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Abstract
This study investigated the effects of sesame seed meal (SSM) substitution for soybean meal
(SBM) in 39% isonitrogenous diets on Clarias gariepinus juveniles for eight weeks to evaluate
the changes in body indices and haematology. Three hundred (300) apparently healthy juveniles
with an initial average weight of 80.60 ± 4.53g, were randomly stocked in 15 plastic tanks fed
diets in which the soybean component was substituted at 0, 25, 50, 75 and 100% levels. During
the feeding trials, body weights were taken fortnightly, feed intake was estimated and blood
samples were obtained for haematological analysis using standard methods. The results show
that the Mean weight gain (MWG), Protein efficiency ratio (PER), Specific growth rate (SGR)
and Survival rate (SR) decreased with an increase in the inclusion level of SSM. The mean
weight gain of 46.92 ±1.08g was recorded for fish fed diets with no soybean meal (D5, 100%
SSM) whereas no significant (p > 0.05) MWG existed between fish fed up to 50% substitution
and those of control (0%). Haematological parameters also showed that red blood cell (RBC),
haemoglobin (HGB) and haematocrit (HCT) were decreasing while white blood cell (WBC),
lymphocytes (LYM), mean cell haemoglobin concentration (MCHC) and platelets (PLT)
increased with increasing inclusion level of SSM. The results also revealed that fish fed with 75
and 100% SSM showed significant changes (P > 0.05) in all the parameters studied when
compared with the control (0%) SSM. Hence, the inclusion of sesame seed meal up to 25% is
recommended in the diet of Clarias gariepinus juveniles, since this inclusion level fish did not
exhibit any negative effect on growth and haematology.
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Introduction
Fish nutrition experts the world over and
particularly in Nigeria have shown
considerable interest in the procurement of

alternative protein sources for inclusion in
the fish diets to partially or completely
replace fish and soybean meals (Stickney et
al., 2006). More than half of world food fish
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are produced through aquaculture which in
turn is heavily dependent on aqua feed
inputs (FAO, 2012). Fish feed production
must be able to sustain growing world fish
demand and this is dependent on protein and
energy sources like fishmeal, fish oil and
soybean meal which has become costly in
the international markets (Naylor et al.,
2009; Hardy, 2010). Fish meal and soybean
are the main sources of animal and plant
protein respectively used in fish feed due to
their balanced amino acids and minerals
profiles, but these are expensive and
competitively demanded by man, animals
and industries. This makes their prices to
stay high and is the reason why fish feeds
account for 60-70% of total operating costs
in aquaculture (Collins et al., 2007).
Soybean is presently the most used plant
protein in fish feed production and contains
around 48 % crude protein (Gatlin et al.,
2007; Salze et al., 2010). Soybean has a
good amino acid profile, although poor in
sulphur- rich lysine and methionine (Cai and
Burtle, 1996; Gatlin et al., 2007). Soybean
as a multipurpose raw material is
competitively scarce and expensive for
aquaculture in sub-Saharan Africa (Ayinla,
2007; Azaza et al., 2009), hence the need to
seek alternatives to both fishmeal and
soybean meal.

Sesamum indicum (family: Pedaliaceae)
grown all over the tropical and sub-tropical
world are the main sources of essential
amino acids such as lysine and methionine
(El-Adawy and Monsour, 2011). The seed is
reported to have about 41–58 % oil, 18–
25 % protein and 13–17 % carbohydrates
(Kang et al., 2003; Yusuf et al., 2008).
However, Ochang et al. (2014) reported
about 41.60% crude protein composition in

Sesame seed procured from Ikwo market,
Ebonyi state, Nigeria higher than those
reported for seeds in other parts of the world.
The replacement of soybean meal with
Sesamum indicum feed meal is expected to
reduce the high cost of feed which is one of
Nigeria’s major problems in fish farming
and also provide some health benefits to fish.

