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Abstract
Fish culture production in Nigeria is low due to high cost of conventional fish feed. The cost of fishmeal, one of the
components of feed ingredients, is high and it has necessitated the search for a cheaper source of protein that will promote
growth. The growth performance of fingerlings of Clarias gariepinus (Burchell) to diets with varying levels of inclusion of
Aspatharia sinuata (L), a freshwater bivalve, was studied. Five diets were formulated designated as treatments A, B, C, D and
E containing 10%, 20%, 30%, 40% and 50% A. sinuata. The control diet contained 0% A. sinuata. The fish were grown for a
period of 110 days in concrete tanks. The highest haemoglobin concentration (Hb) of 10.43±1.29g/dL in male species was
observed in group fed with 40% inclusion of A. sinuata meal (diet D) while the lowest Hb (7.43±0.81g/dL) was observed in
group fed with 50% A. sinuatameal (diets E). In the female species the highest Hb (9.50±0.84g/dL) was observed in diet B, fed
with 20% A. sinuata meal while the lowest Hb (6.50±0.42g/dL) was observed in diet E. The highest red blood cell count
(RBC) of the male fish species (2.94±0.34 x 106/µL) was observed in group fed with 40% inclusion of A. sinuata meal (diet D)
while the lowest RBC (2.09±0.15 x 106/µL) was observed in group fed with 50% A. sinuate meal (diets E). In the female
species the highest RBC (2.52±0.31 x 106/µL) was observed in diet B, fed with 20% inclusion of A. sinuata meal while the
lowest RBC (1.87±0.12 x 106/µL) was observed in group fed with 50% inclusion of A. sinuata meal (diet E). Statistical
analysis of RBC showed that there was no significant difference (p > 0.05) between the male and female species in all the diet
groups. The results revealed that inclusion of A. sinuata meal from 20% to 40% in the diet of C. gariepinus promoted growth.
This indicates that inclusion of up to 40% of Aspatharia meal alongside the ingredients used in this study could be used for
pond production of C. gariepinus. Feeding C. gariepinus with formulated feeds of 40% inclusion of A. sinuata meal alongside
the other ingredients is cost effective and profit oriented.
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1. Introduction
Clarias gariepinus or African sharp tooth catfish (figure 1)
is a species of catfish of the family Clariidae, the air
breathing catfishes. The dorsal fin has 61-80 soft rays and the
anal fin has 45-65 soft rays. They have strong pectoral fins
with spines that are serrated on the outer side .This species
can attain sizes of up to 1.7 meters including the tail and can
weigh up to 59 kg when fully grown. They posses’ nasal and
maxillary barbels and somewhat smallish eyes.
Their colour is dark grey or black dorsally and cream

colour ventrally. Adults posses dark longitudinal lines on
either side of the head; however, this is absent in young fish.
Adult's heads are coarsely granulated, while the head is
smooth in the young. The head is large, depressed, and
heavily boned. The mouth is quite large and sub terminal.
However, to attain fast growth and profit, the fish have to be
fed on good quality and cost-effective feed with 35% - 40%
protein level.
Feed accounts for over 50% of production costs in fish
farming (Coyle et al 2004). The protein component of the
diet is the most expensive nutrient (Winfree and Stickney
1981 and Keembiyehetty and Silva 1993) and for several
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years, fishmeal has been used as the major source of protein
(FAO 2010). However, the supply of fish meal has become
insufficient and expensive (Tacon and Metian 2008; Otubusin
et al 2009 and Li et al 2010), affecting profitability of fish
farming. To reduce the expenditure on fish feeds, there is
need to develop low-cost but efficient diets using cheaper and
sustainable ingredients.

Figure 1. Clarias gariepinus.

Studies have been carried out to identify alternative
protein sources that can be used as partial or full
substitutes for fish meal in practical diets for fish (Barrow
et al 2007, Nyina-wamwiza et al 2007, Soltanet al 2008).
Among the potential alternatives are non-conventional
ingredients with little or no use as human food such as
blood meal, brewery wastes, poultry and fish by-products,
cotton- and sunflower-seed cakes (Jauncey 1998;
Mbahinzireki et al 2001; Coyle et al 2004; Subhadra et al
2006 and Ogunji et al 2008).
The freshwater mussel, Aspatharia sinuata (figure 2) is
a common bivalve found in many rivers and lakes of West
Africa (Blay, 1986). It lies almost completely buried in
mud with only its posterior (from where the ventral
inhalant and the dorsal exhalant) siphons emerged. The
freshwater mussel, A. sinuata like most bivalves is a filter
feeder and feed on suspended particles on the bottom of
the water where it is found. They are commercially
important shellfishes in many countries (Vakily 1992).
Their tissues are used as a source of protein for humans,
duck and pig.

Figure 2. Aspathariasinuata.

This study was therefore carried out to determine the
growth performance and feed utilization efficiency of C.
gariepinus fed on diets with varying levels of inclusion of
Aspatharia meal as the main animal protein source.

1.1. Materials and Methods
1.1.1. Experimental Site
Freshwater mussels, A. sinuata was harvested from Oyun
River. Oyun reservoir is a dam reservoir located in Offa,
Kwara State, Nigeria.The experiment was carried out for a
period of 110 days at backyard concrete pond near Oke-agun
stream GRA Offa, Kwara State. The blood sample was
collected by direct cardiac puncture using 2ml sterile
disposable plastic syringe that was fitted with 0.8 x 38mm
hypodermic needles as reported by Smith et al., (1979). The
needle was inserted around the thoracic region about 0.5 1cm from the pelvic fin at a right angle to the body surface of
the fish, the needle was gently pushed down and drawn. The
blood samples collected were expressed into labelled sample
tubes contain9mg EDTA for the haematological indices
analysis (Hrubec et al., 2000).

Figure 3. C. garienpinusblood samples for haematological analysis.

1.1.2. Experimental Diets
The ingredients used along with the freshwater mussel in
this study include fish meal, groundnut cake, yellow maize,
soybean meal, cord liver oil, vitamin premix, starch and salt.
These feedstuffs were bought at Owode market in Offa
Kwara state, Nigeria. They were ground into fine powder by
the hammer mill. The vitamin premix was added to supply
vitamins and minerals, which the feedstuffs may not supply.
The Pearson square or box method of balancing rations
was used in formulating the fish diets. It is a simple
procedure that has been used for many years. It is of greatest
value when more than one protein ingredients are to be
mixed as done in this study.
As shown in Table 1. Six test diets (Diet 0, Diet A, Diet B,
Diet C, Diet D and Diet E) with a 40% crude protein level
were formulated with varying levels of inclusion of Aspatharia
meal as the main animal protein sources (Table 1).
All the ingredients were ground and sieved using a 0.2mm
mesh size sieve. Proximate analysis of the sieved ingredients
was carried out (Table 3). The ingredients used for making
each diet were mixed by hand for at least 5 minutes in order
to ensure even distribution of ingredients within the mixture.
Starch was used as a binder. Each mixture was made into a
dough using 500ml of water per kilogram of mixture. The
dough was pelleted using a pelleting machine. The pellets
were oven dried. Each of the diets represented a treatment.
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Table 1. Proportions of the ingredients used for making the experimental diets.
Diet 0
(0%)
0
14
15
23
45
1
0.6
0.4
100

