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Abstract 

Delonix regia is commonly called Flamboyant or flame of the forest. The seeds were fermented, boiled, sundried and 
then ground into powdered meal. 40% crude protein based test diets containing Delonix regia seed meal D0 = 0%; D15 
= 15%; D20 = 20% and D25 = 25% inclusion levels respectively were prepared. Red tilapia (Oreochromis niloticus) 
fingerlings of 6 weeks old were acclimatized for two weeks and then stocked in 12 hapas at 15 fish per hapa measuring 
0.6 m × 1.2 m × 0.7 m placed in a concrete tank. Each diet was assigned to fish in a separate hapa in triplicate and 
administered at 3% fish body weight per day for 16 weeks. Fish weight and length were taken initially, bi-weekly and 
terminally. Water quality was monitored weekly. Number of fish at the end was recorded and survival rate, growth, feed 
utilization, fillet yield and blood parameters were determined. The data were subjected to the analysis of variance and 
mean separation (P= 0.05). Survival rate was highest in fish raised on D20 and least in D25 without any significant 
difference across the range. Mean growth performances, feed utilization indices and fillet yield were generally 
congruent between D20 and D25 with varying degrees of significant difference to other feeds. Results of blood assay 
did not depict harmful effects of the test diets indicating that the fish enjoyed some good measures of health. The gross 
performance of fish on D20 was optimal. It was therefore concluded that 20% dietary inclusion level of fermented, 
cooked and dried flamboyant seed was the best for the red tilapia (Oreochromis niloticus) post fingerlings.  

Keywords: Delonix regia; Red tilapia (Oreochromis niloticus); Growth performance; Feed utilization; Haematological 
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1. Introduction

Adequate fish nutrition is a fundamental requirement for a successful aquacultural enterprise especially as feed 
provides the nutritional basis for fish growth and constitutes the largest operational cost [1 - 3]. The high cost of feeds 
is a serious constraint [4] to aquaculture production and is consequent on the scarcity of fish feed stuffs and the 
attendant exorbitant cost [5] for local feed production in the developing countries. In order to address this concern, 
many authors [6 - 14] have considered the possibility of locally available and cheap alternative feed ingredients 
particularly, low economic plants sources without compromising feed quality.  

Flamboyant (Delonix regia) seeds and bye products are possible materials which potentials as feed stuff for both 
livestock and aqua feeds are being considered [15, 16]. Flamboyant (D. regia) is a wild plant otherwise called flame of 
the forest. It is an ornamental, leguminous plant, which produces large quantities of seeded pods in the fruiting season 
[15]. The seeds are rich in many important nutrients (protein, amino acid, vitamins, minerals, oils and carbohydrates). 
According to Alemede et al. [17] and Bake et al. [18], the seeds contains 18.16 – 29.58% crude protein and 7.0 - 9.39 % 
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crude lipids. Grant et al. [19] had even reported crude protein content of 36. %. The utilization of D. regia seeds, as with 
many other feedstuffs of plant origin, could be limited on account of the presence of anti-nutritional factors capable of 
inducing serious physiological and pathological consequences. Plant anti-nutrient include alkaloids, cyanogenic 
glycosides, oxalic acid, phytates, phytic acid, lectins, goitrogens, amylase inhibitors, protease inhibitors, haemagglutinin, 
saponin, mimosine, gossypol and anti-vitamins [20 – 22]. However, with proper processing techniques (such as soaking, 
fermentation, toasting, boiling and germination), these bioactive compounds of plant could be destroyed or drastically 
reduced [23, 24] to enable the use of certain plant feedstuffs for aqua feed manufacture.  

Red tilapia (Oreochromis niloticus) is a hybrid from the cross between a mutant orange coloured O. mossambicus and O. 
niloticus [25, 26]. Other hybrids of the same mutant O. mossambicus and O. aureus or O. hornorum are also red [26 - 30]. 

Generally, red tilapia has an appealing colour similar to the marine fishes, sea bream (Chrysophrys major) and red 

snapper (Lutjanus campechanus) [31] which makes it attractive to the people both as food and aquarium fish thus 
commanding higher demand and prices [32, 33]. However, it is still a novel tilapia strain in the Nigeria’s aquaculture 
system and announces a striking appearance where ever it is found thus presenting a potential huge market.  
Optimization of the production efficiency in the culture of this fish through the development of cheaper feed is necessary 
especially, as the cost of feed is highly affected by the cost of feed ingredients. The aim of this work is to evaluate the 
suitability of D. regia seed meal as a feed ingredient in the diets of red tilapia (O. niloticus) with respect to growth 
performance, health and fillet yield.  

