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Five isoenergetic semi-purified diets were formulated to evaluate the effects of dietary crude protein 
levels on growth and feed utilization of snakehead, Parachanna obscura (4.08 ± 0.07 g). Experimental 
diets were formulated to contain graded levels of crude protein (CP; 30, 40, 45, 50 and 60 g/100 g of 
diet). Fish feed on the tested diet in triplicate for 45 days. Seventy fingerlings were stocked per a 225 L 
cement tank. Growth performances and nutrient utilization parameters of fingerlings fed different diets 
varied significantly (P < 0.05) and the highest growth performance and nutrient utilization were obtained 
with fish fed on a 50% CP diet. The relationship between the dietary CP and specific growth rate (SGR) 
indicated that protein requirements of P. obscura fingerlings ranged from 42.5 to 53.5% of diet. 
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INTRODUCTION 
 
Despite its enormous natural potentialities, sub-Saharan 
Africa region provides only 0.16% of world aquaculture 
production. Then, most African countries rely on imports 
of fish to meet local demand for fish products. In order to 
reduce imports and to better meet the needs of African 
fish consumers, fish production in this region should grow 
by 267% from 2006 to 2020 (FAO, 2006). The 
development of aquaculture through the farming of 
endemic species of African inland waters is necessary. 
Thus, some neglected fish species like snakehead, 
Parachanna obscura, (Günther, 1861) which reveal 
interesting  aquacultural  potential  have  been   identified 
 

(Kpogue et al., 2013a). P. obscura, the most widespread 
African Channidae (Bonou and Teugels, 1985), is 
unfortunately an endangered species (Lalèyè et al., 1997; 
Babatunde and Olojede, 2010). It is being cultured in 
extensive farming system in some African countries like 
Ivory Cost and Nigeria (Lazard and Legendre, 1994; 
Bassey and Ajah, 2010). Intensive breeding of P. obscura 
is urgently required to kick-start its sustainable 
aquaculture. Indeed, this option can help to preserve, as 
well as strengthen the natural stocks of P. obscura and 
produce continually its juveniles for sale to aquatic 
farming. 
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Table 1. Formulation and proximate composition of experimental diets. 
 

Ingredient (%) 
Dietary protein 

30% 40% 45% 50% 60% 

Caseina 10.80 21.60 25.86 32.40 43.10 
Cod mealb 14.00 14.00 14 14.00 14.00 
Yeastc 14.00 14.00 11.84 14.00 14.00 
Cod liver oild 9.80 7.80 6.00 6.00 6.00 
Soya oile 6.40 5.20 4.00 4.00 4.00 
Dextrina 20.00 20.00 17.00 10.00 2.90 
Glucosea 14.00 6.40 10.30 8.60 5.00 
Premix (vit – min)d 10 10 10 10 10 
Carboxymethylcellulosea 1 1 1 1 1 
      
Proximate analyses  

Crude protein (%) 27.35 39.01 44.09 49.33 59.06 
Crude lipid (%) 13.15 11.93 11.43 11.43 11.43 
Ash (%) 11.11 11.28 11.58 13.84 12.57 
Moisture (%) 8.96 8.81 8.86 8.84 8.96 
NFE f 39.43 28.97 24.04 16.56 7.98 
Gross energy (MJ/100 g) 2.01 2.02 2.02 2.03 2.04 
Protein / Energy (g/MJ) 17.42 22.26 24.78 27.09 29.41 

 
aSIGMA product; b Rieber & Son, N. 5002 Bergen, Norway; c Protibel (yeast Saccharomyces) Bel industries, 4 rue d’Anjou 
Paris 8ème, France;  d Drugstore , premix (vitamin – mineral) contains (‰):Vitamin A 4 000 000 U.I; Vitamin D  800 000 U.I; 

Vitamin E 40 000U.I; Vitamin K3 1600 mg; Vitamin B1  4 000 mg; Vitamin B2  3 000 mg; Vitamin B6  3 800 mg; Vitamin B12  3 mg; 
Vitamin C 60 000 mg; Biotin 100 mg;  Inositol 10 000 mg  Pantothenic acid 8 000 mg; Nicotinic acid 18 000 mg; Folic acid 800 
mg; Cholin chloride 120 000 mg; Colbat carbonate 150 mg; Ferrous sulphate 8 000 mg; Potassium iodide 400 mg; 
Manganese oxide 6 000 mg; Cuivre 800 mg; Sodium selenite 40 mcg; Lysine 10 000 mg ; Methionin 10 000 mg; Zinc  
sulphate 8 000 mg; e Songhaï center (Republic of Benin); f  Nitrogen free extract, calculated as 100 - (protein + lipid + ash + 
moisture). 