Ingredient
Aspatharia meal
Fish meal
Soybean meals
Groundnut cake
Yellow maize
Cord liver oil
Vitamin & mineral premix
Starch

Diet A
(10%)
1.4
12.6
15
23
45
1
0.6
0.4
100

Diet B
(20%)
2.8
11.2
15
23
45
1
0.6
0.4
100

Diet C
(30%)
4.2
9.8
15
23
45
1
0.6
0.4
100

Diet D
(40%)
5.6
8.4
15
23
45
1
0.6
0.4
100

Diet E
(50%)
7.0
7.0
15
23
45
1
0.6
0.4
100

Vitamin and mineral premix contained: Vitamin A: 7,000,000 I.U; Vitamin D3: 2,000,000 I.U; Vitamin E: 10,000 mg; Vitamin K3 STAB: 200 mg; Vitamin B1:
300 mg; Vitamin B2: 800 mg; Vitamin B6: 400 mg; Vitamin B12: 2 mg; NIACIN: 3,000 mg; PANTOTH ACID: 1,000 mg; FOLIC ACID: 100 mg; BIOTIN:
75 mg; CHOLINE: 35,000 mg; MANGANESE: 6,000 mg; IRON: 4,000 mg; ZINC: 5,000 mg; COPPER: 800 mg; COBALT: 30 mg; IODINE: 100 mg;
SELENIUM 1%: 20 mg; ANTIOXIDANT: 20,000 mg; OLAQUINDOX 10%: 20,000 mg; SALOX 12%: 50,000 mg; RONOZYME P: 5,000 mg;
RONOZYME G2: 12,000 mg; CAROPHYL YELLOW: 2,500 mg; CAROPHYL RED: 500 mg
Table 2. Proximate analysis of diets.
Chemicalcomposition
(%)

Diet0
(0%)

DietA
(10%)

DietB
(20%)

DietC
(30%)

DietD
(40%)

DietE
(50%)

Protein

39.80

39.45

40.26

40.12

40.23

40.22

Fat

11.05

10.95

10.85

10.95

11.0

10.97

Ash

7.0

6.5

6.0

4.0

6.0

5.5

Moisture

21.0

16.0

18.0

17.0

18.0

17.0

Fibre

7.0

6.5

6.7

6.8

6.5

6.9

NFE

36.55

37.59

37.48

39.02

36.74

37.40

Diet 0 = Control base Diet untreated
Diet 1 = Base diet ± Fish meal substituted with 10% Asphataria meal
Diet 2 = Base diet ± Fish meal substituted with 20% Asphataria meal
Diet 3 = Base diet ± Fish meal substituted with 30% Asphataria meal
Diet 4 = Base diet ± Fish meal substituted with 40% Asphataria meal
Diet 5 = Base diet ± Fish meal substituted with 50% Asphataria meal

pm at a feeding rate of 4% of the live body weight per day.
Table 3. Proximate composition of feed ingredients used for formulating the
test diets.
Ingredient
Fish meal
Asphataria
meal
Soya beans
Groundnut
cake
Yellow
maize

Crude
Protein
32.4

Crude
Lipid
7

16

Crude
Fibre
0

17.02

Moisture
content
12.5

23.8

13

19

0

20.5

15.5

41.57

17

29

5

7

11.5

22.3

1

16

6

3.5

1.5

3.05

5

77

9

6.5

12.5

NFE

Ash

1.1.3. Experimental Fish and Feeding
Procedure
Mixed sex C. gariepinus fingerlings were obtained from
the Fisheries Department, Kwara State Ministry of
Agriculture, Ilorin, Nigeria. They were acclimated to the
experimental conditions for 2 weeks and size-graded to
obtain fish with no significant differences in initial weights
between treatments. The fish in each treatment were fed on
their respective diets twice daily between 7 - 8 am and 7 - 8

1.1.4. Experimental Facilities and Design
The experiment was conducted in six concrete tanks, each
with water surface area of 400cm2 (2m×2m). The water depth
at the inlet side was 0.91 m and 1.0 m at the outlet side. The
experimental fish were grown in concrete ponds with six
treatments (5 test diets and the control) and each treatment
was replicated 3 times. Each tank was stocked with 60 mixed
sex C. gariepinus. In order to minimize clogging of tanks
with organic matter, they were cleaned every week using
broom and brush.
Every week, all the fish in each tank were removed after
releasing water through their outlets and their individual
weights (g) were measured in order to assess growth
performance. A day prior to fish measurement, the fish were
starved. An electronic scale was used for weighing the fish.
Water quality parameters (dissolved oxygen, temperature, pH
and ammonia) within the ponds were also monitored throughout
the study in order to maintain the water quality within the
optimum range for C. gariepinus growth. Water temperature
was measured weekly. The pH, were also measured.
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At the end of the experiment, the total number of fish in
each tank was recorded in order to determine the percentage
fish survival.
1.2. Experimental Analysis
1.2.1. Chemical Analysis of Feeds
The proximate composition of feeds ingredients used for
formulating diets include,, crude protein, crude lipid, ash,
moisture and nitrogen free extract (NFE), They were
analyzed following the procedures described by the AOAC
(1990). The analysis was done at Science Laboratory
Technology Department of Federal Polytechnic Offa, Kwara
State, Nigeria. Crude protein was estimated by measuring the
nitrogen content of the ingredient using the micro-Kjeldahl
method and calculating the crude protein level by multiplying
the nitrogen content by 6.25. Crude lipid was determined by
ether extraction method using Soxhlet apparatus. Ash content
was measured by placing a sample of known weight in a
furnace of 400°C for hours (till ash is fully formed) and the
remaining weight was considered as the ash. Moisture
content was measured by placing 2g of each sample in
Gallenhamp hot box oven set at 70°C until the sample
attained a constant weight. The lost weight from the sample
was considered the moisture content and the remaining
weight, dry matter.
1.2.2. Data Analysis
(i)
Growth performance was analyzed in terms of daily
weight gain (DWG) of the fish, percentage (%) fish survival,
food conversion ratio (FCR) and protein utilization efficiency
(PER) using the formulae below:
DWG (g/day) = (Wf- Wo)/T
Wf is the weight (g) of fish at the end of the experiment
Wo is the weight (g) of fish at the beginning of the
experiment
T is the number of experimental days

PER =

Wf is the weight (g) of fish at the end of the experiment
Wo is the weight (g) of fish at the beginning of the
experiment
F is the weight of feed (g) supplied over the experimental
period
p is the fraction of crude protein in the feed

