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ABSTRACT
One of the major problems facing aquaculture development in Nigeria is the non-availability of quality and affordable
fish feeds. This study investigated the nutritional suitability of Azadirachta indica seed cake as alternative protein
source to soya bean meal in the diet of African catfish (Clarias gariepinus). The neem seed cake was processed using
water washed method to reduce the bitterness and toxicity of the cake. Different concentrations of neem seed cake
meals (0, 25, 50 and 75%, designated as DI, DII, DIII and DIV, respectively), were incorporated into 40 % crude
protein diet. C. gariepinus (6.00±0.93- 6.06±0.87g weight and 8.03±0.83 - 8.46±0.21cm long) fingerlings were
stocked in fifty litre plastic trough in replicates and feed for a period of eight (8) weeks. Growth performance and
nutrient utilization indicated that the control and fish fed 25% name seed cake (NSC) recorded the best weight gain
(23.24g and 20.8g), respectively. Growth significantly (P<0.05) decreased by 17.55% and 28.58% levels of inclusion.
A similar trend was observed in specific growth rate and feed intake. However, feed conversion ratio, protein
efficiency ratio and net protein utilization were not significantly different (P>0.05). The result suggests that the Neem
seed cake can be incorporated at 9.62% in the diet of the African catfish (Clarias gariepinus) without compromising
fish growth and nutrient utilization. Therefore the use of this unconventional ingredient can be encouraged in this era
of competing demand for conventional ingredients.
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INTRODUCTION
With the global population expansion, the demand for high quality animal protein is rising dramatically
(Yisaet al., 2006). Increased aquaculture production is clearly needed to meet this demand, because capture
fisheries are showing serious declines due to over fishing, aquatic habitat destruction and pollution (FAO,
2004).
African catfish Clarias gariepinus is one of the major aquaculture fish in Nigeria and it commands high
commercial value (Ogwuba, 2003). This may not be unconnected with its accessory breathing organs which
enable it to tolerate low dissolved oxygen and other adverse aquatic environmental conditions where other
culturable fish species cannot survive. Unfortunately, the successful production of this important
aquaculture candidate in Nigeria has been hampered by the high cost of feeds. Anieboet al. (2009) reported
that in Nigeria, the bulk of feed used for fish production is imported. Protein is the main constituents of
feed for aquaculture animals. The cost of protein rich feed makes up a large percentage of the total expenses
of aquaculture feeds. EI-Sayed (1999) reported that Soya bean meal (SBM) has been the most common
source of plant protein use as a fish meal replacer in aquaculture feeds, because of its high protein content,
relatively well balanced amino acid profiles, reasonable price and steady supply. However, wider utilization
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and availability of this conventional source for fish feed is limited by increasing demand for human
consumption and by other animal feed industries (Siddhuraju and Becker, 2001).
Neem is a multipurpose tree. People consume its fruits, raw or cooked, and sometimes eat the young
twigs and flowers as vegetables (Orwaet al., 2009). Neem leaves, bark and seed extracts have been used
for centuries in India in ethnomedicine and ethnoveterinary medicine (Biswas et al., 2002; Subapriyaet al.,
2005). Neem (Azadirachta indica) seed cake (NSC), a by-product of Neem oil, is one of the nonconventional fish feed ingredients showing great potential for livestock feeding (Gowda et al., 1998;
Bawaet al. 2005). The Neem seed cake has been noted as a rich protein source. Rao (1987) reported that A.
indica seed cakecontain 45–59% crude protein, 3-9.10% fats, 2-9.50%, 3.0 – 8.60% crude fibre and 7 – 9%
moisture. While Djenontinet al. (2012) reported 31.0, 5.3, 6.4, 4.0 and 4.6 % crude protein, ash, fat, crude
fibre and moisture respectively in neem seed cake. The neem seed cake also consists of all the essential
amino and non-essential amino acid, except Valine and tryptophan. According to Rao (1987), the amino
acid content of neem seed cake is comparable to that of groundnut cake. It has good keeping quality and
does not spoil on storage or attack by fungi (WNC, 2012). However, its inclusion in animal feeds have been
discouraged due to the inherent bitter and toxic principles (Paul et al., 1996).