 
 
 

It is well known that in intensive fingerlings culture, 
several factors like dietary protein level (NRC, 1993) and 
feeding level (El-Sayed, 2002; Giri et al., 2002) influence 
fish growth and survival. Indeed, in fish feeding, protein 
provides the essential and non-essential amino acids to 
synthesize body protein and in part provides energy for 
maintenance (NRC, 1993; Kaushik and Médale, 1994). 
When protein level is inadequate in the diet of fish, a 
reduction of growth is observed. Protein is the most 
expensive component in supplementary fish feed 
(Fagbenro et al., 1992). As feed constitutes 70% of total 
investment in intensive aquaculture (Pillay, 1990), any 
reduction in dietary protein level without affecting fish 
growth can substantially reduce the cost of fish feed 
(Fiogbe et al., 1996; Jamabo and Alfred-Ockiya, 2008). 
Therefore, from both economical and environmental 
perspective, it is important that inclusion of the dietary 
protein should be optimized (Siddiqui and Khan, 2009; 
Akpinar et al., 2012). Therefore, in this study, semi-
purified diets were used in order to investigate the 
influence of dietary protein levels on growth, feed 
utilization and carcass composition of snakehead, P. 
obscura fingerlings and to estimate their protein 
requirement. 

MATERIALS AND METHODS 
 
Composition and preparation of the diets 
 
Five isoenergetic experimental diets were formulated with semi-
purified ingredients to contain graded levels of protein (30, 40, 45, 
50 and 60 g/100 g of diet) (Table 1). These protein contents were 
chosen based on the results of the protein requirements of other 
snakeheads species such as Channa striatus (Mohanty and 
Samantary, 1996; Samantary and Mohanty, 1997; Aliyu-Paiko et 
al., 2010) and Channa punctatus (Zehra and Khan, 2011). The 
various ingredients were ground with hammer mill, weighed and 
mixed. Feed was prepared by mixing the dry ingredients with the 
addition of oil and water until a desirable paste-like consistency was 
reached. The resulting paste was transformed into pellets with 2 
mm of diameter with the aid of food blender (MFM- 302- Denwa). 
After sun-drying at a temperature of 28 to 35°C for about 3 days, 
the pellets were manually broken.  
 
 
Experimental fish, rearing conditions and feeding trial 
 
Fish were collected from a swamp “Dra” in Takon (South - Est - 
Benin). Once collected, fish were transported to the experimental 
Station to the Research Unit of Wet Land, Department of Zoology, 
Faculty of Sciences and Technology, University of Abomey, Calavi, 
and put in circular tank for 2 weeks. During this period, fry were 
trained to accept progressively the formulated diet. A mixture of  the
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Table 2. Growth performances, survival rate and nutrient utilization of P. obscura fingerlings fed diets 
containing different levels of protein for 45 days. 
 

Dietary protein  30% 40% 45% 50% 60% 

Initial body weight (g) 4.04 ± 0.04 4.00 ± 0.04 4.06 ± 0.04 4.09 ± 0.02 4.19 ± 0.04 
Final  body weight (g) 6.00 ± 0.11d 7.70 ± 0.09c 8.79 ± 0.41b 10.25 ± 0.14a 9.16 ± 0.13b 
Survival rate (%) 100 ± 0.00 100 ± 0.00 100 ± 0.00 100 ± 0.00 100 ± 0.00 
SGR (%/day) 1.08 ± 0.05d 1.82 ± 0.02c 2.13 ± 0.11b 2.55 ± 0.04a 2.17 ± 0.05b 
K 0.67 ± 0.12b 0.76 ± 0.19b 1.06 ± 0.34a 0.98 ± 0.08b 0.96 ± 0.24b 

FE 0.56 ± 0.03d 0.75 ± 0.07c 0.90 ± 0.08b 1.17 ± 0.03a 0.96 ± 0.06b 
PER 0.03 ± 0.00c 0.04 ± 0.00b 0.04 ± 0.00b 0.04 ± 0.01a 0.03 ± 0.00c 
PPV( %) 3.68 ± 0.12d 4.58 ± 0.07c 5.44 ± 0.09b 7.00 ± 0.21a 5.20 ± 0.35b 

Sk  -0.64 ± 0.06bc 0.27 ± 0.46ab -0.04 ± 0.31bc -0.15 ± 0.20bc 0.19 ± 0.45b 
 

Means on the same line followed by different superscripts are significantly different (P< 0.05). 
 
 
different experimental diets (20% of each) was used as feed during 
this phase. After this conditioning period, 70 fingerlings (4.08 ± 0.07 
g) were stocked per a 225-L tank for 45 days and each diet was 
assigned by three tanks. Water in all tanks was renewed 
continuously (1 L/min). To prevent fish from jumping out, tanks were 
covered at 50% with a perforated wooden plank. During the 
experiment, fish were hand fed daily every 2 h from 08:00 am to 
08:00 pm up to apparent satiation.  

