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Original Research Article 1 

Evaluation and nutrient quality of toasted Flamboyant Seed (Delonix regia) meal 2 

in the diet of Clarias gariepinus fingerlings 3 

Abstract 4 

56 days feeding trial was conducted to evaluate the effect of toasted Delonix 5 

regia seed meal (TDRSM) in the diet of Clarias gariepinus fingerlings with 6 

respect to their growth performance, feed efficiency, nutrient utilization, and 7 

body composition. Four iso-nitrogenous and iso-lipidic experimental diets were 8 

formulated to contain 0%, 10%, 20%, and 30% of toasted Delonix regia meal 9 

and were designated as D1 (0% inclusion), D2 (10% inclusion), D3 (20% 10 

inclusion), and D4 (30% inclusion) in a completely randomized design. Fifteen 11 

net hapa (0.5x0.5x1m) were suspended in two outdoor concrete ponds with the 12 

aid of kuralon twine tied to plastic poles, the concrete ponds were filled to 5/6 of 13 

its volume (40m3) with filtered and dechlorinated tap water. Each treatment had 14 

three replicates with 20 fish were accommodated in each hapa (mean initial body 15 

weight (1.02±0.01g) per fish. Water temperature and other water quality 16 

parameters were monitored daily.The result of the study showed that there was 17 

no significant differences (P>0.05) in the survival rate, However D3 gave the 18 

best value in all the growth parameters values measured and was significantly 19 

different from others while D4 gave the lowest value but was not significantly 20 

different from D1. Except for D3 which was significantly higher in all the 21 

nutrient utilization values measured however was no significant difference 22 

between D1, D2 and D4. Proximate composition results revealed that increase in 23 

inclusion of TDRM led to an increase in the carcass lipid content and a decrease 24 

in moisture contents of the fish fed experimental diet. This result indicated, that 25 

inclusion of toasted Delonix regia meal at 20% in the diet of Clarias gariepinus 26 

fingerlings improves the nutritive value for fish, hence can serve as alternative 27 

ingredients in the fish feed production.  28 
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With aquaculture gaining global attention on recent time, and fish being the cheapest 31 

source of animal protein however, due to the decline in the wild catches the 32 

industrialized fishing sector has become unpredictable and unsustainable. Hence 33 

aquaculture production intensifications is of paramount importance especially the 34 

developing nations of the world [1]. One of the major concerns in aquaculture 35 

production is the high cost of the feed and heavy reliance on fish meal and fish oil as the 36 

primary protein and energy source in aqua feed production. Fish meal is very palatable 37 

and has exceptional nutrition value including an excellent balance of essential amino 38 

acid and essential fatty acid, which closely meet the requirement of most farm fish, and 39 

also provides an excellent source of digestive energy and vitamin [1]. The high cost, 40 

scarcity and insufficient supply of some of these conventional plant protein sources has 41 

necessitate the need for a search for alternative unconventional plants protein ingredients[2] . [3] 42 

Obun, suggested that the alternative plant protein source to replace conventional ones may have 43 

comparative nutritive value or preferably be cheaper than the conventional protein sources i.e. 44 

feed ingredients that are rarely consumed by human and less competed for by the livestock sector, 45 

hence locally available and cheap feedstuff are of paramount interest to aquafeed producers and 46 

fish farmers especially those from the sub-Sahara. 47 

Several feed ingredients have been investigated in an attempt to find alternatives for soybeans in 48 

the diets of fishes. These include plant protein sources such as cottonseed meal, groundnut meal, 49 

sunflower, rapeseed, sesame seed, copra, macadamia and palm kernel along with aquatic plants 50 

such as Azolla pinnata, duckweed (Lemnaceae) and single-cell proteins [4]. These feeds are not 51 

only considerably cheaper than soybeans but also enjoy high availability and accessibility in 52 

certain regions of the world especially in Nigeria.  53 

To attain a more economically sustainable and viable production, research interest has 54 
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be redirected towards the evaluation and use of unconventional plants protein sources 55 

[5,6,7]. 56 

Delonix regia is a wild plant otherwise called flame of the forest, it is an ornamental, 57 

leguminous plant, which produces tones of pods containing seed in the fruiting season 58 