Ruminants and rabbits have been reported to occasionally forage on neem leave and the use of the neem
products for livestock feed is limited (Heuzeet al., 2015). The Neem seed cake is a protein-rich ingredient
and its use by farmers has been recorded, for instance in Southern India (Christopher, 1970). However, its
unpalatability and toxicity have prevented its widespread use in livestock feeding. This product has been
described as a promising potential feed ingredient since the 1970s and there have been a considerable
number of attempts at rendering it suitable for livestock (Heuzeet al., 2015). Oil has been extracted from
neem seed. The resulting from oil extraction of whole seeds (neem seed cake), or decorticated seeds (neem
seed kernel cake), is usually considered as a non-edible oil cake only to be used as organic nitrogenous
fertilizer (Ramachandran et al., 2007).
Interestingly, attempts have been made over the years to detoxify and reduce the bitterness of the
neem cake for animal use, through extraction, water washing, alkali soaking, urea ammunition and
autoclaving (Gowda et al., 1998; Uko and Kamalu, 2006; Bawaet al., 2007), with a view to eliminating the
growth depression reported in raw neem seed cake. Rational use of this nutritive ingredient for fish
production can reduce the high price of feedstuffs and enhance profitability of fish farming. The search for
alternative plant proteins to replace soybean meal has gained increasing interest in the research on
aquaculture feedstuff. There is a paucity of information on the utilization of the neem seed cake as a dietary
ingredient for C. gariepinus in Nigeria. The objective of this study therefore is to evaluate the effects of
replacing soybean meal with neem seed cake as the dietary protein source in the diet of C. gariepinus
fingerlings.
MATERIALS AND METHODS
Experimental site
The experiment was conducted in the Fisheries Research Laboratory at the Department of Biological
Sciences, Ahmadu Bello University Zaria, Nigeria.
Experimental fish
A total number of 120 fingerlings of Clarias gariepinus (6.00±0.93- 6.06±0.87g weight and 8.03±0.83
- 8.46±0.21cm length) were procured from a commercial fish hatchery (Miracle Fish Farm) Zaria. The
experimental fish were acclimated for two weeks in a 50 litre plastic trough, during which they were fed
commercial feed (40%CP) at a daily rate of 5% of biomass with half of the daily ration fed in the morning
(8:00am) and the other half in the evening (5:00pm). Thereafter, batch weighing and length measurement
of fish was done to ascertain their initial mean weight in grams and initial mean length in centimetres, using
56

Hassanet al.

Nig. J. Fish. Aqua. 3(1&2), 2015

top-load weighing balance (Meter Tolardo567) and fish measuring board, respectively. This was done
before the commencement of the experiment and subsequently after every two weeks.
Processing of the A. indica seed cake
The neem seed cake were was purchased from local neem seed oil extractor in Potiskum town, Yobe
State Nigeria. The neem seed cake was processed according the method described by Smita et al. (2005).
The cake was soaked and wash in tap water several times and late sun-dried. The sun-dried neem seed cake
was in a black polythene bag at room temperature.
Feed formulation and compounding
All the dietary (fish meal, yellow maize, and soybean) ingredients were separately processed and milled
to fine particle size. The soybean was toasted for 15 minutes at 50-60oC using local toasting pan. The fish
meal, toasted soybeans and yellow maize were separately milled into powder using hammer miller.
Four (4) nitrogenous diets were formulated according to the nutritional requirements of the experimental
fish, i.e. 40% crude protein (Table1). The protein level was chosen on the basis of some previous studies
Fagbenro et al. (1992), where 40% protein in formulating feed demonstrated better growth of Catfish. The
dry ingredients were weighed out according to the formulation (Pearson Square). The milled ingredients
were mixed until uniformly blended and kept in an airtight container until required.
Experimental design
The neem seed cake was incorporated into the 40% crude protein diet at 0 (control), 25, 50, and 75%
designated as treatments DI, DII, DIII and DIV, respectively (Table 1). The feed ingredients were
thoroughly mixed until a homogenous product was obtained. Water was added (20%-30%) slowly to the
mixture with continuous stirring until the dough was formed.