Water quality parameters such as temperature, pH, dissolved 
oxygen and nitrite were daily measured in each tank throughout the 
experimental period. These parameters were 27.8 ± 0.2°C, 6.1 ± 
0.1, 6.28 ± 0.14 mg/L, and 0.01±0.00 mg/L, respectively. 

At the beginning and the end of the experiment, all fish were 
counted and weighed per tank and 30 fingerlings were sampled for 
individual weight and total length. All fish were counted and 
weighed every 7 days for growth sampling during the experimental 
period and no feed was given to the fish on the day of sampling. 
 
 
Chemical and calculations 

 
Fish samples were analyzed by standard methods for dry matter 
(oven drying) at 105°C for 24 h, crude protein (CP) (N- Kjeldahl × 
6.25) and ash (oven incineration at 550°C for 12 h). Total lipids 
were extracted according to Bligh and Dyer (1959).  

After the feeding trial, fish were collected, counted, and weighed 
and the different parameters were calculated as follows: 
 

 
 

 
 
Where IB and FB are the initial and final biomasses and DB (g) is 
biomass of dead fish, and FD (g) is the total feed distributed.  
Fish survival rate (%) = 100 × FN/IN; (IN, FN = Initial and Final 
Number of fish respectively).  
Condition factor (K %) = 100 × final body weight /L3; where L is fish 
length in cm;  
Protein efficiency ratio (PER) = (final biomass - initial biomass) / 
(total feed intake × dietary protein);  
Protein productive value (PPV) = 100 × (final protein in fish - initial 
protein in fish) / (total feed intake per fish × dietary protein). 
 
 
Statistical analysis 
 

The obtained data were statistically analyzed by  one  way  analysis 

of variance (ANOVA) after verifying the homogeneity of variance 
using Hartley’s test. Significant differences between means were 
determined using a Fisher’s test at P < 0.05 (Saville, 1990). Results 
are given as means ± standard deviation. The coefficient of 
Skewness (Sk) was used to measure the degree of symmetry of 
body length distribution at different treatments (Sheskin, 2004). 
Relationships between diets and growth, and nutrient utilization 
performances were examined by Pearson’s product - moment 
correlation.  

Two mathematical (dose - response) models were used to 
assess the effect of dietary protein level on specific growth rate 
(SGR) of P. obscura fingerlings: 
 
(1) The general equation of the broken line model (Robbins et al., 
1979) is y = L+U(R-XLR) where L is the ordinate and R, the abscissa 
of the breakpoint. R is taken as the estimated requirement (dietary 
protein that guarantees the maximum SGR). XLR means X less than 
R, and U is the slope of the line for XLR. By definition, R-XLR is zero 
when X > R. 
(2) The model of Brett and Grove (1979) was applied to the second 
order polynomial regression between dietary protein and SGR. This 
model allows determination of: 
 
(a) The maximum dietary protein (corresponding to the maximum 
SGR and calculated by taking the first derivative of the second 
order polynomial equation), 
(b) The optimum dietary protein [obtained graphically and 
corresponding to the best feed efficiency (FE)]. 
 
 
RESULTS  
 
Survival rate, growth performances and nutrient 
utilization parameters 
 
Survival rate, growth performances and nutrient utilization 
parameters of P. obscura fingerlings during the feeding 
trial are shown in Table 2. In all the treatments, survival 
rates were 100% and were not significantly affected by 
the dietary protein levels (P > 0.05). Growth parameters 
namely the final body weight, SGR, and K factor were 
significantly influenced (P < 0.05) by the dietary protein 
levels. For these parameters, the value recorded with fish 
fed the diet with 30% of protein was the lowest, while the 
highest ones were  obtained  at  50%  CP  diet.  The  final 

Specific growth rate (SGR; %/d) = 100 × [Ln (final body weight) - Ln (initial body 
weight)] / days of the experiment 

Feed efficiency (FE) = (FB+DB-IB) / FD 
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Table 3. Whole-body composition (%; on dry matter basis) for P. obscura fingerlings fed with diets 
containing different levels of protein for 45 days. 
 