[8]. These seeds are left unutilized since they are neither consumed by any animal nor 59 

utilized for any other medicinal purpose. It produces 25-40cm long pods containing 60 

seeds which laboratory analysis has reported to contain crude protein of 36.92%, crude 61 

lipid: 4.17%, and crude fiber: 11.39% [9]. Catfish Clarias gariepinus belongs to family 62 

of Claridae, they are the most cultured freshwater fish in Nigeria. They are 63 

characterized by their ability to grow on a wide range of artificial and natural feeds, they 64 

grow fast and have high potential hardness and tolerance to dissolved oxygen and other 65 

aquaculture routine [10]. Hence emphasis has been on the increase on how to improve 66 

much productivity of catfish. This study was conducted to evaluate the suitability of 67 

toasted Delonix regia seed meal (TFSM) in the diet of Clarias gariepinus fingerlings 68 

through their growth performance, nutrient utilization and haematological indices. 69 

Materials and Methods 70 

Ingredients and diet formulation  71 

Soybean meal 72 

Soybean was obtained from the Kure’s new modern market and was toasted using a 73 

frying pan and allow to cool before milling with the aid of a grinding machine. Toasting 74 

was done to remove the anti-nutritional factor present in the seed. 75 

All the ingredients were separately milled and mixed with warm water to form 76 

consistent dough, which was then pelleted, sun dried, packed in polyethylene bags and 77 

stored. The feed composition tables shown in table1. 78 
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Flamboyant seed meal 79 

Matured and dried Flamboyant seedpods were collected from ornamental garden of the 80 

centre for preliminary and extra moral studies (CPES) of Federal University of 81 

Technology Minna. The seed were collected by manually opening the pods. The viable 82 

seeds were sorted out by soaking the seed inside water. The viable seed were sun dried 83 

and seeds were toasted within the temperature range of 600C to 800C to reduce the 84 

effect of anti-nutritional factor using frying pan. After toasting, the seed were allow to 85 

cool and later grounded to powder. 86 

Fishmeal 87 

The fish meal used for these experiments was obtained from Mosegoaler farms Minna 88 

Niger state. The crude protein and lipid were 65.34% and 11.36%. 89 

 90 

Experimental diets  91 

Based on the nutritional requirements of Clarias gariepinus fingerlings [11], four 92 

isonitrogenous and isolipid diets were formulated at 40 % protein and 9.5 % lipids, 93 

containing 10-30% toasted Delonix regia seed meal at different levels of inclusion 94 

(Table 3). 95 

Experimental System and Fish 96 

The experimental fish, pure- bred C. gariepinus fingerlings, with an initial mean weight 97 

of (1.01 - 1.02g) were purchased from Tagwai fish hatchery of Ministry of Livestock 98 

and Fisheries development Minna, Niger state. The fish were transferred in a 99 

well-oxygenated water plastic container from the hatchery to the Department of Water 100 

Resources, Aquaculture and Fisheries Technology experimental fish farm, Federal 101 

University of Technology, Bosso campus, Minna where the feeding trial was conducted. 102 

Upon arrival they were acclimatized in a transitional tank in the farm for four days and 103 
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were fed commercial feed (coppense feed) at 40% crude protein once a day before the 104 

experiment commenced. The fish were subsequently fed with 40% iso-nitrogenous diet 105 

and 9.5% lipid, containing different inclusion level of toasted toasted Delonix regia seed 106 

meal, designated as D1 (0% inclusion), D2 (10% inclusion), D3 (20% inclusion), D4 107 

and (30% inclusion) for 56 days. Fifteen net hapa (0.5x0.5x1m) were suspended in two 108 

outdoor concrete tanks (8mx5mx1.5m) with the aid of kuralon twine tied to plastic 109 

poles. The concrete tanks were filled to 5/6 of its volume (40m3) with filtered and 110 

dechlorinated tap water. Twenty (20) fish were accommodated in each hapa and each 111 

treatment was randomly allocated to three hapas. Photoperiod depends on the natural 112 

light, and water temperature was monitored daily. The water quality parameters in the 113 

system were monitored weekly, the temperature ranged between 24ºC-29ºC while the 114 

concentration of dissolved oxygen ranged between 5.94-7.82 mg/L and the pH values of 115 

the treatments ranged from 7.18-7.60. No critical values were detected for nitrite and 116 

nitrate. Two replicate of each treatment using 20 fish per hapa were reared on each of 117 

the four diets. The feed was manually administered and the fish were fed three times 118 

daily at 5% of body weight at 09:00 am, 12:00pm and 16:00pm. Feeding rate was 119 

subsequently adjusted according to their growth rates per hapa. The uneaten and faecal 120 

matters were siphoned out of the hapa every morning before feeding, and 45 minutes 121 

after the fish have been fed. The fish were denied feed 24 h prior to sampling. Five fish 122 

were randomly sampled on weekly basis, and weights were measured using a digital 123 

electronic weighing balance (CITIZEN MP-300) model. 124 

Biochemical Analysis 125 

About 10g initial sample and 15g of final samples from each hapa were pooled 126 

separately and then homogenized using laboratory mortar and pestle. The major 127 
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ingredient used for the diet; the formulated diet and the fish body samples were 128 

subjected to chemical analysis. The proximate composition analysis was determined 129 

according to AOAC procedures [12]. Moisture content was determined by drying 130 

samples at 105±2°C until a constant weight was obtained. Dried samples were used for 131 

determination of crude fat, protein and Ash contents. Crude fat was measured by solvent 132 

extraction method in a soxhlet system where n-hexane was used as solvent. Crude 133 

protein content was calculated by using nitrogen content obtained by Kjeldahl method. 134 