2. Results
2.1. Physico–Chemical Parameters of Water
in Tanks Used in Culturing C.
garienpinus Fed with A. Sinuata Meal at
Varying Level of Inclusion
The physico–chemical parameter of water measured in
tanks used in culturing C. garipienus fed with A. Sinuata
meal at varying level of inclusion were within the tolerable
ranges (Table 4). The mean temperature during the
experiment was within the range of 27.00±1.00 and
28.33±0.58 (°C). pH was within the range of 7.8±0.01 and
8.5±0.04. Dissolved oxygen was within the range 8.8±0.59
and 10.0±0.76. (mg/l). Ammonia content was within the
range of 0.47±0.05 and 2.70±0.05 (mg/l). Statistical analysis
of temperature and dissolved oxygen showed no significant
difference (p> 0.05) across all the diet groups while the pH
value of water in group fed with diets D and E, showed a
significant difference (p < 0.05) when compared with groups
fed with diets O, A, and C respectively. Ammonia showed no
significant difference (p > 0.05) across all the diet groups.
There was no significant difference (p < 0.05) when the pH
value of group fed diet D was compared with the pH value of
group fed diet B.
Table 4. Physico-chemical parameter of water in tanks used to culture C.
gariepinus fed on feeds with varying level of inclusion of Aspatharia meal.
Group
Group

% survival =

× 100%

Nf is the number of surviving fish in each treatment by the
end of the experiment
No is the number of fish in each treatment at the start of the
experiment
(ii)
Feed utilization efficiency was assessed by determining
food conversion ratio (FCR), and protein utilization
efficiency (PER) using the formulae below:
FCR =

(

×

O
A
B
C
D
E

Physico-chemical Parameters
Dissolved
Temperature
Oxygen (mg/l)
(°C)
9.2±1.07
27.00±1.00
8.9±0.57
28.33±0.58
8.8±0.59
28.17±0.76
9.2±0.50
27.33±0.58
9.9±0.76
28.33±1.57
10.0±0.43
27.00±1.00

pH
8.5±0.21
8.5±0.08a
8.20±0.40
7.8±0.01
7.8±0.06
8.5±0.04

Ammonia
(mg/l)
1.06±0.03
1.07±0.04
2.51±0.05
1.07±0.03
2.70±0.05
1.49±0.05

Values in each row with the same superscript are not significantly different
(p > 0.005)

2.2. Growth Performance of C. gariepinus
Fingerlings to Diets with Varying Levels
Inclusion of Aspatharia sinuata Meal

)

F is the weight (g) of food supplied to fish during the
experimental period
Wf is the weight (g) of fish at the end of the experiment
Wo is the weight (g) of fish at the beginning of the
experiment

2.2.1. Growth Response of C. garienpinus
Fingerlings Fed with Varying Level of
Inclusion of A. sinuata Meal for 49 Days
Table 5 shows the growth response of fingerlings of C.
garienpinus fed with varying level of inclusion of A. sinuata
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meal for 49 days. The highest mean weight gain
(21.57±0.67g) was observed in the group fed with 10%
Aspatharia meal substitution (Diet A). The lowest mean
weight was (13.60±1.71g) was observed in the group whose
diet is without Aspharia meal Diets (O). The highest daily
weight gain of 4.40±0.31g and the highest specific growth
rate (SGR) of 44.0±1.07 were observed in the group whose
diets contain 40% Asphateria meal (Diet D). The lowest
daily weight gain of 2.67±0.61 and the lowest specific
growth rate (SGR) of 26.7±2.31 were observed in the group
whose diet contain 20% A. sinuata meal (Diet B). The
highest protein utilization efficiency of 0.91±0.03 and highest
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food conversion ratio of 3.8±0.01 were observed in group
whose diets contain 40% A. sinuata meal (Group D), while
the lowest food conversion ratio of 2.7±0.02 and lowest
protein utilization efficiency of 0.71±0.02 were observed in
group whose diets contain 50% A. sinuata meal (Group E).
Statistical analysis showed significant difference (p < 0.05)
in the mean weight gains of diets A (21.57±0.67g), B
(13.07±2.48), and C (16.37±0.15g) when compared with the
control (13.60±1.71g). There is also significant difference (p
< 0.05) between the highest mean weight gains, diet A
(21.57±0.67g) and the lowest mean weight gain, diet B
(13.07±2.48g).

Table 5. Initial weight, final weight, percentage survival, food conversion ratio (FCR) and protein utilization efficiency (PER) of C. gariepinus Juvenile fed on
feeds with varying level of inclusion of Aspatharia meal for 49 days.
Growth parameters

Initial mean weight (g)
Final mean weight (g)
Mean weight gain (g)
Daily weight gained(g)
Survival rate (%)
Specific Growth rate (%)
Food conversion ratio (FCR)
Protein utilization efficiency

Treatment/diets
Diet 0 (0%)
(control)
7.67±0.68
21.27±1.18
13.60±1.71
2.78±0.52
95±0.03
27.8±1.81
2.7±0.02
0.89±0.02

Diet A
(10%)
8.67±0.42
30.23-0±1.07
21.57±0.67r
4.40±0.31
94±0.02
44.0±1.07
2.8±0.01
0.89±0.03

Diet B
(20%)
9.50±0.36
22.57±2.35
13.07±2.48s
2.67±0.61
96±0.03
26.7±2.31
2.8±0.03
0.89±0.04

Diet C
(30%)
13.20±0.36
30.23±1.12
17.20±1.23
3.51±0.52
95±0.2
35.1±1.25
3.2±0.02
0.84±0.01

Diet D
(40%)
14.97±0.21
30.73±0.67
15.77±0.85
3.22±0.71
96±0.01
32.2±1.52
3.8±0.01
0.91±0.03

Diet E
(50%)
16.37±0.42
32,73±0.38
16.37±0.15t
3.34±0.64
94±0.03
33.4±0.65
2.7±0.02
0.71±0.02

r = mean difference is significant (p< 0.001) relative to the control (LSD)
s= mean difference is significant (p < 0.01) relative to the control (LSD)
t = mean difference is significant (p < 0.05) relative to the control (LSD)
Table 6. Initial weight, final weight, percentage survival, food conversion ratio (FCR) and protein utilization efficiency (PER) of C. gariepinus young adult fed
on feeds with varying level of inclusion of Aspatharia meal for 110days.
Growth parameters

Initial mean weight (g)
Final mean weight (g)
Mean weight gain (g)
Daily weight gained(g)
Survival rate (%)
Specific Growth rate (%)
Food conversion ratio (FCR)
Protein utilization efficiency

Treatment/diets
Diet 0 (0%)
(control)
7.67±0.68
86.63±3.13
72.30±0.89
.55±0.32
97±0.03
65.5±1.31
.92±0.02
0.9±0.02

Diet A
(10%)
8.67±0.42
77.33±0.50
68.67±0.76
6.24±0.71
96±0.02
62.4±1.57
2.94±0.01
0.89±0.03