Parameter Crude protein Crude lipid Ash Moisture 

Initial fish  40.46 ± 1.14 11.01 ± 0.20 17.60 ± 0.54 76.30 ± 1.22 
30% 42.38 ± 5.02c 13.31 ± 0.46e 15.02 ± 0.33a 78.60 ± 0.82bc 
40% 45.34 ± 0.27b 16.50 ± 0.12a 14.20 ± 0.50bc 77.80 ± 0.44c 
45% 47.03 ± 0.27b 15.70 ± 0.01b 15.81 ± 0.37a 76.80 ± 0.06d 
50% 50.15 ± 2.52a 14.10 ± 0.26d 13.91 ± 0.35cd 79.21 ± 0.44ab 
60% 48.48 ± 2.74ab 14.81 ± 0.37c 13.75 ± 0.24d 80.01 ± 0.04a 

 

Values with different letters within the same column are significantly different (P < 0.05). 
 
 
 

Table 4. Linear regression characteristics describing relationships between dietary protein level and 
growth and nutrition utilization parameters. 
 

Parameter SGR (%/day) K FE PER PPV 

Range 1.08 - 2.55 0.67 - 1.06 0.56 - 1.17 0.03 - 0.04 3.68 - 7.00 
R2 0.65* 0.55 0.62 0.02 0.40 
P 0.09 0.14 0.11 0.8 0.24 

 

Range = minimum – maximum. Correlation marked with (*) is significant at 95%. 
 
 
 
body weight and the SGR improved significantly as 
dietary protein level increased from 30 to 50% and 
inclusion of dietary protein above 50% of diet did not 
improve the fish growth. As for K factor, it was 
significantly the highest with 45% CP (P < 0.05). 
Parameters of nutrient utilization (FE, protein efficiency 
rate (PER), and PPV) were significantly affected by the 
levels of dietary protein (Table 2; P < 0.05). FE, PER and 
PPV increased progressively with graded dietary protein 
level and was found to be the best for fish fed 50% CP 
diet (P < 0.05). Moreover, a significant fall in FE, PER, 
and PPV was obtained in fish fed 60% CP diet. No 
significant difference (P > 0.05) was recorded for the Sk 
in all treatments (Table 2). 
 
 
Body composition 
 
The result of whole-body composition analysis is 
presented in Table 3. CP, crude lipid, ash and moisture 
were significantly affected by dietary protein level (P < 
0.05). CP increased with the dietary protein level up to 
50% and decreased later on. The lowest CP was found in 
fish fed 30% dietary protein. There was no significant 
difference (P > 0.05) between body CP for fish fed diets 
with 50 and 60% protein. The dietary treatment which 
produced the highest growth performance (50% dietary 
protein) induced one of the lowest body lipid and ash 
contents. Initial body composition of fish contained less 
moisture than final body composition of fish, regardless of 
experimental diets. 

Estimation of protein requirement 
 
Table 4 showed that SGR is the parameter mostly 
correlated with the levels of dietary protein. Significant 
linear relationship was observed for SGR (R2 = 0.65). No 
evidence was found for FE, K, PER and PPV. Thus, 
relationships between dietary protein in diet and SGR 
were used to estimate the dietary protein requirements 
for P. obscura fingerlings. Based on the second-order 
polynomial regression analysis (Brett and Grove, 1979) of 
SGR against dietary protein levels, optimum and 
maximum protein requirement for better growth of P. 
obscura fingerlings were 42.5 and 53.5, respectively 
(Figure 1). According to the model of the broken line 
model (Figure 2), the maximum protein requirement for P. 
obscura fingerling is 50.5%. 
 
 
DISCUSSION 
 
The obtained results showed that fish growth was 
improved significantly with the increase in dietary protein 
up to 50% after which fish growth was retarded. Similar 
observation was reported in various other cultivated 
fingerlings as Oreochromis niloticus (Kaushik et al., 
1995), Perca fluviatilis (Fiogbe et al., 1996), Heterotis 
niloticus (Monentcham et al., 2010), Clarias gariepinus 
(Farhat and Khan, 2011), Horabagrus brachysoma (Giri 
et al., 2011), and Cyprinus carpio (Moreau, 2001; Ahmed 
et al., 2012). The trend of growth depression at surplus 
levels of protein intake in the diets could  be  attributed  to 
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Figure 1. Second degree relationship between specific growth rate and 
dietary protein levels. 

 
 
 

 
 
Figure 2. Relationship between specific growth rate and dietary protein 
levels according to the broken line model.  

