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Physiologic
cal response
e of Nile tilap
pia to diets with
w
both su nflower (SFS
SC) and cottton seed cak
kes (CSC)
at increasin
ng proportion
ns (10%CSC25%SFSC; 15%CSC20%SFSC; 20%C
CSC15%SFSC; 25%CSC1
10%SFSC
and a control that was a commerc
cial tilapia diet) was inve
estigated in two trials us
sing diets co
ontaining
25% crude protein. Tria
of 1 m3 stoc
al 1 run for 120 days in 15 happas o
cked with 35
5 fish of 5.72
2 g. Each
treatment had
h three rep
plicates. Fish
h were fed 4%
% of their bo
ody weight pe
er day. The n
number and length of
intestinal fo
olds was inve
estigated. Trrial 2 was run
n for 60 days
s in 24 tanks
s with 60 L o
of water and 3
30 fish of
3 g. Each treatment had
h
six rep
plicates fed to apparen
nt satiation. Nutrient digestibility a
and body
ermined. Th
he test diets
s did not n
negatively afffect the nu
umber and llength of
composition were dete
intestinal folds
f
as th
hey were similar
s
to the controll. The dietts with 10%
%CSC25%SF
FSC and
20%CSC15%
%SFSC had the most efficiently dig
gested prote
ein, and high
hest protein deposition implying
s with 10%
that the dietary
d
prottein was effectively
e
used.
u
The formulations
%CSC25%SF
FSC and
20%CSC15%
%SFSC coulld be used fo
or making Nile tilapia dietts.
Key words: Plant protein
n, intestine his
stology, diges
stibility, nutrie
ent retention, ffeed.

TRODUCTION
N
INT
Nile
e tilapia is a species thatt is popularly
y farmed in the
t
trop
pics because it grows fas
st, feeds on a wide range of
foodstuffs and tolerates stress (El--Sayed, 199
99;
Mahmoud, 2009
9). Plant prote
ein sources are
a increasingly
being used in diet of Nile
e tilapia bec
cause they are
a

ntional protein
n sources like
e
relativvely cheaperr than conven
fish m
meal and soyya beans (G
Garcia-Abiado
o et al., 2004
4;
Agbo
o et al., 2011; Munguti et al., 2012). S
Sunflower and
d
cotton
n seed cake
es (SFSC an
nd CSC resp
pectively) are
e
amon
ng the plan
nt protein ssources that have been
n
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demonstrated to enhance the performance of Nile tilapia
(Jauncey, 1998; Tacon et al., 2009; Mbahinzireki et al.,
2001; Olvera-Novoa et al., 2002; Rinchard et al., 2002).
Although Nile tilapia is adapted to feeding on plant
protein (Jauncey, 1998), the inclusion levels are
restricted because CSC and SFSC contain high fiber
content of 18-23% which could decrease palatability, food
intake and nutrient digestibility thereby reducing growth
(El-Sayed, 1999; Olvera-Novoa et al., 2002; Silvia et al.,
2010). Moreover, fiber does not have any nutritional
value in fish (Maina et al., 2002). Cotton also contains
400 to 800 mg/kg of an anti-nutritional factor called
gossypol (Gatlin et al., 2007) which can impair fish
growth (Luo et al., 2006; Meric et al., 2011; Renuka et al.,
2005). Renuka et al. (2005) noted that cotton seed
contains more gossypol (0.08%) compared to the leaf
(0.05%), pod (0.04%), stem (0.03%) and root (0.02%).
Tilapia can tolerate up to 0.18% free gossypol without
adverse effects on growth (Robinson and Li, 1995; Evans
et al., 2010). Sunflower contains low quantities of antinutritional factors namely: protease inhibitors, saponins,
arginase inhibitor (Francis et al., 2001; Silvia et al., 2010).
Heat treatment can however reduce the effects of the
anti-nutritional factors (Olvera-Novoa et al., 1998; Evans
et al., 2005) thereby making it possible to increase the
quantities of CSC and SFSC that could be used in tilapia
diets (Jauncey, 1998). Teichert-Coddington et al. (1997)
noted that incorporation of up to 15% CSC in tilapia diets
causes no gossypol toxicity while Jauncey (1998) and
Hecht (2007) recommend a maximum inclusion of 30%.
On the contrary, Agabo et al. (2011) observed that CSM
could substitute upto 50% of fish meal protein in the diet
of Nile tilapia without negative effects on growth and feed
utilization. For SFSC, Olvera-Novoa et al. (2002)
recommends the use of up to 20% sunflower in the diet of
Tilapia rendalli. Jauncey (1998) recommends an inclusion
level of SFSC of up to 25% for Nile tilapia while Maina et
al. (2002) reports that it should not exceed 30% of the
total crude protein. But the supply and price of cotton and
sunflower fluctuates especially in developing countries
thus the need to combine SFSC and CSC in the same
diet to complement one another. However, there is
scanty information on the physiological effects of diets
containing both SFSC and CSC incorporated at different
quantities. This information is vital in order to produce
feed that does not cause adverse effects on Nile tilapia.
Most studies conducted have evaluated CSC and SFSC
independently. For instance, Garcia-Abiado et al. (2004)
determined effect of diets with 0, 25, 50, 75 and 100%
CSM as fish meal replacement and noted similar growth
between fish fed on 0%CSM and 25-50% CSM and a
decline in growth with 75-100% CSM. However, significant pathological effects on blood plasma were
observed with diets formulated with 25-100% CSM.
Although El-Saidy and Gaber (2003) substituted fish meal
with 75 and 100% of a plant protein mixture (PPM) comp-