Diet B
(20%)
9.50±0.36
87.00±1.65
77.50±1.31
7.05±1.61
98±0.03
70.5±2.41
2.93±0.03
0.89±0.04

2.2.2. Growth Response of Young Adult of C.
garienpinus Fed with Varying Level of
Inclusion of A. sinuata Meal for 110 Days
The highest mean weight gain (77.50±1.31g) was
observed in the group fed with 20% Aspatharia meal
substitution (Diet B) as shown in Table 6. The lowest mean
weight (65.80±0.50g) was observed in the group whose diet
contain 50% Aspharia meal Diets (E). The highest daily
weight gain of 7.05±1.61g and the highest specific growth
rate (SGR) of 70.5±2.41 were observed in the group whose
diets contain 20% Asphateria meal (Diet B). The lowest
daily weight gain of 5.98±0.92g and the lowest specific
growth rate (SGR) of 59.8±1.65g were observed in the

Diet C
(30%)
13.20±0.36
90.60±0.95
77.40±0.95
7.04±1.72
97±0.2
70.4±1.35
3.13±0.02
0.8±0.01

Diet D
(40%)
14.97±0.21
89.80±2.44
74.57±2.32
6.78±2.61
98±0.01
67.8±1.57
3.42±0.01
0.92±0.03

Diet E
(50%)
16.37±0.42
82.17±0.35
65.80±0.50
5.98±0.92
96±0.03
59.8±1.65
2.91±0.02
0.79±0.02

group whose diet contain 50% A. sinuata meal (Diet E).
The highest protein utilization efficiency of 0.92±0.03 and
highest food conversion ratio of 3.42±0.01 were observed
in group whose diets contain 40% A. sinuata meal (Group
D), while the lowest food conversion ratio of 2.91±0.02 and
lowest protein utilization efficiency of 0.79±0.02 were
observed in group whose diets contain 50% A.sinuata meal
(Group E). Statistical analysis showed no significant
difference (p > 0.05) in the mean weight gains of diets A
(68.67±0.76g), B (77.50±1.31g), C (77.40±0.95g) and E
(65.80±0.50g) when compared with the control
(72.30±0.89). There is no significant difference (p > 0.05)
between the highest mean weight gains, diet B (77.50±1.31)
and the lowest mean weight gain, diet D (65.80±0.50).
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2.3. Heamatological Indices of C.
garienpinus Fed with Varying Level of
Inclusion of A. sinuate Meal
The haematological indices of C. garienpinus, which
include haemoglobin, park cell volume, red blood cell,
white blood cell, and platelets is shown in Table 7 In male
fish species, the highest haemoglobin concentration (Hb) of
10.43±1.29g/dL was observed in group fed with 40%
inclusion of A. sinuata meal (diet D) while the lowest Hb
(7.43±0.81g/dL) was observed in group fed with 50% A.
sinuate meal (diets E). In the female species the highest Hb
(9.50±0.84g/dL) was observed in diet B, fed with 20% A.
sinuata meal while the lowest Hb (6.50±0.42g/dL) was
observed in diet E. Statistical analysis showed that there
was no significant difference (p > 0.05) between the male
and female species in all the diet groups. However
significant difference (p < 0.05)was observed in Hb of diet
E , which contain 50% A. sinuata, when compared with the
control (diet O), which contain 0% A. sinuata meal.
Significant difference ((P < 0.017 LSD)) was observed in
Hb of group fed with 10% A. sinuata meal (diet A), when
compared with the group fed with 30% A. sinuata meal
(diets C). Significant difference (P < 0.05) was observed in
Hb of group fed with 10% A. sinuata meal (diet A), when
compared with the group fed with 50% A. sinuata meal
(diets E). Significant difference (P < 0.05) was observed in
Hb of group fed with 20% A. sinuata meal (diet B), when
compared with the group fed with 50% A. sinuata meal
(diets E). Significant difference (P < 0.02 LSD) was
observed in Hb of group fed with 30% A. sinuata meal (diet
C), when compared with the group fed with 20% A. sinuata
meal (diets B). Significant difference (P < 0.02 LSD) was
observed in Hb of group fed with 40% A. sinuata meal (diet

D), when compared with the group fed with 50% A. sinuata
meal (diets E). (Table 7)
In male fish species, the highest park cell volume (PCV)
of 37.33±5.03 % was observed in group fed with 40%
inclusion of A. sinuata meal (diet D) while the lowest PCV
(26.00±3.00%) was observed in group fed with 30% A.
sinuate meal (diets C). In the female species the highest
PCV (33.25±2.22%) was observed in diet A, fed with 10%
inclusion of A. sinuata meal while the lowest PCV
(23.00±1.41%) was observed in group fed with 50%
inclusion of A. sinuata meal (diet E). Statistical analysis of
PCV showed that there was no significant difference (p >
0.05) between the male and female species in all the diet
groups. However, significant difference (P < 0.05) was
observed in PCV of diet E, which contain 50% inclusion A.
sinuata, when compared with the control (diet O), which
contain 0% A. sinuata meal. Significant difference (P < 0.01
LSD) was observed in PCV of group fed with 10%
inclusion A. sinuata meal (diet A), when compared with the
group fed with 30% A. sinuata meal (diets C).Significant
difference (P < 0.05) was observed in PCV of group fed
with 10% inclusion A. sinuata meal (diet A), when
compared with the group fed with 50% A. sinuata meal
(diets E).Significant difference (P < 0.01 LSD) was
observed in PCV of group fed with 20% inclusion A.
sinuata meal (diet B), when compared with the group fed
with 50% A. sinuata meal (diets E). There were significant
differences (P < 0.017 LSD) in PCV of group fed with 30%
inclusion A. sinuata meal (diet C), when compared with the
groups fed with 20% and 40% inclusions of A. sinuata
meals (diets B and D respectively).Significant difference (P
< 0.01 LSD) was observed in PCV of group fed with 40%
inclusion A. sinuata meal (diet D), when compared with the
group fed with 50% A. sinuata meal (diets E). (Table 7)

Table 7. Heamatological indices of C. garienpinus fed with varying level of inclusion of A. sinuata meal.
Hb(g/dl)

PCV {%}

RBC(x106/µL)

WBC (x106/µL)

Platelets (109L)

Diet
Male

Female

Male

Female

Male

Female

Male

Female

Male

Female

O

9.57±1.25

8.20±0.61

34.00±4.58

29.33±2.31

2.65±0.41

2.22±0.17

9.77±0.86

11.27±2.18

14.33±5.69

21.00±10.82

A

9.87±1.51

9.28±0.61

34.66±4.73

33.25±2.22

2.64±0.52

2.42±0.21

9.97±3.81

10.80±4.11

19.00±2.00

16.00±3.37

B

9.67±1.01

9.50±0.84

33.66±3.06

33.00±4,24

2.71±0.36

2.52±0.31

8.00±0.98

12.20±8.34

15.67±4.62

7.50±0.71

C

7.87±0.04

8.47±1.06

26.00±3.00

30.00±4.00

2.22±0.11

2.45±0.34

7.37±1,54

10.03±0.07

13.33±5,55

15.67±4.04

D

10.43±1.29

8.30±0.52

37.33±5.03

29.75±3.09

2.94±0.34

2.42±0.25

7.33±0.55

7,60±0.71

5.66±3.06

10.00±7.26z

E

7.43±0.81x

6.50±0.42x

26.33±2.52x

23.00±1.41x

2.09±0.15y

1.87±0.12y

8.47±3.20

9.10±3.25

19.33±3.21

11.00±4,24

x = mean difference is significant (p < 0.04) relative to control (LSD)
y = mean difference is significant (p < 0.03) relative to control (LSD)
z = mean difference is significant (p < 0.05) relative to control (LSD)
Hb – Haemoglobin
PCV – Park cell volume
RBC – Red blood cell
WBC – White blood cell
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Figure 4. Haemoglobin concentration of C. garienpinus fed with varying level of inclusion of A. sinuata meal.

