quality: During the experiment, water temperature,
dissolved oxygen and pH were recorded daily in each
tank. Water temperature and dissolved oxygen were
measured using an Oxy meter model WTW OXI 330 and
PH by using ph-meter model WTW pH 90. Water quality,
nitrate-nitrogen, nitrite-nitrogen and phosphorus were
recorded at weekly intervals using a spectrometric method
(Aminot and Chaussepied, 1983).

Biochemical analysis: The approximate compositions of
the experimental diets and the fish carcasses were
determined by the standard methods of AOAC (1995).
Moisture content of each sample was determined through
a hot-air oven setat 105°C for 24 h and ash was measured
by incineration at 550°C in a muffle furnace for 24 h.
Crude protein (Nitrogen > 6.25) was determined using
micro-Kjeldahl method; crude fat was extracted (hexane
extraction) by using the Soxhlet method and crude fibre
was quantified by acid digestion followed by ashing the
dry residue at 550°C in muffle furnace for 4 h. The gross
energy contents of the diets and fish were calculated on
the basis of their crude protein, total fat and carbohydrate
contents using the equivalents of 22.2, 389 and
17.15 kjg ™", respectively (Luquet and Moreau, 1989).

Statistical analysis: Percentage and ratio values were
transformed to arcsine values and data of weight to
logarithm values prior to analyse. Growth data (weight)
and fish carcass composition were analysed by using one
way Analysis of Variance (ANOVA). Turkey’s HSD
ranking test was used to compare the differences among
weight means. Duncan multiple ranking tests were used to
compare the differences among others means. The
treatment effects were considered to be sigmficant at
(p=0.05).

RESULTS

Water quality: The recorded minimum and maximum
values of water quality parameters during the experimental
period were: water temperature, 28.9-29.1°C, water pH from
6.8-7.0; Dissolved Oxygen from 4.3-4.4 mgL~"; Nitrate-N,
0.24-0.26 mgl.™"; Nitrite-N, 0.05-0.06 mg[.™"; phosphate-D,
0.35-0.40 mgl.™". All the water quality parameters
were within the acceptable range for African catfish
H. Longifilis (Boyd and Tucker, 1998).
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Growth performance: At the end of the experiment,
growth parameters such as FBW and BWG decreased
with mereasing dietary soya protein (Table 2). Sigmificant
highest values (p<0.05) of these parameters were obtamed
with fish fed FD followed by those fed MD and SD. In
contrast SGR was not influenced by the protein source of
diet. Mortalities in all groups were observed only during
the first 2 months. At the end of experiment, survival rate
decreased significantly (p<0.05) with the total substitution
of fish protein by soya one (Table 2). The highest values
(p<0.05) of canmibalism and mortality rates was observed
with SD. Contrary, fish fed FD and MD diets recorded the
highest values of survival rate. The number of the extreme
high fish sizes was higher (p<0.05) with fish fed MD
followed by those fed FD and SD (Fig. 1). The cost and
time of production data indicated that the total
substitution entrained significantly (p<0.05) a greater
highest values of cost and time of fish kilogram produce
(Table 2).

Feed utilization: The FCR was influenced by the diets
(p=<<0.05); it’s was lower (p<<0.05) for fish fed FD and MD,
while the highest values was obtained with those fed SD
(Table 2). The highest values (p<0.05) of protein
efficiency ratio were recorded with fish fed FD followed
by fish fed MD and SD. Significantly, higher values
{(p<0.05) of DLG was obtained with fish fed MD followed
by fish fed FD and SD (Table 2).