Table: 1 Gross and proximate composition of experimental diets
Ingredients
A. indica inclusion levels (%)
DI
DII
DIII
DIV
Maize
24.25
23.69
25.51
22.49
Soya bean
36.37
27.44
17.55
9.52
Fish meal
36.37
36.37
36.37
36.37
Neem cake
9.62
17.55
28.58
Premixes
1.0
1.0
1.0
1.0
Binder
0.5
0.5
0.5
0.5
Lysine
0.5
0.5
0.5
0.5
Methionin
0.5
0.5
0.5
0.5
Salt
0.5
0.5
0.5
0.5
Fish oil
0.5
0.5
0.5
0.5
Proximate Composition
DM
91.36
92.04
91.90
91.11
CP
41.12
40.50
40.51
40.56
CF
5.15
4.23
3.12
3.89
EE
6.39
6.08
7.00
6.99
Ash
7.62
7.90
6.17
6.17
NFE
39.75
41.41
43.33
42.41
Kcal/kg
380.99
382.38
398.32
394.79
This was followed by pelleting using manual meat mincer through 0.2mm die. The pelleted feeds were
sun dried and later packaged in two layers of plastic bags stored in a well ventilated room under ambient
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temperature. Before the commencement of the experiment, proximate analysis of experimental diets were
conducted according to (AOAC, 1990). The fingerlings were stocked in 50 litre capacity plastic trough at
density of 10fish/trough and were randomly allocated to the experimental name seed cake based diets in
replicates. The fingerlings were fed on the experimental diets for eight (8) weeks. At the end of the 8 weeks
rearing, final weight (g), final length (cm) total feed intake (g) and mortality of the fish were recorded. The
following indices were used to determine growth performance and nutrient utilization:
i.
Weight gain (WG) ═ W2 – W1, where, W2 is mean final body weight (g), W1 is mean initial
mean body weight (g).
ii.
Specific growth rate (SGR) = Ln W2 – W1/t (days) x 100, where Ln = log., t = culture period
iii.
Survival rates of fish (SR) = number survived/initial number stock x 100
iv.
Condition factor (K) = W/L3 x 100, Where: W = Weight of fish. L = Standard length of fish
v.
Feed conversion ratio (FCR) = feed consumed/weight gain
vi.
Protein Efficiency Ratio (PER) = weight gain (g)/Crude protein fed (%)
vii.
Net Protein Utilization (NPU) = Retained protein in tissue/Dietary protein feed x 100
Determination of water quality parameters
Water quality parameters such as Temperature, Dissolved Oxygen and pH were monitored daily using
mercury -in- glass Thermometer and automatic DO/pH Analyser (Model JPB 607) respectively.
Statistical analysis
The data obtained were subjected to one-way analysis of variance (ANOVA). The Duncan multiple
range test was applied to rank treatment means (p< 0.05) with the aid of SPSS Statistical package version
20.0
RESULTS
Growth performance
The growth performance of Clarias gariepinus fed experimental diets as presented in Table 2 shows
that mean final weight gain ranged from 16.63g to 23.24g (P<0.05). The SGR ranged from 0.021g/ fish/day
in 0.24g/day (p>0.05).
Table2: Mean ± SEM) growth performance and nutrient utilisation of Clarias gariepinusneen seed cake
Parameters
A. indica inculsion levels (%)
DI
DII
DIII
DIV
Initial Length (cm)
8.03±0.83
8.17±0.62
8.22±0.94
8.46±0.21
Final Length (cm)
13.95±0.31
12.79±0.31
11.80±0.30
12.89±0.60
Initial Weight (g)
6.00±0.93a
5.97±0.88a
6.06±0.16a
6.06±0.87a
a
ab
b
Mean Final Weight (g)
29.75±0.96
26.83±0.99
23.90±2.00
22.70±0.72b
Weight Gain (g)
23.24±0.96a
20.80±0.98ab
17.83±2.00b
16.63±0.05b
a
ab
b
Specific Growth Rate (g)
0.024±0.001
0.023±0.001
0.022±0.001
0.021±0.003b
a
a
a
Condition Factor
1.24±0.22
1.04±0.13
1.45±0.18
1.07±0.01a
a
a
a
Survival Rate (%)
90.00±5.77
90.00±5.77
83.33±0.57
90.00±5.77a
a
a
ab
Feed Intake (g)
30.72±0.54
29.77±1.10
26.85±0.93
25.66±0.59b
a
a
a
Feed Conversion Ratio
1.29±0.06
1.43±0.08
1.53±0.15
1.53±0.04a
Net Protein Utilization
99.00±1.52a
96.66±3.71a
87.00±3.08a
90.33±2.40a
a
a
a
Protein Efficiency Ratio
1.86±0.09
1.72±0.10
1.64±0.14
1.59±0.02a
Means with same letter in the same column are not significantly different (p>0.05).