Blood analysis is a valuable means of
evaluating the physiological condition of
cultured aquatic animals with respect to
determining the effect of diets and other
stress factors on fish health (Adeparusi and
Ajayi, 2004; Bello-Olusoji et al., 2006).
According to Adeyemo, (2007) haematology,
growth rate, oxygen consumption,
biochemical, behavioural and physiological
changes of fish are used in determining the
toxicity of pollutants. Bhatti et al. (2009)
reported that the intake of various dietary
components has measurable effects on blood
constituents. According to Animashahun et
al. (2006), nutrient levels in the blood and
body fluids are considered to be proximate
measures of the long-term nutritional status
of an organism. Blood parameters have been
adjudged as an important criterion for
assessing the quality and suitability of feed
ingredients in farm animals (Bhatti et al.,
2009). Animashahun et al. (2006) suggested
that the comparison of haematological
profile with nutrient intake may provide a
baseline for either increasing or reducing of
certain nutrients for different population
groups. The African catfish, Clarias
gariepinus is a choice species for
aquaculture because of its possession of
several qualities such as the ability to
tolerate low dissolved oxygen (DO),
withstand handling stress, high disease
resistance, rapid growth rate, and its
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acceptability of a variety of feed items
(Adewolu, 2008). Fagbenro and Davies
(2004) reported that Clarias species have
high propensity to consume a wide variety
of supplementary feeds which makes it
possible to combine a variety of
conventional and non-conventional
ingredients for formulating their diet. In
Nigeria, it is a very important freshwater
fish and enjoys wide acceptability in most
parts of the country for its unique taste, and
has fewer bones in contrast to Tilapia
(Aiyeloja et al., 2011).

The general shortage of fish meal, groundnut
cake and soybean meal necessitate the
craving for alternative ingredients for use in
aquaculture feeds. Of particular interest is
the need to focus on plant products that are
not in serious competitive demand by
humans for other uses, in order to develop
cost-effective feeds for the production of
aquaculture organisms (Ingweye et al.,
2010). This study investigates the effects of
sesame seed meal diets on growth
performances and haematological
characteristics of Clarias gariepinus
juveniles

Materials and methods
Experimental site
The study was carried out in the wet
laboratory of the Department of Fisheries
and Aquatic Science, Cross River University
of Technology (CRUTECH), Obubra
Campus.

Experimental fish
Three hundred and fifty apparently healthy
juveniles of C. gariepinus were procured
from Farmosas family farm in Calabar,
Cross River State, Nigeria. They were put in
oxygen bags and transported by Car to the
Wet Laboratory, Department of Fisheries
and Aquatic Science, CRUTECH, Obubra
Campus. They were batch weighed and put
in aquaria, acclimated for two weeks before
the commencement of the research. During
the period of acclimation, the fish were fed
at 5% body weight with Top Feed with a
crude protein level of 40% twice daily.
Feeding was discontinued 24 hours prior to
commencement of the experiment. This was
done to eliminate variation in weight due to
residual food in their gut, to prepare the
gastrointestinal tract for the experimental
diets and to increase the appetite of the fish.

Collection and preparation of sesame seed
meal (SSM)
The sesame seed was purchased from Adun
market, Ofodua, Obubra Local Government
Area of Cross River State. The sesame seed
was sieved to remove dirt and sand, washed
and sun-dried for 3 days. The seed was
ground with a hammer mill and the oil was
removed using a catalyst n-hexane as
recommended by Enujiugha and Akanbi
(2005). The proximate composition of the
Sesame seed meal before and after oil
extraction is shown in table 1

Table 1. Proximate composition of sesame seed meal before and after oil extraction

Parameter (%) Before oil extraction After oil extraction

Moisture content 3.8 ± 0.56 2.6 ± 0.25
Crude protein 22.1 ± 3.54 28.2 ± 3.05
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Crude fibre 5.9 ± 1.82 8.8 ± 2.75
Lipid 44.1 ± 5.74 16.8 ± 1.75
Total ash 4.6 ± 0.54 10.8 ± 1.05
Nitrogen Free Extract 19.5 ± 2.05 32.8 ± 3.10
Preparation of experimental diets
Five isonitrogenous diets of 39% crude
protein each were formulated using
Pearson’s square method. The sesame seed
meal was included to replace varying
quantities of soybean in the diets Table 2.
The feed ingredients were ground separately
to a fine powder using the hammer mill.
Each ingredient was weighed into a bowl

and all were mixed properly. Boiled water
was then added to the mixture and stirred to
obtain a consistent dough which was passed
through a pelleting machine to produce 0.5
mm pellets. Thereafter, the feed was
sundried for 4 days, then stored in an airtight
plastic container and kept until the time for
use.

