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Abstract
Background and Objective: Sustainability of the consistent expansion of aquacultural industry depends on development  of  fish culture
techniques in order to obtain the most efficient, safe and cost effective methods for producing aqua products. The study evaluated the
growth performance and feed utilization of African catfish Heterobranchus bidorsalis  fed varying levels  of  flamboyant (Delonix regia)
seed meal as replacement for wheat offal for 14 weeks. Materials and Methods: The experiment was conducted for 14 weeks (98 days)
from May 6th to August 12th, 2017. Four experimental feeds (Diets 1, 2, 3 and 4) each with about 40% crude protein content were
formulated at diet 1 = 0%, diet 2 = 15%, diet 3 = 20% and diet 4 = 25% inclusion levels of fermented and boiled Delonix regia seed meal
(FSM). Post 2 weeks of acclimation, 15 fish were stocked in a happa pen sized 0.432 m2  for each feed with 3 replicates. The initial mean
weight of fish was (33.70±0.78 g). Fish were fed at 3% body weight daily and adjusted accordingly every fortnight. Water quality
parameters were noted morning and evening weekly. Results: Survival rate ranged from 79.99-86.66% randomly without significant
difference. Treatments which contained 15% FSM gave the highest nominal performance with respect to mean weight gain, percentage
mean weight gain, mean growth rate, specific growth rate and performance index, though there was no clear superiority over other feeds
(p>0.05). The feed utilization indices were generally fair across all treatments, with best nominal performance in the treatment containing
25% FSM. Conclusion: The results revealed that the fish were able to utilize all the feed types well for growth, particularly at 15% inclusion
level of flamboyant seed meal as basal feed stuff.
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INTRODUCTION

Fish is the cheapest source of animal protein and account
for about 40% of the total protein intake by the average
Nigerian1. The dynamics of Nigeria’s demographic figure is in
favour of perpetual increase with the attendant challenge on
food security vis-à-vis increasing demand for dietary protein.
This is evident in the rising consumption of fish which
aquaculture now provides a substantial quantity of the fish
protein consumed2. Sustainability of the consistent expansion
of aquacultural industry depends on development of fish
culture techniques in order to obtain the most efficient, safe
and cost effective methods for producing aqua products3. The
current global economic depression has great implications on
Nigeria’s economy4, thus provoking astronomic surge in the
cost of fish feed which challenges fish production. Feed
accounts for about 50-80% of fish production cost5. The
implications  of  high  cost  of  feed  are  universal  to  both  the
fish culturists whose concerns are the production levels,
operational costs and sustainability of their ventures and the
consumers whose consideration is meeting their fish protein
per capita within their convenient budgets. Dietary protein6

and energy7 are responsible for the high cost of feed for both
fish and livestock. These have prompted researches into
possible reduction of feed cost through utilization of cheaper
alternative sources of dietary protein8, reduction in the dietary
protein levels9 and utilizing the available dietary protein and
energy efficiently10 with assured improvement in the desired
performance of the cultured fish. Efficient use of protein
implies minimizing the quantity of protein utilized for energy11

and sparing it for normal body maintenance and growth9 by
incorporating other energy sources in the diets. Maize and
wheat are the most widely used basal feed stuff in livestock
feeds, as well as manage the energy cost in fish feeds
formulation. Government regulations on wheat importation
and its low production level in the country12 cause wheat and
its by-products (such as wheat offal) to be scarce and very
expensive. The necessity for screening possible readily
available  low  cost  alternative  ingredients  that  could be
used to  spare  protein  can  therefore  not  be  over
emphasized. To this end, flamboyant (D. regia) seed meal is
considered.

Delonix  regia,  a  wild  plant  otherwise  called  flame  of
the forest, is a leguminous ornamental plant, which yields
tones  of  seeded  pods  in  the  fruiting  season13.  These  seeds
are  scarcely  or  not  utilized  for  livestock  feed,  human  food
or medicine14 hence, readily available for use as a cheap
ingredient  in  aqua  feed.  Bake  et  al.14-17  attempted  the
possible utilization of these seeds meal as protein supplement.

The     use    of    non-conventional    plant    feed    ingredients
to  replace  conventional  feed  stuffs  in  diets  of  cultured
species had been explored widely by various researchers
including18-25.

The Clariid catfishes constitute an excellent food fish of
high commercial value in Nigeria and some other tropical
countries of the world26. Heterobranchus bidorsalis  belongs
to the genus Heterobranchus of the African mud catfish,
Clariid  that  are  widely  cultured  in  Africa,  Asia  and  Europe27

due  to  their  outstanding  culture  characteristics  already
noted by Owodeinde and Ndimele28. Teugels et al.29 reported
H. bidorsalis to be fairly abundant, able to attain 30 kg
maximum weight and length of over 1 m.

Conventional  feed  stuff  for  feeding  this  fish  are  scarce
and expensive, hence this effort to explore the suitability of
the cheaper flamboyant seed as basal dietary ingredient to
boost its production.

