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Abstract 

he high cost of commercial fish feed in developing countries appears to be the major problem and 

constraints to the aquaculture system due to competition between humans and livestock for the 

conventional feedstuff which has become too expensive for the fish feed producer. Therefore, this study 

was conducted to investigate the effects of Delonix regia seeds in two different processing methods 

(Fermentation and Cooking) on proximate composition and nutrient utilization of fish. Ten isonitrogenous diets 

(40% crude protein) were formulated using pearson square method with cooked, raw and fermented Delonix 

regia seed at 0% (Control), 10%, 20% and 30% inclusion, respectively. The design was a completely 

randomized design. Four hundred and fifty (450) Heterobranchus bidorsalis fingerlings with mean initial 

weight (2.64±0.01g) were stocked at fifteen fish per tank. There were significant differences (P<0.05) across the 

dietary treatments for proximate composition.  Dietary treatments had significant (P< 0.05) effect on moisture, 

crude lipid, crude fibre, ash and nitrogen free extract with the exception of crude protein and dry matter in raw 

Delonix regia seed. All dietary treatments differed significantly (P<0.05) for moisture, crude lipid, crude fibre, 

ash, nitrogen free extract and dry matter respectively with the exception of crude protein in fermented  Delonix 

regia. Moisture, crude lipid, crude fibre, ash, nitrogen free extract and dry matter differed significantly (P < 

0.05) across the dietary groups with the exception of crude protein in cooked Delonix regia. Fish fed control diet 

had the heavier final weight (400.3 g) than the fish fed the treated diets. Protein efficiency ratio was higher in 

fish fed 0 % inclusion of Delonix regia seeds (9.85 %) which differs significantly (P < 0.05) from the group fed 

treated Delonix regia seed meal.  

It is therefore concluded that inclusion of cooked Delonix regia seed up to 20% have no adverse effect on the 

health status of H. bidorsalis fingerlings. 

T 



 
Dutse Journal of Pure and Applied Sciences (DUJOPAS) Vol. 3 No. 2 December 2017 

 

  301 
 

Key Words: Delonix regia seed, H. bidorsalis, processing methods, nutrient utilization, growth  

Introduction 

One of the major bottlenecks faced by the fish farmers in the developing countries is the high cost of 

commercial feed (Lovell, 1989). According to Okoye and Sule (2001) the rapid bloom of commercial 

fish culture largely depends on availability of good quality and cheap feed. Fishmeal is the preferred 

dietary protein sources for most of the cultured fish. The limited supply, high demand and high cost 

has constituted a great problem to the aquaculture industry, this therefore necessitated the need to 

use more economical plant and animal protein ingredients in fish feed formulation that will be 

affordable and enhance palatable aqua feeds. 

 

A lot of emphasis has been made on the use of plant protein sources such as; soya bean cake (Koumi 

et al., 2009), groundnut cake (Ovie and Ovie, 2007), cotton seeds cake (El-Saidy and Gaber, 2003) and 

rape seed Meal (Burel et al., 2000). However, the challenge is that they are all deficient in essential 

amino acids, in addition the competition for these conventional plants by livestock and humans has 

led to their scarcity and high cost, which in turn has made them beyond the reach of aqua feed 

producers. Therefore, there is the need to search for alternative feedstuff which will be available and 

cost effective in Nigeria. 

 

Delonix regia is endemic to the western forest of Madagascar, but has now been introduced into the 

tropical and sub-tropical regions worldwide. It is an ornamental legume plant noted for its fern like 

leaves and flamboyant display of flowers. Heterobranchus is one of the two main genera of family 

clariidae the African mud fish (Clarias and Heterobranchus) widely cultured in Africa, Asia and Europe 

(Adewolu and Adoti, 2010). This is due to their outstanding culture characteristics such as ability to 

withstand unfavorable environmental conditions, efficient in utilizing various types of locally 

formulated fish feed, resistance to disease, high economic potential and simple techniques in the 

propagation of their fingerlings (Owodeinde et al., 2011).  