Table 2: Ingredients composition of formulated diets (% Dry weight)

Ingredient (g/100g) D1 (0%) D2 (25%) D3 (50%) D4 (75%) D5 (100%)

Blood meal (80% CP) 10 10 10 10 10

Fishmeal (64%CP) 25 25 25 25 25

Soybean meal (42%CP) 30 22.5 15 7.5 0

Sesame seed meal (28%CP) 0 7.5 15 22.5 30

Maize (11%CP) 27 27 27 27 27

Soybean oil 3 3 3 3 3

Vit/min premix 3 3 3 3 3

Binder 2 2 2 2 2

Total 100 100 100 100 100

Calculated Crude protein 39.36 39.37 39.17 38.97 38.92

Experimental design and procedure
A completely randomized design (CRD)
with five treatments in three replicates (5 x 3)
was used. Twenty fish were introduced
randomly into each of the 15 labelled
aquaria into which the five treatments (D1,
D2, D3, D4 and D5) were administered in
triplicates. The initial mean total body
weight of 80.60 ± 4.53g was noted and other

measurements were taken fortnightly for 56
days. Feeding was carried out twice daily,
8:00 – 8:30 am and 5:00 – 5:30 pm and the
daily ration was maintained 5% of their
body weights.

Growth parameters
The growth parameters were calculated
using the following relationships:
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Mean weight gain (MWG) = Final mean weight of fish – Initial mean weight of fish (Adikwu,
2003)

Specific growth rate (SGR) = In (Final body weight) – In (Initial body weight) x 100%
Time (days)

Feed conversion ratio (FCR) = Weight of feed given (g) (Adikwu, 2003)
Fish weight gain (g)

Protein efficiency ratio (PER) = Weight gain (g) (Wilson, 1989)
Protein intake (g)

Survival rate (SR) (%) = Number of fish that survived x 100
Number of total fish stocked

Protein Intake (PI) = Total fed intake x protein intake.

Blood collection and haematological
analysis
Blood samples were collected at the end of
the 8th week of the experiment following the
procedure of Schmitt et al. (1999). Blood of
2ml was collected from the caudal peduncle
with the aid of a 2ml sterile plastic syringe
fitted with 0.8 x 38mm hypodermic needle.
The blood was collected in triplicates into
sample bottles containing ethylene diamine
tetra acetic acid (EDTA) as an anti-
coagulant. The blood was rocked gently in
the bottle to allow thorough mixing of its
content. The samples were preserved in a
cooler containing an ice block and thereafter
transported to University of the Calabar
Teaching Hospital (UCTH), haematology
Department for analysis within six hours of
collection. The haematological parameters
determined were Red blood cell (RBC),
White blood cell (WBC), Platelet (Pt), Pack
cell volume (PCV) Haemoglobin (Hb) and
Differential counts. The mean corpuscular
volume (MCV), mean corpuscular
haemoglobin (MCH) and the mean
corpuscular haemoglobin concentration
(MCHC) were calculated from the data

using standard formulae (Lee et al., 1998).
The direct measurements of erythrocyte
value (Packed cell volume PCV,
Haemoglobin Hb, and Red blood cell RBC),
absolute erythrocyte indices (MCH, MCV
and MCHC) were calculated. The platelets,
white blood cells and differential count
(neutrophils and lymphocytes) were
analysed as described by Dacie and Lewis
(2001).

Statistical analysis
The data collected were subjected to one -
way analysis of variance (ANOVA) using
SPSS version 20. Comparison among diet
means for the parameters was carried out
using Turkey’s honest significant difference
(HSD) at the significant level of 0.05.

Results
Growth performance
The mean values of the growth parameters
of C. gariepinus juveniles fed graded levels
of sesame seed meal is presented in Table 3.
The initial mean weight of the fish recorded
in the experimental tanks was not significant
(p> 0.05) while the mean final weight
reveals a decrease from 146.71± 5.60 g to
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124.96 ± 2.54g with an increase in SSM
substitution level. However, fish fed D2
(25% SSM) diet showed no significant
difference (p> 0.05) in weight compared to
control, D1 (0%). Other growth parameters
such as AWG 65.36 – 46.92, SGR 2.77 –
2.44, PER, 2.22 – 1.24 and SR 99.58 –
90.83% all decreased while FCR (2.44 –
4.36) increased with increasing substitution
level. The least average weight of 46.92g
was recorded for fish fed diets with no

soybean meal (D5, 100% SSM) while no
significant difference (p > 0.05) existed
between fish fed 25% substitution and those
fed the control diet (0% SSM). Fish fed with
0% SSM diets had the least FCR 2.44 which
was not significant from those fed 25%
(3.16). The results also revealed that fish fed
with 75 and 100% SSM showed significant
changes in all the parameters studied when
compared with the control (0%) SSM.