This study was carried out to evaluate the effect of dietary
substitution of flamboyant seed meal for wheat offal meal on
growth performance and feed utilization of H. bidorsalis.

MATERIALS AND METHODS

Experimental   site:   The   experiment   was   conducted   for
14 weeks (98 days) from May 6th-August 12th, 2017 at Safe
Food MPCS Ltd., Fish Farm, located at 6 APhenson Street,
Federal Housing Estate, Abak Road, Uyo, Nigeria in 12 hapa
pens set in a concrete tank of 2×8 m. Each hapa measured
0.6×1.2×0.6 m.

Procurement and processing of flamboyant (Delonix regia)
seeds: The seeds of a flamboyant tree were obtained along
Abak Road by Federal Secretariat, Uyo, AkwaIbom state
directly from the mature dried pods. The collected seeds were
soaked in water for 24 h, then boiled for 1 h 30 min and
thereafter, sundried in the open place for 3 days. These dried
seeds were ground into a homogenous powder. The various
treatments on the seeds before grinding aimed at reducing
the anti-nutritional factors present.

Experimental    fish:     A     group     of      180      juveniles    of
H. bidorsalis where obtained from Heritage Farm Sapele, Delta
state, Nigeria. The fish were acclimatized for  2  weeks  in  a 
2×4  m  concrete   tank  and  were  fed  with 2    mm    fish
commercial    feed    (Coppens)    twice    daily (7:00-8:00 h and
17:00-18:00 h) at 3% total body weight divided into two
rations per day. Post acclimatization, 15 fish were introduced
into each experimental hapa pen.
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Table 1: Percentage composition of test feed fed to the juveniles of
Heterobranchus bidorsalis  for 14 weeks

Ingredients Diet 1 Diet 2 Diet 3 Diet 4
Fish meal 25.00 25.00 25.00 25.00
Flamboyant seed meal 0.00 15.00 20.00 25.00
Soybean meal 13.63 13.63 13.63 13.63
Groundnut cake 20.00 20.00 20.00 20.00
Blood meal 10.00 10.00 10.00 10.00
Lysine 1.00 1.00 1.00 1.00
Methionine 0.50 0.50 0.50 0.50
Vitamin premix 0.25 0.25 0.25 0.25
Vitamin C 0.02 0.02 0.02 0.02
Bone ash 2.10 2.10 2.10 2.10
Palm oil 0.50 0.50 0.50 0.50
Composite wheat flour 1.50 1.50 1.50 1.50
Wheat offal 25.00 10.00 5.00 0.00
Salt 0.50 0.50 0.50 0.50
Total percentage 100.00 100.00 100.00 100.00
Wheat offal replacement (%) 0.00 60.00 80.00 100.00

Formulation and preparation of experimental diets: Four
experimental diets  1,  2,  3  and  4  were formulated to contain
0, 15, 20 and 25% flamboyant seed meal (FSM), respectively.
The crude protein (CP) value of D. regia  seeds derived from
the proximate analysis conducted were used to formulate the
test feeds as shown in Table 1 based on 40% crude protein
content.  Each  experimental  diet  was  constituted  according
to its formula, homogenized, gelatinized with hot water,
pelletized, sundried, there after packaged in a labelled
polyethylene bag and stored till feeding time.

Experimental design and procedure: Completely randomized
design (CRD) was employed in this research. The 12 hapa pens
used were divided into 4 sets of 3. Each random set was
assigned to a given feed treatment and the three hapas
formed replicates. These gave 4 treatments and 3 replicates
per treatment. The fish in each tank were weighed at the
beginning of the experiment to determine the initial mean
weight (33.70±0.78 g). Subsequent weighing and
measurement were done bi-weekly. Fish in each replicate
were fed daily at 3% of their total body weight split equally
into morning and evening rations. The quantity was adjusted
to 3% of the new weight after each periodic measurement.
The water in the experimental tanks was changed weekly and
the tanks thoroughly washed.

Proximate  analysis:  The  proximate  compositions  of  the
raw  and  cooked  seeds,   experimental  diets  and  carcasses
of  the  fish  before  and  after  the  experiment  were
determined using the standard methods of the Association of
Official Analytical Chemists (AOAC)30. Anti-nutritional factors
(total oxalate, tannin, saponin, trypsin) were also analyzed31

while phytic acid and phytate were determined by modified

method of Latta and Eskin32. The analyses were carried out at
the Laboratory of Biochemistry Department, University of Uyo,
Nigeria.

Measurement  of  physico-chemical  parameters:  Water
temperature, pH and dissolved oxygen concentration were
measured   weekly.   Water   temperature   and   dissolved
oxygen      were      measured      with      Oxygen      meter
(Hanna multi parameter kit-model 19828), while pH was
measured with pH pen meter (Hanna-model HI 98107).

