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Abstract— Artemia salina, the main first-feeding protein 

source of the catfish Clarias gariepinus larvae is relatively 

scarce and very expensive in Côte d'Ivoire and it raises the 

cost of catfish fingerlings production. To reduce the feed 

cost, feeding trial was completed with five isonitrogenous 

(35%) diets formulated by substituting artemia protein in 

control diet by soya protein at 25% (SB25), 50% (SB50), 

75% (SB75) and 100% (SB100) level. Clarias gariepinus 

larvae initial body weight 0.0064 ± 0.001 g were stocked 

at 1 larvae L-1 and fed with the experimental diets three 

times daily ad libitum for 49 days. At the end of the growth 

trial, diets SB25 and SB50 present similar growth with the 

control diet. The low growth recorded from fish fed SB75 

and SB100 highly affected final biomass despite the best 

survival rate recorded. Best values of feed conversion 

ratio were recorded from larvae fed control diet followed 

by SB25, SB50. High levels of soya proteins in diets affect 

feed palatability and larvae growth, vigour, motility and 

reactivity. Compounded feeds SB25 and SB50 can be used 

us low cost Clarias gariepinus larvae diets without 

adverse effects on growth and survival compared of 

artemia control diet.  

Keywords— Clarias gariepinus, larvae, soybean meal, 

growth, survival.  

 

I. INTRODUCTION 

Availability of quality feeds, feeding strategies and control 

of cannibalism are essential in Clarias gariepinus larvae 

growth and survival [1], [2], [3]. The lack of available low 

cost larvae feeds has continued to be a major constraint to 

the competitive catfish culture in Côte d’Ivoire [1], [4]. In 

fact, Artemia nauplii capsulated cysts which is currently 

used as protein source in catfish Clarias gariepinus larvae 

feed remains the major constraint in larvae feeding [5], [6], 

[7]. This protein source is hardly available and locally 

expensive (210.57 USD kg-1) and it raises the cost of 

catfish fingerlings production [8]. To reduce the feed cost, 

the use of Artemia in catfish larvae diets must be reduced 

as suggested by Siddiqui and Ahmed [9]. This can be 

achieved by replacing Artemia salina proteins with 

alternative highly available soybean meal. Soybean meal 

has 45-50% protein content and is the better plant protein 

ingredient used as alternative protein sources in fish diets 

[10], [11], [12]. It is also the primary plant protein used in 

catfish diets in Africa due to the fact that soya is widely 

used for vegetable oil production which increases the 

locally available of soybean meal for animal nutrition [13]. 

Also imported soybean meal has good availability and 

locally and imported soybean meal are reasonable price 

(0.60-0.95 USD kg-1) compared to Artemia salina nauplii. 

Results of lot of feeding trial have shown considerable 

success in partial or total inclusion of soy bean meal in 

catfish Clarias gariepinus larvae and the fingerlings diets 

[14], [2]. According Francis et al. [15], vegetable protein 

can substitute fish meal to supply required protein needed 

for good growth. However, inclusion levels of vegetal 

protein in diet and their effective utilization by fish 

depending to species and growth stage due to the presence 

of high crude fiber content and antinutritional factors [16], 

[15], [17], [18]. Consequently, high inclusion of vegetal 

ingredients in fish diets could cause slower growth rates, 

poor performance and high mortalities [13], [17], [19], 

[20]. For effective substitution of Artemia salina by 

soybean meal in Clarias gariepinus larvae diets it’s 

essential to determine the optimal level of replacement 

which promotes growth and survival. This study assesses 

the effect of gradual replacement of Artemia proteins by 

soybean proteins in Clarias gariepinus larvae diets on 

growth performances, feeds efficiency and survival. 
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II. MATERIALS AND METHODS 

2.1 Experimental diets 

For feeding trail, control diet was formulated at 35% 

protein with Artemia salina as the main diet protein source 

without soybean meal. Then, four isonitrogenous diets 

were formulated at 35% crude protein by substituting 

Artemia salina in control diet by soybean meal based on 

crude proteins as follows: SB25 = 25% of soybean protein 

replaced Artemia salina proteins; SB50 = 50% of soybean 

protein replaced Artemia salina proteins; SB75 = 75% of 

soybean protein replaced Artemia salina proteins; SB100 = 

100 % of soybean protein replaced Artemia salina proteins 

(Table 1). All diets were composed and produced with 

methodology described by Ossey et al. [19]. Nutritional 

compositions of diets were determined and all diets were 

stored at -20°C until use.  