2. Materials and methods 

2.1. Research location 

The fish farm complex of Safe Food MPCS Ltd along Phenson Street, Federal Housing Estate, Abak Road, Uyo, Nigeria 
was used for the research. 

2.2. Experimental fish 

Three hundred (300) fingerlings of six-weeks old red tilapia Oreochromis niloticus were harvested from the production 
tank in Safe Foods MPCS and kept in two large hapas (1.5 m by 2.0 m by 0.7 m) placed in a 2 m x 4 m concrete tank for 
two weeks of acclimation before commencement of the experiment. During the acclimation period, the fish were fed 
with commercial feed (Coppens) at 3% total body weight (bwt) per day given in two rations. Water parameters were 
monitored weekly. 

2.3. Seed collection and processing  

Delonix regia seeds were threshed from dry pods collected from parent trees beside Abak and Nwaniba roads, in Uyo, 
Akwa Ibom State, where they were massively planted for ornamental purposes. The viable seeds of D. regia were soaked 
for 24 hours in water to initiate fermentation, cooked for 90 minutes at 80 °C, washed and sun dried for 72 hours, all in 
order to deactivate growth inhibitors [18]. The dried seeds were ground into fine powder. The proximate composition, 
total oxalate, tannin and HCN content of the raw and cooked seeds were determined [34] while phytate was analyzed 
by modified method of [35]. 

2.4. Formulation and preparation of experimental diets 

Forty percent (40%) crude protein based diets were formulated according to the composition in Table 1, prepared, the 
pellets sundried to constant weight and packaged in distinct labelled polythelene bags according to feed type for storage 
till needed. The formulation of each of the 4 diets recognized the crude protein content of the processed D. regia seeds. 
The diet D0 = 0% Delonix regia seed meal (DSM) was the control. Proximate analysis of each feed samples was conducted 
[34]. 
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Table 1 Formulation of the Experimental Diets and Proximate Composition  

Ingredients Percentage Composition 

D0 D15 D20 D25 

Fish meal  25 25 25 25 

Flamboyant seed meal 0 15 20 25 

Soybean meal 13.635 13.635 13.635 13.635 

Groundnut cake 20 20 20 20 

Blood meal 10 10 10 10 

Lysine 1 1 1 1 

Methionine 0.5 0.5 0.5 0.5 

Vitamin premix  0.25 0.25 0.25 0.25 

Vitamin C 0.015 0.015 0.015 0.015 

Bone ash 2.1 2.1 2.1 2.1 

Palm oil 0.5 0.5 0.5 0.5 

Composite wheat flour 1.5 1.5 1.5 1.5 

Wheat offal 25 10 5 0 

Salt 0.5 0.5 0.5 0.5 

Total percentage 100 100 100 100 

% wheat offal replacement 0 60 80 100 

2.5. Experimental protocol 

Twelve hapas with dimensions of 1.2m x 0.6 m x 0.6 m were constructed and set in a 2 m x 8 m concrete tank. Fifteen 
(15) Oreochromis niloticus juveniles were stocked in each hapa. Three random hapas were assigned to each separate 
feed type giving four treatments and three replicates. Feeding of fish in each replicate was done twice daily at 8 - 8:30 
am and 6 - 6:30 pm at 1.5% fish bwt each time and the daily quantity of feed adjusted to 3% fish bwt following every 
weight measurement during the experiment. Weights of fish were taken at the commencement, fortnightly during, and 
at the end of the experiment in 16 weeks. Water quality was ensured through weekly total exchange with fresh water 
and daily monitoring of certain quality parameters before each feeding. The observed mean ranges of water quality 
indices (dissolved oxygen: 6.36 ± 0.36 – 7.18 ± 0.18; temperature: 27.11 ± 0.60 - 28.54 ± 0.54; pH: 6.83 ± 0.41 - 7.14 ± 
0.41) were considerable for tilapia under warm water aquaculture [36 – 38]. Proximate composition of the experimental 
fish was analyzed pre and post feeding trial. At the end of the experiment, the fish in each hapa were audited and equal 
number of fish taken from each hapa across the entire size range for haematological assay and fillet yield determination. 