 

Heterobranchus bidorsalis is the second most important aquaculture species in Nigeria (Vanden 

Bossche and Bernacsek, 1990). However, literature on the effects of processed Delonix regia seeds 

included in the diet of H. bidorsalis fish on growth and nutrient utilization is very scanty. This study 

was therefore carried out to investigate the effect of soybean meal with inclusion of Delonix regia seeds 

at different dietary levels on growth and nutrient utilization of H. bisorsalis fingerlings. 

 

Materials and Methods 

The study was conducted at the aquaculture production technology unit of the skill acquisition and 

development centre, National Agricultural Extension and research Liason Services, Ahmadu Bello 

University, Zaria, located at latitude 11o 091 45.21 N and longitude 7o 381 17.91 E. 

Matured and dry pods of Delonix regia (flamboyant) containing the seeds were collected from the 

annex campus of Nuhu Bamalli Polytechnic Zaria. Seeds were collected by opening the pods 

manually. 

Fermentation of Delonix regia (Flamboyant) Seeds  
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The seeds were soaked in water for 12 hours. The drained soaked seeds were allowed to ferment 

naturally by tying in polythene bag and kept in a dark cupboard for 72 hours without the addition of 

yeast (Udensi and Okoronkwo, 2006). The fermented seeds were allowed to dry before grinding into 

homogenous powder using a hammer mill. 

 

Cooking of Delonix regia (Flamboyant) Seeds. 

The seeds were boiled at 100oC for 80 mins and were allowed to dry and later grounded to 

homogenous powder using a hammer mill (Bake et al., 2013). 

 

Raw Delonix regia (Flamboyant) Seeds. 

The raw seeds were dried and milled into a homogenous powder using a hammer mill. 

 

Fish performance parameters 

Weight Gain (WG) 

The fish weight gain was calculated by taking the difference between final weights at the end of the 

experiment and the initial weight in grams (Adewolu et al., 2008). 

WTG (g) = Final mean weight – initial mean weight. 

 

Specific Growth rate (SGR) 

Specific growth rate was calculated using the formular as described by Aderolu et al., (2010). 

 

 

 

Where:Wf = Final mean weight gain (g); Wi = Initial mean weight gain (g); t = Number of days of 

study; In = Natural log.  

 

Feed Conversion Ratio (FCR)  

Feed conversion ratio was calculated using the formular as used by Aderolu et al., (2010). 

 

  

 

 

Protein Efficiency Ratio (PER) 

Protein efficiency ratio was calculated using the formular as used by Adewolu et al., (2008) 

 

 

 

Statistical model 

Model equation for analysis of variance used in this study 

Yij = µ + Ti + Wij 

= In Wf – In wi 

t 
X 100 

FCR =  
Total feed intake (g) 

Total weight gain of fish  
X 100 

PER = SGR 
Weight gain (g) 

Protein intake (g)  
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Where:Yij= Observation of the records; µ is the effect population mean; Ti is the effect of treatments 

(Processing methods= Cooking and Fermentation); Wij is the random effect associated with the record 

of the lth fish 

 

 

Data Analysis 

Data obtained were subjected to one way analysis of variance (ANOVA) using general linear model 

(GLM of SAS 9.2). Duncan Multiple Range Test (DMRT) was used to test difference between levels 

of means and mean separation was considered significant at P<0.05. 

 

Results 

The proximate composition of raw Delonix regia seeds at different inclusion levels of diets  (Table 1) 

shows the Dietary treatments had significant (P< 0.05) effect on moisture, crude lipid, crude fibre, ash 

and nitrogen free extract with the exception of crude protein and dry matter. Moisture content was 

higher in RFSM1, (7.3 %), RFSM2 (7.5%) and RFSM3 (7.5 %), respectively and were similar (P>0.05) 

which differed significantly from the control group (6.6%). Control group had the highest 

concentration of crude lipid (11.6 %) while RFSM3 had the least concentration (8.2 %). RFSM1, RFSM2 

and RFSM3 were higher in crude fibre than the control group (4.0 %). RFSM1, RFSM2 and RFSM3 had 

higher concentration of ash content which differed significantly (P<0.05) from the control group. 