Table 3: The mean values of some growth parameters of C. gariepinus fed graded levels of
sesame seed meal (SSM) for 8 weeks
Parameters Diets (%)

D1 (0%) D2 (25%) D3 (50%) D4 (75%) D5 (100%)
Initial weight (g) 81.35 ±2.25a 82.33 ±1.65a 82.44 ±1.44a 78.82 ±

3.50a
78.04 ±2.40a

Final weight (g) 146.71±5.60a 135.49±4.25ab 130.8 ±3.05b 129.6±2.10bc 124.96±2.54c

Mean Weight Gain
(MWG)

65.36±2.18a 53.16±1.16ab 50.78±1.74ab 48.36±1.89b 46.92±1.08b

Feed Conversion
Ratio (FCR)

2.44± 0.76b 3.16± 1.09ab 3.50± 1.20ab 4.29±3.03a 4.36± 2.88a

Protein Efficiency
Ratio (PER)

2.22± 0.76a 1.63 ± 0.85ab 1.43± 0.85ab 1.43± 0.84ab 1.21 ± 0.79b

Specific Growth
Rate (SGR)

2.77±0.32a 2.69±0.73a 2.56±0.46ab 2.52±0.45ab 2.44±0.45b

Survival Rate (%) 99.58±1.44a 97.08±3.34ab 95.50±5.00bc 92.50±5.22c 90.83±8.22c

Mean with the same superscript under the same row are not significant at (P< 0.05)
Haematological parameters
The result of the haematological indices of C.
gariepinus fed graded levels of sesame
meal-based diets is presented in Table 4.
The mean values of RBC (3.18 - 2.41 x
1012cells/L), HGB (14.4 – 13.90 g/l) and
HCT (32.12 – 28.82%) decreased from D1
(0%) to D5 (100%) of SSM substitution
level. the values of WBC (5.16 – 99.01 x
109cells/L), platelets (9.00 – 12.67 x
109cells/L) and LYM (59.16 – 81.64%)

increased progressively from fish fed D1 to
D5 respectively. the values of the
erythrocyte indices MCHC (43.93 –
56.73g/l), MCH (56.83 – 70.93 pg) and
MCV (121.33 – 133.33fl) also increased
with an increase in SSM substitution level.
The study also revealed that fish fed with D5
(100% SSM) showed significant changes
whereas those fed D2 could not show
differences from those fed the control diet
(D1).
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Table 4: The mean values of some haematological parameters of C. gariepinus fed graded levels
of sesame seed meal (SSM) for 8 weeks

Parameters Diets (%)
D1 (0%) D2 (25%) D3 (50%) D4 (75%) D5 (100%)

Red blood cell
(1012cells/L)

3.18 ±0.2a 3.71 ±0.91a 2.57 ±0.13ab 2.71 ±0.35ab 2.41± 0.8ab

Haemoglobin
HGB (g/l)

14.4 ±
0.42ab

16.2 ±0.23a 15.17± 0.43a 14.37±0.59ab 13.9± 0.1ab

Haematocrit (%) 38.12 ±
2.14b

40.35 ±2.62ab 35.13± 1.25a 32.48±3.21ab 28.82±3.38c

White blood
cell(109cells/L)

95.16 ±0.4b 97.37 ±0.23ab 98.12 ±0.43a 98.12 ±1.0a 99.01 ±0.1a

Lymphocytes(%) 59.16±0.2c 65.73 ±0.74bc 69.26 ±0.8ab 75.64±2.93ab 81.64 ±1.0a
Mean cell
haemoglobin
concentration
(g/l)

43.93±1.92c 45.23 ±1.26bc 45.37±3.12bc 47.5 ± 1.74b 58.73 ±3.3a

Mean cell
haemoglobin
(pg)

56.83±2.32c 59.4 ±1.74bc 59.13±3.73bc 61.87± 3.82b 70.93±2.25a

Mean cell
volume (fl)

121.33
±2.32c

125.67±2.24bc 126 ±3.73b 128.33±1.82b 133.33±1.25a

Platelets
(109cells/L)