posed of 25% soya bean, 25% cotton seed meal, 25%
sunflower meal, and 25% linseed and noted good growth
performance, the physiological effect of CSM and SFSC
in the diet was not evaluated. Soltan and El-Bab (2008)
also investigated effect of replacing fish meal with a PPM
comprising 20% cotton seed, 20% sunflower, 20%
canola, 20% seasmae, and 20% linseed meal. At 15-45%
substitution of fish meal, the growth was similar to the
control that contained only fish meal but all the fish fed on
PPM had significant adverse pathological effects on the
blood. The pathological defects intensified with increasing
dietary levels of PPM whereas Aanyu et al. (2012)
investigated the performance of Nile tilapia fed on diets
with increasing quantities of SFSC and CSC and
observed the highest absolute growth with 15% SFSC
and 20% CSC, the physiological effect of the diets were
not investigated. Physiological effect of diets such as
histological response of the digestive system, nutrient
digestibility and retention are some of the vital aspects for
guiding feed manufacturers to manipulate feed formulae
to improve the quality of feed.
The histology of the gastro-intestinal tract is influenced
by the type of feed eaten by the fish (El-Bakary and ElGammal, 2010; Delashoub et al., 2010). The intestine
plays a vital role in absorbing nutrients that are used for
growth (Rodrigues et al., 2009). Harmful effects on the
intestinal anatomy can decrease its efficiency in nutrient
absorption and fish growth (Mahmoud, 2009; Delashoub
et al., 2010; Rašković et al., 2011). Hence, histological
changes in the intestine can give insights on the
performance of the fish when fed on a specific diet (Hu et
al., 2007; Rašković et al., 2011). Besides, apparent
digestibility coefficient measurements indicate the extent
to which the nutrients in a diet are digested and made
bio-available for the fish (Koprucu and Ozdemir, 2005;
Jimoh et al., 2010). When feed with a good nutritional
composition cannot be efficiently digested then fish
performance is likely to be poor (Deganp and Yehuda,
1999; Cook et al., 2000). Knowledge of the body
composition of the fish as influenced by the type of diet
eaten is also vital (Maina et al., 2003; Rust, 2003).
Digested nutrients are first used for maintenance of body
systems and the balances are deposited in the body
(Jobling, 1994). Excess protein is used for growth while
excess fat leads to fatty fish. Moreover, fatty fish are not
preferred by consumers (Jauncey, 1998). The objective
of this study was therefore to determine the effect of diets
with both cotton and sunflower on the histology of the
fore intestine, nutrient digestion, and retention by Nile
tilapia. This information will guide feed producers as they
manipulate feed formulae to improve feed quality.
MATERIALS AND METHODS
An experiment comprising two feeding trials was conducted to
investigate the effect of diets with cotton and sunflower seed cakes
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Table 1. Proximate composition of feed ingredients used for formulating the test diets for trial 1 and 2.