Figure 5. Park cell volume of C. garienpinus fed with varying level of inclusion of A. sinuata meal.
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Figure 6. Red blood cell count of C. garienpinus fed with varying level of inclusion of A. sinuata meal.

Figure 7. White blood cell count of C. garienpinus fed with varying level of inclusion of A. sinuata meal.

American Journal of Biology and Life Sciences 2015; 3(6): 273-289

281

Figure 8. Platelets count of C. garienpinus fed with varying level of inclusion of A. sinuata meal.

The highest red blood cell count (RBC) of the male fish
species (2.94±0.34 x106/µL) was observed in group fed with
40% inclusion of A. sinuata meal (diet D) while the lowest
RBC (2.09±0.15 x106/µL) was observed in group fed with
50% A. sinuata meal (diets E). In the female species the
highest RBC (2.52±0.31 x106/µL) was observed in diet B,
fed with 20% inclusion of A. sinuata meal while the lowest
RBC (1.87±0.12 x106/µL) was observed in group fed with
50% inclusion of A. sinuata meal (diet E). Statistical analysis
of RBC showed that there was no significant difference (p >
0.05) between the male and female species in all the diet
groups. However, significant difference (P < 0.03 LSD) was
observed in RBC of diet E , which contain 50% inclusion A.
sinuate meal, when compared with the control (diet O),
which contain 0% A. sinuata meal. Significant difference (P
< 0.03 LSD) was observed in RBC of group fed with 10%
inclusion A. sinuata meal (diet A), when compared with the
group fed with 50% A. sinuata meal (diets E). Significant
difference (P < 0.03 LSD) was observed in RBC of group fed
with 20% inclusion A. sinuata meal (diet B), when compared
with the group fed with 50% A. sinuata meal (diets E).
Significant difference (P < 0.01 LSD) was observed) in RBC
of group fed with 40% inclusion A. sinuata meal (diet D),
when compared with the group fed with 50% A. sinuata meal
(diets E). Significant difference (P < 0.05) was observed in
RBC of group fed with 30% inclusion A. sinuata meal (diet
C), when compared with the groups fed with 20% and 40%
inclusions of A. sinuata meals (diets B and D respectively).

(Table 7)
In male fish species, the highest white blood cell count
(WBC) of 9.97±3.81 x106/µL was observed in group fed with
10% inclusion of A. sinuata meal (diet A), this is followed by
the control (diet O) which contain 9.77±0.86 x106/µL. The
lowest WBC (7.33±0.55 x106/µL) in male species was
observed in group fed with 40% A. sinuate meal (diets D). In
the female species the highest WBC (12.20±8.34 x106/µL)
was observed in diet B, fed with 20% inclusion of A. sinuata
meal, this is followed by the control (diet O) which contain
11.27±2.18 x106/µL. The lowest WBC (7.60±0.71 x106/µL)
in female species was observed in group fed with 40%
inclusion of A. sinuata meal (diet D). Pairwise comparison of
fish male and female showed that there was no significant
difference (p > 0.05) in WBC between the male and female
species in all the diet groups. No significant difference (p >
0,05)was observed in WBC of diet E , which contain 50%
inclusion A. sinuata, when compared with the control (diet
O), which contain 0% A. sinuata meal. There was no
significant difference (P > 0.05) in WBC of group fed with
10% inclusion A. sinuata meal (diet A), when compared with
the group fed with 30% A. sinuata meal (diets C). There was
no significant difference (P > 0.05)in WBC of group fed with
10% inclusion A. sinuata meal (diet A), when compared with
the group fed with 50% A. sinuata meal (diets E). There was
no significant difference (P > 0.05) in WBC of group fed
with 20% inclusion A. sinuata meal (diet B), when compared
with the group fed with 50% A. sinuata meal (diets E). There
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were no significant differences (P > 0.05) in WBC of group
fed with 30% inclusion A. sinuata meal (diet C), when
compared with the groups fed with 20% and 40% inclusions
of A. sinuata meals (diets B and D respectively). There was
no significant difference (P > 0.05) in WBC of group fed
with 40% inclusion A. sinuata meal (diet D), when compared
with the group fed with 50% A. sinuata meal (diets E). (Table
7)
The highest platelets count in the male fish species
(19.33±3.21 x109L) was observed in group fed with 50%
inclusion of A. sinuata meal (diet E), this is followed by diet
A, fed with 10% A. sinuata meal, with 19.00±2.00 x109L.
The lowest platelets count (5.66±3.06 x109L) was observed
in group fed with 40% A. sinuata meal (diets E). In the
female species the highest platelets count (21.00±10.82
x109L) was observed in the control diet O, fed with 0%
inclusion of A. sinuata meal while the lowest platelets count
7.50±0.71 x109L) was observed in group fed with 20%
inclusion of A. sinuata meal (diet B). Pairwise comparison of
male and female fish showed that there was no significant
difference (p > 0.05) in the platelets count between the male
and female species in all the diet groups. However,
significant difference (P < 0.05 LSD) was observed in
platelets count of diet D, which contain 40% inclusion A.
sinuata, when compared with the control (diet O), which
contain 0% A. sinuata meal. Significant difference (P < 0.01
LSD) was observed in platelets count of group fed with 10%
inclusion A. sinuata meal (diet A), when compared with the
group fed with 40% A. sinuata meal (diets D). Significant
difference (P < 0.03 LSD) was observed in platelets count of
group fed with 40% inclusion A. sinuata meal (diet D), when
compared with the group fed with 50% A. sinuata meal (diets
E). There was no significant difference (P > 0.05) in platelets
count of group fed with 30% inclusion A. sinuata meal (diet
C), when compared with the group fed with 20% A. sinuata
meal (diets B). No significant difference (P > 0.05) were
observed in platelets count of control (diet O) group fed with
0% inclusion A. sinuata meal, when compared with the
groups fed with 10% and 20% inclusions of A. sinuata meals
(diets A and B respectively). (Table 7)
2.4. Erythrocytes Indices of C. garienpinus
Fed with Varying Level of Inclusion of A.
sinuata Meal
Erythrocytes indices of C. garienpinus which include,
mean corpuscular haemoglobin concentration (MCHC),
mean corpuscular haemoglobin (MCH) and mean
corpuscular volume (MCV) are shown in Table 8. The
highest mean corpuscular haemoglobin (MCH) of the male
fish species (29.00±0.00 g/dL) was observed in the control
group fed with 0% inclusion of A. sinuata meal (diet O)
while the lowest MCHC (27.67±0.58 g/dL) was observed in
group fed with 40% A. sinuate meal (diets D). In the female
species the highest MCHC (29.50±1.71 g/dL) was observed
in diet B, fed with 20% inclusion of A. sinuata meal while
the lowest MCHC (26.67±1.53 g/dL) was observed in the
control group fed with 0% inclusion of A. sinuata meal (diet