2.6. Determination of haematological parameters 

Blood was collected from each of 4 fish (weight: 50.81- 68.00 g; length: 17.88 – 19.40 cm) sampled from each replicate 
into separate heparinized bottles by ventral aorta severance. The erythrocytes (RBC) and white blood cells (WBC) 
counts were obtained using improved Neubauer haemocytometer with standard diluents, and calculated according to 
Blaxhall and Daisley [39]. The micro-haematocrit method was used for the determination of percentage haematocrit 
and determination of haemoglobin conducted using haemoglobinometer (Coulter, UK). Standard methods [39, 40] were 
employed in the estimation of the erythrocytic parameters: Mean cell haemoglobin (MCH, pg) = (Hb×10) (RBC)1; Mean 
corpuscular volume (MCV, fl) = (Hct ×10) (RBC)1; and Mean cell haemoglobin concentration (MCHC, g/dl) = (Hb ×100) 
(PCV)1 
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2.7. Determination of percentage fillet weight  

Six fish samples (weight: 50.89 – 68.00 g; length: 17.94 – 19.44 cm) were taken out from each replicate of a treatment 
for weight and length determination. All the discarded parts of the fish which include scales, fin, viscera, heads and 
bones were separated from the fish manually leaving only the flesh (fillet) which weight was measured. Percentages of 
these various parameters were calculated and the fillet yield was estimated as follows. 

𝐹𝑖𝑙𝑙𝑒𝑡 𝑌𝑖𝑒𝑙𝑑 (%) =
𝑓𝑙𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡

𝑓𝑖𝑠ℎ 𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡
 ×  100 

2.8. Growth performance and feed utilization parameters 

Growth performance, survival rate and feed utilization were processed as follows.  

Mean Weight Gain (MWG)  

𝑀𝑊𝐺 = 𝑊1 − 𝑊0 

Where W0= Initial mean weight and W1 = Final mean weight 

Specific Growth Rate (SGR) [41] 

𝑆𝐺𝑅 =
100 × (𝐼𝑛𝑊2 − 𝐼𝑛𝑊1)

𝑡
  

Where In W2 = Natural Logarithm of final weight; In W1 = Natural Logarithm of initial weight and t = Total number of 
days less day one 

Survival Rate (SR) 

𝑆𝑅 =
𝐹𝑖𝑛𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑖𝑠ℎ

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑖𝑠ℎ
 × 100 

Protein Index (PI) 

𝑃𝐼 =
𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑

100
 

Protein efficiency ratio (PER) [42] 

𝑃𝐸𝑅 =  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 (𝑔)

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑔)
 

Where, protein intake  

𝑃𝑟𝑜𝑡𝑒𝑖𝑛 𝑖𝑛𝑡𝑎𝑘𝑒 =  
% 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑖𝑛 𝑓𝑒𝑒𝑑 × 𝑡𝑜𝑡𝑎𝑙 𝑑𝑖𝑒𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑

100
 

Feed conversion ratio (FCR) [43]  

𝐹𝐶𝑅 =
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 (𝑔)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 (𝑔)
 

2.9. Statistical analysis 

The growth performance, feed utilization, fillet yield, proximate composition and haematological indices results 
obtained were subjected to one-way Analysis of Variance (ANOVA) for significant differences at 0.05 level of probability 
and the treatment means separated with Duncan Multiple Range test. Statistical Package for Social Sciences (SPSS) 
Version 25 was used for the analysis. 
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3. Results  

The nutritional compositions of the formulated feeds and Delonix regia seeds with the anti- nutrients content are shown 
in the following Table 2. The results of the analysis have shown the positive effect of the processing methods adopted 
on the D. regia seeds. The anti -nutrients levels have been reduced as well as ash whereas the levels of protein and lipids 
got elevated though, slight reduction occurred in the levels of crude NFE and energy. The 4 feeds prepared were 
observed to possess similar crude protein levels with minimal increments as the D. regia seed meal increased from D0 
– D25. However, increment of lipid value as DSM increased was very obvious. The growth performance exhibited by the 
red tilapia in response to the experimental treatments are presented in Tables 3. 