A conversion factor of 6.25 was used for calculation of protein content according to 135 

AOAC [12]. Anti-nutritional factors of the seeds; tannins and trypsin inhibitor activity 136 

(TIA) were analyzed by modifying the procedures of [13. Phytic acid was determined 137 

by the method of Latta and Eskin [14]. 138 

Blood collection and haematological analysis 139 

Blood samples were collected in triplicate following the procedure of Klontz and Smith 140 

[15 and16] and Wedemeyer and Yasutake, and subsequently taken to the Laboratory of 141 

Department of Biochemistry Federal University of Technology Minna for 142 

haematological analysis. The direct measurement of erythrocyte values (Packed cell 143 

volume PCV, Haemoglobin Hb, and Red blood cell RBC) and absolute erythrocyte 144 

indices (MCH, MCV and MCHC) were calculated. The white blood cell and differential 145 

counts (neutrophils and lymphocytes) were analyzed as described by Dacie and Lewis 146 

[17].  147 

Evaluation of blood parameters 148 

MCV=PCV/ Erythrocytes count ×10 149 

MCH= Haemoglobin/ Erythrocytes count ×10 150 

MCHC= Haemoglobin /PCV ×100 151 

Evaluation of growth parameters 152 

Growth performance and diet nutrient utilization were analyzed in terms of weight 153 

gain (WG), feed efficiency (FE), specific growth rate (SGR), feed intake (FI) protein 154 

efficiency ratio (PER) and apparent protein digestibility. The following formulas were 155 
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used: 156 

WG (%) = (final weight (g) - initial weight (g)) / initial weight (g) × 100 157 

FE (%) = weight gained (g) / feed fed (g) ×100 158 

SGR (%) = ((ln final weight (g) - ln initial weight (g)) / feeding period (day) ×100 159 

FI (mg/fish/day) = dry feed (mg) fed / number of fish / feeding period (day) 160 

PER = wet body weight gain (g) / protein intake (g)  161 

Statistical analyses  162 

Data were analyzed using one-way analysis of variance (ANOVA) using Statistica 163 

8.0 (Stat-Soft, Inc., Oklahoma, USA). Differences between treatments were compared 164 

by Tukey’s test. Level of significance was tested at P<0.05. 165 

Results and Discussion 166 

This study investigates the possibility of utilizing toasted Delonix regia meal in the diet 167 

of Clarias gariepinus fingerlings. Table 1 shows the proximate composition of the 168 

major ingredients used in formulating the experimental diets. Fish meal has the highest 169 

crude protein and lipid content (65.34% and 11.36%) followed by soybean meal 170 

(43.63% and 7.00%), while the crude protein and lipid content of both the raw and 171 

toasted Delonix regia meal was (22.45-29.58% and 5.68-9.39%) respectively. The value 172 

of the D. regia reported in this experiment was higher than the value reported earlier by 173 

Balogun et al [18] but lower than the value reported by Bake et al [19] the differences 174 

might be attributed to differences in environmental conditions and the processing 175 

technique used. The increase in the protein and lipid content of the TFSM may be 176 

attributed to the processing technique used, this is in line with [20, 21, 22, and 23] that 177 

heating and toasted of plant protein base ingredients boost their proximate composition 178 

especially protein and lipid. Table 2 showed the anti-nutritional factor composition of 179 

both the untreated raw D. regia (RFSM) and the treated toasted D. regia (TFSM). All 180 

the anti-nutritive factors parameters measured were lower in the treated TFSM 181 

ingredient as compared to RFSM. The lower values of the anti- nutritive factors may be 182 

as a result of the toasting of the flamboyant seed, this agrees with the findings of [7, 21 183 

and 22]  that heat and toasting  processing technique usually reduced the level of 184 

anti-nutritive factors in plant protein based ingredients. It could be seen from table 3 185 

that the diets used in the present study were isonitrogenous and all experimental diets 186 

were similar in terms of their chemical and proximate composition. The composition of 187 
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the diets indicates that, increase in the inclusion level of TFSM in D2, D3, and D4 did 188 

not have any negative affect on their physical and chemical properties. This further 189 

affirms that Delonix regia seed as a fish feed ingredient may not be a starchy material. 190 