Trial 1 Ingredient
Cotton seed cake
Sunflower seed cake
Soy beans
Blood meal
Maize bran
Wheat pollard
Wheat flour

Dry matter
91.88
91.61
90.70
90.19
88.59
91.05
88.26

Crude protein
33.26
30.84
35.84
72.00
7.27
14.34
10.84

Crude lipid
6.92
13.25
17.26
0.52
5.35
4.55
1.97

Crude fibre
22.56
14.46
1.53
0.0
0.0
6.65
0.0

Ash
21.19
22.43
16.59
11.50
10.50
15.24
9.17

Trial 2 Ingredient
Cotton seed cake
Sunflower seed cake
Soy beans
Blood meal
Maize bran
Wheat pollard

92.81
93.38
90.76
88.42
88.13
90.30

34.69
24.33
32.29
76.84
10.06
14.65

0.84
14.76
15.32
0.77
10.55
4.86

17.96
31.71
13.91
0.92
2.68
8.78

6.49
4.32
8.87
7.02
2.98
3.53

on: i) the histology of the intestine (trial 1) and 2) nutrient
digestibility and body composition of Nile tilapia (trial 2).

Experimental diets, fish and feeding
The experimental diets were formulated using sunflower and cotton
seed cakes, wheat pollard, maize bran, soya meal, blood meal,
sunflower oil, wheat flour, vitamin and mineral premix, salt. To
inactivate anti-nutritional factors, soya beans and cotton seed cake
were heat treated at 40-50C for 10 min. Ingredients were ground
and sieved using a 0.2 mm mesh size sieve. The proximate
composition of ingredients used in trial 1 and 2 are provided in
Tables 1 and 2.
For each trial, 4 experimental diets containing 25% crude protein
were formulated with varying proportions of cotton (CSC) and
sunflower seed cakes (SFSC) as the main protein sources using
WinPas software. The diets include 10%CSC25%SFSC; 15%
CSC20%SFSC; 20%CSC15%SFSC; 25%CSC10%SFSC. The
control for trial 1 was a commercial tilapia diet with 25% crude
protein from Ugachick Poultry Breeders Ltd in Uganda. Table 2
shows the formulae for trial 1 and 2. An inert marker (chromic
oxide) was incorporated into the diets for trial 2 to enable
determination of the apparent digestibility of the nutrients. The
proximate composition of the formulated diets is provided in Table
3.
Nile tilapia fingerlings were obtained from the Aquaculture
Research and Development Centre, conditioned for 2 weeks and
size graded to obtain fish with no significant differences in initial
weights between treatments. The fish in trial 1 were fed on their
respective diets three times a day between 9 - 10 am, 12 noon - 1
pm and 4 - 5 pm at a feeding rate of 4% of the live body weight per
day. In trial 2, fish were fed to apparent satiation twice a day from
9:00-10:00 am and 4:00-5:00 pm.

Experimental facilities and design
Trial 1 was run for a period of 120 days in a pond with a water
surface area of 1,450 M2 (44 x 33 m) each. The water depth at the

inlet side was 1 and 1.5 m at the outlet side. Fifteen (15) happas
were placed in one pond. Fifteen happas were used because the
five different diets (four formulated diets and a commercial feed)
represented a treatment and each treatment was replicated three
times. Treatments were assigned using a randomized complete
block design. Each happa measured 1x1x1 m (length, width and
height) and had a mesh size of 1 mm. The happas were supported
using wooden poles and 70 cm depth of the happas was
submerged in the pond water. The happas were installed in 3 rows
and each row had 5 happas with each treatment represented in
each row. The happas within the same row were installed 3 m away
from each other while the happas at the end of each row were
installed 8 m away from the pond dyke. The distance between the
rows was 10 m. At the inlet side, the first row of happas was
installed 10 m away from the rear pond dyke while at the outlet
side; the last row of happas was installed 11 m away from the hind
pond dyke. A 2 inch net was placed on top of each happa to
prevent birds from preying on the fish. The happas were each
stocked with 35 Nile tilapia fingerlings of 5.7 g. In order to minimise
clogging of the happas with organic matter, they were cleaned after
every three days using a brush.
Trial 2 was carried out in a flow through culture system for a
period of 60 days in 24 plastic tanks each with a water volume of 60
L. Each tank had 30 fish of 3 g, aerated using an air stone and
covered with a gill net mesh of 1 inch to control the stocked fish
from jumping out. The treatments were randomly distributed.