Table 2 Proximate composition of the formulated diets and Delonix regia seed including the anti-nutritional factors  

Proximate composition (%) Treatments Delonix regia seed  

D0 D15 D20 D25 Raw Cooked  

Moisture 7.15 7.31 7.26 7.08 11.65 8.67  

Ash 10.25 9.50 9.42 9.19 4.06 1.41  

Fiber 13.94 9.50 9.73 8.49 10.58 11.06  

Protein 40.25 40.35 40.46 40.80 11.90 16.8  

Lipid 4.20 6.15 7.36 9.10 6.85 7.18  

NFE 31.36 34.50 33.03 32.42 66.61 63.55  

Calories (kcal/100g) 368.50 369.54 370.60 371.20 394.31 389.47  

Anti-nutrients 

(mg/100g) 

Cooked Raw Reduction (%) Exported to feed (mg/kg) 

D0 D15 D20 D25 

HCN 12.87 1.61 87.49 0.00 2.40 3.20 4.00 

Tannin 98.93 20.94 78.83 0.00 31.40 41.88 52.35 

Phytate 45.06 6.52 85.53 0.00 9.78 13.40 16.30 

Total oxalate 243.45 76.00 68.78 0.00 114.00 152.00 190.00 

 

Table 3 Mean Growth Response of Red Tilapia (Oreochromis niloticus) to different levels of Dietary Delonix regia Seed 
Meal in Hapas over 16 Weeks 

Parameters Treatments 

D0 D15 D20 D25 

Mean final Weight (g) 51.12±2.85a 51.98±2.13a 69.04±3.40b 62.91±3.81b 

Mean initial Weigh(g) 12.58±0.76a 12.17±0.71a 13.44±0.65a 11.32±0.81a 

Mean weight gain (g) 38.540±2.22b 39.813±2.01b 55.60±2.76a 51.59±4.59a 

Mean final length (cm) 17.95±0.94a 17.65±0.30a 19.43±0.31a 17.89±0.58a 

Mean initial length (cm) 13.63±0.42a 13.67±0.25a 14.02±0.25a 13.17±0.36a 

Mean growth rate (%) 1.081±0.02c 1.11±0.03bc 1.2±0.04ab 1.24±0.06a 

Specific growth rate (%) 1.26±0.03b 1.31±0.05b 1.47±0.01b 1.55±0.11a 

Condition factor 0.89±0.01a 0.95±0.3a 0.94±0.03a 1.13±1.19a 

Survival rate 97.78±2.22a 99.11± 4.45a 100.00a 95.55±4.45a 

Means in the same row with similar super scripts are not significantly different (P > 0.05). 
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The survival of the red tilapia (Oreochromis niloticus) was highest in fish fed diet D20 and slightly lower in D25, though 
there was no significant difference among all the treatments (P >0.05). The highest mean weight gain (MWG) recorded 
in treatment D20 was not significantly different from the closest value in treatment D25 (P > 0.05) and both values 
differed significantly from treatments D0 and D15 (P < 0.05) which were similar (P > 0.05). The values of Mean Growth 
Rate (MGR) and Specific Growth Rate (SGR) declined progressively from their respective highest in D25 to their lowest 
in D0. For MGR, treatments D20 and D25; D15 and D20 as well as D0 and D15 were respectively not significantly 
different (P > 0.05), while treatments D0, D15 and D20 in SGR were also not significantly different (P > 0.05). The index 
of robustness, condition factor (K) progressively increased from the minimum score in treatment D0 to its peak in 
treatment D25, but without significant differences among the various treatments (P > 0.05). The growth pattern of the 
red tilapia Oreochromis niloticus on bi-weekly cumulative basis shown in Table 4 and Figure 1 depicted higher growth 
in the first six weeks of stocking compared to the following weeks of the experiment. 

Table 4 Mean bi-weekly weight gain and cumulative weight gain of red tilapia Oreochromis niloticus in response to 
dietary Delonix regia seed meal over 16 weeks 

Time 

(weeks) 

Weight gain (g) Cumulative weight gain (g) 

D0 D15 D20 D25 D0 D15 D20 D25 

0 0 0 0 0 0 0 0 0 

2 6.39 5.33 2.62 1.07 8.14 5.33 2.64 1.07 

4 12.72 11.63 10.85 8.54 19.12 16.95 13.47 9.61 

6 2.02 1.57 8.26 8.28 21.14 18.52 21.73 17.89 

8 4.54 5.12 6.24 9.29 25.67 23.64 27.97 27.19 

10 2.29 2.46 3.64 4.53 27.29 26.11 31.61 95.16 

12 4.14 3.27 6.71 7.12 31.43 29.37 38.33 38.84 

14 3.03 6.1 11.64 8.28 34.46 5.47 49.97 47.11 

16 4.08 4.34 5.63 4.48 38.54 39.81 55.6 51.59 

 