Carcass composition: No significant differences were
observed m the carcass moisture and protemn comtent of
the fish fed with different diets (Table 3). Contrary, fish
ash and lipid contents were significantly influenced by

Table 2: Growth performance and nutrient utilization of Heterobrarc by
longifilis fed with experimental diets

Diets
Pararmeters™ FD MD SD
IBW (g) 0.15£0.01 0.15£0.01 0.15+0.01
FBW (g) 134.4+51.7 73.6£27.5 52.1+25.6*
CR (%) 52117 52.0+6.0° 63.3+4.20
MR (%0) 4.0+0.4° 4.0£0.9 7.33+1.5
SR (%) 43,9413 44.0+6.0° 29.3+3.5°
BWG (%) 86221.9+£30805.6" 48652.7+£5310.22  35484.6+14299.3
SGR (%) 5.6+£0.3 52401 4.8+0.4
FCR 1.0+£0.07 1.240.0°0 1.6£0.2°
PER 2.9+0.2° 2.4+0.1° 1.8+0.32
DLG (g kg™! days) 2.1+0.1° 2.6+0.0P 2.0+0.0°
PC (F.CFA) 258.2+19.3* 268.3+£6.6* 3024442
PT (days kg™) 14.0+£2.7° 20.2+3.3 86.5£10.5°

*Values are means=SD. Values in the same row with the same superscripts
are not significantly different (p = 0.05). IBW = Initial body weight;
FBW = Final body weight, CR = Cannibalism rate; MR = Mortality rate;
SR = Survival rate BWG = Body weight gain; 8GR = Specific growth rate;
FCR =Feed conversion ratio; PER = Protein efficiency ratio; DLG = Daily
lipid gain; PC= Cost per fish kg produced; PT= Time per fish kg produced;
# Price in CFA pound: 100 CFA = 0.15 $ based on 2006 exchange prices
in Tvory Coast
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Table 3: Final composition of Heterobranchus longifilis fed with
experimental diets (% on dry matter basis)

Diets
Parameters* FD MD SD
Moisture 75.7+0.8 74.9+0.7 T5.2+0.7
Ash 11.0+0.4° 8.2+0.2* 12.2+0.7
Crude protein 59.8+0.5 59.9+0.5 59.9+0.5
Crude fat 25.1£0.8 30.6£0.4° 24.1+0.4°
Gross energy (kJg diet) 23.7+0.2¢ 25.4+0.1¢ 23.3+0.1¢

*Walues are mean+SD of triplicate analysis. Values in the same row with the
sarne superscripts are not significantly different (p=0.05)
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Fig. 1. Cumulative extreme highs sizes number of
Heterobranchus longifilis fed with experimental

diets. Values are means of triplicate groups.
FD = Fish diet; MD = Mixture diet; SD = Soya diet

the diets (p<<0.05). The highest values (p<0.05) of fish ash
content were observed in fish fed SD; the lowest values
were obtamed with those fed MD. The body lipid content
was higher (p<20.05) with fish fed MD followed by FD and
SD. The similar trend was observed in carcass energy
content of fish (Table 3).