 

2.2 Biochemical Analysis  

The proximate compositions of experimental diets were 

determined according to AOAC methods [21]. Dry matter 

(DM) was determined after drying 5g of sample in an oven 

at 105°C for 24 hours until constant weight; crude protein 

(N=6,25) was determined by Kjeldahl method; crude lipid 

of sample was obtained by Soxhlet extraction with hexane; 

Ash was measured by incineration at 550°C for 24 hours in 

a muffle furnace, crude fibre were measured by acid 

digestion following by ashing dry residue at 550°C muffle 

furnace for 4 hours, while nitrogen-free extract (NFE) was 

calculated by difference. The gross energy contents of the 

diets were calculated based on their crude protein, lipid 

and carbohydrate contents using the energy equivalents of 

22.2, 38.9 and 17.15 kJ g-1 respectively [22]. Ingredients 

and chemical composition of the compounds diets are 

presented in Table 1. 

 

2.3 Experimental Fish and Feeding Trial 

The experimental was carried out at the hatchery of the 

Centre de Recherches Océanologiques (CRO), Abidjan, 

Côte d’Ivoire. Three days-age Clarias gariepinus larvae 

initial body weight 0.0064 ± 0.001 g were transferred in 

aquarium (39. 40 cm × 50. 20 cm × 27. 00 cm), capacity of 

50 L and acclimated four (4) days prior to beginning of the 

growth trial. Fish were counted and stored at density of 1 

larva L-1 in each aquarium. Three replicates were 

constituted by diet and the feeding trial was conducted in 

15 aquariums. Fish were fed three times daily (07:00, 

12:00 and 17:00 hours) ad libitum for 49 days [19]. Every 

day, dead fish of each aquarium were removed and 

counted. Once a week, 15 larvae were randomly sampled 

in each aquarium for total length and wet weight 

measured. Then, all larvae were weighed and feed ratio 

was adjusted to reflect the new fish biomass. At the end of 

experiment, all survival fish were collected, weighted, 

measured and counted. Missing fish were presumed to 

have succumbed to the cannibalism [23]. During growth 

trial, the average water temperature, measured twice daily 

was 29.32 ± 0.50°C, average dissolved oxygen content of 

water was 04.65 ± 0.60 mg/L and average pH was 07.18 ± 

0.30.  

 

2.4 Growth Feed Efficiency Parameters   

The growth and nutrient utilization parameters were 

calculated for each treatment as follows: weight gain (WG) 

(g) = final body weight – initial body weight; daily weight 

gain (DWG) (gday-1) = final body weight – initial body 

weight / number of feeding day; specific growth rate 

(SGR) (%/day) = [ln (final body weight) – ln (initial body 

weight)] × 100/ number of feeding day; biomass gain (BG) 

(g) = final biomass – initial biomass; feed conversion ratio 

(FCR) = total weight of feed consumed (g) / biomass gain 

(g); total weight of feed consumed is obtained by total feed 

distributed fewer uneaten food; survival rate (SR) (%) = 

(final number of larvae / initial number of larvae)×100; 

cannibalism rate (CR) (%) = (number of larvae 

missing/initial number of larvae)×100; mortality rate (MR) 

(%) = (number of dead larvae/initial number of 

larvae)×100. 

 

2.5 Statistical Analysis 

Data analysis was performed using Statistica 7.1 software. 