 

Figure 1 Mean bi-weekly cumulative weight gain of red tilapia in response to different dietary levels of Delonix regia 
seed meal over 14 weeks 

Mean feed utilization indices of the red tilapia obtained are shown in Table 5. The highest amount of feed and crude 
protein consumed, and PI were observed in fish raised on feed D20 but these did not differ significantly from the results 
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of other feeds (P > 0.05). FCR, and PER got from D20 and D25 were similar but significantly better than in D0 and D15 
which incidentally were insignificant different. 

Table 5 Mean Feed Utilization of O. niloticus in response to different dietary levels of D. regia seed meal over 16 weeks 

Parameters Treatments 

D0 D15 D20 D25 

Feed consumed (g) 70.35±3.41a 69.67±21.56a 80.16±5.34a 71.71±2.02a 

Protein consumed (g) 28.32±1.37a 28.11±0.78a 32.43±2.19a 29.26±0.83a 

FCR (%) 1.83±0.02a 1.75±0.07a 1.44±0.03b 1.40±0.05b 

FCE (%) 54.73±0.49b 57.23±2.2b 69.54±1.5a 71.71±4.28a 

PER (%) 1.36±0.01b 1.42±0.05b 1.72±0.04a 1.76±0.1a 

PI (%) 0.28±0.01a 0.28±0.01a 0.32±0.02a 0.29±0.01a 

Means in the same row with similar super scripts are not significantly different (P > 0.05). 

Results of proximate composition of the fish at the inception and conclusion of the experiment were as indicated in 
Table 6. The crude protein content of the fish at the end across all treatments was higher than at the start. All vales were 
significantly different except between D0 and D15 with a peak at D20 and minimum at D15. The highest lipid content 
in D25 did not differ significantly from D20 but from D0 and D15 which both were similar. Ash content of the fish were 
significantly the same across all experimental sets with random trend. NFE of the fish carcass had its highest significant 
value in D15 and lest in D20 without any defined trend among the treatments. The statuses of other components are 
shown in the table. 

Table 6 Proximate composition of O. niloticus fed different levels of dietary D. regia seed meal for 16 weeks 

Component Initial % body composition Final % body composition 

D0 D15 D20 D25 

Moisture 6.246±0.003 68.81±0.06a 67.97±0.06c 68.34±0.17b 68.59±0.12ab 

Crude protein 42.82±0.202 59.85±0.18c 59.32±0.17c 62,27±0.26a 60.55±0.23b 

Lipid 16.82±0.012 5.63±0.11b 5.14±0.29b 7.39±0.06a 8.03±0.35a 

Ash  22.14±0.002 17.32±0.19a 16.96±0.22a 17.4±0.15a 16.8±0.3a 

Fibre 15.76±0.001 12.41±0.29a 11.55±0.29b 11.48±0.18b 11.28±0.09b 

NFE 2.57±0.005 4.88±0.06b 6.86±0.07a 1.75±0.58d 3.2±0.23c 

Kilo calories 332.55±0.010 322.9±0.22c 332.06±0.06a 327.83±0.23b 328.31±0.17b 
Means in the same row with similar super scripts are not significantly different (P > 0.05). 

Table 7 Mean Haematological parameters of O. niloticus fed experimental diets 

Parameters Treatment Reference interval 

D0 D15 D20 D25 

WBC (109/l) 3.47±333a 2.7±666b 0.43±115d 1.86±577c NA 

RBC (1012/l) 1.51±5.77ab 1.54±1.27ab 1.41±1.15b 1.74±5.77a 1.91-2.83 

Hb (g/dl) 7.2 ±0.6d 7.5±0.12b 7.3±0.12c 8.8±0.06a 7.0-9.8 

Hct (%) 22±0.07a 23±0.12a 22±0.11a 27±0.06a 22-37 

MCV (fl) 142±0.06c 153.07±0.24b 155.43±0.07a 152.7±0.06b 115-183 

MCH (pg) 47.70±0.06d 51.00±0.12b 51.73±0.13a 50.60±0.06c 28.3-42.3 

MCHC g/dl) 33.600±0.06a 33.300±0.12b 33.307±0.13b 33.100±0.06c 22-29 
Means in the same row with similar super scripts are not significantly different (P > 0.05). 
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Table 7 highlights the mean haematological indices of the fish at the end of the feeding trial all of which marked certain 
degrees of significant difference (P < 0.5) among the treatments except the hematocrit values. 