The food quality of a diet is directly proportional to its ability to support growth, and its 191 

dietary content is of paramount importance. One of the limiting growth factors in fish is 192 

protein, and it is well known fact that it is essential for building new tissues [24].The 193 

good growth of C. gariepinus fed the tested diets in the present study indicated that the 194 

protein values of these diets were appropriate despite being lower than the 40% 195 

formulated on paper.   196 

The growth performances of C. gariepinus fingerlings in terms of WG, SGR, FE, FI 197 

PER and PR are shown in Table 4. Among the formulated experimental diets, C. 198 

gariepinus fingerlings fed on D3 (20% inclusion of TFSM) gave the best and the 199 

highest significant (P<0.05) value in all the growth parameters measured while D4 200 

(30% inclusion of TFSM) had the lowest WG, SGR, and FI, although there was no 201 

significant (P<0.05) differences between fish fed D4 and D1 based diets. Fish fed D2 202 

had a higher significant (P<0.05) growth performance value than those fed D1 and D4.  203 

In the nutrient utilization parameters measured (FE, PER and PR) fish fed D3 had the 204 

highest value and was significantly different from other fish fed other experimental diets. 205 

However there was no significant difference between D1 and D2and D4.  206 

Fish mortality was low and relatively uniforms in all the treatments, furthermore all the 207 

experimental fish remaining in the hapas were morphologically normal at the end of the 208 

feeding trial. In this present study the water temperature which ranges between 209 

26±0.5ºC-29± 0.7ºC and the dissolved oxygen 6.5 to 8.4 mg/L were within the 210 

acceptable range for catfish culture. [25]. 211 

There was variations in the proximate composition analysis of whole body Clarias 212 

gariepinus fingerlings (wet basis) fed experimental diets for 56 days, as showed in Table 213 

5. The results of the body composition revealed that except for moisture catfish fed 214 

toasted Delonix regia meal display a marginal increase in carcass protein, lipid, and ash, 215 

at the end of the experiment and were significantly higher than the initial body 216 

composition at the start of the experiment. There were no significant differences in the 217 
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carcass ash contents among all the treatments fed experimental diets, fish fed D3 had the 218 

highest crude protein content value and was significantly higher than the other fish fed 219 

other experimental diets (P<0.05), fish fed D1was significantly higher (P<0.05) than 220 

those fish fed D2 and D4 however D2 and D4 do not show any significant different 221 

(P>0.05) from each other. Fish fed D4 had the highest significant lipid carcass 222 

composition (P<0.05) while D1 had the lowest value but was not significant different 223 

from fish fed D2, fish fed D1 show the highest moisture among experimental diets 224 

although no significantly different from D2 (P<0.05) but were significantly different 225 

from D3 and D4. 226 

In the present study, the inclusion of TFSM significantly influenced the proximate 227 

composition of fish muscle tissue. Increased crude fat deposition was observed in 228 

response to increase in the levels of toasted flamboyant seed inclusion, in this 229 

circumstance, the lipid was inversely proportional to moisture. This result then to agree 230 

with the findings of [26, 27, 28, 7, and 29].When plant base protein source are included 231 

in fish diets there is tendency for increase in the carcass lipid.  232 

Table 6, revealed the haematological parameters of the experimental fish before and 233 

after the feeding trial. Fish fed the experimental diet had a higher value in all the 234 

Haematological parameters measured as at the end of the experiment as compared to the 235 

initial before the feeding trial. The fish fed D3 had the highest Packed Cell 236 

Volume ,while fish fed D4 had the lowest PCV value and was significantly (p<0.05) 237 

different from those fed the other experimental diets. However there was no significant 238 

difference between fish fed D1, D2 and D3 (P > 0.05). WBC values showed that fish fed 239 

D4 had the highest value and was significantly different from others (P<0.05), although 240 

D1 had the lowest WBC value it was not significantly different from D2 and D3 (P > 241 

0.05).The RBC and Hb followed the same pattern as PCV. LYMPH showed that D3 was 242 

higher and significantly different from other fish fed experimental diets, however there 243 

was no significant differences between D1, D2 and D4.While MCH followed the same 244 

pattern as WBC, there was no significant difference in MCHC and MCV among all fish 245 

fed the experimental diets(P>0.05). 246 
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The results of the Packed Cell Volume (PCV), Hemoglobin (Hb), Red Blood Cell 247 