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The control diets recorded the highest specific growth rate while DIV (50%NSC) had the lowest specific
growth rate. The condition factor ranged from 1.07 to 1.45 (p>0.05). The survival rate ranged from 83.33%
to 92%. The mean total feed intake ranged from 29.77g to 30.72g. (p<0.05). The PER ranged from 1.6 to
1.88 (p>0.05). The net protein utilization ranged from 87 to 100 (p>0.05). The FCR ranged from 1.29 to
1.53 (p>0.05).
Physico-chemical parameters
Table 3 shows the physic-chemical parameters recorded during the study. Temperature ranged from 26.0
to 26.45oC (p>0.05), pH ranged from 7.27 – 7.96 (p>0.05) while dissolved ranged from 5.0 – 5.56 mg/l).
Table 4: Water quality parameters during the experiment
A. indica inculsion
Temp (oC)
pH
levels (%)
DI
26.33±0.33
7.23 ± 0.14
DII
26.00 ± 0.57
7.96 ± 0.06
DIII
26.33 ± 0.33
7.96 ± 0.03
DIV
26.45 ± 0.23
7.38± 0.03

Dissolved
Oxygen (mg/l)
5.46 ± 0.27
5.37 ± 0.15
5.00 ± 0.33
5.10 ± 0.23

DISCUSSION
The growth performance of Clarias gariepinus fed water washed neem seed cake indicates that mean
initial weight (5.97g -- 6.0g) was not significantly different (p>0.05) among the experimental treatments,
showing uniformity in size at the onset of the experiment. Mean final weight gain generally decreased with
increasing levels of neem seed cake in the diets. The control diet recorded the best weight gain (23.24g)
which was not significantly different (p>0.05) from 20.8g recorded in fish fed diet containing 25 % Neem
seed cake. Similarly, the specific growth rate (SGR) also displayed a decreasing trend with increasing levels
of Neem seed cake in the diets. The best SGR value (0.024g/day) was obtained in fish fed the control diet
(0%nsc) followed by fish fed 25% NSC diet (0.023g/day) while the lowest value (0.021g/day) was recorded
in fish fed on a 75 % NSC diet. The decreasing trend in growths may be due to residual anti nutritional
factors inherent in the cake.
The better growth performances recorded in DIV (75 % NSC) may be due to lower levels of inclusion
which enhanced its nutritional composition, palatability and bioavailability. In a related experiment Jegede
and Fagbenro (2008) did not observe any significant variation in growth parameters and feed conversion
ratio of mixed sex tilapia zilli fed neem leaf meal supplemented diets. It is also in agreement with the report
of Smita et al. (2005). The welfare (CF) of the fish in this experiment ranged from 1.07–1.45 (P>0.05)
revealed that dietary inclusion of neem seed cake has no effect on the condition of the fish.
The decreasing trend recorded in feed intake may be as a result of the decreased palatability of the diets
as the results of higher level of inclusion. The control diets and the diets containing 25% neem seed cake
were generally more acceptable since fish were observed to be actively feeding and the activity ceased in
less than 5 minutes and no left over feed was observed. The other diet was less readily accepted by fish,
taking longer periods (about 5-15 minutes). Similar observations were made by Wasanthakumar et al.
(1999) and Gowda and Sastry (2000). Another observation was made by Wasanthakumar et al. (1999) in
an experiment with terrestrial animal where he reported lowered feed intake, nutrient digestibility and
growth in rabbits fed 20% raw neem seed meal.
The nutrient utilization parameters revealed (p>0.05) for the feed conversion ratio (FCR), Protein
efficiency ratio (PER) and Net Protein Utilization among the experimental diets compared to the control.
The feed conversion ratio recorded in this experiment (1.29 – 1.53) in which the control diet had the lowest
(best) and DIII and DIV had the highest (poor) was similar to the value on cottonseed meal (1.55) reported
by Jabeenet al. (2004). Similarly, Smita et al. (2005) reported a significant increase (p > 0.05) in feed
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conversion ratio, decreased specific growth rate and protein efficiency ratio in fish fed water washed neem
seed cake supplemented diets.
This experiment suggests that even though growth depression occurred with fish fed water processed
neem seed cake diet, the processed Neem seed cake was still adequate and can meet the basic physiological
needs of the experimental fish. Another reason for this appreciable nutrient utilization may be due to the
good composition of essential and non-essential amino acids in Neem cake reported by Gowda and Sastry
(2000) as complete in its amino acid compositions.
Conclusion
The result of this experiment revealed that water washing can be a reliable method of de-bitterizing and
detoxification of neem seed, suggesting that WNSC can be used to partially replace soya beans in C.
gariepinus diet
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