All data are presented as mean ± standard deviation (SD). 

Results were compared using ANOVA one-way analysis 

followed by the Tukey’s multiple range test to compare 

differences among treatment means. Significant 

differences were considered at p < 0.05.  

 

III. RESULTS 

Growth and feed efficiency parameters, cannibalism, 

mortality and survival rate of Clarias gariepinus larvae fed 

control diet and diets SB25, SB50, SB75, and SB100 are 

presented in Table 2.  

 

3.1 Growth 

At the end of the growth trial, final body weight, weight 

gain, daily weight gain and specific growth rate recorded 

were significantly (p< 0.05) influenced by the levels of soy 

bean meal inclusion in the control diet. These growth 

parameters were significantly highest from larvae fed 

control diet SB25, and SB50 which did not differ 

significantly (p>0.05) followed by the group of the fish fed 

SB75. Larvae fed SB100 recorded the significant lowest 

values of these growth parameters. The fish final biomass 

and biomass gains decreased with the soy bean meal 

inclusion level in control diet. The significant (p< 0.05) 

highest biomass gain value was recorded from fish fed 

control diet (82.21 ± 0.11g) followed by SB25 (69.44 ± 
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0.12g), SB50 (57.42 ± 0.14g), and SB75 (47.73 ± 0.13g) and 

the lowest value was obtained by fish fed SB100 (47.73 ± 

0.13g).  

 

3.2 Feed Efficiency 

Total quantity of feed used by aquarium and feed 

conversion ratio values recorded were affected by the level 

of Artemia salina replacement by soybean meal in control 

diet. Results showed that quantity of feed used decreased 

with the soybean meal inclusion level in diet conversely 

FCR significantly (p< 0.05) increased. The lowest value of 

FCR correlated with best feeds efficiency was recorded 

from fish fed control diet (01.88 ± 0.29) when the highest 

value of these parameters was obtained from fish fed diet 

SB100 (3.30 ± 0.18).  

 

3.3 Cannibalism, Mortality and Survival 

Cannibalism, mortality and survival rate values showed 

significant influence with the level of soy bean inclusion in 

control diet. Cannibalism rate values varied between 15.55 

and 23.32%, mortality rate ranged between 1.25 and 

2.21% while survival rate varied between 68.27 and 

83.20%. The highest (p< 0.05) value of cannibalism rate 

was recorded from fish fed SB25 (29.75 ± 0.75 %) and 

SB50 (29.86 ± 0.66 %), followed by fish fed SB75 (25.60 ± 

0.40 %) and control diet (23.32 ± 4.28 %) when the lowest 

cannibalism rate was observed from fish fed SB100 (15.55 

± 0.55 %). 

Fish fed control diet recorded the highest mortality rate 

(02.21 ± 0.01) followed by those of fish fed SB25 (01.65 ± 

0.14) and SB50 (01.87 ± 0.25), when the lowest mortality 

rate values were obtained from fish fed SB75 (01.30 ± 0.01) 

and SB100 (01.25 ± 0.12). The significant (p< 0.05) best 

value of survival rate was recorded from fish fed SB100 

(83.20 ± 0.04), followed by control diet (74.47 ± 5.46) and 

SB75 (73.10 ± 0.15) and the lowest values of survival rate 

were observed from fish fed SB25 (68.60 ± 0.60) and SB50 

(68.27 ± 0.03). 

 

IV. DISCUSSION 

At the end of the growth trial, feeds which artemia protein 

was substituted by 25% (SB25) and 50% (SB50) of the soya 

protein present similar growth with the control diet. Up to 

75% of soya protein inclusion, values of final fish growth, 

weight gain, and daily weight gain recorded were 

decreased. These results show that artemia protein can be 

substituted by soya protein at 25 to 50% without adverse 

effects on Clarias gariepinus larvae growth. In fact, high 

levels of soybean meal increase anti-growth substances 

and indigestible carbohydrates levels in diets which lead to 

slow growth and poor feed performances [24], [25]. 