Determination of growth and feed utilization parameters:

2 1Mean weight gain (MWG) = W -W

Where:
W1 = Initial mean weight
W2 = Final mean weight

Percentage mean weight gain (PMWG)33 is given as:

MWG MWG ( 1%) 00
MW




Where:
MW = Initial mean weight of fish

Mean growth rate (MGR)34 is as follows:

 
2 1

1 2

W W 100 / tMGR   
0.5 W W 1


 



Where:
W2 = Final mean weight
W1 = Initial mean weight
t = Feeding period in days

Specific growth rate (SGR)35:

2 1100 InW InWSGR
Rearing period in days

 


Where:
In W2 = Natural Logarithm of final mean weight
In W1 = Natural Logarithm of initial mean weight

Survival rate (SR):

Total No. of fish harvestedSR  100
Total No. of fish stocked
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Performance index (PI)36:

 SR W2 W1
PI

Rearing period (in days)
 



ProteiProtei n consn i umen ex
0

d d
10



Where:

Protein in feed (%) Total diet consumedProtein consumed
100




Protein efficiency ratio (PER)37:

Weight gained  (g)PER
Protein consumed  (g)

 

Feed consumed (FC):

Weight of fish 100FC  
Feeding rate




Feed conversion ratio (FCR)38:

Feed intake (g)FCR
Weight gain  (g)



Feed conversion efficiency (FCE)39:

Weight gain 100FCE  
Feed intake 1

 

Net protein utilization (NPU)40:

Protein gained 100NPU
Protein consumed




Where:

Protein gained = Final total body protein-initial total body protein

and:

Protein in feed (%) Total diet consumedProtein consumed  
100




Statistical analysis: The growth and feed utilization 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 20 was used for the analysis.

RESULTS

Water quality parameters: The means of water quality
parameters recorded during the period of 14 weeks of the
experiment are presented in Table 2.

Profile of the flamboyant (Delonix regia) seeds used in the
experiment: Table 3 shows proximate nutrient composition
and anti-nutritional factors present in raw and cooked
flamboyant seeds. The results of chemical analyses revealed
that the flamboyant seeds used in this research contained less
than 20% crude protein. Also, the levels of anti-nutritional
factors were significantly reduced in the cooked seeds while
those of protein, fiber and lipids were enhanced.

Table 2: Quality indices of the culture water
Parameters Mean value
Dissolved oxygen (mg LG1) 6.81
Temperature (EC) 27.95
pH 6.93

Table 3: Proximate and anti-nutrient composition of raw and cooked flamboyant seeds
Proximate Composition Anti-nutrient Composition
--------------------------------------------------------- ------------------------------------------------------------------

Parameters raw seed (%) cooked seed (%) raw seed (mg/100 g) cooked seed mg/100 g) Reduction (%)
Moisture 11.65 8.67
Ash 4.06 1.41
Fiber 10.58 11.06
Protein 11.90 16.80
Lipid 6.85 7.18
NFE 66.61 63.55
Kcal /100 g 394.31 389.47
HCN 12.87 1.61 87.49
Tannin 98.93 20.94 78.88
Phytate 45.06 6.52 85.53
Total oxalate 243.45 76.00 68.78
NFE: Nitrogen free extract, HCN: Hydrocyanide 
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Table 4: Percentage proximate composition of experimental diets and fish
Diets Fish
------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------

Parameters Diet 1 Diet 2 Diet 3 Diet 4 Initial Diet 1 Diet 2 Diet 3 Diet 4
Moisture 7.15 7.31 7.26 7.08 76.77 72.00 71.99 72.03 71.97
Ash 10.25 9.50 9.42 9.19 11.70 9.93 8.40 8.67 8.51
Fiber 13.94 9.50 9.73 8.49 8.30 6.34 7.65 6.510 7.06
Protein 40.25 40.35 40.46 40.80 52.50 60.20 63.75 62.39 62.00
Lipid 4.20 6.15 7.36 9.10 14.13 9.70 11.96 16.99 17.43
NFE 31.36 34.50 33.03 32.42 13.37 13.83 8.24 5.44 5.00
Kcal/100 g 368.50 369.54 370.60 371.20 390.65 383.42 383.60 406.27 420.15
NFE: Nitrogen free extract

Table 5: Mean growth performance of H. bidorsalis  juveniles fed with varying
inclusion levels of dietary flamboyant (D. regia) seed meal for 14 weeks

Treatments
---------------------------------------------------

Parameters Diet 1 Diet 2 Diet 3 Diet 4
Mean initial weight (g) 32.47a 34.09a 34.77a 33.46a

Mean final weight (g) 248.28a 296.28a 278.02a 272.05a

Mean weight gain (g) 215.78a 262.18a 243.24a 238.65a

Percentage mean weight gain (%) 679.80a 801.29a 700.91a 720.01a

Mean growth rate (%/day) 1.56a 1.61a 1.58a 1.59a

Specific growth rate (%/day) 2.10a 2.23a 2.14a 2.16a

Performance Index (%g/day) 190.63b 219.34a 197.28ab 199.27ab

Survival rate (%) 86.66a 82.22a 79.99a 82.21a

Means with similar superscripts along the rows are not significantly (p>0.05)