O). Statistical analysis of MCHC showed that there was no
significant difference (p > 0.05) between the male and female
species in all the diet groups. However, significant difference
(P < 0.01 LSD) was observed in MCHC of diet E , which
contain 50% inclusion A. sinuata, when compared with the
control (diet O), which contain 0% A. sinuata meal. No
Significant difference (P > 0.05) was observed in MCHC of
group fed with 10% inclusion A. sinuata meal (diet A), when
compared with the group fed with 50% A. sinuata meal (diets
E). No significant difference (P > 0.05) was observed in
MCHC of group fed with 20% inclusion A. sinuata meal
(diet B), when compared with the group fed with 50% A.
sinuata meal (diets E). No significant difference (P >0.05)
was observed) in MCHC of group fed with 40% inclusion A.
sinuata meal (diet D), when compared with the group fed
with 50% A. sinuata meal (diets E). No significant difference
(P > 0.05) was observed in MCHC of group fed with 30%
inclusion A. sinuata meal (diet C), when compared with the
groups fed with 20% and 40% inclusions of A. sinuata meals
(diets B and D respectively).
In male fish species, the highest white Mean corpuscular
haemoglobin (MCH) of 38.00±2.65 pg was observed in
group fed with 40% inclusion of A. sinuata meal (diet D),
this is followed by diet B which has 37.67±2.08 pg. The
lowest MCH (32.33±3.21 pg) in male species was observed
in group fed with 50% A. sinuate meal (diets E). In the
female species the highest MCH (38.25±2.06 pg) was
observed in diet A, fed with 10% inclusion of A. sinuata
meal, this is followed by diet B which has 38.00±1.41 pg.
The lowest MCH (31.00±4.24 pg) in female species was
observed in group fed with 50% inclusion of A. sinuata meal
(diet E). Pairwise comparison of male and female fish
showed that there was no significant difference (p > 0.05) in
MCH between the male and female species in all the diet
groups. Significant difference (P < 0.01 LSD) was observed
in MCH of group fed with 20% inclusion A. sinuata meal
(diet B), when compared with the group fed with 30% A.
sinuata meal (diets C). Significant difference (P < 0.01 LSD)
was observed in MCH of group fed with 20% inclusion A.
sinuata meal (diet B), when compared with the group fed
with 50% A. sinuata meal (diets E). Significant difference (P
< 0.01 LSD) was observed) in MCH of group fed with 50%
inclusion A. sinuata meal (diet E), when compared with the
group fed with 10% A. sinuata meal (diets A). (Table 8)
The highest mean corpuscular volume (MCV) in the male
fish species (132.33±7.63 fL) was observed in group fed with
`0% inclusion of A. sinuata meal (diet A), this is followed by
diet O, the control, fed with 0% A. sinuata meal, with
128.33±2.08 fL. The lowest MCV (124.67±8.62 fL) in male
species was observed in group fed with 20% A. sinuatameal
(diets B). In the female species the highest MCV
(134.50±10.47 fL) was observed in diet A, fed with 10%
inclusion of A. sinuata meal while the lowest MCV
117.00±9.89 fL) was observed in group fed with 50%
inclusion of A. sinuata meal (diet E). Pairwise comparison of
male and female fish showed that there was no significant
difference (p > 0.05) in the MCV between the male and
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female species in all the diet groups. However, significant
difference (P < 0.04 LSD) was observed in MCV of diet E
which contain 50% inclusion of A. sinuata, when compared
with the control (diet O), which contain 0% A. sinuata meal.
Significant difference (P < 0.02 LSD) was observed in MCV
of group fed with 10% inclusion A. sinuata meal (diet A),
when compared with the group fed with 30% A. sinuata meal
(diets C). Significant difference (P < 0.02 LSD) was observed
in MCH of group fed with 40% inclusion A. sinuata meal
(diet D), when compared with the group fed with 10% A.
sinuata meal (diets A). There was no significant difference
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(P > 0.05) in MCV of group fed with 30% inclusion A.
sinuata meal (diet C), when compared with the group fed
with 20% A. sinuata meal (diets B). No significant difference
(P > 0.05) were observed in MCV of control (diet O) group
fed with 0% inclusion A. sinuata meal, when compared with
the groups fed with 10% and 20% inclusions of A. sinuata
meals (diets A and B respectively). Significant difference (P
< 0.01 LSD) was observed in MCH of group fed with 50%
inclusion A. sinuata meal (diet E), when compared with the
group fed with 10% A. sinuata meal (diets A). (Table 8)

Table 8. Erythrocytes indices of C. garienpinus fed with varying level of inclusion of A. sinuata meal.
Erythrocytes indices
Diet

MCHC(g/dl)

MCH(pg)

MVC {fl}

Male

Female

Male

Female

Male

Female

O

29.00±0.00

26.67±1.53

35.67±1.53

36.00±1.00

128.33±2.08

131.00±1.73

A

28.00±1.00

27.25±0.96

37.67±2.08

38.25±2.06

132.33±7.63

134.50±10.47

B

28.00±1.00

29.50±1.71

36.67±1.53

38.00±1.41

124.67±8.62

132.00±1.41

C

28.00±1.00

28.33±0.58

33.67±3.21

32.67±2.52

125.00±1.00

126.00±2.00

D

27.67±0.58

27.75±0.50

38.00±2.65

35.25±2.63

126.33±3.79

125.25±1.71

E

28.00±1.00

28.00±0.00

32.33±3.21x

31.00±4.24x

125.67±5.03

117.00±9,89y

x = mean difference is significant (p < 0.01) relative to control (LSD)
y = mean difference is significant (p < 0.44) relative to control (LSD)
MCHC – Mean corpuscular haemoglobin concentration
MCH – Mean corpuscular haemoglobin
MCV – Mean corpuscular volume

xx = MCHC significantly different (p<0.01)from the control (LSD)
Figure 9. Mean corpuscular haemoglobin concentration of C. garienpinus fed with varying level of inclusion of A. sinuata meal.
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Figure 10. Mean corpuscular haemoglobin of C. garienpinus fed with varying level of inclusion of A. sinuata meal.