(RBC), and White blood Cell (WBC) in this present study were within the acceptable 248 

range of a healthy C. gariepinus fingerlings[30 and 31], indicating that TFSM is not 249 

toxic to Clarias gariepinus fingerlings, and are safe to feed up to 30% level of inclusion. 250 

The values obtain in this study was higher than those reported by [30, 31, 32, 33, 34 and 251 

35]. The increase in all of the hematological parameters measured in all the fish fed the 252 

experimental diets is an indication that there was no blood lost in fish fed those diets 253 

when compared with what was reported by Sotulo and Faturori [33], when Leucaena 254 

leucocephala was fed to Clarias gariepinus fingerlings. 255 

In summary the growth performance of C. gariepinus fed toasted flamboyant seed 256 

meal diets as presented in Table 4 shows that there was no feed rejection during the 257 

experiment, the diets were accepted by the fish and they ingested the feeds actively, 258 

although the acceptability differs among the treatment as could be seen in their total 259 

feed intake. When plant materials are used in fish diets, one common problem is usually 260 

the acceptability of the diet by the fish which has to do with the level of inclusion and 261 

palatability of the diet [21]. Proper processing of ingredients has been reported to have 262 

effects on the texture, palatability, and the level plant material incorporated, hence can 263 

affect the acceptability and level of feed intake [20, 21, 22 and 23]. In this present study 264 

the high FI obtained in this feeding trial may also be ascribed to the toasting processing 265 

technique employed in processing the flamboyant seed. This may have reduced the 266 

effect of anti-nutritive factors and other secondary compound activities in the seed 267 

which tend to have enhance the palatability and boosted the feed intake as evident in the 268 

high feed intake of all the fish fed the experimental diets. In conclusion, the results of 269 

this study demonstrate that 10–30% of TFSM can be included in the diet of C. 270 

gariepinus fingerlings without any adverse effect on their growth performance and 271 

blood system. Further research need to be carry out on the amino acid and essential fatty 272 

acid profile of the toasted flamboyant seed on a long term study.   273 

 274 

References 275 

 [1] Tacon, A.G.J,. Use of fish meal and fish oil in aquaculture: a global perspective. 276 

    Aquatic Resources, Culture and Development 2004.1, 3–14.  277 



 11

[2] Fasakin, E.A., Balogun, A.M. and Ajayi, O.O. Evaluation of full-fat and defatted    278 

   maggot meals in the feeding of clariid catfish Clarias gariepinus fingerlings.  279 

   Aquaculture Research, 34: 733-738. doi:10.1046/j.1365-2109.2003.00876.x;  280 

[3] Obun C O. Performance, Digestibility and Carcass and Organ Weights of Finisher   281 

   Broiler Chicks Fed Graded Levels of Fermented Locust Bean (Parkia biglobosa)  282 

   Seed Meal. Asian Journal of Poultry Science, 2008. 2:Pp 17-23.  283 

[4] Ogunji J O. Alternative protein sources in diets for farmed tilapia. Animal  284 

    Science.com Reviews 2004 No. 13; Nutrition Abstracts and Reviews, 2004.74(8):  285 

    23– 32.     286 

[5] Siddhuraju, P. and Becker, K. Preliminary nutritional evaluation of mucuna seed  287 

   meal (Mucuna pruriens (L.) DC var. utilis in common carp (Cyprinus carpio L.) an  288 

   assessment by growth performance and feed utilization. Aquaculture, 2001. 196:  289 

   105-123.    290 

[6] Bake, G. G., Endo, M., Akimoto, A. and Takeuchi, T. Evaluation of recycled food   291 

   waste as a partial replacement of fishmeal in the diets for first feeding Nile tilapia  292 

   Oreochromis niloticus. Fish. Sci., 2009. 75, 1275- 1283.  293 

[7] Bake G.G., Adejumo T. M. and Sadiku, S.O.E. Growth performance and Nutrient  294 

  utilization of Nile Tilapia (Oreochromis niloticus) Fed toasted Flamboyant seed meal  295 

  (Delonix regia) Continental Journal of Agricultural Science 2013.Vol. 7 (1): 1 – 10.  296 

   297 

[8] Keay, P.W., C.P. Onochie and D.P. Stanfield. Nigeria trees, volume 1, federal Dept. 298 

of forestry research Ibadan, Nigeria. 1964. 299 

[9] Grant, G., L.J. More., N.H. Mc Kenzie. J.C. Stewart., L.Telek and A. Pusztai,. A  300 

   survey of the nutritional and haemagglutination properties of legume seeds  301 



 12

   generally available. Livestock Res.Rural Dev., 1991. 3: 1-10.  302 

[10] Oresegun, A.; Oguntade, OR. and Ayinla, OA. A review of catfish culture in 303 