Control had the highest nitrogen free extract (29.5 %), followed by RFSM3 (25.3 %) and RFSM3 (23.9 

%) while the least in rank is RFSM1 (23.7 %). 

 
Table 1:  Mean±SD of proximate composition of raw Delonix regia seeds at different inclusion levels of diets 

Components (%) 0% (Control) RFSM1 RFSM2 RFSM3 p-value SEM 

Crude protein 

Moisture 

Crude lipid 

Crude fibre 

Ash 

NFE 

Dry Matter 

40.4 ± 0.68a 

6.6 ± 0.12b 

11.6 ± 0.05a 

4.0 ± 0.01b 

7.9 ± 0.03b 

29.5 ± 0.02a 

93.4 ± 0.04a 

40.1 ± 0.07a 

7.3 ± 0.03a 

10.1 ± 0.06b 

9.4 ± 0.05a 

9.4 ± 0.02a 

23.7 ± 0.02d 

92.7 ± 0.01a 

40.1 ± 1.22a 

7.5 ± 0.02a 

9.6 ± 0.02c 

9.4 ± 0.02a 

9.5 ± 0.13a 

23.9 ± 0.03c 

92.5 ± 0.81a 

40.1 ± 0.02a 

7.5 ± 0.05a 

8.2 ± 0.03d 

9.4 ± 0.02a 

9.5 ± 0.20a 

25.3 ± 0.09b 

92.5 ± 0.04a 

0.99ns 

 0.00 

0.00 

 0.00 

0.00 

 0.00 

0.43ns 

0.12 

0.35 

1.19 

2.33 

0.66 

2.32 

0.36 

                              values are mean±SD abcd Means with different superscripts across the groups differed significantly (P<0.05).*  

                   - Significant ** - Highly significant, Ns – Not significant, NFE-Nitrogen free extract. 

 

The proximate composition of fermented Delonix regia seeds at different inclusion levels of diet (Table 

2). All dietary treatments differed significantly (P<0.05) for moisture, crude lipid, crude fibre, ash, 

nitrogen free extract and dry matter respectively with the exception of crude protein. FFSM3 had 

higher levels of moisture (7.2 %) which differed significantly (P < 0.05) from control (6.6 %), FFSM1 

(6.7 %) and FFSM2 (6.8 %). FFSM3 had the highest concentration of crude fibre (5.34 %) which differed 

significantly (P < 0.05), FFSM2 (5.2%), FFSM1 (4.9%) and control group (4.0%), respectively. FFSM1, 

FFSM2 and FFSM3 were similar (P > 0.05) across the dietary treatments but statistically significant (P 

< 0.05) from the control group (7.9 %) for ash content. The control group had higher concentration of 

nitrogen free extract (29.5 %) which differed significantly (P < 0.05) from FFSM1, FFSM2 and FFSM3 

respectively. The control and FFSM1 group had higher dry matter (93.4 and 93.3 %) which differed 
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significantly (P < 0.05) from FFSM2 and FFSM3. Highest concentration of crude lipid was recorded in 

the control group (11.6 ± 0.05) which differed significantly (P < 0.05) from other dietary groups 

(FFSM1, FFSM2 and nFFSM3). FFSM1, FFSM2 and FFSM3 was statistically similar (P > 0.05) among the 

dietary groups, through FFSM1 had numerically the highest concentration of crude fibre (10.7 %) 

while FFSM3 had the least concentration (10.6 %). 