Table 6: Feed utilization of H. bidorsalis  juveniles fed with varying inclusion 
levels  of  dietary  flamboyant  (D. regia)  seed  meal  for 14 weeks

Treatments
-------------------------------------------------------

Parameters Diet 1 Diet 2 Diet 3 Diet 4
Feed consumed (g) 330.54b 371.75a 341.72b 327.87b

Protein consumed (g) 133.04b 150.00a 138.20ab 132.72b

FCR 1.53a 1.42a 1.41a 1.37a

FCE (%) 65.28a 70.53a 71.17a 72.78a

PER (%) 1.62a 1.74a 1.76a 1.80a

NPU 5.79b 7.50a 716.44a 7.16a

PI (%) 1.33b 1.50a 1.38ab 1.33b

Means with similar superscripts along the rows are not significantly different
(p>0.05)

Fig. 1: Mean bi-weekly cumulative weight gain of H. bidorsalis
juveniles fed with varying inclusion levels of dietary
flamboyant (D. regia) seed meal in hapas for 14 weeks
Trt: Treatment 

Composition of experimental feeds and fish: The percentage
proximate compositions of both the test diets and fish are
presented in Table 4. Results of the proximate analysis of the
test feed presented in the table indicated that diet 1 with 25%
wheat offal had the highest fiber and least lipid contents while
reverse was the case with diet 4 containing 25% flamboyant
seed meal. There was a corresponding trend in each of the
two nutrients from diet 1-4. Crude protein remained at 40%
with marginal increase from diet 1 to diet 4. Energy level also
increased slightly in the same order. The highest deposition of
protein was found in fish fed diet 2 and that of lipid in diet 4.

Growth performance of H. bidorsalis  to cooked flamboyant
seed meal: The growth performance indices of H. bidorsalis
juveniles  in  the  experiment  are  presented  in  Table  5  and
Fig. 1. From growth results, diet 2 containing 15% flamboyant
seed meal gave the highest nominal performance in mean
weight gain (MWG), mean growth rate (MGR), percentage
weight gain (PWG) and specific growth rate (SGR), whereas,
the  minimum  values  were  recorded  in  fish  fed  diet  1,
though  without  any  significant  difference  (p>0.05)  across
the treatments. Similarly, no significant difference was found
in the survival rate (p>0.05) even though diet 1 without
Delonix regia  seed  meal  gave  the  highest  survival  followed
by diets 2, 4 and the least recorded in diet 3. The general
performance index (PI) depicted the trend  of  values observed
in MWG, MGR and SGR except for significant difference.

The  trend  of  growth  recorded  bi-weekly  is  presented
as mean bi-weekly cumulative weight gain in Fig. 1. All
treatments exhibited positive growth trends with the fastest
burst of growth between weeks 2 and 4 after which there was
steady growth.

Feed utilization of H. bidorsalis  to cooked flamboyant seed
meal: Mean feed utilization indices of H. bidorsalis  from the
experiment are shown in Table 6. Fish fed 15% flamboyant
seed meal (diet 2) consumed the highest significant quantity
of feed (p<0.05). They also consumed significantly the highest
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quantity of dietary protein compared to others (p<0.05)
except treatment 3. Feed conversion ratio (FCR), feed
conversion efficiency (FCE) and protein efficiency ratio (PER)
were not significant among the treatments though with their
separate best mean nominal values in treatment 4 and worst
in 1. Best and significant net protein utilization (NPU) and
Protein Index (PI) were observed in treatment 2.

DISCUSSION

Flamboyant  seed  meal  compared  favourably  with
wheat offal as basal feed stuff for H. bidorsalis. The feeds
containing this novel ingredient educed nominally better
growth performance and superior feed utilization compared
to the wheat offal based feed. The water quality that subsisted
throughout the experimental period was congenial for the
rearing of warm water fishes41,42 and did not constitute stress
to the fish. The crude protein level (40% CP) used in the study
was optimum for the culture of H. bidorsalis43. The proximate
analysis  of  the experimental feeds showed that they all
satisfied the nutritional requirements of the fish and the size
used in this work. Proximate composition of flamboyant seed
meal (FSM) and the percentage reduction of anti-nutritional
factors from this study differed from reports of Bake et al.14-17.
The differences in proximate composition and anti-nutritional
factors might be due to variation in species, environment, soil
conditions, harvesting time and also the techniques of
processing the seeds44,45. The value of crude protein below
20% found in the flamboyant seeds used in this experiment
supports the report of Alemede et al.46 thus necessitating its
utilization as basal feed.