9.00
±2.00ab

9.33± 2.12ab 10.67±1.22ab 11.33 ±2.82a 12.67 ±1.15a

Mean with the same superscript under the same row are not significant at (P< 0.05)
Discussion
Growth parameter.
The mean weight gain (MWG), food
conversion ratio (FCR) and protein
efficiency ratio (PER) have been reported as
the major indices for assessing the growth
rate of fish. Adewolu (2008) stated that
mean weight gain and protein efficiency
ratio are known to be the most important
indices for measuring fish response to
experimental diets and very reliable
indicators of growth. A reduction in the
values of MWG and PER with increasing
substitution levels is an indication that SSM
diets affect the growth rate of fish. At 25%

replacement of soybean with SSM, the
various parameters examined were not
significantly different from those of the
control. This finding is in agreement with
those of several researchers who have used
plant-based proteins to replace soybean in
fish diets (Ochang et al., 2014; Hossain et
al., 2003). The significant reduction in
growth in the 75% and 100% inclusion
levels of sesame seed diets could be due to
improper balance of essential nutrients such
as amino acids, minerals and the presence of
some anti-nutritional compounds in the diet.
According to Sotolu and Faturoti (2009),
decrease in palatability and indigestibility
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due to high fibre content and anti-nutritional
factors may have led to reduced growth and
poor feed efficiency in experimental fishes.
Fagbenro et al. (2010) and Adewolu (2008)
reported that high inclusion of plant protein
in the diets of Clarias gariepinus suppressed
growth significantly. The feed conversion
ratio is a measure of diet efficiency, the
smaller the value the more suitable the diet
in bringing about a unit weight gain. The
value of 3.16 obtained for fish fed 25% SSM
diet was not significant from those fed 0%
implying that the diet is also suitable. A
similar increase in the values of FCR have
also been reported by several researchers
using plant protein as substitutes for
fishmeal and soybean meal (Olivera et al.,
1997; Thiessen et al., 2004; Barros et al.,
2002; Nwanna, 2003). De Silva and
Anderson (1995) reported that the protein
efficiency ratio is a measure of how well the
protein sources in a diet could provide the
essential amino acid requirement of the fish
fed for maximum growth. Protein efficiency
ratio (PER) is also known to be regulated by
the non-protein energy input of the diet and
is a good measure of the protein-sparing
effect of lipid and/or carbohydrates (Tibbets
et al., 2005). The decreased value reported
in this study may have been responsible for
the poor growth in fish fed with substitution
level above 25%. Sesame seed inclusions
above 25% have been reported to negatively
affect the growth rate of C. gariepinus
(Ochang et al., 2014). Hossain and Jauncey
(1989) and Hossain et al. (1992) have
reported that sesame inclusion of 25% and
20% had produced a promising growth
result in Cyprinus carpio and
Heteropneustes fossilis, respectively.
However, the increased substitution of plant-
based protein has been reported to produce

poor growth in C. gariepinus (Okey et al.,
2018). This could be due to the presence of
anti-nutrients and high fibre content in the
feed as the percentage of the SSM increased
in the diets. This corroborates the findings of
Fagbemi (2007) on fluted pumpkin seed
flour and Akande et al., (2010) on various
sources of plant proteins fed to fishes.
Although sesame seeds, like any other plant
protein, contain an anti-nutritional factor
which inhibits the absorption of some
important minerals, 25% inclusion was still
promising inferring that the physiological
mechanism in fish could compensate for the
presence of these factors (Gohl, 1981).
According to Francis et al., (2001), the low
growth performance of fish fed plant protein
sources is attributed to various factors such
as reduced bioavailability of minerals,
impaired protein digestibility caused by the
formation of phytic acid-protein complexes
and depressed absorption of nutrients due to
damage to the pyloric caecal region of the
intestine.