 
                 Table 2: Mean±SD of proximate composition of fermented Delonix regia seeds at different inclusion levels of diets 

Components (%) 0% (Control) FFSM1 FFSM2 FFSM3 p-value SEM 

Crude protein 

Moisture 

Crude lipid 

Crude fibre 

Ash 

NFE 

Dry Matter 

40.4 ± 0.68a 

6.6 ± 0.12b 

11.6 ± 0.05a 

4.0 ± 0.05d 

7.9 ± 0.03b 

29.5 ± 0.02a 

93.4 ± 0.04a 

40.3 ± 0.03a 

6.7 ± 0.03b 

10.7 ± 0.04b 

4.9 ± 0.02c 

9.4 ± 0.01a 

27.9 ± 0.49b 

93.3 ± 0.07ab 

40.3 ± 0.21a 

6.8 ± 0.01b 

10.7 ± 0.08b 

5.2 ± 0.05b 

9.4 ± 0.04a 

27.6 ± 0.02b 

93.2 ± 0.02b 

40.2 ± 0.01a 

7.2 ± 0.07a 

10.6 ± 0.02b 

5.3 ± 0.02a 

9.5 ± 0.06a 

27.3 ± 0.02b 

92.8 ± 0.03c 

0.96ns 

 0.02 

 0.00 

 0.00 

 0.00 

 0.00 

 0.00 

0.07 

0.21 

0.39 

0.51 

0.66 

0.85 

0.21 

                          abcd Means with different superscripts across the groups differed significantly (P < 0.05).*   

                 - Significant ** - Highly significant,  Ns – Not significant, NFE-Nitrogen free extract 

 

Table 3 shows the proximate composition of cooked Delonix regia seeds at different inclusion levels of 

diet. Moisture, crude lipid, crude fibre, ash, nitrogen free extract and dry matter differed significantly 

(P < 0.05) across the dietary groups with the exception of crude protein. CFSM2 (6.9%) and CFSM3 (6.9 

%) had higher concentration of moisture which differed significantly (P < 0.05) from CFSM1 (6.7 %) 

and control group (6.6%). The control group had the highest concentration of crude lipid (11.6 %) 

which differed significantly (P < 0.05) from CFSM1, CFSM2 and CFSM3 respectively, though CFSM2 

(10.2 %) and CFSM3 (10.1%) was statistically similar (P>0.05). CFSM2 and CFSM3 had the highest crude 

fibre content and were statistically similar (P>0.05) but differed significantly (P < 0.05) from CFSM1 

(4.3 %) and control group (4.0%). CFSM3 had the highest ash content (9.5 %) which differ significantly 

(P < 0.05) from CFSM2 (9.3 %), CFSM1 (9.1 %) and control (7.9 %). The control group had the highest 

levels of nitrogen free extract (29.5 %) which differed significantly from CFSM1, CFSM2 and CFSM3 

respectively. CFSM1 and CFSM2 were statistically similar (P > 0.05). The control group and CFSM1 had 

the highest dry matter (93.4 and 93.3 %) which differs significantly (P < 0.05) from CFSM2 (93.1 %) and 

CFSM3 (93.1 %) respectively. 

 

Table 3: Proximate composition of cooked Delonix regia seeds at different inclusion levels of diets 