Figure 11. Mean corpuscular volume of C. garienpinus fed with varying level of inclusion of A. sinuata meal.
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Figure 12. Neuthrophils counts of C. garienpinus fed with varying level of inclusion of A. sinuata meal.

Figure 13. Lymphocytes counts of C. garienpinus fed with varying level of inclusion of A. sinuata meal.
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2.5. Differential Leucocytes Counts of C.
garienpinus Fed with Varying Level of
Inclusion of A. sinuata Meal
Differential leucocytes counts of C. garienpinus which
include, neutrophils and Lymphocytes are shown in Table 9.
The highest neutrophils count of the male fish species
(40.00±15.39%) was observed in the group fed with 10%
inclusion of A. sinuata meal (diet A) while the lowest
neutrophils count (31.33±7.37%) was observed in group fed
with 20% A. sinuata meal (diets B). In the female species the
highest neutrophils count (46.00±8.49%) was observed in
diet E, fed with 50% inclusion of A. sinuata meal while the
lowest neutrophils count (28.00±1.00%) was observed in the
group fed with 30% inclusion of A. sinuata meal (diet C).
Statistical analysis of neutrophils count showed that there
was no significant difference (p > 0.05) between the male
and female species in all the diet groups. No significant
difference (P > 0.005) was observed in neutrophils count of
diet E, which contain 50% inclusion A. sinuata, when
compared with the control (diet O), which contain 0% A.
sinuata meal. Significant difference (P <0.05 LSD) was
observed in neutrophil count of group fed with 10% inclusion
A. sinuata meal (diet A), when compared with the group fed
with 20% A. sinuata meal (diets B). Significant difference
(P > 0.01 LSD) was observed in neutrophil count of group
fed with 10% inclusion A. sinuata meal (diet A), when
compared with the group fed with 30% A. sinuata meal (diets
C). Significant difference (P > 0.02 LSD) was observed in
neutrophil count of group fed with 30% inclusion A. sinuata
meal (diet C), when compared with the group fed with 50%
A. sinuata meal (diets E).
Table 9. Leucocytes counts of C. garienpinus fed with varying level of
inclusion of A. sinuata meal.

Diet
O
A
B
C
D
E

Leucocytes counts
Neutrophils
Male
Female
36.67±15.14
37.33±5.03
40.00±15.39
44.50±4.50
31.33±7.37
33.00±4.24
29.67±6.80
28.00±1.00
36.33±6.51
34.75±0.24
38.33±3.51
46.00±8.49

Lymphocytes
Male
59.00±13.00
59.67±15.82
68.00±6.24
70.33±6.81
63.67±6.51
60.33±3.79

Female
62.67±5.03
54.75±3.77
67.00±4.24
70.33±4.41
64.25±10.84
54.00±8.49

In male fish species, the highest white lymphocytes count
of 70.33±6.81 was observed in group fed with 30% inclusion
of A. sinuata meal (diet C), this is followed by diet B which
has 68.00±6.24. The lowest lymphocytes count (60.33±3.79)
in male species was observed in group fed with 50% A.
sinuata meal (diets E). In the female species the highest
lymphocytes count (70.33±4.41) was observed in diet C, fed
with 30% inclusion of A. sinuata meal, this is followed by
diet B which has 67.00±4.24. The lowest lymphocytes count
(54.00±8.49) in female species was observed in group fed
with 50% inclusion of A. sinuata meal (diet E). Pairwise

comparison of male and female fish showed that there was no
significant difference (p > 0.05) in lymphocytes count
between the male and female species in all the diet groups.
Significant difference (P < 0.01 LSD) was observed in
lymphocytes count of group fed with 10% inclusion A.
sinuata meal (diet A), when compared with the group fed
with 30% A. sinuata meal (diets C). Significant difference (P
< 0.04 LSD) was observed in lymphocytes count of group
fed with 20% inclusion A. sinuata meal (diet B), when
compared with the group fed with 10% A. sinuata meal (diets
A). Significant difference (P < 0.02 LSD) was observed) in
lymphocytes count of group fed with 50% inclusion A.
sinuata meal (diet E), when compared with the group fed
with 30% A. sinuata meal (diets C). (Table 9)