    Nigeria. Nig. J. Fish., 2007. 4(1):27-52.  304 

[11] National Research Council, Nutrition requirement of fish. National Academy of  305 

    Science. 1993. 306 

[12] AOAC, Official methods of analysis. Association of Official Analytical Chemist.   307 

    17th Edn. Washington, DC. 2000. 308 

[13] AOAC, Official methods of analysis. Association of Official Analytical Chemist.  309 

   14th Edn. Washington, DC. 1984. 310 

[14] Latta, M. and M. Eskin. Simple colorimetric method of phytate determination. J.  311 

    Agric. and Food Chem., 1980.28: 1313-1315.  312 

[15] Klontz GW, Smith LS,. Method of using fish as biological research subjects. In:    313 

    methods of animal experimentation volume iii (ed. W.I.Grey), 1968. pp 323 – 383.    314 

    Academic Press, New York.  315 

[16] Wedemeyer GA, Yasutake WT. Clinical methods for the assessment of the effects   316 

    of environmental stress on fish health. United States Fish and Wildlife Service  317 

    Technical papers 89. 1977. 318 

[17] Dacie JV, Lewis SM. Practical Haematology. 9th Edition. Churchill Livingstone,   319 

    London, 633. 2001. 320 

[18] Balogun, J.K., Abdullahi, S.A., Auta, J. and Ogunlade. Feed conversion, protein  321 

   efficiency, digestibility and growth performance of Oreochromis niloticus fed   322 

   Delonix regia meal. 19th Annual conference Processing’s of the Fisheries Society of  323 

   Nigeria (FISON). 2004. Pp 823-831 324 

[19] Bake G.G., Martins E. I.  and Sadiku. S.O.E. Nutritional Evaluation of Varying  325 



 13

    levels of Cooked Flamboyant seed meal (Delonix regia) on the Growth  326 

    Performance and Body Composition of NileTilapia (Oreochromis niloticus)  327 

    fingerlings Agriculture, Forestry and Fisheries. 2014 3(4): 233-239.  328 

[20] Fagbenro O. A and Davis S. J. Use of high percentages soybean protein   329 

    concentrate as fishmeal substitute in practical diets for African catfish, C.   330 

    gariepinus (Burchell 1822): growth, feed utilization and digestibility J.Applied  331 

    Aquac. (2003)16 (1).  332 

[21] Francis, G., Makkar H. P. S and Becker, K. Antinutritional factors present in plant  333 

     derived alternate fish feed ingredients and their effects in fish. Aquaculture,  334 

     2001.199, 197-227.  335 

[22] Solomon SG, Tiamiyu LO, Agaba UJ. Effect of feeding different grain sources on   336 

    the growth performance and body composition of tilapia, (Oreochromis niloticus)  337 

    fingerlings fed in out-door hapas. Pak.J. Nutr. 2007. 6(3):271 -279.  338 

[23] Fapohunda O. O. Evaluation of Processed Soybean Meal in the Feeding of   339 

    Clarias gariepinus fingerlings J Anim Sci Adv, 2012. 2(2): 244-249. 340 

[24] Lu, J., G. Yoshizaki, K. Sakai and T. Takeuchi. Acceptability of raw Spirulina   341 

    platensis by larval tilapia Oreochromis niloticus. Fish. Sci., 2002. 68: 51-58.  342 

[25] Madu C. T and Ufodike E. B. C. Growth and survival of mudfish (Clarias  343 

    anguillaris) hatchlings fed various natural and artificial feeds as test starter diets  344 

    for indoor nursery Management. Journal of Aquatic sciences 2001.16 (2): 127-131.  345 

     346 

[26] Serrano, J.A., Nematipour, G.R., Gatlin, D.M. Dietary protein requirement of the red  347 

     drum (Sciaenops ocellatus) and relative use of dietary carbohydrate and lipid.  348 

     Aquaculture 1992.101, 283–291.  349 

[27] Yildirim-Aksoy M, Lim C, Davis DA, Shelby R, Klesius PH. Influence of Dietary   350 

     Lipid Sources on the Growth Performance, Immune Response and Resistance of  351 



 14

     Nile Tilapia, Oreochromis niloticus, to Streptococcus iniae Challenge. J. Appl.  352 

     Aquac. 2007.19:27-49.  353 

[28] Bake G.G., Sarker. M.S.A, Endo M., Akimoto A. and Takeuchi T. Evaluation of  354 

    high-level inclusion of recycled food wastes materials supplemented with lysine,  355 

    methionine and arginine in the practical diet of Nile tilapia (Oreochromis niloticus)  356 