Components (%) 0% (Control) CFSM1 CFSM2 CFSM3 p-value SEM 

Crude protein 

Moisture 

Crude lipid 

Crude fibre 

Ash 

NFE 

Dry Matter 

40.4 ± 0.68a 

6.6 ± 0.12b 

11.6 ± 0.05a 

4.0 ± 0.01c 

7.9 ± 0.03d 

29.5 ± 0.02a 

93.4 ± 0.04a 

40.2 ± 0.01a 

6.7 ± 0.03b 

10.6 ± 0.03b 

7.3 ± 0.02b 

9.1 ± 0.03c 

26.2 ± 0.05b 

93.3 ± 0.03a 

40.2 ± 0.03a 

6.9 ± 0.03a 

10.2 ± 0.03c 

7.3 ± 0.02a 

9.3 ± 0.03b 

26.1 ± 0.02b 

93.1 ± 0.03b 

40.1 ± 0.03a 

6.9 ± 0.03a 

10.1 ± 0.04c 

7.4 ± 0.03a 

9.5 ± 0.01a 

26.0 ± 0.01c 

93.1 ± 0.01b 

0.96ns 

 0.02 

0.00 

0.00 

0.00 

 0.00 

0.00 

0.39 

0.14 

0.58 

1.43 

0.59 

1.46 

0.14 

      abcd Means with different superscripts across the groups differed significantly (P<0.05).*  

     - Significant ** - Highly significant,  Ns –  Not significant, NFE-Nitrogen free extract 
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Table 4 shows the growth performance, feed intake and survival rates of H. bidorsalis fed processed 

Delonix regia seeds at different inclusion level of diet. All the performance and feed utilization 

characteristics differs significantly (P < 0.05) among the dietary treatments with the exception of 

initial weights. Fish fed control diet had the heavier final weight (400.3 g) than the fish fed the treated 

diets as shown in Figure 1. Fish fed raw Delonix regia seed meal at 30 % inclusion level had the lowest 

final weight (222.0 g). The control group had higher weight gain (397.7 g) which differs significantly 

(P < 0.05) across the dietary treatments.  

The least weight gain was recorded in the fish fed raw Delonix regia seed meal at 30% inclusion 

(219.3g). Fish fed the control diet had the highest specific growth rate which differs significantly from 

other dietary treatments. Also, R30 recorded the weakest specific growth rate. C10, C20, C30 and F10 

groups had similar (P > 0.05) specific growth rate (2.7, 2.7, 2.6 and 2.6g) respectively which differs 

significantly from F20, F30, R10, R20 and R30 respectively. Protein efficiency ratio was higher in fish fed 

0 % inclusion of Delonix regia seeds (9.85 %) which differs significantly (P < 0.05) from the group fed 

treated Delonix regia seed meal. The number of fish stocked were similar (n=45) across the dietary 

treatment. All the fish stocked were all harvested in the control, C10 and C20 groups with 100 % 

survival rates. C30 and F10 groups had 98% survival rate with forty-four (44) fish harvested, while F20 

and F30 recorded 96% survival rate, though R30 recorded the least survival rate (84.0 %) as shown in 

Figure 2. All the dietary groups were statistically similar (P > 0.05) across the treatments, with the 

exception of R30.  

Table 4: Growth performance, feed utilization and survival rates of Heterobranchus bidorsalis fed processed Delonix 

regia seeds at different inclusion levels of diet  

Paramet

ers 

0%  CFSM1 CFSM2 CFSM3 FFSM1 FFSM2 FFSM3 RFSM1 RFSM2 RFSM3 SEM p-value 

MIW(g) 2.60a 2.68a 2.60a 2.64a 2.65a 2.60a 2.64a 2.69a 2.60a 2.68a 0.01 0.40 

MFW(g

) 

400.3a 360.6a 341.1c 329.7d 331.1d 310.4e 286.7f 266.6g 241.1h 222.0i 2.97 0.00 

MWG(g

) 

397.7a 357.9b 338.5c 327.1d 328.5d 307.8e 284.1f 263.2g 238.5h 219.3i 2.93 0.00 

MFI(g) 1226.3a 1052.1b 993.5c 908.2c 932.4d 876.2f 831.4g 769.2h 711.8i 659.7j 0.05 0.00 

 

SGR(%) 