Data collection
Samples for histological examination of the fore intestine were
collected at the end of the trial 1. The fore intestine was selected
because it is where most of the nutrient absorption takes place
(Rust, 2003). Three fish were randomly picked from each happa
and those from the same treatment pooled together. The abdomen
was opened and the digestive system was carefully dissected to cut
out the intestine. Two (2) cm sections were cut from the anterior
part of the intestine. The anterior intestine was defined as the
portion that is three quarters the total length of the intestine from
the stomach and posterior intestine as the remaining portion which
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Table 2. Proportions (%) of the ingredients used for making diets for trial 1 and 2

Trial 1 ingredient
Sunflower seed cake
Cottonseed cake
Soybean meal
Blood meal
Wheat pollard
Maize bran
Sunflower oil
Vitamin and mineral premix
Wheat flour
Salt

10%CSC 25%SFSC
25
10
10
7
34.1
7
2
2
2.5
0.4

15%CSC20%SFSC
20
15
10
7
34.1
7
2
2
2.5
0.4

20%CSC15%SFSC
15
20
10
7
34.1
7
2
2
2.5
0.4

25%CSC10%SFSC
10
25
10
7
34.1
7
2
2
2.5
0.4

Trial 2 Ingredient
Sunflower seed cake
Cottonseed cake
Soybean meal
Blood meal
Wheat pollard
Maize bran
Sunflower oil
Vitamin and mineral premix
Wheat flour
Salt
Chromium oxide

25
10
2.5
10
42
3.6
1.5
2
2
0.4
0.5

20
15
2
10
43.1
3
1.5
2
2
0.4
0.5

15
20
3
10
40.1
5
1.5
2
2
0.4
0.5

10
25
3
9
41.1
5
1.5
2
2
0.4
0.5

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 3. Analyzed proximate composition (%) of the diets fed to Nile tilapia during trial 1 and 2.

Crude protein
Crude lipid
Nitrogen free extract
Crude fibre
Ash

10%CSC25%SFSC
25.23
7.52
48.42
1.88
16.96

Diet
15%CSC20%SFSC
25.26
8.26
45.53
2.15
18.69

Trial 2
Crude protein
Crude lipid
Nitrogen free extract
Crude fibre

25.81
7.48
49.23
11.41

24.89
4.38
51.30
12.74

Trial 1

extended distally from the anterior intestine to the anus. All tissues
were fixed in Bouin’s fixative and embedded in paraffin wax.

20%CSC15%SFSC
24.68
8.03
50.97
1.93
14.39

25%CSC10%SFSC
25.22
7.51
45.13
3.64
18.50

25.71
3.38
51.51
12.85

25.89
2.37
53.65
11.60

Control
24.52
5.95
49.85
2.35
17.33

Sections of 5 µm were cut and stained with Harris hematoxylin and
eosin (H&E).
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Figure 1. Light mic
crograph of the anterior part of the intestine of Nile tilapia. The
e intestine is arrranged into
estinal folds (IF)) with an epithe
elial sheet (E) covering
c
the fold
ds and it bearss a lamina prop
pria (LP) of
inte
loos
se connective tissue. A. 10%
%CSC25%SFSC; b. 15%CSC
C20%SFSC; c. 20%CSC15%
%SFSC; d.
25%
%CSC10%SFSC
C; e. Control die
et. Magnification
n × 200.