Degutted and dressed weights were non-significant with minimum values in fish fed D15 and maximum values in fish 
fed D20 respectively (Table 8). The lowest fillet weight in D15 and highest in D20 were however significant (P < 0.05). 
The magnitude of visceral weight recorded across the different treatment was marginal and insignificant. Generally, the 
mean percentage composition of discarded parts in the carcasses of the red tilapia exhibited no significant difference (P 
> 0.05) among fish on the various treatments though minor random variations occurred within the range between the 
highest (D25) and the lowest (D20). 

Table 8 Fillet yield of O. niloticus fed different levels of dietary D. regia seed meal for 16 weeks 

Parameters D0 D15 D20 D25 

whole weight (g) 50.89±3.83b 52.2±5.69ab 68±4.13a 62.85±4.95ab 

whole length (cm) 17.94±0.46a 17.66±0.69a 19.44±0.48a 17.89±0.49a 

weight of scaled fish(%)  .68±1.32b 95.76±0.09a 96.71±0.56a 97.08±0.08a 

weight of scales (%) 6.52±1.58a 3.86±0.33ab 3.25±0.56b 2.9±0.08b 

weight of fins (%) 5.87±0.49b 6.24±0.10b 6.31±0.23b 7.6±0.31a 

weight of viscera (%) 5.0±0.51a 5.61±0.24a 5.11±0.20a 5.49±0.25a 

weight of degutted fish (%) 77.98±1.7a 77.89±0.82a 81.46±0.97a 76.14±5.02a 

Head weight (%) 33.11±0.82a 33.97±0.10a 34.09±0.76a 34.17±0.11a 

weight of dressed fish (%) 44.28±2.01a 43.26±1.47a 47.63±1.72a 46.46±0.84a 

weight of bones (%) 9.03±0.64a 8.68±0.62a 8.81±0.29a 10.2±0.55a 

Fillet yield / muscle weight (%) 33.16±1.39bc 32.76±0.67c 36.29±0.25a 35.83±0.85ab 

weight of discarded parts (%) 59.06±1.02a 58.22±0.93a 57.89±0.29a 59.39±0.99a 

Means in the same row with similar super scripts are not significantly different (P > 0.05). 

4. Discussion 

The ingredients for the formulation of the four feeds were conventional except the Delonix regia seed meals which were 
used to replace wheat offal at 0.00% in diet D0, 60% in D15, 80% in D20 and 100% in D25. The proximate compositions 
of the different feeds were all satisfactory in meeting the nutritional requirements of the fish size used in this work The 
high survival rate of fish was suggestive of a favourable environmental condition and safety in the consumption of the 
test feeds over the duration of this experiment. This implies that adequate treatment of D. regia seed could make it 
suitable for use as feed ingredients for fish and livestock [15, 17, 18]. The levels of all the plant bioactives assayed in the 
D. regia were low except the oxalate level. This overage might be of little or no consequence to the red tilapia given that 
the effect of plant anti – nutrients are somewhat dependent on the source, overall concentration and other nutrient 
compositions of the diet [8, 22, 44, 45]. The feeding habit of the fish may also moderate the consequence of anti-nutrient 
consumed. Members of the Oreochromis genus are associated with plastic throphic mode based on their environment 
and other composite species [46] thriving on diets consisting of phytoplankton, periphyton, aquatic macrophytes, 
benthic fauna and detritus [47]. Certain adaptive capacities might have been acquired for them to manage some levels 
of anti-nutrients safely in diverse plant diets. Umaru et al [48] and Habtamu and Negussie [22] noted that insoluble 
calcium oxalate in the gut can be vitiated in faeces or by gastrointestinal flora such as Oxalobacter formigenes. The 
mortality recorded during the experiment appeared non-related to the feed quality following its random distribution 
among feeds rather, it could have resulted from stocking and measurement stress. Similar observations were made by 
[49] on Ictalurus furcatatus fed diet with soybean replacing fish meal at various levels up to 100%, and [50] on 
Oreochromis niloticus fed varying levels of Chaya leaf meal. 