    International Journal of Aquaculture and Fisheries Science. 2012.Vol. 2 (2) 73-88.     357 

 [29] Bake, G.G., Yusuf, A.A., Endo, M., Haga, Y., Satoh, S. Sadiku, S.O.E. and  358 

      Takeuchi, T. Preliminary investigation on the inclusion of fermented Sickle pod  359 

      Senna obtusifolia seed meal as an ingredient in the diet of Clarias gariepinus    360 

      fingerlings. Int. J. Curr. Res. Biosci. Plant Biol. 2015, 2(8): 70-80.. 361 

[30] Oyelese, A.O., Taiwo, V.O Ogunsanmi, A.O and Faturoti, E.O. Toxicological  362 

     effects of cassava peels on heamatological serum biochemistry and tissue pathology  363 

     of Clarias gariepinus fingerlings. TropicalVeterinarian, 1989. 17: 17-30.  364 

[31] Omoniye, I., Agbon, A.O. and Sodunke, S.A. Effects of lethal and sub lethal  365 

    concentration of tobacco (Nicitiana tobaccum) leaf extract on weight and  366 

    heamatological changes in Clarias gariepinus (Burchell, 1882). Journal of Applied  367 

    Sciences and Environment Management, 2002. 6 (2): 57-51.  368 

[32] Omitoyin, B.O. Haematological changes in the blood of Clarias gariepinus  369 

    juveniles fed poultry litter.Livestock Research for Rural Development, 2006.18  370 

    (2):11,112-116.  371 

[33] Sotulo, A.O and Faturoti, E.O Growth performance and haematology of Clarias  372 

      gariepinus (Burchell, 1822) fed varying inclusion of Leucaena leucocephala seed   373 

      meal based- diets. Revista UDO A gricola 2009.9 (4): 979-985.  374 

[34] Ayoola, S.O. Heamatological Characteristics of Clarias gariepinus (Burchell,  375 

   1822) juveniles fed with poultry hatchery waste. Revista UDO Agricola 8 2011. 376 

   (4): 782 787.  377 

[35] Ayoola, S.O and Maduekwe, I.A. Biochemical and Heamatological Response  378 



 15

     of Clarias gariepinus (Burchell, 1822) Juveniles Fed with Diets Containing Mytilus   379 

     edulis Shell at varying Level. Journal of Fisheries and Aquatic Sciences, 2012. 380 

     7: 468-474.  381 

 382 

Table 1: Proximate composition of the major ingredients used in the formulation of 383 

the experimental diet for C. gariepinus fingerlings. 384 

Ingredients Fishmeal 
Soybean 

meal 

Maize 

meal 

Millet 

meal 
RFSM TFSM 

Proximate composition 
            

Moisture (%) 5.79 
 

2.09 
 

4.66 
 

3.22 
 

4.02 
 

3.78 
 

Crude protien (% d.b.*1) 65.34 
 

43.63 
 

9.32 
 

12.86 
 

22.45 
 

29.58 
 

Crude lipid (% d.b. *1) 11.36 
 

7.00 
 

4.20 
 

4.36 
 

5.68 
 

9.39 
 

Ash (% d.b.*1) 14.34   8.15   3.22   2.33   6.35   4.14   

 385 

Table 2: Effect of toasting treatment on anti-nutritional factors in Delonix regia 386 

seed meal. 387 

Anti-nutritive factors   RFSM   TFSM 

(%) decrease of 

anti-nutritive factors 

after fermentation 

Phytic acid (mg/100g) 540.07 
 

141.33 
 

73.83 
 

Cyanide (mg/100g) 19.45 
 

7.15 
 

63.24 
 

TIA (mg/100g) 38.92 
 

10.21 
 

73.77 
 

Tannin (g/kg) 22.74 
 

8.82 
 

59.43 
 

Total Oxalate 45.46   10.15   77.67   

 388 

Table 3: Formulation of the experimental diet and proximate composition of the      389 