Consequently, low growth recorded from fish fed SB75 and 

SB100 highly affected final fish biomass by aquarium. 

Quantity of fish feed used also decreased with the levels of 

soybean meal inclusion. However, best values of feed 

conversion ratio were recorded from larvae fed control diet 

followed by diets SB25, SB50 and SB75 when diets SB100 

presents the lowest value of FCR. These results could 

show an increasing reduction of feed palatability, 

acceptability and digestibility when artemia proteins were 

gradually combined with soya protein in diet. Concerning 

cannibalism, several studies showed that it’s intensified by 

increasing size differences, suitable feeding practices, inter 

individual contacts, competition of food and stress [26], 

[27], [28], [29], [30], [31]. The low cannibalism value 

recorded with fish fed SB100 could confirm that soya 

protein diet SB100 was not accepted and not palatable for 

larvae which consequently reduces quantity of feed use, 

inhibits competition of food and stress, and entails slows 

growth for all the fish in aquarium. In these conditions, 

cannibalistic behaviour of larvae was reduced 

consequently in the groups of fish fed SB100 and these 

groups recorded the highest values of survival rate. 

Despite high survival rate recorded with SB100, growth and 

feed efficiency values show that high levels of soya 

proteins in diets affect feeds palatability and larvae 

growth, vigour, motility and reactivity. In these conditions, 

100% soya proteins diets are not recommended for Clarias 

gariepinus larvae growth. Conversely, survival rate (68%) 

obtained with feeds which artemia protein was substituted 

by 25% (SB25) and 50% (SB50) soya protein were similar 

to the survival rate (67-69 %) of the larvae Clarias 

gariepinus fed with commercial high proteins content (56-

57%) diets reported by Yakubu et al. [3]. In addition, these 

two diets present similar growth results with control diets. 

In these conditions, artemia protein in 35% protein control 

diet can be replaced by 25 to 50% of soya protein for 

catfish Clarias gariepinus larvae growth. 

 

V. CONCLUSION 

Artemia protein in Clarias gariepinus larvae 35% protein 

diet can be replaced by soya protein to 25 and 50% for 

reduce the feed cost. Compounded feeds SB25 and SB50 

can be used us low cost nutritive Clarias gariepinus larvae 

diets without adverse effects on growth and survival 

compared of Artemia dietary control diet. 
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Table. 1: Formulation and proximate composition of experimental diets 

 

Table. 2: Growth, feed efficiency and survival rate of larvae C. gariepinus fed the experimental diets 

Parameters 

Experimental diets 

Control diet 

(0%) 

SB25 

(25%) 

SB50 

(50%) 

SB75 

(75%) 

SB100 

(100%) 

Initial larvae number 50 50 50 50 50 

Initial body weight (g)  0.0064±0.01 0.0064±0.01 0.0064±0.01 0.0064±0.01 0.0064±0.01 

Final body weight (g) 02.19±0.13c 01.89±0.12c 01.91±0.13c 01.32±0.01b 0.70±0.02a 

Weight gain (g)  02.18±0.16c 01.88±0.31c 01.90±0.13c 01.31±0.01b 0.69±0.02a 

Daily weight gain (gday-1)  0.04±0.01b 0.04±0.001b 0.04±0.002b 0.02±0.001a 0.01±0.001a 

Specific growth rate (%day-1) 11.85±0.05d 11.53±0.03c 11.43±0.10c 10.88±0.01b 09.57±0.03a 

Initial biomass of fish (g) 0.32±0.001a 0.32±0.001a 0.32±0.001a 0.32±0.001a 0.32±0.001a 

Final biomass of fish (g) 82.53±0.10e 69.76±0.20d 57.74±0.22c 48.05±0.15b 28.95±0.30a 

Biomass gain (g) 82.21±0.11e 69.44±0.12d 57.42±0.14c 47.73±0.13b 28.63±0.15a 

Quantity of feed used (g) 155.16±0.11e 147.89±0.10d 128.18±0.16c 110.90±0.17b 95.53±0.21a 