The proximate compositions of the experimental feed revealed a very close range of crude protein, increasing values of 
crude fibre corresponding to increasing inclusion levels of wheat offal, and ascending levels of lipid with rising levels of 
DSM which incidentally had high lipid content especially after processing. The increase in lipid content after the 
treatments possibly follows the report of [21] that fermentation caused increased levels of lipids probably by enhanced 
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activities of lipolyptic enzymes generating more free fatty acids. The relative higher values of crude fibre in diets D0 and 
D15 has the implication of limited utility as an energy source [51]. Conversely, the relative higher levels of lipid in diets 
D20 and D25 implied dietary energy supplementation and favourable energy to protein ratio that might have promoted 
efficient crude protein utilization for better growth of fish on these treatments. The higher estimates of PER in these 
feeds are further evidences of better dietary protein utilization. According to Abdel-Tawwab [52], PER indicates protein 
quality, quantity and amino acids balance. Therefore, the highest significant value of PER in fish fed the highest levels of 
DSM diets in this study might indicate better protein quality. Bake [18] recorded the highest weight gain in fish fed 10% 
DSM which also had the best specific growth rate while fish fed 20 and 30% dietary DSM showed progressive decline in 
these indices from 10% to 30%. These differences might be accounted for by the difference in the nutrient sources and 
proximate composition of feeds, and differential sizes of fish used in the two experiments. In this experiment, nutritional 
differences between wheat offal and DSM could specify differences in the overall dietary protein quality that might have 
influenced growth. Results obtained by authors working on different growth stages of tilapia have shown that nutrient 
and energy requirements at different growth stages vary to some extent [53 – 58]. Similarly, the specific growth rate 
recorded in this experiment is lower than [18] as the initial weight of the fish used here (12.37±0.76g) was higher than 
1.17-1.21g in [18]. The initial weight here was however similar to 10.72 ± 2.5g used by [36] for red tilapia. The daily 
growth rate and growth trend recorded in this experiment also agreed with [36] who obtained 0.4 - 1.37gday-1. This 
supports the fact that the growth performance of fish is a function of size and age besides the culture environment [59 
– 62]. The growth trend in this experiment showed the highest weight gain within the first six weeks of stocking similar 
to the report of [36]. This probably might relate to the onset of reproductive activities following [36] report that fry 
were obtained from Nile tilapia and red tilapia 2 and 3 months respectively after stocking. The highest level of feed 
consumption in the fish fed higher levels of DSM on one hand appears to be a function of the fish size, and on the other 
hand implied that fermentation, cooking and drying of the D. regia seeds greatly reduced the anti- nutrients present 
particularly, tannin which is implicated in unpalatability [21], to enhance the taste and utilization of the feed especially, 
with the incorporation of lysine and methionine [45, 51].  