Haematological parameters
The applications of haematological
techniques have proved valuable for fishery
biologists in assessing the health status of
fish and monitoring stress responses
(Osuigwe et al., 2007). Haematological
parameters of fish are affected by a range of
factors which includes size, age,
physiological status, environmental
conditions and dietary regime. The changes
in the various parameters recorded (although
some were still within the recommended
level) showed that they were affected by the
increase in the substitution level of the diet.
This study showed a decrease in the values
of RBC, HGB and HCT while the values of
WBC, LYM, PLT, MCV, MHCH and MCH
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increased with increasing levels of SSM
replacement. This was in agreement with the
findings of some researchers who use plant
sources on C. gariepinus (Ochang et al.,
2014; Umaru, 2015; Adesina, 2017; Okey et
al., 2018). However, Babale (2016) rather
reported an increase in these parameters on
C. gariepinus adults fed graded levels of
watermelon, Citrullus lanatus seed cake diet.
The range of the RBC, 3. 18 - 2.41 x
1012cells/L, HGB, 16.20 - 13.90g/l and
28.82 – 40.35% recorded in this study
compared favourably with those of some
researchers who fed C. gariepinus with
graded levels of plant-based diet (Babale,
2016; Umaru, 2015; Adesina, 2017). The
increase in the red blood cell and
haemoglobin concentration in fish fed a 25%
SSM diet may be attributed to the increase
in the size of the fish as a result of growth
and metabolic activities. The increase might
also be due to the release of new RBCs from
the erythropoietic tissue to improve the
oxygen-carrying capacity of fish blood with
resultant higher values of erythrocyte count
as observed by Rottmann et al., (1992) and
Alkahem et al., (1998). Conversely,
haemoglobin contents and erythrocyte
counts tend to increase with the length and
age of the fish (Babale, 2015). The reduction
in the RBC and HGB concentration in fish
fed diets above 50% substitutions levels of
SSM, contained lower quality protein, due to
residual metabolites such as the anti-
nutritional compounds which probably
affected blood production. A reduction in
the concentration of the PCV and RBC in
the blood usually suggests the presence of a
toxic factor which has adverse effect on
blood formation resulting to anaemia
(Oyawoye and Ogunkunle, 1998). It has
been reported that haematocrit and

haemoglobin values vary according to
deficiency of essential nutrients,
environmental conditions, growth status, and
anti-nutritional factors (Garrido et al., 1990;
Lim and Lee, 2009). An increase in the
concentration of WBC, LYM, PLT, and all
the erythrocyte indices in this study was in
an agreement with the finding of several
researchers who fed C. gariepinus with
plant-based protein sources (Yue and Zhou,
2008; Fagbenro et al., 2010; Adesina, 2017).
The increase in WBC, LYM and PLT as
SSM increased in the diet could be attributed
to residual anti-nutrients present in the feed,
and also an increase in leucopoiesis as a way
of fighting stress-induced substances in the
body system of the fish (Gabriel et al., 2004).
Douglas and Jane (2010) stated that their
amount has implications for immune
responses and the ability of the animal to
fight infection.

The mean corpuscular haemoglobin
concentration (MCHC), mean corpuscular
haemoglobin (MCH) and mean corpuscular
volume (MCV) of fish in this study were
significantly higher in fish fed with 100%
SSM and are comparable with values earlier
reported by previous researchers (Adedeji
and Adegbile, 2011; Anyanwu et al., 2011;
Umaru, 2015). The MCHC, MCH and MCV
are useful in the diagnosis of anaemia in
most animals (Cole, 1986). The observed
lower haemoglobin levels and increased
MCV, MCH and MCHC as the inclusion
level of SSM increased in this study may be
due to abnormal maturation of the red blood
cell. The value of MCV as an estimate of the
volume of RBCs indicates the status or size
of the RBCs and reflects normal or abnormal
cell division during RBC production
(erythropoiesis). Larsson et al. (1985)
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attributed increase in MCV to swelling of
the RBCs due to hypoxic conditions (low
oxygen condition), impaired water quality,
somatic stress or macrocytic anaemia
(swelling of RBCs) in fishes exposed to
metal pollution. Reduced MCV could be
linked with shrinkage of RBCs either due to
hypoxia or microcytic anaemia (shrinkage of
RBCs) as earlier reported by Bhagwant and
Bhikajee (2000) and Alwan et al. (2009).
Higher MCH indicates a good volume of
haemoglobin which shows that there was
effective oxygen transportation in the
bloodstream for the healthy well-being of
the fish (Diyaware et al., 2013).

Conclusion
The growth performance and feed utilization
of C. gariepinus juveniles fed diets in which
25% of the soybean was replaced by SSM
gave the best AWG, SGR, FCR and PER.
Haematological analysis revealed that 25%
and 50% substitution of soybean with SSM
in the diets had no adverse effect (p>0.05)
on the blood parameters and physiology of
the fish. Therefore, the inclusion of SSM in
the diets of C. gariepinus should not exceed
a 50% level of substitution.
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