DISCUSSION

The substitution of ammal protein with plant
protein meals 1s a common practice m aquaculture
(Akiyama, 1988). However, adding high percentages of
plant products in fish diets can reduce palatability and
acceptability and delay growth of fish (Watanabe ef al.,
1993). The hgher growth performance extubited by
H. longifilis ted fish diet was in agreement with Adewumi
(2006), who obtained higher growth performance with
adult C. gariepinus fed fish meal based diets compared to
ones fed soybean based diets. In contrary, Goda et al.
(2007) observed a higher growth of C. gariepinus fed
diets containing 75 and 100% soybean meal. For the
fingerlings H. longifilis, the origin of dietary protein could
be the one of the most important factors largely affecting
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growth; the need of fish protein for growth is probably
higher. Fish meal remains an important protein component
1n diets because of its well-balanced amino acid profile,
essential fatty acids, digestible energy, vitamins and
minerals (Tacon, 1993; Abdelghany, 2003). The decrease
of fish growth i group fed soya protemn suggests a low
utilization of soya protemn that may be explained by
reducing digestibility of the soybean meal ingredient in
some aquatic species (Shiau et al., 1990; Webster et al.,
1992). In fact, soybean meal can contamn active anti
metabolites that had been mcompletely heat-processed,
such as saponines (Wolf and Thomas, 1970; Garcia-Ulloa,
1998); trypsin mhibitors (Kakade ef al., 1970, Ayet ef af.,
1996), indigestible carbohydrates and several compounds
that may disturb the digestive process in fingerling fish
(Storebaklen et al, 2000). For ever evaluation of different
types of soybean product derived from extraction
techmque should be carried out. Samocha ef al. (2004)
and El-Sayed (2006) reported that the co-extrusion of feed
ingredients is considered as a reasonable option to
improve the nutritional quality of soybean when it is used
as a replacement mgredient mn fish diets. However,
Adewumi (2006) after autoclaving soybean meal during
25 minu at 116°C (pressure 1.2 kg Cm™) was obtained
similar growth performance of Clarias gariepinus fed with
fish meal and soybean based diets. Lowers growth
performances recorded mn fish fed soya protein diets could
reveal an inadequate heat treatment used for producing
soybean meal and finding an adequate heat treatment of
soybean meal by favouring starch digestibility and
reducing anti nutrients factors.

The good values of FCR (1.0-1.6) obtained in all fish
groups could reflect the best quality and palatability of
the diets formulated. The highest PER obtained in fish fed
FD could means that in H. Longifilis, diets formulated
with fish protein has higher quality and palatability than
these formulated with soya protein.

Several studies showed that cannibalistic behaviour
1s intensified by mncreasing size difference (Hseu, 2002;
Smith and Reay, 1991), suitable feeding practice
(Fukuhara, 1989, Watanabe et ., 1996), inter individual
contacts, competition of food and stress (Haylor, 1992,
Barcellos et al, 2004). The highest cannibalism and
mortality rates observed with SD have consequently
reduced swrvival rate in this group. This result would
demonstrate that soya protein diet can not cover
sufficiently the nutritional need of this species. So the
substitution of fish protein had directly increase fish
mortality and ceanmibalism. However, canmbalism rates
obtained in all diets would be due to raising
competitiveness which gave higher fish (extremes high
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fish sizes) than others. Therefore, these higher fish
preferred to eat the small other fish. In fish fed SD, lower
number of the extreme high fish sizes was obtained, but in
this group, high mortality was observed. However, the
extreme high fish sizes were observed only during the first
two months in all experiment diets. During this period,
some fish often are reluctant to accept the feed, fail to eat
and became weak and vulnerable as observed in the
catfish C. gariepinus (Baras and Almeida, 2001). In added,
fish may prefer to prey on other fish, which may decrease
once the first adjust to reading on the diets provided. This
could be also the cause of mortality. After this period, the
sizes were homogemsed, so the canmbalism were
disappeared and the mortality was reduced consequently.
The proximate composition such as moisture and protein
of carcass were similar m all diets. Higher values of
carcass lipid were obtained in fish fed MD contrary to the
higher values of dietary lipid which were given by SD.
The higher values of carcass ash were obtamned also in
fish fed SD contrary to the high dietary ash which was
given by FD. In other studies, Goda ef al. (2007) reported
that catfish C. gariepinus fed 100% soybean meal
recorded higher lipid and gross

compared with the fish meal based diet.

energy contents

CONCLUSION

The reduction of fish growth and the increase of
cannibalism rate obtained with soya protein diets suggest
a low utilization of soya protein in H. longifilis
fingerlings. In add, supplementing soya protein based diet
entrains diminution of diet cost but increase the cost and
time of kg fish produced. Therefore, it is matter of urgency
that used adequate heat treatment of soybean meal by
favouring starch digestibility and reducing anti nutrients
factors. However,
ingredients, digestible amino acid composition and fine-

better characterization of these

tuning of the diet formulation is required to obtain levels
of performance matching those of high fish meal diets.
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