A
At the beginning
g of trial 2, a total of 20 fish were
w
removed frrom
the pool of fish an
nd 5 fish were removed
r
from each
e
happa at the
d
the
e initial and finall body composittion
end of the trial for determining
he fish from diffferent treatmen
nts. The fish were frozen at -20
0°C
of th
until they were analysed.
A
After two weeks of the trial 2, faecal samples were
w
collected daily
from
m each tank by
b siphoning the bottom of the tank. Fae
ecal
colle
ection started one
o hour after fish feeding and stopped after 3 h.
The
e samples were dried in an ove
en at 40°C for 12 h. Samples frrom
each tank were po
ooled together, ground and ho
omogenized beffore
proxximate analysis.
Lab
boratory analys
sis
otein, crude lipid
d, crude fibre, ash,
a
Proxximate composition (crude pro
moisture, Nitrogen free extract) of the fish and die
ets was determin
ned
y the AOAC (19
990). Crude prottein
based on the method described by
d
the nitrogen conten
nt of the ingrediient
wass measured by determining
usin
ng the micro-Kje
eldahl method and calculating the crude prottein
leve
el by multiplying
g the nitrogen content
c
by 6.25
5. Crude lipid was
w
dete
ermined by eth
her extraction method
m
using soxhlet
s
apparattus.
Ash
h content was measured
m
by pla
acing a sample of
o known weigh
ht in
a fu
urnace of 470--550°C for 3 h and the rema
aining weight was
w
considered the ash
h. Moisture con
ntent was meas
sured by placing
g a
mple of known weight in an oven
o
set at 10
05-110°C until the
sam
sam
mple attained a constant
c
weightt. The lost weigh
ht from the sam
mple
wass considered the
e moisture conttent and the rem
maining weight dry
mattter.

omicrographs w
were taken using
g a light microsccope (Carl Zeiss
s)
Photo
with a n Axio-Vision 2
2.05 image anallysis system. Sa
amples from the
or intestine of the fish were ccompared betw
ween treatments
s.
anterio
The iintestinal sectiions were eva
aluated accord
ding to criteria
descri bed by Dimitrog
glou et al. (2010
0) which include
e among others
s:
nal fold length, width, and num
mber.
intestin

Data a
analysis
perimental treatm
ments on the digestibility of dry
The efffect of the exp
matterr, crude protein
n, fat, ash and ffiber in the faecces; composition
of prottein, fat and assh in fish carcasss; and the num
mber, length and
width o
of intestinal fold
d was compared
d using SPSS o
one way analysis
of Varriance (ANOVA)). Differences between treatme
ents means were
determ
mined using T ukey’s multiple
e comparison test. Significan
nt
differe
ences were conssidered at p<0.0
05.

ULTS
RESU
ology of the a
anterior intes
stine
Histo
Figurre 1 shows histology imag
ges of the forre intestine of
o
Nile ttilapia fed on the experime
ental diets. Alll the diets had
d
simila
ar morpholog
gy of the inte
estinal folds. However, fish
h
fed o
on 20%CSC15%SFSC had the highest number and
d
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Table 4. Number, length and width of intestinal folds of the fore intestine of Nile tilapia fed on different diets with increasing quantities of
cotton and sunflower seed cakes.

Parameter
Number of intestinal folds
Length of intestinal folds (µm)
Width of intestinal folds (µm)

10%CSC
25%SFSC
46.00±4.00
27.18±4.35
11.08±1.85a

15%CSC
20%SFSC
37.70±5.86
29.86±9.38
13.38±3.87b

20%CSC
15%SFSC
48.00±2.00
31.45±4.79
13.92±2.49b

25%CSC
10%SFSC
44.50±0.50
29.87±5.12
13.45±3.75b

Control

P value

42.00±5.00
30.44±4.00
14.82±2.41b

NS
NS
0.000

Values on the same row with different superscripts (a, b, c, d) are significantly different (P<0.05). NS is no significant difference.

Table 5. Initial and final body composition of the Nile tilapia fed on diets containing increasing quantities of cotton and sunflower seed cakes.