Feed conversion ratio  01.88±0.29a 02.12±0.06a 02.22±0.07ab 02.31±0.01b 03.30±0.18c 

Cannibalism rate (%)  23.32±4.28b 29.75±0.75c 29.86±0.66c 25.60±0.40b 15.55±0.55a 

Mortality rate (%) 02.21±0.01c 01.65±0.14b 01.87±0.25bc 01.30±0.01a 01.25±0.12a 

Survival rate (%) 74.47±5.46b 68.60±0.60a 68.27±0.03a 73.10±0.15b 83.20±0.04c 

Mean values ± SD in the same row sharing the different superscript are significantly different (p<0.05) 

  Soybean meal inclusion  

Ingredients composition (%) 
Control diet 

(0%) 

SB25 

(25%) 

SB50 

(50%) 

SB75 

(75%) 

SB100 

(100%) 

Artemia salina Meal 57.80 44.00 30.00 15.00 - 

Soy bean meal - 20.90 40.00 60.00 81.00 

Maize flour 24.56 18.00 12.76 08.00 02.00 

Maridav  10.00 10.00 10.00 10.00 10.00 

Palm oil 02.00 02.00 02.00 02.00 02.00 

Lysine 02.13 02.13 02.13 02.13 02.13 

Methionine 01.61 01.61 01.61 01.61 01.61 

VITAMYNOLYTE Super prémix 02.00 02.00 02.00 02.00 02.00 

Total  100 100 100 100 100 

Proximate analysis      

Moisture (%) 10.60 10.23 10.67 10.73 10.99 

Crude protein (% DM)  35.13 35.63 35.44 35.16 35.15 

Total fat (% DM)  04.76 06.43 07.95 09.58 11.25 

Ash (% DM)  03.21 04.83 06.28 07.81 09.42 

Crude fiber (% DM)  03.90 04.38 04.76 05.17 05.60 

Nitrogen free extract (%)3 42.38 38.46 34.87 31.52 27.56 

Gross Energy (kjg-1)4 16.93 17.03 16.96 16.95 16.92 

P/E (g. kJ-1)5 20.74 20.93 20.90 20.74 20.77 

http://dx.doi.org/10.22161/ijeab/3.3.8
http://www.ijeab.com/


  International Journal of Environment, Agriculture and Biotechnology (IJEAB)                           Vol-3, Issue-3, May-June- 2018 

http://dx.doi.org/10.22161/ijeab/3.3.8                                                                                                                        ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                             Page | 774 

ACKNOWLEDGEMENTS 

This work was conducted in the framework of the 

PAFARCI (Project to Support the Recovery of 

Agricultural Sectors in Côte d'Ivoire) project funded by 

the FIRCA, the National Interprofessional Fund for 

Research and Agricultural Council). The authors are 

grateful to FIRCA, for the financing of this research. The 

authors also thank all partners from the study for their 

implication in the experiment and the collection of data.  

 

REFERENCES 

[1] Anetekhai, M. A., Akin-Oriola, G. A., Aderinola, O. 

J. & Akintola, S. L. (2004). Steps ahead for 

Aquaculture development in Sub-Saharan African- 

The case of Nigeria. Aquaculture (ISSN: 0044-

8486). 239 (1-4): 237–248. 

10.1016/j.aquaculture.2004.06.006 

[2] Enyidi, U., Pirhonen, J. & Vielma, J. (2014). Effects 

of substituting soybean (Glycine max) meal with 

Bambaranut (Voandzeia subterranea) meal on 

growth performance and survival of African catfish 

(Clarias gariepinus) larvae. International Journal of 

Fisheries and Aquatic Studies (ISSN: 2347-5129). 1 

(3), 152–157.  