 
 
 
the reduction in the available energy for growth due to 
inadequate non-protein energy necessary to desaminate 
and excrete absorbed amino-acid (Houlihan, 1991; Kim 
et al., 2002; Köprücü and Özdemir, 2005). According to 
those authors, protein in fish is a main component 
constituent of tissue and organs. They are precursors of 
other nitrogen compounds (enzymes, hormones, slurry, 
neurotransmitters, cofactors, etc) and constitute an 
important energy source. Fish digest protein to obtain 
free amino acids, which are absorbed from intestinal tract 
and used by various tissues to synthesize new protein. 
Thus, a consistent intake of protein is required, since it is 
continually used by the fish to build new proteins. 
Inadequate protein levels in the diets results in a 
reduction of growth and loss of weight. However, when 
an excess of protein is supplied in the diet, only part of it 
is used for protein synthesis (growth) and the remaining 
is transformed into energy.  The  low  growth  obtained  in 

this study with 60% CP diet can be due to the fact that 
most of the protein was used for maintenance making it 
excess and unavailable for fish growth and the excess 
protein may be broken down to amino acids which were 
deaminated to become carbohydrates. 

The K factor is significantly the best with 45% CP. This 
result showed that diet with 45% CP could be ideal for 
best growth of P. obscura fingerlings. The Sk coefficient 
ranged between -0.06 ± 0.06 and 0.29 ± 0.46. These 
results showed heterogeneity between fish size in all the 
treatments. Regardless of dietary CP level, dominance 
hierarchy was present in all tanks. Dominant fish being 
territorial and having a privileged access to the feed 
according to the values of the Sk coefficient. This 
hierarchy induced size heterogeneity into each group. 
Those observations tallied with Fiogbe et al. (1996) in P. 
fluviatilis fingerlings. 

FE, PER and PPV are usually used as  indices  of  feed  
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and protein utilization in aquaculture. In this study, 
increase in dietary protein from 30 to 50% CP improved 
these parameters and the inclusion of dietary protein over 
50% did not exhibited better feed and protein utilization in 
P. obscura fingerlings. In this regard, Yang et al. (2003), 
Kim and Lee (2009), Siddiqui and Khan (2009), Adewolu 
and Adoti (2010), Sotolu (2010), Ergün et al. (2010) and 
Ahmad et al. (2012) obtained the same trend and they 
have shown that the feed and protein utilization 
parameters decrease beyond the maximal level of dietary 
protein. However, protein requirement for maximal growth 
is always higher than the requirement for least cost 
(optimal) production.  

The results of whole-body composition showed that CP 
increased significantly (P < 0.05) with increasing the 
dietary protein level up to 50% and decreased later on. 
However, crude lipid, ash and moisture did not show any 
coherent trends. Similar trends were obtained with Aliyu-
Paiko et al. (2010) in C. striatus fingerlings.  

According to the two mathematical models (dose - 
response) used to assess the effect of dietary protein 
level on SGR, protein requirements of P. obscura 
fingerlings ranged from 42.5 to 53.5% of diet. This result 
is similar to those recommended to other snakehead 
species fingerlings such as C. striatus and C. punctatus. 
For C. striatus fingerlings, protein requirements are 43% 
(Boonyaratpalin, 1980, 1981), 50% (Wee and Tacon, 
1982; Wee, 1986), 40 to 45% (Samantary and Mohanty, 
1997), 45% (Aliyu-Paiko et al., 2010) and 55% (Kumar et 
al., 2010). C. punctatus protein requirements are ranged 
between 43.8 and 44.4% (Zehra and Khan, 2011). P. 
obscura fingerlings dietary protein requirements are near 
to those determined for other carnivorous species 
fingerlings like Carassius auratus 42.5% (Bandyopadhyay 
et al., 2005), P. fluviatilis 43.6% (Fiogbe et al., 
1996), hybrid Hetero clarias 50%, (Diyaware et al., 2009), 
Pangasius hypophthalmus 45% (Liu et al., 2011), 
Chrysophrys major 55% (Yone, 1976), Dicentrarchus 
labrax 50 to 53% (Alliot et al., 1974; Métailler et al., 
1981), Heteropneustes fossilis 40 to 43% (Siddiqui and 
Khan, 2009), C. gariepinus 43 to 46% (Farhat and Khan, 
2011) and Chrysischthys nigrodigitatus 40% (Adewolu 
and Benfey, 2009). Protein requirements between fish 
species is complicated by difference in species, size and 
age of fish, diet formulation, stocking density, protein 
quality, hygiene and experimental conditions between 
studies (NRC, 1993). However, the dietary protein 
requirements of P. obscura fingerlings as estimated in the 
present study, were slightly lower than those determined 
by Kpogue et al. (2013b) for the same species larvae 
(45.5 and 55.5%).  