3. Discussion
In this study, water quality parameters were measured (pH,
and temperature) within the experimental pond and were
found to be within the recommended range for C. gariepinus
growth and development. This implies that the experimental
diets had no negative effect on the pond water where the
experimental fish were grown.
The proximate composition of A. sinuata in this study
revealed that it contains 23.8% crude protein, 13% crude
lipid, 19% nitrogen free extract (NFE), 0% crude fiber,
20.5% ash and 15.5% moisture content. This shows that A.
sinuata is well suited for fed formulation as a source of
animal protein. These analysis falls within the range
recommended by Eyo (1985). The similarities in chemical
composition with the other studies is an indication that
environmental factors such as season, geographical location,
and stage of maturity play a major role in determining the
nutritive value of the flesh of A. sinuata.
Five diets were formulated designated as treatments A, B,
C, D and E containing 10%, 20%, 30%, 40% and 50% A.
sinuata. The control diet contained 0% A. sinuata. The fish
were grown for a period of 110 days in concrete tanks.
Dietary feeds were formulated using Pearson’s square
method. Given that fish live in water, water quality
parameters greatly influence their physiological processes
(Boyd and Tucker 1998). During this experiment, water
quality parameters were measured The mean temperature
during the experiment was within the range of 27.00±1.00
and 28.33±0.58 (°C). pH was within the range of 7.8±0.01
and 8.5±0.04 Dissolved oxygen was within the range
8.8±0.59 and 10.0±0.76.(mg/l).Ammonia content was within
the range of 0.47± 0.05 and 2.70±0.05 (mg/l). This is shown
in Table 4. The pH, and temperature within the experimental
tanksand were found to be within the recommended range for
C. gariepinus growth and development (Viveen et al 1986).
This implies that the experimental diets had no negative
effect on the pond water where the experimental fish were
grown. The result in Table 5 shows that inclusion of A.
sinuata promoted growth in fingerlings of C. garienpinus.
The highest mean weight gain (21.57±0.67g) was observed in
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the group fed with 10% Aspatharia meal substitution (Diet
A). The lowest mean weight was (13.60±1.71g) was
observed in the group whose diet is without Aspharia meal
Diets (O). The highest daily weight gain of 4.40±0.31g and
the highest specific growth rate (SGR) of 44.0±1.07 were
observed in the group whose diets contain 40% Asphateria
meal (Diet D). The lowest daily weight gain of 2.67±0.61 and
the lowest specific growth rate (SGR) of 26.7±2.31 were
observed in the group whose diet contain 20% A. sinuata
meal (Diet B). The highest protein utilization efficiency of
0.91±0.03 and highest food conversion ratio of 3.8±0.01
were observed in group whose diets contain 40% A.sinuata
meal (Group D), while the lowest food conversion ratio of
2.7±0.02 and lowest protein utilization efficiency of
0.71±0.02 were observed in group whose diets contain 50%
A. sinuata meal (Group E). Substituting fish meal with A.
sinuata meal from 10% to 40% in the fed of fingerlings of C.
garienpinus promote growth as the highest protein utilization
efficiency of 0.91±0.03 and highest food conversion ratio of
3.8±0.01 were observed in group whose diets contain 40% A.
sinuata meal (Group D), while the lowest food conversion
ratio of 2.7±0.02 and lowest protein utilization efficiency of
0.71±0.02 were observed in group whose diets contain 50%
A. sinuata meal (Group E). This result compared favorably
with that of Alatise et al (2005) who feed Heterobranchus
longifilis fingerling with freshwater mussel for 59 days and
observed that the mean weight gain was highest in fish fed
25% freshwater mussel along with 75% fish meal of 7.06g
and the lowest in fish fed 75% freshwater mussel and with
25% fish meal. The percentage weight gain followed a
similar trend. Fish fed freshwater mussel - based diets had
higher growth rates at 25% inclusion level than fish fed with
the control diet. Growth of H. longifilis decreased with
increasing dietary levels of the freshwater mussel; Diets
containing 75% of the freshwater mussel gave the lowest
values for fish growth and nutrient utilization.
The highest haemoglobin concentration (Hb) of
10.43±1.29g/dL in male species was observed in group fed
with 40% inclusion of A. sinuata meal (diet D) while the
lowest Hb (7.43±0.81g/dL) was observed in group fed with
50% A. sinuata meal (diets E). In the female species the
highest Hb (9.50±0.84g/dL) was observed in diet B, fed with
20% A. sinuata meal while the lowest Hb (6.50±0.42g/dL)
was observed in diet E
In male fish species, the highest park cell volume (PCV) of
37.33±5.03 % was observed in group fed with 40% inclusion
of A. sinuata meal (diet D) while the lowest PCV
(26.00±3.00%) was observed in group fed with 30% A.
sinuata meal (diets C). In the female species the highest PCV
(33.25±2.22%) was observed in diet A, fed with 10%
inclusion of A. sinuata meal while the lowest PCV
(23.00±1.41%) was observed in group fed with 50%
inclusion of A. sinuata meal (diet E).
The highest red blood cell count (RBC) of the male fish
species (2.94±0.34 x 106/µL) was observed in group fed with
40% inclusion of A. sinuata meal (diet D) while the lowest
RBC (2.09±0.15 x106/µL) was observed in group fed with
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50% A. sinuata meal (diets E). In the female species the
highest RBC (2.52±0.31 x106/µL) was observed in diet B,
fed with 20% inclusion of A. sinuata meal while the lowest
RBC (1.87±0.12 x106/µL) was observed in group fed with
50% inclusion of A. sinuata meal (diet E).
In male fish species, the highest WBC of 9.97±3.81
x106/µL was observed in group fed with 10% inclusion of A.
sinuata meal (diet A), this is followed by the control (diet O)
which contain 9.77±0.86 x106/µL. The lowest WBC
(7.33±0.55 x 106/µL) in male species was observed in group
fed with 40% A. sinuata meal (diets D). In the female species
the highest WBC (12.20±8.34 x106/µL) was observed in diet
B, fed with 20% inclusion of A. sinuata meal, this is followed
by the control (diet O) which contain 11.27±2.18 x 106/µL.
The lowest WBC (7.60±0.71 x 106/µL) in female species was
observed in group fed with 40% inclusion of A. sinuata meal
(diet D).
The highest platelets count in the male fish species
(19.33±3.21 x109L) was observed in group fed with 50%
inclusion of A. sinuata meal (diet E), this is followed by diet
A, fed with 10% A. sinuata meal, with 19.00±2.00 x109L.
The lowest platelets count (5.66±3.06 x109L) was observed
in group fed with 40% A. sinuata meal (diets E). In the
female species the highest platelets count (21.00±10.82
x109L) was observed in the control diet O, fed with 0%
inclusion of A. sinuata meal while the lowest platelets count
7.50±0.71 x109L) was observed in group fed with 20%
inclusion of A. sinuata meal (diet B).
Overall, the results revealed that inclusion of A. sinuata
meal from 20% to 40% in the diet of C. gariepinus promoted
growth, had the best growth performance (weight gain), feed
conversion ratio (FCR) and protein utilization efficiency
(PER).
The significant high growth performance of Diets B, C and
D show that Aspharia meal could be used as a source of
animal protein in feed formulation of C. gariepinus. However
the decline in growth performance of fish feed with Diet E
reveal that, 100% substitution of fishmeal with Aspathria
meal has negative effect on growth performance of C.
gariepinus. The substitution level should not go beyond 40%.
This is in line with Alatise et al (2005) who replaces fish
meal with Aspatharia meal in formulating feeds for
Heterobranchus longifilis fingerlings, He observed that
substituting beyond 25% has negative effect on growth
performance of H. longifilis .
PER obtained with the Diet B, C and D is attributed to
efficient utilization of the nutrients in the diet particularly
fish and Aspatharia meals which have well balanced amino
acids profile and no anti-nutritional factors being animal
protein sources.
As revealed in this study, feed formulated with Aspatharia
meal has higher profit index and lower incidence of cost.
Therefore feeding C. gariepinus with formulated feeds of
20%, 30% and 40% inclusion of Aspatharia meal alongside
the other ingredients is not only cost effective and profit
oriented but also promote the health of the fish.
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4. Conclusion
The determination of blood parameters, and in particular
those of the red blood cell count, are used for assessing fish
health (Bhaskar and Rao, 1985). Variations in blood tissue in
fish depends on the stress effects of environmental factors
(Orun, 2003; Aldrin et al., 1982; Hickey, 1982; Gbore et al.,
2006), biological peculiarities of species (Collazos et al.,
1998), as well as size (Garcia, 1992), seasons (Orun et al.,
2003) and breeding methods (Cech and Wohlschlag, 1981).
White blood cells (WBC) or leukocytes, are vital cells of
the immune system protecting the body against infections,
bacteria, microbes, viruses and pathogens. These cells are
produced in the stem of the bone marrow. WBC attack and
destroy bacteria in the blood, (Yakubu and Afolayan 2009)
Platelets are the blood cells involved in coagulation.
Coagulation of blood requires that the Platelets should be in
sufficient size, number and function. The increase in the
platelet levels may be explained by stimulatory effect on
thromboprotein, bone marrow is responsible for the
production of red blood cells, white blood cells and platelets
(Yakubu and Afolayan 2009)
Inclusion of A. sinuata meal from 20% to 40% alongside
other ingredients used in this study could be used for pond
production of C. gariepinus
The formulation could be used by small scale rural farmers
to boost aquaculture production especially fish farmers living
near Oyun River and other rivers where A. sinuata abounds.
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