[3] Yakubu, A. F., Nwogu, N. A., Olaji, E. D. & Adams, 

T. E. (2015). Impact of three-different commercial 

feed on the growth and survival of Clarias 

gariepinus Burchell, 1822 Fry in Aquaria Glass 

Tanks. American Journal of Experimental 

Agriculture (ISSN: 2231-0606). 9(1), 1–6. 

10.9734/AJEA/2015/16342 

[4] JICA Agence Japonaise de Coopération 

Internationale (2016). Projet de relance de la 

production piscicole continentale en république de 

Côte d’Ivoire: Rapport de l’étude d’état des lieux. 

Abidjan, Côte d’Ivoire: JICA, OAFIC CO., LTD. 

INTEM consulting, INC. 

[5] Pector, R. A. (1994). Comparative study on the use 

of different preparations of decapsulated Artemia 

cysts as food for rearing African catfish (Clarias 

gariepinus) larvae. World Aquaculture Society 

(ISSN: 1749-7345).25 (3), 320–324. 10.1111/j.1749-

7345.1994.tb00220.x 

[6] Olurin, K. B., Iwuchukwu, P. & Oladapo, O. (2012). 

Larval rearing of African catfish, Clarias gariepinus 

fed capsulated Artemia, wild copepods or 

commercial diet. African Journal of Food Science 

and Technology (ISSN: 2141-5455). 3 (8), 182–185, 

182–185.  

[7] Ajepe, R. G., Hammed, A. M., Amosu, A. O. & 

Fashina-Bombata, H. A. (2014). Comparative study 

of artemia (Brine Shrimp) and ceriodaphnia 

(Zooplankton) as foods for catfish larvae. American 

Journal of Experimental Agriculture (ISSN: 2231-

0606). 4(7), 857–865. 10.9734/ajea 

[8] Atsé, B. C., Konan, K. J., Alla, Y. L. & Pangni, K. 

(2009). Effect of rearing density and feeding 

regimes on growth and survival of African Catfish, 

Heterobranchus longifilis (Valenciennes, 1840) 

larvae in a closed recirculating aquaculture system. 

Journal of Applied Aquaculture (ISSN: 1545-

0805).21(3), 183-95.10.1080/10454430903113669  

[9] Siddiqui, I. M. & Ahmed, M. K. (2014). Effect of 

soybean diet: Growth and conversion efficiencies of 

fingerling of stinging catfish, Heteropneustes fossilis 

(Bloch). Journal of King Saud University–Science 

(ISSN: 1018-3647). 26 (2), 83–87. 

10.1016/j.jksus.2013.10.004 

[10] Rumsey, G. L. (1993). Fishmeal and alternative 

source of protein. Fisheries (ISSN: 1548-8446). 18 

(7), 14–19. 10.1577/1548-8446(1993)018 

[11] Drew, M. D., Borgeson, T. L. & Thiessen, D. L. 

(2007). A review of processing of feed ingredients 

to enhance diet digestibility in finfish. Animal 

Feed Science and Technology (ISSN: 0377-

8401).138 (2), 118–136. 

10.1016/j.anifeedsci.2007.06.019 

[12] Yigit, M., Ergun, S., Turker, A., Harmantepe, B. & 

Erteken, A. (2010). Evaluation of soybean meal as a 

protein source and its effect on black sea turbot 

(Psetta maeotica) juvenile. Journal of Marine 

Science and Technology (ISSN: 1437-8213).18(5), 

682–688.  

[13] Shipton, T. & Hecht, T. A. (2005). “Synthesis of 

the formulated animal and aquafeed industry in 

Sub-Saharan African” in A synthesis of the 

formulated animal and aquafeed industry in Sub-

saharan Africa, CIFA, occasional paper No 26, J. 

Moehl and M. Halwart, Eds. Rome, Italie: FAO, 

2005, pp. 1-13. 

[14] Sotolu, A. O. (2010). Growth Performance of 

Clarias gariepinus (Burchell, 1822) fed varying 

inclusions of Leucaena leucocephala seed meal. 