Despite its short duration (6 weeks), the results of this 
trial had shown clearly the effects of dietary protein levels 
on growth, feed utilization and carcass composition of 
endangered snakehead (P. obscura) fingerlings. This 
study confirmed that P. obscura is a hardy and rustic 
species. Growth performances and  nutrient  utilization  of 

 
 
 
 
fingerlings fed different diets varied significantly (P < 
0.05). SGR is the parameter mostly correlated with 
dietary protein level and two mathematical models 
(second order polynomial regression and broken line 
models) were used to analyze the relationships between 
the dietary CP and the SGR. According to our results, 
dietary CP requirements for P. obscura varied from 42.5 
to 53.5% in formulated diets and the optimum level is 
50.3%.  
 
 
ACKNOWLEDGEMENTS 
 
This study was supported by the Ministry of Higher 
Education and Scientific Research of   Republic of Benin 
which provided a PhD grant to Diane Kpogue. We are 
also thankful to Mr Aristide Medenou for helping us 
regarding statistical analysis of our data.  
 
 
REFERENCES 
 
Adewolu MA, Adoti AJ (2010). Effect of mixed feeding of varying dietary 

protein levels on the growth and feed utilization of Clarias gariepinus 
fingerlings. J. Anim. Vet. Adv. 9(10):1415-1419. 

Adewolu MA, Benfey TJ (2009). Growth, nutrient utilization and body 
composition of juvenile bagrid catfish, Chrysichthys nigrodigitatus 
(Actinopterygii: Siluriformes: Claroteidae), fed different dietary crude 
protein levels. Acta. Ichthyol. Pisc. 39:95-101. 

Ahmad M, Qureshi TA, Singh AB, Susan M, Kamlesh B, Salman RC 
(2012). Effect of dietary protein, lipid and carbohydrate contents on 
the growth, feed efficiency and carcass composition of Cyprinus 
carpio communis fingerlings. Int. J. Fish. Aquac. 4(3):30 -40. 

Akpinar Z, Sevgili H, Ozgen T, Demir A, Emre Y (2012). Dietary protein 
requirement of juvenile shi drum, Umbrina cirrosa (L). Aquacult. Nutr. 
Aquacult. Res. 43(3):421-429. 

Aliyu – Paiko M, Hashim R, Shu – Chien AC (2010). Influence of dietary 
lipid/protein ratio on survival, growth, body indices and digestive 
lipase activity in Snakehead (Channa striatus, Bloch 1793) fry reared 
in re – circulating water system. Aquacult. Nutr. 16:466-474. 

Alliot E, Febvae A, Métailler R, Pastoureaud A (1974). Besoins nutritifs 
du bar (Dicentrarchus labrax). Etude du taux protéique en fonction du 
taux de lipide dans le régime. In Actes de Colloques № 1, colloque 
sur l'Aquaculture, Brest, Oct. 1973, pp. 215-231. 

Babatunde EE, Olojede ET (2010). Comparative studies on the catch 
selectivity of galvanized wire gauze trap from fresh and brackish 
water tropical creeks in south-western Nigeria. J. Life. Phys. Sci. 
3(2):91-101. 

Bandyopadhyay P, Swain SK, Mishra S (2005). Growth and dietary 
utilization in goldfish (Carassius auratus Linn.) fed diets formulated 
with various local agro-produces. Bioresour. Technol. 96:731-740. 

Bassey AU, Ajah PO (2010). Effect of three feeding regimes on growth, 
condition factor and food conversion rate of pond cultured  
Parachanna obscura (Günther, 1861) (Channidae) in Calabar, 
Nigeria. Turk. J. Fish. Aqua. Sci. 10:195 -202. 

Bonou CA, Teugels GG (1985). Révision systématique du genre 
Parachanna Teugels et Daget, 1984 (Pisces, Channidae). Rev. 
Hydrobiol. Trop. 18(4):267-280. 

Boonyaratpalin M ( 1981). Lipid requirements of snakehead fingerling. 
Progress report of the regional of the regional project RAS/76/003. 
Network of Aquaculture Centres in Asia, Bangkok, Thailand. p. 30. 

Boonyaratpalin M (1980). Protein requirement of pla chon 
(Ophiocephalus striatus). In: National Inland Fisheries Institute 
Annual Report. (in Thai). Departement of Fisheries, Bangkok, 
Thailand. pp. 37-38 

Brett JR, Grove TDD (1979). Physiological energetic. In: Hoar WS, 
Randall   DJ,  Brett  JR  (Eds.),  Fish  Physiology.  Bioenergetics  and  



 
 
 
 

Growth,vol. VIII. Academic Press, New York. pp. 279-352. 
Diyaware MY, Modu  BM, Yakubu UP (2009). Effect of different dietary 

protein levels on growth performance and feed utilization of hybrid 
catfish (Heterobranchus bidorsalis x Clarias anguillaris) fry in north-
east Nigeria. Afr. J. Biotechnol. 8(16):3954-3957. 