2.75a 2.68b 2.66b 2.64b 2.64b 2.61c 2.56d 2.51e 2.48e 2.41f 4.56 0.00 

FCR 3.08g 2.94d 2.94d 2.78a 2.84b 2.85b 2.93d 2.91c 2.98e 3.01f 0.02 0.00 

PER 9.85a 8.91b 8.43c 8.15d 8.15d 7.64e 7.07f 6.58g 5.95h 5.47I 0.02 0.00 

NFS 45a 45a 45a 45a 45a 45a 45a 45a 45a 45a 0.21 0.00 

NFH 45a 45a 45a 44a 44a 43b 43b 42c 41d 38e 1.00 0.00 

SR (%) 100a 100a 100a 98.0a 98.0a 96.0a 96.0a 93.0a 91.0a 84.0b 5.36 0.04 
            abcdefghi Means with the different superscripts differ significantly (P<0.05) across the treatments. Mean initial weight,                

          MFW-Mean final weight, MWG-Mean weight gain,  MFI-Mean feed intake, SGR-Specific growth rate, FCR-Feed  

          conversion ratio, PER-Protein efficiency ratio, NFS-No. of fish stocked, NFH- No. of fish harvested, 

  SR-Survival rate 

 

 

 



 
Dutse Journal of Pure and Applied Sciences (DUJOPAS) Vol. 3 No. 2 December 2017 

 

  306 
 

 

               Figure 1: Effect of varying inclusion levels of differently procesed D.regia seeds on final weight of H.bidorsalis 

 

       Figure 2: Effect of varying inclusion levels of differently procesed D.regia seeds on survival rate  of  H.bidorsalis 

 

DISCUSSION 

The range of values for moisture, crude protein and lipid were higher than the values obtained by 

Balogun et al. (2004) for moisture, crude protein, and lipid content, ash, and dry matter content. It was 

also lower than the range of values reported by Balogun et al. (2004) for NFE and dry matter. The 

values of moisture, crude protein and lipid in this study was higher than the values of 3.7 and 3.2 %; 

moisture, 23.2 and 25.1%; crude protein, 4.6 and 7.3 %; lipid, and 8.8 and 6.5 %; ash in the raw Delonix 

regia seed meal and cooked Delonix regia seed meal as reported by Bake et al. (2013).  Weight gain and 

standard length are biometric indicators for measuring fish responses in experimental designs 

(Balogun et al., 2004). Differences among the experimental diets agree with the findings of some 

researchers (El- Sayed 1999; Bake et al., 2009). This could be linked to texture, palatability and taste of 

experimental diets and are also related to the processing methods. The best growth response observed 
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in fish fed 10 % inclusion of cooked Delonix regia seeds (CFSM1) agrees with the trend observed by 

Bake et al. (2013) in the nutritional evaluation of varying levels of cooked Delonix regia seed meal on 

the growth performance and body composition of Nile Tilapia fingerlings in Nigeria. The high feed 

intake in C10 in this study could also be connected to the cooking technique employed in the 

processing of flamboyant seed. This may have reduced the effect of antinutritive factors and other 

secondary compound activities in the seed. The weight gain and specific growth rate increase in the 

fish fed cooked Delonix regia seed meal than other dietary group could be linked to the variations in 

amino acid composition of the diets, digestible energy and environmental conditions (Olufeagba et 

al., 2002). The mean feed conversion ratio of 2.78 to 3.08 for H. bidorsalis in this study compared 

favourably with those of H. bidorsalis and C. gariepinus fingerlings (Reginald 2013), Heterobranchus 

bidorsalis fry (Dada et al., 2001) and C. gariepinus fed fermented shrimp head waste meal (Nwanna, 

2003). 

 

The high specific growth rate values (SGR), high feed conversion ratio (FCR), protein efficiency ratio 

(PER), final weight gain, feed intake and survival rate of fish fed cooked Delonix regia seed meal at 10 

% inclusion levels confers it with better advantages for growth and efficiency of feed utilization over 

the rest of the experimental diets. The result agrees with the report of Olaniyi et al. (2009) who stated 

that the higher the specific growth rate (SGR) and the smaller the feed conversion ratio (FCR), the 

better the feed quality.       