The survival rate of the juvenile H. bidorsalis in this
experiment was high, insignificant and without definite trend 
to  clearly  highlight  the  effect  of  the  feeds  therefore, the
observed mortalities were more likely to H. bidorsalis  being
cannibalistic. The mean growth performance indices were
highest in fish fed 15% FSM based diet (Diet 2) and least in
those fed the control diet (Diet 1) without significance  saves 
for  performance  index.  Implication  of these results is that
the catfish was able to utilize all the diets adequately for
growth without suffering any depression. Results from many
investigations have revealed that the incorporation  of  non-
conventional  plant  materials  in  fish diets  often  elicits 
retarded  growth  due  to  the  presence  of anti-nutritional
factors19,47,48, high fiber content24,49,50 and imbalance of
essential nutrients51,52. The result of this experiment adduced
that  the  treatments  given  to  D.  regia  seeds  were  sufficient
to  deactivate  the  inherent  anti-nutrients  in  them  as  well 
as  enhance  bioavailability  of  nutrients  for  growth.  This  is 
in  line  with the observations of Abowei and Ekubo8,

Fowomola and Akindahunsi53 and Fawale et al.54. The growth
parameters obtained from this study differed from reports of
Bake et al.14-15,17, where Oreochromis niloticus  and Clarias
gariepinus fed, respectively, 10 and 20% inclusion levels of
FSM had the best growth responses. These differences might
be due to differences in fish species, nutrient sources,
proximate compositions of feeds and the D. regia  used.

The stable growth or absence of significant growth
superiority  among  the  different  treatments  indicated that
the experimental feeds were safe and met the nutritional
requirements of the H. bidorsalis  juveniles. Fagbenro55

showed that the dietary optimal protein level for H. bidorsalis
was between 40-42.5%. Aliu et al.43 recommended that diets
containing 40% crude protein and 3000 Kcal kgG1 were ideal
for H. bidorsalis  post fingerlings. De Silva et al.9 stated that
feeding fish with crude protein above the optimum did not
make for significant growth. Li et al.56 similarly did not obtain
improved fish growth or protein sparing with further increase
of energy beyond the optimal.

Feed utilization parameters obtained in this work
suggested favourable utilization of both wheat offal and
flamboyant seed meal based feeds for growth. The marginal
differences in these parameters might have resulted from
insignificant differences in the ratio of crude protein to energy
in  the  different  diets9,43,56.  The  FCR  values  were  not  within
1.0-1.2 which Huet57 considered remarkable for very efficient
feed but were within acceptable range for good feeds. This
variation  might  be  accounted  for  by   some  level of
wastages  being  a  sinking  feed and the chance of
escapement from the hapa and not necessarily the feed
quality. Jensen58 reported that FCR for most fishes vary from14-
16 below 1.5-5.0.

In considering D. regia  seeds in catfish feed formulation,
it is imperative to analyze every batch of the seed for exact
proximate composition in order to determine its correct usage
either as basal feed or protein supplement and the seeds
should be fermented and boiled before use.

CONCLUSION

The survival rates recorded in this study were diet
independent   and  reasonably  high  considering  the  fact
that H. bidorsalis  has a strong cannibalistic tendency. Feed
utilization indices were generally fair across all treatments
while growth performance indices recorded in fish fed 15%
FSM based diet appeared most favourable though, without
clear   superiority   over   others.   These   indicate   that  when
D. regia  seeds are well treated, they can be safely used in fish
diets at reduced cost for competitive growth rate as with
conventional energy sources.
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SIGNIFICANCE STATEMENT

This  study  discovered  the  suitability  of  flamboyant
seed   meal   as   basal   feed   ingredient   for   the   feeding  of
H. bidorsalis that can be beneficial for the economic
production of the African catfishes generally and this study
will help researchers to uncover the critical areas of producing
low cost quality catfish feed that many researchers were not
able to explore. Thus a new theory on cost effective feeding
and economic production of H. bidorsalis  using  D. regia  seed 
meal  as  basal  feed  stuff may be arrived at.

REFERENCES

1. Atanda, A.N., 2007. Freshwater Fish Seed Resources in Nigeria.
In: Assessment of Freshwater Fish Seed Resources for
Sustainable  Aquaculture,  Bondad-Reantaso,  M.G.  (Ed.).
Food  and  Agriculture  Org.,  Rome,  ISBN:  9789251058954,
pp: 361-380.

2. FAO.,   2016.   The   State   of   World   Fisheries   and
Aquaculture  2016.  Food  and  Agriculture  Organization,
Rome, Italy.

3. Sadiku, S.O.E., 2003. Least-Cost Feed Formulation. In:
Proceedings  of  National  Workshop  on  Fish  Feed
Development and Feeding Practices in Aquaculture. National
Institute for Fresh Water Fisheries Research (NIFFR), New
Bussa, 15-19 September 2003, Eyo, A.A. (Ed.)., Fisheries
Society of Nigeria, Nigeria, pp: 56-59.