Parameter
Initial body composition (%):
Ash
Crude protein
Fat

Diet
15.26
59.02
11.57

Final body composition (%):

Ash
Crude protein
Fat

10%CSC
25%SFSC
b
12.44±0.27
b
59.91±0.75
18.67±0.27a

15%CSC
20%SFSC
11.38±0.14a
57.25±0.14a
26.27±1.03c

20%CSC
15%SFSC
12.20±0.11b
59.79±0.40b
22.03±0.18b

25%CSC
10%SFSC
12.42±0.27b
56.33±0.60a
23.45±0.78b

P value
0.001
0.000
0.000

Table 6. Apparent digestibility coefficients of the nutrients in diets containing increasing quantities of cotton and
sunflower seed cake fed to Nile tilapia.

Parameter
Dry matter
Crude protein
Crude fat
Crude ash
Crude fibre

10%CSC
25%SFSC
97.45±0.01
99.60±0.47b
99.78±0.25c
98.46±1.77
96.93±3.50

15%CSC
20%SFSC
97.59±0.02
98.36±0.04a
98.93±0.01b
97.15±0.31
94.81±0.09

length of intestinal folds although not significantly
different from the other treatments (Table 4). The width of
the intestinal folds was significantly lower with fish fed on
10%CSC25%SFSC.
Body composition
There was a reduction in the amount of ash in the fish
after feeding on the experimental diets (Table 5). Higher
protein content was obtained with diets containing
10%CSC25%SFSC and 20%CSC15%SFSC. Fish fed on
15%CSC20%SFSC had a significantly lower amount of
ash but higher fat content (P<0.05) compared to the other
treatments. The lowest fat content was obtained with fish
fed 10%CSC25%SFSC.

20%CSC
15%SFSC
97.61±0.01
98.34±0.02a
99.06±0.02b
97.82±0.17
95.74±0.23

25%CSC
10%SFSC
97.44±0.05
98.46±0.01a
98.22±0.03a
97.59±0.20
95.77±0.10

P value
NS
0.000
0.000
NS
NS

Digestibility of nutrient
There was no significant difference in the digestibility of
dry matter, ash and fibre between treatments. Crude
protein and fat were more efficiently digested by fish fed
on 10%CSC25%SFSC and 20%CSC15%SFSC (Table
6).
DISCUSSION
Besides assessing the impact of a diet on growth and
feed utilization efficiency in fish, it is also vital to know the
mechanisms responsible for the observed performance.
These include among others nutrient digestibility, absorption in the digestive system and retention in the body.

Aanyu et al.