Blood is believed to be the most appropriate indicator of the general condition of the animal [63] through which 
examination of both the physiological and pathological alternations in fishes can be effectively and precisely detected 
[64, 65]. According to Fagbenro et al. [66], this analysis could assist to ascertain the implications of the diets and other 
stressing factors on fish health. The value of the blood parameters obtained in this work were sufficiently high and 
stable among the various treatments indicating the overall safety of the fish on consuming the experimental feeds. The 
leucocytes and the thrombocytes are known to be the principal components of the organic defense system of the body 
[67]. The recorded value of WBC was higher than [63] 108.67x 103ml-1 – 238 x 103ml-1 on Nile Tilapia but lower than 
[67] 1.95x106µl-1 for uninfected and 2.95 x 106µL-1 for Flavobacterium columnare infected tilapia, and [68] on Nile 
Tilapia. This implies that the red tilapia on the varying inclusion levels of dietary flamboyant seed meal feeding trial had 
achieved some measures of good health. According to Akinwade et al. [69], remarkable increase in WBC count of a fish 
and animals is a function of immunity and animals’ resistance to the diseases. Das [70] asserted that increased leucocyte 
count was a protective response to stress in wild Clarias gariepinus. Low leucocyte count would therefore imply 
compromised immunity and high vulnerability to ailment. Stress in this experiment could mostly be attributed to 
fluctuation in water temperature (24-31oC), and perhaps, bi-weekly growth data collection. dos Santos [71] reported 
the best temperature for the optimal growth performance of red tilapia (Oreochromis niloticus) to be 28 oC. Red blood 
cells (RBC), the erythrocyte constant (MCV, MCH and MCHC) and the Sanguine constant (haemoglobin and PCV) were 
all within the range obtained for Nile tilapia by [72] and [63] but to some extent non-consistent with [73] with respect 
to RBC, MCH and MCHC. The efficiency of oxygen transport between the respiratory system and the tissues is dependent 
to a large extent on erythrocyte characteristics [74]. Similarly, MCH, MCV and MCHC establish relationship on the size, 
form and haemoglobin content of red blood cells and allow the evaluation of morphological and chronic types of some 
anaemia sometimes, indicating the aetiological diagnosis, evolution and efficiency of attendance [75]. The variation in 
some haematological parameters recorded in this work might follow the remark by [76] that the reference values 
established for haematological parameters and biochemical tests might not be a holistic representation of those of a 
specified population or animal species thereby necessitating caution on the interpretation of a wide range of 
physiological variations observed. This is consequent on the fact that haematological indices vary based on such factors 
as the fish species, age, cycle of sexual maturity, health condition [77], sex, breeding system, feeding, lineage and 
environmental condition [76] as well as errors and absence of analytical standards [65]. The variation in the 
haematological profile of the red tilapia in this experiment lack definite trends among treatment hence, could relate 
more to the level of gonadal activity of individual fish and sex ratios which were rather random among the treatments, 
than feed type.  

Fish fillet is fish flesh without viscera, bone and the head [78]. The fillet may be with or without the skin on [79]. Most 
of the productions are available to market as fresh products. However, the consumption of processed and frozen foods 
has the convenience of foods taking less time in preparation [80]. Filleting reduces bulk in transportation of fresh fish 
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product along the marketing chain, enhances cooking efficiencies of house wives and chefs [81 – 83]. According to 
Adeyemo [83], filleting of tilapia is well practiced in Tanzania and mainly for export. In Nigeria however, fish filleting is 
really not common and may be restricted to products in the supermarkets as against the high popularity in the 
developed world. Fillets production can create new windows of opportunity for investment and greater returns on 
tilapia culture arising from enhanced consumption of decent products from otherwise small sized fish with many sharp 
bones. FAO [84] stated that a large proportion of cultural tilapia is marketed as fillets and according to [85] and [86], 
fillet and carcass yields are very vital indices for both fish processing industry and fish farmers because they can 
determine the economic worth of a fish as well as add value to the ultimate product. The range of fillet yield obtained in 
this work with a minimum at D0 and a significant maximum at D20 was similar to 30-37 % in [84] and [87] on Nile 
tilapia as well as 31.3% and 33.4% in [88] and [89] respectively on red tilapia. The fish on D20 and D25 diets with the 
highest total weight also produced the highest percentage fillet weight which corresponded with better protein 
utilization in elaboration of muscle mass as evident in the PER and PI values. This tends to agree with the observations 
of [90] and [91] on Oreochromis niloticus, that direct relationship exists between the fish total weight and its fillets yield. 
Garcia et al. [92] opined that growth trait, fillet yield and quality traits are of great importance in livestock breeding. 
Nutritional intervention that could promote rapid growth for the attainment of large sized fish with significant fillet 
yield ultimately actualizes the breeding goal. 

5. Conclusion 

The red strain of Oreochromis niloticus is fast growing and its unique colouration makes it even more attractive as a food 
and ornamental fish. These qualities present favourable economic possibilities to the farmers. The red tilapia had been 
able to accept the Delonix regia seed based feeds and utilize them for growth. The high survival rates and favourable 
blood profile of the red tilapia fed the experimental feeds demonstrated that when the flamboyant seeds are properly 
prepared as in this experiment, they could be safe as fish feed ingredient. Based on the crude protein content of the 
precise flamboyant variety obtained at a given geographic location, it could be used either as a protein source or basal 
feed in fish feed formulation. The incorporation of flamboyant seeds into fish feed would greatly help to reduce the cost 
of feeding fish. 20% inclusion level of dietary DSM enhanced the highest weight gain, survival and fillet weight of the 
red tilapia, Oreochromis niloticus in this experiment and is recommended.  
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