4. Uchem, R.O., 2010. The global economic crisis: Implications in
Nigeria. Int. J. Econ. Dev. Res. Invest., 1: 193-214.

5. Craig, S. and L.A. Helfrich, 2009. Understanding fish nutrition,
feeds and feeding. Virginia Cooperative Extension, Virginia
Polytechnic Institute and State University, pp: 240-256.
http://pubs.ext.vt.edu/420/420-256/420-256.html

6. Khattab, Y.A.E., A. Mohsen and M.H. Ahmed, 2004. Effect of
protein level and stocking density on growth performance,
survival rate, feed utilization and body composition of Nile
tilapia  fry  (Oreochromis  niloticus  L.).  Proceedings  of  the
6th  International  Symposium  on  Tilapia  in  Aquaculture,
September 12-16, 2004, Roxas Boulevard, Manila, Philippines,
pp: 264-276.

7. Medugu, C.I., A.O. Raji, J.U. Igwebuike and E. Barwa, 2011.
Alternative cereal grains and cereal by-products as sources of
energy in poultry diets-A review.  Res.  Opin.  Anim.  Vet.  Sci.,
1: 530-542.

8. Abowei, J.F.N. and A.T. Ekubo, 2011. A review of conventional
and unconventional feeds in fish nutrition. Br. J. Pharmacol.
Toxicol., 2: 179-191.

9. De     Silva,     M.P.K.S.K.,     W.A.R.K.     Senaarachchi     and
N.P.P.  Liyanage,  2016.  Combinatory  effects  of  diets  with
three  protein  levels  and  two  fat  levels  on  growth
performance and fillet composition of cage cultured
genetically Improved Farmed Tilapia (GIFT). J. Aquacult. Res.
De., Vol. S2. 10.4172/2155- 9546.S2-008

10. Lovell, T., 1989. Nutrition and Feeding of Fish. Van Nostrand
Reinbold, New York, ISBN: 0-442-25927-1.

11. De Silva, S.S. and T.A. Anderson, 1995. Fish Nutrition in
Aquaculture.     Chapman     and     Hall,     London,     UK.,
ISBN-13: 9780412550300, Pages: 319.

12. Nzeka, U. and J. Taylor, 2017. Grain and feed annual.
https://gain.fas.usda.gov/Recent%20GAIN%20Publications
/Grain%20and%20Feed%20Annual_Lagos_Nigeria_4-6-
2017.pdf

13. Keay, R.W.J., C.F.A. Onochie and D.P. Standfield, 1964. Nigeria
Trees. Vol. 1, Depatment of Forest Research, Ibadan, Nigeria
pp: 348.

14. Bake, G.G., E.I. Martins and S.O.E. Sadiku, 2014. Nutritional
evaluation of varying levels of cooked flamboyant seed meal
(Delonix regia) on the growth, performance and body
composition  of  Nile  tilapia  (Oreochromis  niloticus)
fingerlings. Agric. For. Fish., 3: 233-239.

15. Bake, G.G., T.M. Adejumo and S.O.E. Sadiku, 2013. Growth
performance  and  nutrient  utilization  of  Nile  tilapia
(Oreochromis niloticus) fed toasted flamboyant seed meal
(Delonix regia). Cont. J. Agric. Sci., 7: 1-10.

16. Bake,  G.G.,  M.  Umeh,  I.A.  Abdulkarim,  J.  Samaila,  M.  Endo,
H. Yutaka and S.O.E. Sadiku, 2016. Nutrient utilization and
haematological   indices   of   Clarias   gariepinus   fingerlings
fed  varying  inclusion  levels  of  fermented  flamboyant
(Delonix regia) seed meal in concrete tanks. Int. J. Applied Sci.,
1: 42-53.

17. Bake, G.G., I. Yusuf and S.O.E. Sadiku, 2016. Evaluation and
nutrient quality of toasted flamboyant seed (Delonix regia)
meal    in    the    diet    of    Clarias    gariepinus    fingerlings.
J. Agric. Ecol. Res. Int., 5: 1-9.

18. Alatise,  S.P.,  O.  Ogundele  and  B.D.  Olaosebikan,  2005.
Growth  response  of  Heterobranchus  longifilis  fingerlings
fed  with  varying  levels  of  dietary  freshwater  mussel
(Aspatharia sinuate). Proceedings of the 19th Annual
Conference   of   the   Fisheries   Society   of   Nigeria,
November 29-December 3, 2004, Ilorin, Nigeria, pp: 637-643.

19. Obasa, S.O., O.F. Adeosun and D.O. Odulate, 2007. Growth
response, nutrient utilization and survival of Nile tilapia
(Oreochromis niloticus) fed varying levels of chaya leaf
(Cnidoscolus chayamansa) meal. Asset Series, 7: 160-166.

20. Abu, O.M.G., O.L. Sanni, G. Tarawali, M. Akoroda and A. Dixon,
2009. The effect of replacing maize with whole cassava root
meal on the nutrient utilization of hybrid cat fish. J. Aquacult.
Feed Sci. Nutr., 1: 61-67.