El sayed AFM (2002). Effect of stocking density  and feeding levels on 
growth and feed efficiency of Nile tilapia Oreochromis  niloticus. 
Aquacult. Res. 33:621-626. 

Ergün S, Güroy D, Tekeşoğlu H, Güroy B, Çelik İ, Tekinay A, Bulut M 
(2010). Optimum Dietary Protein Level for Blue Streak Hap, 
Labidochromis caeruleus. Turk. J. Fish. Aqua. Sci. 10:27-31. 

Fagbenro OA, Balagon AM, Anyanwu CN (1992). Optimum dietary 
protein level of Heterobranchus bidorsalis fed compounded diet. Nig. 
J. Appl. Fish. Hydrobiol. 1:41-45. 

FAO (2006). The State of world fisheries and aquaculture. p. 185. 
Farhat KMA, Khan MA (2011). Growth, feed conversion and nutrient 

retention efficiency of African catfish, Clarias gariepinus (Burchell) 
fingerling fed diets with varying levels of protein. J. Appl. Aquacult., 
23(4):304-316. doi: 10.1080/10454438.2011.626370.  

Fiogbe ED, Kestemont P, Melard C, Micha JC (1996). The effects of 
dietary crude protein on growth of the Eurasian perch Perca fluviatilis. 
Aquaculture 144:239-249. 

Giri SS, Sahoo SK, Paul BN, Mohanty SN, Sahu AK (2011). Effect of 
dietary protein levels on growth, feed utilization and carcass 
composition of endangered bagrid catfish Horabagrus brachysoma 
(Gunther 1864) fingerlings. Aquacult. Nutr. 17:332-337. 

Giri SS, Sahoo SK, Sahu BB, Sahu AK, Mohanty SN, Mukhopadhyay 
PK, Ayyappan S (2002). Larval survival and growth in Wallago attu 
(Bloch and Schneider): effects of light, photoperiod and feeding 
regimes. Aquaculture 213:151–161. 

Günther A (1861). Catalogue of the Acanthopterygian fishes. The 
Trustees, London. 3:586. 

Houlihan DF (1991). Protein turnover in Ectotherms and its relationships 
to energetic R. Gilles (ed). Adv. Comparative Environ. Physiol. 7:1-
43.  

Jamabo NA, Alfred-Ockiya JF (2008). Effects of dietary protein levels on 
the growth performance of Heterobranchus bidorsalis (Geoffrey- 
Saint-Hillarie) fingerlings from Niger delta. Afr. J. Biotechnol. 
7(14):2483-2485. 

Kaushik SJ, Doudet T, Médale F, Aguirre P, Blanc D (1995). Protein 
and energy needs for maintenance and growth of Nile tilapia 
(Oreochromis niloticus). J. Appl. Ichthyol., 11: 290-296. 

Kaushik SJ, Médale F (1994). Energy requirements, utilization and 
dietary supply to salmonids. Aquaculture 124:81-97. 

Kim KW, Wang XJ, Bai SC (2002). Optimum dietary protein level for 
maximum growth of juvenile olive flounder, Paralichthys olivaceus 
(Temminck et Schlegel). Aquacult. Res., 33: 673-679. 

Kim SS, Lee KJ (2009). Dietary protein requirement of juvenile tiger 
puffer, (Takifugu rubripes). Aquaculture 287:219-222. 

Köprücü K, Özdemir Y (2005). Apparent digestibility of selected feed 
ingredients for Nile tilapia (Oreochromis niloticus). Aquaculture 
250:308-316. 

Kpogue DNS, Mensah GA, Fiogbe ED (2013a). A review of biology, 
ecology and prospect for aquaculture of Parachanna obscura. Rev. 
Fish. Biol. Fisheries. DOI 10.1007/s11160-012-9281-7. 

Kpogue D, Gangbazo H, Fiogbe E (2013b). A preliminary study on the 
dietary protein requirement of Parachanna obscura (Günther, 1861) 
larvae. Turk. J. Fish. Aquat. Sci., 13, 111-117. 

Kumar D, Marimuthu K, Haniffa MA, Sethuramalingam TA (2010). 
Optimum dietary protein requirement of striped murrel Channa 
striatus fry. Malays. J. Sci. 29:52–61. 