Adikwu (2003) also reported that a lower feed conversion ratio implies efficient feed utilization by 

fish. The results further indicated inconsistent growth indices in the fish fed the experimental diets 

as reflected in the survival rates. This could be attributed to the differences in the processing methods 

and variations in the inclusion levels of the processed seeds in the diets. Significant differences 

observed in the survival rates could be linked to the antinutritional factors in the feed samples that 

might have resulted in low acceptability and palatability which could finally result into death. Trend 

observed in this study is connected to the report of Pompa (1982) and NAERLS (1991) who reported 

that high anti- nutrient and low palatability could result in low feed consumption and utilization. 

 

CONCLUSION 

 This study showed that processing methods showed significant variations across the dietary 

treatments.  

 Cooking at different inclusion levels compared favourably in biological performance to the 

control for survival rate and final weight gain. 

 Inclusion of cooked Delonix regia in diets  upto 20% is suitable for optimum performance  of 

Heterobranchus bidorsalis fish 

 

 

 



 
Dutse Journal of Pure and Applied Sciences (DUJOPAS) Vol. 3 No. 2 December 2017 

 

  308 
 

REFERENCES 

Aderolu, A.Z., Seriki, B.N., Apatira, A.L. and Ajaegbo, C.U. (2010). Effect of feeding frequency and 

economic viability of rearing African catfish (Clarias gariepinus, Burchell 1822) fingerlings and 

juveniles. African Journal of Food Science, 4(5): 286 – 290. 

Adewolu, M.A., Ogunsanmi, A.O. and Yunusa, A. (2008). Studies on growth performance and feed 

utilization of two clariid catfish and their hybrid reared under different culture systems. 

European Journal of Scientific Research, (2) 252-260. 

Adewolu, M.A. and Adoti, A.J. (2010). Effect of mixed feeding schedules with varying dietary crude 

protein levels on the growth and feed utilization of Clarias gariepinus (Burchell 1822) 

fingerlings. Journal of Fisheries and Aquatic Science, 5: 304-310. 

Adikwu, I.A. (2003). A review of aquaculture nutrition in aquaculture development in Nigeria. In: 

Proceeding of National Workshop on fish feed development and feeding practices in Aquaculture. 

Fisheries Society of Nigeria/NIFFR/FAO-NSPFS, New Bussa, September, 15-19, pp. 34-42. 

Balogun, J.K., Abdullahi, S.A., Auta, J. and Ogunlade, O.P. (2004). Feed conversion, protein efficiency, 

digestibility and growth performance of Oreochronis niloticus fed Delonix regia meal. 19th 

Annual Conference Proceedings of the Fisheries Society of Nigeria (FISON). Pp. 823- 831. 

Bake, G.G.M., Endo, A., Akimoto, A. and Takwenchi, T. (2009). Evaluation of recycled food waste as 

a partial replacement of fishmeal in the diets for first feeding Nile tilapia Oreochromis niloticus, 

Fish Science, 75:1275-1283.    

Bake, G.G., Adejumo, T.M. and Sadiku, S.O.E. (2013). Growth performance and nutrient utilization 

of Nile Tilapia (Oreochromis niloticus) fed toasted flamboyant seed meal (Delonix regia). 

Continental Journal of Agricultural Science, 7(1): 1 – 10. 

Burel, C., Boujard, T., Escaffre, A.M., Kanshik, S.J., Boeuf, G., Mol, K., Van der Geyten, S. and Kuahn, 

E.R. (2000). Dietary low glucosinolate rape seed meal affects thyroid status and nutrients 

utilization in rainbow trout (Oncorhychus mykiss). British Journal of Nutrition, 83: 652-664. 

Dada, A.A., Fagbenro, O.A., Fasakin, E.A. and Eyo, A.A. (2001). Nutrient utilization and growth 

performance of Heterobrachus bidorsalis fry fed graded dietary protein level, In: Eyo, A. A. (Ed). 