 experimental diet for C. gariepinus fingerlings (g/kg). 390 

Ingredients D1 D2 D3 D4 

FM 529.30 
 

483.80 
 

438.50 
 

393.00 

SBM 100.00 
 

100.00 
 

100.00 
 

100.00 

TDRM 0.00 
 

100.00 
 

200.00 
 

300.00 

MM 50.00 
 

50.00 
 

50.00 
 

50.00 

Millet 50.00 
 

50.00 
 

50.00 
 

50.00 
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starch 55.00 
 

55.00 
 

55.00 
 

55.00 

Vitamin premix 15.00 
 

15.00 
 

15.00 
 

15.00 

SBO 24.30 
 

20.10 
 

15.90 
 

11.70 

Cellulose 161.40 
 

111.10 
 

60.60 
 

10.30 

Mineral premix 15.00 
 

15.00 
 

15.00 
 

15.00 

Total 1000.00   1000.00   1000.00   1000.00 

Moisture (%) 4.18 4.29 4.15 4.31 

Crude protien (% d.b.*1) 37.51 37.98 37.46 37.22 

Crude lipid (% d.b. *1) 8.75 8.82 8.66 8.92 

Ash (% d.b.*1) 12.52   12.63   12.78   12.95 

 391 

 392 

 393 

Table 4. Growth performances and nutrient utilization of C. gariepinus fry fed experimental diets for 56 days. 

Diet 

code 

Body weight (g) 
Weight gain  

(%) 

Survival       

rate (%) 

Specific 

growth 

rate (%) 

Total feed 

intake (g) 

Feed 

efficiency 

Protein 

efficiency 

ratio 

Protein 

retention (%) Initial Final 

D1 1.02±0.04 13.25±0.05c 1199.02±14.32c 98.80±1.14a 4.58±0.01c 16.95±0.31b 0.72±0.01b 1.92±0.05b 34.50±0.24b 

D2 1.01±0.06 14.03±0.28b 1289.11±27.51b 98.96±1.07a 4.70±0.04b 17.78±0.17a 0.73±0.01b 1.95±0.02b 34.59±0.38b 

D3 1.02±0.06 15.73±0.03a 1442.16±37.25a 98.97±1.02a 4.88±0.02a 17.58±0.12a 0.84±0.04a 2.20±0.08a 40.18±0.75a 

D4 1.02±0.02 13.18±0.03c 1191.83±32.22c 98.82±1.05a 4.57±0.06c 16.75±0.12b 0.73±0.03b 1.95±0.03b 34.42±0.25b 

Values in the same column with different superscript letters are significantly different (p<0.05) from each other. 

 394 

 395 

Table 5 Proximate composition analyses  of whole body C. gariepinus  (wet basis) fed            

experimental diets for 56 days 

 396 

Component 

(%) 
Initial 

Final*1   

D1 D2 D3 D4 

Moisture 77.82 75.02±1.4 a 73.76±1.3 b 72.45±1.4 c 71.82±1.4 d 

Protein 13.45   17.59±1.7 b 17.39±1.7 a 17.93±1.2 c 17.32±1.5 c 

Lipid 3.87 4.47±0.6 c 4.72±0.6 c 5.98±0.2 b 6.97±0.7 a 

Ash 2.96 3.21±0.4 a 3.22±0.4 a 3.25±0.4 a 3.28±0.6 a 

*1 Values in the same row with different superscript letters are significantly different (p<0.05) from each 

other (n=3).        
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Table 6. Haematological parameters of C. gariepinus fingerling fed experimental diets for 56 days  397 

Blood parameters Initial  
Final*1 

D1 D2 D3 D4 

PCV (%) 20.62   28.34±1.27 a 28.42±1.34 a 28.68±1.36 a 26.55±1.47 b 

WBC (103 mm-3) 7.18 
 

7.29±0.24 b 7.37±0.28 b 7.41±0.52 b 7.67±0.32 a 

RBC  (103 mm-3) 2.56 
 

3.28±0.35 a 3.24±0.26 a 3.18±0.42 a 2.95±0.38 b 

Hb (g/100 ml) 6.19 
 

8.61±0.67 a 8.87±0.24 a 8.96±0.43 a 8.02±0.52 b 

LYMPH (100) 60.15 
 

61.40±4.47 b 61.66±3.33 b 62.38±2.54 a 61.45±3.27 b 

MCHC (%) 30.02 
 

30.40±1.55 a 31.21±1.23 a 31.24±1.61 a 30.21±1.28 a 

MCH (pg) 24.18 
 

26.25±1.88 b 27.38±1.76 b 28.19±1.42 b 27.19±1.65 a 

MCV (fl) 80.55   86.39±5.36 a 87.72±3.48 a 90.25±6.32 a 90.00±3.28 a 

PCV, Packed cell volume; WBC, white blood cell; RBC, red blood cell; Hb, haemoglobin; LYMPH, lymphocyte; 

MCHC, mean corpuscular haemoglobin concentration; MCH, mean corpuscular haemoglobin; MCV, mean 

corpuscular volume. 

*1 Values in the same row with different superscript letters are significantly different (p<0.05) from each other 

(n=3).        

 398 