Tropicultura (ISSN 0771-3312). 28 (3), 168–172. 

[15] Francis, G., Makkar, H. P. S. & Becker, K. (2001). 

Anti-nutritional factors present in plant-derived 

alternate fish feed ingredients and their effects in 

fish. Aquaculture (ISSN: 0044-8486). 199 (3-4), 

197–227. 10.1016/S0044-8486(01)00526-9 

[16] Storebakken, T., Refstie, S. & Ruyter, B. (2000). 

“Soy products as fat and protein sources in fish 

feed for intensive aquaculture” in Soy in animal 

nutrition, J. K. Drackley, Ed. Champaign, IN, 

USA: Federation of Animal Science Societies, 

2000, pp. 127–170.  

http://dx.doi.org/10.22161/ijeab/3.3.8
http://www.ijeab.com/
https://doi.org/10.1016/j.aquaculture.2004.06.006
https://doi.org/10.9734/AJEA/2015/16342
https://doi.org/10.1111/j.1749-7345.1994.tb00220.x
https://doi.org/10.1111/j.1749-7345.1994.tb00220.x
https://www.tandfonline.com/toc/wjaa20/current
https://doi.org/10.1080/10454430903113669
https://doi.org/10.1016/j.jksus.2013.10.004
https://doi.org/10.1016/j.anifeedsci.2007.06.019
https://doi.org/10.1016/S0044-8486(01)00526-9


  International Journal of Environment, Agriculture and Biotechnology (IJEAB)                           Vol-3, Issue-3, May-June- 2018 

http://dx.doi.org/10.22161/ijeab/3.3.8                                                                                                                        ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                             Page | 775 

[17] Gatlin, D. M., Barrows, F. T., Brown, P., 

Dabrowski, K., Gaylord, G. T., Hardy, R. W., 

Herman, E., Hu, G., Krogdahl, Å. & Nelson, R. 

(2007). Expanding the utilization of sustainable 

plant products in aquafeeds: A 

review. Aquaculture Research (ISSN: 1365-2109). 

38(6), 551–579. 10.1111/j.1365-

2109.2007.01704.x 

[18] Koumi, A. R., Kouamé, M. K., Atsé, B. C. & 

Kouamé, L. P. (2011). Growth, feed efficiency and 

carcass mineral composition of Heterobranchus 

longifilis, Oreochromis niloticus and Sarotherodon 

melanotheron juveniles fed different dietary levels 

of soybean meal-based diets. African Journal of 

Biotechnology (ISSN: 1684-5315).10(66), 14990–

14998. 10.5897/AJB10.1449 

[19] Ossey, Y. B., Koumi, A. R., Kouamé, M. K., Atsé, 

B. C. & Kouamé, L. P. (2012). Utilisation du soja, 

de la cervelle bovine et de l’asticot comme sources 

de protéines alimentaires chez les larves de 

Heterobranchus longifilis (Valenciennes, 1840). 

Journal of Animal & Plant Sciences (ISSN: 2071-

7024).15 (1), 2099–2108. 

[20] Atsé, B. C., Ossey, Y. B., Koffi, K. M. & Kouame, 

P. L. (2014). Effects of feeding by-products; maggot 

meal, fish meal, soybean meal, blood meal and beef 

brain on growth, survival and carcass composition of 

African catfish, Heterobranchus longifilis 

Valenciennes, 1840 larvae under recirculating 

conditions. International Journal of Agriculture 

Innovations and Research (ISSN: 2319-1473). 2 (4): 

2319–1473. 

 [21] AOAC. (2005). International Official Methods of 

Analysis (18th ed.). Gaithersburg, Maryland: AOAC 

international. 

[22] Luquet, P. & Moreau, Y. (1989). Energy-protein 

management by some Warm Water fin fishes. Actes 

du colloque 9. Paris, France: AQUACOP, 

IFREMER, 1989, pp. 751-755. 