Proceedings 1st National Symposium on fish Nutrition and Fish Feed Technology of FISON, NIOMR, 

Lagos, Nigeria, October 26 – 29, 1999. Pp 81 – 88. 

El- sayed, A.F.M. (1999). Alternative dietary protein sources of farmed tilapia Oreochromis spp. 

Aquaculture, 179: 149 – 168. 

El-Saidy, D.M.S.D. and Gaber, M.M.A. (2003). Replacement of fish meal with a mixture of different 

plant protein sources in juvenile Nile tilapia, Oreochronus niloticus (L) diets. Aquaculture 

Research, 34: 1119-1127. 

Kounmi, A.R., Atse, B.C. and Kouam, L.P. (2009). Utilization of soya protein as an alternative 

protein source in Oreochronics niloticus diet. Growth performance, feed utilization proximate 

composition and organoleptic characteristics, African Journal of Biotechnology, 8 (1): 091-097. 

NAERLS (1999). Fish culture in ponds. Extension Bulletin No. 103 Fisheries Series, No. 4:32. 

Nwanna, L.C. (2003). Nutritional value and Digestibility of fermented shrimp Head Waste Meal by 

African Catfish Clarias gariepinus. Pakistan Journal of Nutrition, 2: 339 – 345. 

Lovell, R.T., Shell, E.W. and Smitherman, R.O. (1978). Progress and Prospects in Fish Farming. 

Academic Press, New York. Pp 262 – 290. 

 



 
Dutse Journal of Pure and Applied Sciences (DUJOPAS) Vol. 3 No. 2 December 2017 

 

  309 
 

Okoye, F.C. and Sule, O.D. (2001). Utilization and composition of conventional and non-conventional 

fish feed stuff in Arid zone of Nigeria. Journal of Arid Zone Fisheries, 1:23-32 

Olaniyi, C.O., Bini, O.T. and Gbadamosi, M. (2009). Growth Performance and Nutrient Utilization of 

Clarias gariepinus fed processed Mucuna seed meal. In: Proceeding 34 Annual Conference, 

Nigerian Society for Animal Production, pp 222 – 225. 

Olufeagba, S.O., Aluko, P.O. and Eyo, A.A. (2002). Dietary Protein requirements of triploid 

Heterbranchus. Journal of Aquatic Science, 17: 1 – 4. 

Owodeinde, F.G., Ndimele, P.E. and Anetekhi, M.A. (2011). Reproductive growth performance and 

nutrient utilization of Heterobranchus bidorsalis (Geoffroy, 1809) and its hybrid Clarias branchus 

induced with synthetic hormone and pituitary gland of Heterobranchus bidorsalis. International 

Journal of Zoological Research and Development, 4: 2- 6. 

Ovie, S.O. and Ovie, S.I. (2007). The effect of replacing fishmeal with 10% of Groundnut cake in the 

diets of H. longifilis on its Growth, Food conversion and Survival. Journal of Applied Science 

Environmental Management, 11 (3): 87- 90. 

Pompa, T. (1982). Digestibility of selected feedstuffs and naturally occuring algae by Tilapia. Ph.D 

Dissertation Auburn University, Auburn.  

Reginald, I.K. (2013). The effects of replacement of fish meal with Crab- meal on growth and feed 

utilization of African giant catfish. Heterobranchus longifilis fingerlings. International Journal of 

Fisheries and Aquaculture, 5(4): 60-65. 

SAS (2008). SAS / STATE User’s guide, release 9.2 edition pub. SAS Institute Inc, SAS Circle, Cary, 

NC 

Udensi, E.A. and Okonronkwo, K.A. (2006). Effects of fermentation and germination on the 

physicochemical properties of Mucuna cochinchnensis protein isolates. African Journal of 

Biotechnology, 5(10):896-900. 

Vanden Bossche, J.P. and Bernacsek, G.M. (1990). Source book for the inland fishery resources of 

Africa: 2, CIFA technical paper No. 18.2. Rome: FAO, 411. 

 