848



Asian J. Biol. Sci., 12 (4): 842-850, 2019

21. Effiong,  B.N.,  A.  Sanni  and  J.O.  Fakunle,  2009.  Effect  of
partial    replacement    of    fishmeal    with    duckweed
(Lemna pauciscostata) meal on the growth performance of
Heterobranchus longifilis  fingerlings. Rep. Opin, 1: 76-81.

22. Bake,  G.G.,  O.A.  Atoyebi,  A.  Abdulkarim,  A.  Adam  and
S.O.E. Sadiku, 2016. Evaluation of varying inclusion levels of
toasted sickle pod (Senna obtusifolia) seed meal in the
practical diet of catfish (Clarias gariepinus) fingerlings in a
concrete tanks. Int. J. Fish. Aquat. Stud., 4: 458-463.

23. Abd El-Rahman, H.H., H.A. Abo-State, A. El-Nadi, H. AboZaid,
M.I.  Mohamed  and  A.E.F.M.  Abdalla,  2017.  Growth
performance, feed utilization and body composition of Nile
tilapia  (Oreochromis  niloticus)  fingerlings  fed  Moringa
(Moringa   oleifera   Lam.)   seed   meal.   J.   Fish.   Aquat.   Sci.,
12: 36-41.

24. Tiamiyu, L.O., V.T. Okomoda and J.U. Ogodo, 2016. Growth
performance of Clarias gariepinus fed varying levels of
Sorghum bicolor  waste meal. Int. J. Aquac., 6: 1-7.

25. Muin, H., N.M. Taufek, M.S. Kamarudin and S.A. Razak, 2017.
Growth performance, feed utilization and body composition
of  Nile  tilapia,  Oreochromis  niloticus  (Linnaeus,  1758)  fed
with different levels of black soldier fly, Hermetia illucens.
(Linnaeus,   1758)   maggot   meal   diet.   Iran.   J.   Fish.   Sci.,
16: 567-577.

26. Huda, F.A., M.M. Salehin and M.I. Khan, 2002. Economics of
Periphyton-based  aquaculture  production  in  Bangladesh.
J. Biol. Sci., 2: 518-519.

27. Adewolu, M.A. and A.J. Adoti, 2010. Effect of mixed feeding
schedules with varying dietary crude protein levels on the
growth   and   feed   utilization   of   Clarias   gariepinus
(Burchell, 1822) fingerlings. J. Fish. Aquat. Sci., 5: 304-310.

28. Owodeinde, F.G. and P.E. Ndimele, 2011. Survival, growth and
feed utilization of two clariid catfish (Clarias gariepinus,
Burchell 1822 and Heterobranchus bidorsalis, Geoffroy, 1809)
and     their     reciprocal     hybrids.     J.     Applied     Ichthyol.,
27: 1249-1253.

29. Teugels, G.G., B. Denayer and M. Legendre, 1990. A systematic
revision of the African catfish genus Heterobranchus
Geoffroy-Saint-Hilaire, 1809 (Pisces: Clariidae). Zool. J. Linnean
Soc., 98: 237-257.

30. AOAC., 2005. Official Methods of Analysis of the Association
of Analytical Chemists International. 18th Edn., Association of
Official Analytical Chemists, Gathersburg, MD., USA.

31. AOAC., 1984. Official Methods of Analysis of the Association
of Official Analytical Chemists. 14th Edn., Association of
Official Analytical Chemists Inc., Virginia, USA.

32. Latta, M. and M. Eskin, 1980. A simple and rapid colorimetric
method  for  phytate  determination.  J.  Agric.  Food  Chem.,
28: 1313-1315.

33. Takeuchi,  T.,  1988.  Laboratory  Work-Chemical  Evaluation
of Dietary Nutrients. In: Fish Nutrition and Mariculture,
Watanabe, T. (Ed.). Kanagawa International Fisheries Training
Center, Japan International Cooperation Agency (JICA),
Japan, pp: 179-233.

34. Solomon, R.J. and F.C. Udoji, 2011. Cannibalism among
cultured African catfishes (Heterbranchus longifillis and
Clarias gariepinus). Nat. Sci., 9: 1-13.

35. Hepher, B., 1988. Nutrition of Pond Fishes. Cambridge
University Press, Cambridge, UK., pp: 388.

36. Mohanty, R.K., 2004. Density-dependent growth performance
of Indian major carps in rainwater reservoirs. J. Applied
Ichthyol., 20: 123-127.

37. Wilson, R.P., 1986. Amino acid and protein requirement of
fish. Annu. Rev. Nutr., 6: 225-244.

38. Boujard, T., L. Labbe and B. Auperin, 2002. Feeding behaviour,
energy expenditure and growth of rainbow trout in relation
to  stocking  density  and  food  accessibility.  Aquacult.  Res.,
33: 1233-1242.

39. Utne, F., 1979. Standard methods and terminology of finfish
nutrition. Proceedings of the World Symposium on Finfish
Nutrition and Fish Feed Technology, June 20-23, 1979,
Hamburg, Germany, pp: 438-443.