[23] Hecht, T. & Appelbaum, A. (1988). Observations 

on intraspecific aggression and coeval sibling 

cannibalism by larval and juvenile Clarias 

gariepinus (Clariidae: Pisces) under controlled 

conditions. Journal of Zoology (ISSN: 1469-7998). 

214 (1), 21–44. doi.org/10.1111/j.1469-

7998.1988.tb04984.x 

[24] Ahmed, M., Qureshi, T. A., Singh, A. B., Manohar, 

S., Borana, K. & Chalko, S. R. (2012). Effects 

dietary protein, lipid and carbohydrate contents on 

the growth, feed efficiency and carcass composition 

of Cyprinus carpio communis fingerlings. 

International Journal of Fisherie and Aquaculture 

(ISSN: 2006-9839).4 (3), 30–40. 

10.5897/IJFA11.080 

 [25] Lech, G. P. & Reigh, R. C. (2012). Plant products 

affects growth and digestive efficiency of cultured 

Florida Pompano (Trachinotus carolinus) fed 

compounded diets. Plos ONE (eISSN: 1932-6203). 

7(4), 1-11. 10.1371/journal.pone.0034981 

[26] Hseu, J. R. (2002). Effects of size difference and 

stocking density on cannibalism rate of juvenile 

grouper Epinephelus coioides. Fisheries Science 

(ISSN: 1444-2906). 68(6), 1384–1386. 

10.1046/j.1444-2906.2002.00578.x 

[27] Smith, C. & Read, P. (1991). Cannibalism in teleost 

fish. Reviews in Fish Biology and Fisheries (ISSN: 

1573-5184).1(1), 41–64. 10.1007/BF00042661 

[28] Fukuhara, O. (1989). A review of the culture of 

grouper in Japan. Bulletin of the Nansei National 

Fisheries Research Institute (ISSN: 0388-841X). 22, 

47–57. 

[29] Watanabe, W. O., Ellis, S. C., Ellis, E. P. & Lopez, 

V. G. (1996). Evaluation of first-feeding regimens 

for larval Nassau grouper Epinephelus striatus and 

preliminary, pilot-scale culture through 

metamorphosis. Journal of the World Aquaculture 

Society (ISSN: 1749-7345).27(3), 323–331. 

10.1111/j.1749-7345.1996.tb00615.x 

[30] Haylor, G. S. (1991). Controlled hatchery 

production of Clarias gariepinus (Burchell, 1822): 

growth and survival of fry at high stocking density. 

Aquaculture Research (ISSN: 1365-2109). 22(4), 

405–422. 10.1111/j.1365-2109.1991.tb00754.x 

[31] Barcellos, L. J. G., Kreutz, L. C., Quevedo, M. R., 

Fioreze, I., Cericato, L., Soso, M., Fagundes, A. B., 

Conrad, J., Baldissera, R. K., Brushi, A. & Ritter, F. 

(2004). Nursery rearing of Rhamdia quelen (Quoy 

and Gaimard) in cages: Cage type, stocking density 

and stress response to confinement. Aquaculture 

(ISSN: 0044-8486).232 (1-4), 383–394. 

10.1016/S0044-8486(03)00545-3 

 

http://dx.doi.org/10.22161/ijeab/3.3.8
http://www.ijeab.com/
https://doi.org/10.1111/j.1365-2109.2007.01704.x
https://doi.org/10.1111/j.1365-2109.2007.01704.x
http://dx.doi.org/10.5897/AJB10.1449
https://doi.org/10.1111/j.1469-7998.1988.tb04984.x
https://doi.org/10.1111/j.1469-7998.1988.tb04984.x
https://doi.org/10.1046/j.1444-2906.2002.00578.x
http://dx.doi.org/10.1007/BF00042661
https://doi.org/10.1111/j.1749-7345.1996.tb00615.x
https://doi.org/10.1111/j.1365-2109.1991.tb00754.x
https://doi.org/10.1016/S0044-8486(03)00545-3