Lalèyè P, Chikou A, Wuémènou T (1997). Poissons d’eaux douces et 
saumâtres du Bénin : inventaire, distribution, statut et conservation. 
Inventaire des poissons menacés de disparition, statut et 
conservation. Inventaire des poissons menacés de disparition du 
Bénin. Rapport d’étude. Coop. Bénino-néerlandaise /Ambassade 
royale des Pays-Bas. Cotonou, Bénin. p. 80. 

 
 
 
 

Kpogue et al.         77 
 
 
 
Lazard J, Legendre M (1994). La pisciculture africaine : enjeux et 

problèmes de recherche. Cah. Agric. 3:83- 92. 
Liu X, Wang Y, Ji W (2011). Growth, feed utilization and body 

composition of Asian catfish (Pangasius hypophthalmus) fed at 
different dietary protein and lipid levels. Aquacult. Nutr. 17:578–584. 
doi: 10.1111/j.1365-2095.2011.00859.x. 

Métailler R, Aldrin JP, Messager JL, Mevel G, Stephan G (1981). 
Feeding of european sea-bass Dicentrarchus labrax: Role of protein 
level and energy source. J. World Maricul. Soc. 12:117-118. 

Mohanty SS, Samantary K (1996). Effects of varying levels of dietary 
protein on the growth performance and feed conversion efficiency of 
snakehead, Channa striata fry. Aquacult. Nutr. 2:89-94. 

Monentcham SE, Pouomogne V, Kestemont P (2010). Influence of 
dietary protein levels on growth performance and body composition 
of African bonytongue fingerlings, Heterotis niloticus (Cuvier, 1829). 
Aquacult. Nutr. 16:144-152. doi : 10.1111/j.1365-2095.2008.00646.x. 

Moreau Y (2001). Couverture des besoins énergétiques des poissons 
tropicaux en aquaculture Purification et comparaison des amylases 
de deux tilapias: Oreochromis niloticus et Sarotherodon 
melanotheron. Thèse présentée pour l’obtention du grade de Docteur 
en Sciences. Université d’Aix-Marseille III Faculté des Sciences et 
Techniques de Saint-Jérôme. p. 215. 

NRC (National Research Council) (1993). Nutrient Requirements of 
Fish. National Academy Press, Washington, DC. p.114. 

Pillay TVR (1990). Aquaculture: Principles and practices. Fishing News 
Books, Oxford. p. 575. 

Robbins KR, Norton HW, Baker DH (1979). Estimation of nutrient 
requirements from growth data. J. Nutr. 109:1710-1714. 

Samantary K, Mohanty SS (1997). Interactions of dietary levels of 
protein and energy on fingerling snakehead, Channa striata. 

Aquacult. 156:241-253. 
Saville DJ (1990). Multiple comparison procedures: the practical 

solution. Am. Stat. 44(2):174-180. 
Sheskin DJ (2004). Handbook of Parametric and Nonparametric 

Statistical Procedures, 3rd edn. Chapman & Hall/ CRC, Boca Raton, 
USA. 

Siddiqui TQ, Khan MA (2009). Effects of dietary protein levels on 
growth, feed utilization, protein retention efficiency and body 
composition of young Heteropneustes fossilis (Bloch). Fish. Physiol. 
Biochem. 35:479-488. 

Sotolu AO (2010). Effect of varying dietary protein levels on the growth 
performance of Clarias gariepinus fry. J. Livest. Res. Rural Dev. 
22(4):312-318. 

Wee KL (1986). A preliminary study on the dietary protein requirement 
of juvenile snakehead. In. Proc. Int. Conf. Dev. Managet. Trop. 
Living. Aquat. Resource., Serdang, Malaysia, 2-5. August 1983. pp 
131-136. 

Wee KL, Tacon AGJ (1982). A preliminary study on the dietary protein 
requirement of juvenile snakehead. Bull. Jpn. Soc. Sci. Fish. 
48:1463-1468. 

Yang SD, Lin TS, Liou CH, Peng HK (2003). Influence of dietary protein 
level on growth performance, carcass composition and liver lipid 
classes of juvenile Spinibarbus hollandi (Oshima). Aquacult. Res. 
34:661-666. 

Yone Y (1976). Nutritional studies of red sea bream. In Proc. First. 
Intern. Conf. Aquacult. Nutr. Newmark, Delaware, University of 
Delaware.  pp. 39-64. 

Zehra S, Khan M A (2011). Dietary protein requirement for fingerling 
Channa punctatus (Bloch), based on growth, feed conversion, protein 
retention and biochemical composition.  Aquacult. Int. 20(2):383-395. 

 
 
 