40. Miller, D.S. and A.E. Bender, 1955. The determination of the
net utilization of proteins by a shortened method. Br. J. Nutr.,
9: 382-388.

41. Swann, L., 1992. A basic overview of aquaculture: History,
water quality, types of aquaculture and production methods.
Illinois-Indiana Sea Grant Programme Technical Bulletin Series
No. 102, pp: 10.

42. Boyd, C.E., 1990. Water Quality in Ponds for Aquaculture. 2nd
Edn., Alabama Agricultural Experiment Station, Auburn
University, Auburn, AL., USA., Pages: 482.

43. Aliu, B.S., E. Umukoro and A.C. Esume, 2016. Growth response
of Heterobranchus bidorsalis post fingerlings fed various
dietary protein and energy levels.  Int. J. Agric. Environ. Res.,
2: 1847-1857.

44. Bake, G.G., M. Endo, A. Akimoto and T. Takeuchi, 2009.
Evaluation of recycled food waste as a partial replacement of
fishmeal in diets for the initial feeding of Nile tilapia
Oreochromis niloticus. Fish. Sci., 75: 1275-1283.

45. Horax, R., N. Hettiarachchy, A. Kannan and P. Chen, 2010.
Proximate composition and amino acid and mineral contents
of Mormordica charantia L. pericarp and seeds at different
maturity stages. Food Chem., 122: 1111-1115.

46. Alemede, I.C., J.Y. Adama, S.A. Ogunbajo and J. Abdullahi,
2010.  Haematological  parameters  of  savanna  brown  does
fed  varying  dietary  levels  of  flamboyant  tree  seed  meal.
Pak. J. Nutr., 9: 167-170.

47. Sogbesan, A.O., N. Ajuonu, B.O. Musa and A.M. Adewole,
2006. Harvesting techniques and evaluation of maggot meal
as animal dietary protein source for Heteoclarias in indoor
concrete tanks. World J. Agric. Sci., 2: 394-402.

48. Balogun, B.I., S.J. Oniye, J. Auta, C.A.M. Lakpini and F.O. Abeke,
2016.   Growth   performance   and   feed   utilization   of
Clarias   gariepinus   (Teugels)   fed   different   dietary   levels
of soaked Bauhinia Monandra (Kutz) seed meal. J. Food Res.,
5: 97-106.

849



Asian J. Biol. Sci., 12 (4): 842-850, 2019

49. Cho, C.Y. and S.J. Kaushik, 1990. Nutritional energetics in fish:
Energy    and    protein    utilization    in    rainbow    trout
(Salmo gairdneri). World Rev. Nutr. Diet, 61: 132-172.

50. Chatvijitkul, S., D.A. Davis and C.E. Lim, 2016. Lipid Extracted
Distillers Dried Grains with Solubles (LE-DDGS) as a partial
replacement for soybean meal in hybrid tilapia (Oreochromis
niloticus× O. aureus) diets. Aquaculture, 459: 131-136.

51. Ovie, S.O. and S.I. Ovie, 2007. The effect of replacing fish meal
with 10% of groundnut cake in the diets of H. longifilis  on its
growth, food conversion and survival. J. Applied Sci. Environ.
Manage., 11: 87-90.

52. Ochang, S.N., O.N. Ugbor and K.C. Zeonwu, 2014. Effect of
replacement     of     soybean     meal     with     beniseed
(Sesamum indicum) meal on the growth and haematology of
african catfish (Clarias gariepinus). Niger. J. Fish., 11: 762-769.

53. Fowomola, M.A. and A.A. Akindahunsi, 2008. Effects of
fermentation on some antinutrients and nutrients contents
of  sandbox  (Hura  crepitans)  seed.  J.  Food  Agric.  Environ.,
6: 25-28.

54. Fawale, O.S., S.O. Gbadamosi, M.M. Ige and O. Kadiri, 2017.
Effects of cooking and fermentation on the chemical
composition, functional and antinutritional properties of
kariya    (Hildergardia    barteri)    seeds.    Food    Sci.     Nutr.,
5: 1106-1115.

55. Fagbenro, O.A., A.M. Balagon and C.N. Anyanwu, 1992.
Optimal dietary protein level for Heterobranchus bidorsalis 
fingerlings fed compound diets. Israeli J. Aquacult.
(Bamidgeh), 44: 87-92.

56. Li, Y., A.M. Bordinhon, D.A. Davis, W. Zhang and X. Zhu, 2013.
Protein: Energy ratio in practical diets for Nile tilapia
Oreochromis niloticus. Aquacult. Int., 21: 1109-1119.

57. Huet,    M.,    1972.    Textbook    of    Fish    Culture,    Breeding
and   Cultivation   of   Fish.   Fish   News,   Farnham,   Surrey,
England.

58. Jensen, G., 1989. Handbook for Common Calculations in Fin
Fish Aquaculture. Louisiana State University Agriculture
Center, Louisiana, USA.

850


	ajbs.pdf
	Page 1