The efficiency at which the diets ingested are digested
largely determines growth performance (Deganp and
Yehuda, 1999; Guillaume and Choubert, 1999). This is
because the nutritive value of food depends not only on
its nutrient content but also on the capacity of the animal
to digest and absorb the nutrients (Cook et al., 2000;
Rust, 2003).
In this study, the apparent digestibility of crude protein,
fat, ash and fibre for all the experimental diets ranged
between 94 and 99% despite the high fibre content in
SFSC and CSM (Table 1). This high level of nutrient
digestibility is attributed to the fact that the feed was
cooked before pelleting making it easier for the fish to
digest (Jauncey, 1998; Engin and Ozkan, 2008). Deganp
and Yehuda (1999) also found high digestibility values for
protein in sunflower seed meal (78%), in rapeseed meal
(86%) and in cottonseed meal (79%). In this study,
10%CSC25%SFSC had the most efficiently digested
crude protein, fat, ash and fibre suggesting that the diet
had more bio-available nutrients for the fish (Rust, 2003).
The efficiency at which digested nutrients are absorbed
can be assessed using the histology of the intestine
because it is the main site for nutrient absorption
(Rodrigues et al., 2009). Negative effects on the anatomy
of the intestine reduce the efficiency of its performance
(Hu et al., 2007; Rašković et al., 2011). Borgeson et al.
(2006) noted a decrease in intestinal fold length (villi) with
decreasing fish meal and increasing plant protein in the
diet of Nile tilapia and this corresponded with reduced
growth.
In this study, the diets caused no significant negative
changes in the histology of the intestine of Nile tilapia in
terms of the number and length of intestinal folds when
compared to the control diet that contained fish meal. An
increase in the number, length and width of intestinal
folds is associated with an increase in the surface area
for absorption of nutrients vital for fish growth (Delashoub
et al., 2010; Dimitroglou et al., 2010; El-Bakary and ElGammal, 2010). The diet with 20%CSC15%SFSC had
the highest absolute number, length and width of
intestinal folds implying that the nutrients in this diet could
have been more efficiently absorbed by the fish.
Nutrients absorbed in the digestive system are first
used for maintenance of body functions and the surplus
is retained in the body. Excess protein is deposited in the
body for growth while excess energy is stored as fat
(Jobling, 1994; Cook et al., 2000). This study observed a
higher crude protein deposition and lower fat content in
the carcass of fish fed 10%CSC25%SFSC and
20%CSC15%SFSC.
The lowest crude protein retention and highest fat
deposit was obtained with fish fed 15%CSC20%SFSC.
The
results
suggest
that
the
diets
with
10%CSC25%SFSC and 20%CSC15%SFSC were the
most efficiently assimilated. Deposition of protein in fish is
known to result into fish growth. The higher the protein
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deposition, the higher the weight gained (Sveier et al.,
2000; Lupatsch et al., 2003). This observation is in
agreement with findings by Aanyu et al. (2012) where the
diet with 20%CSC15%SFSC had the best growth
performance although it was not significantly different
from the diet with 10%CSC25%SFSC while the diet with
15%CSC20%SFSC had a significantly lower growth.
In conclusion, the test diets did not negatively affect the
number and length of intestinal folds as they were similar
to the control. The diets with 10%CSC25%SFSC and
20%CSC15%SFSC had the most efficiently digested
protein, and highest protein deposition implying that
dietary protein was effectively used. Feed formulations
with 10%CSC25%SFSC and 20%CSC15%SFSC could
be used for making Nile tilapia diets. Future research
should analyze Nile tilapia diets formulated based on the
amino and fatty acid profiles of cotton and sunflower seed
cakes. In this study, the feed was formulated based on
the proximate composition of the ingredients. More
factors relating to the intestine morphology also need to
be assessed since the intestine is the key site for nutrient
absorption.

Conflict of Interests
The author(s) have not declared any conflict of interests.

ACKNOWLEDGEMENTS
This study was funded by the Swiss Agency for
Development and Cooperation (SDC). We also
acknowledge the assistance from the Uganda-Chinese
Agricultural Technology Demonstration Project for
providing the experimental pond. Appreciation is
extended to Makerere University-Faculty of Veterinary
Medicine Technicians for participating in preparing
histology samples and the Aquaculture Research and
Development Center technicians for participating in feed
formulation and feeding the fish (Kityo Godfrey and
Wannume Kenneth).
REFERENCES
Aanyu M, Carpaij C, Widmer M (2012). Effect of diets with graded levels
of inclusion of cotton and sunflower seed cakes on the growth
performance and feed utilization efficiency of Nile tilapia,
Oreochromis niloticus. Livest. Res. Rural Dev. 24:5.
Agbo NW, Madalla N, Jauncey K (2011). Effects of dietary cottonseed
meal protein levels on growth and feed utilization of Nile tilapia,
Oreochromis niloticus L. J. Appl. Sci. Environ. Manage.15: 235 -239.
AOAC (1990). Official methods of analyisis.15th Edition. Association of
official Analytical Chemists. Washington D.C. USA.
Borgeson TL, Racz VJ, Wilkie DC, White LJ , Drew MD (2006). Effect of
replacing fish meal and oil with simple or complex mixtures of
vegetable ingredients in diets fed to Nile tilapia, Oreochromis
niloticus. Aquacult. Nutr. 12: 141-149.

3838

Afr. J. Biotechnol.

Cook JT, McNiven MA, Richardson GF, Sutterlin AM (2000). Growth
rate, body composition and feed digestibility/conversion of growthenhanced transgenic Atlantic salmon (Salmo salar). Aquaculture
188:15-32.
Deganp G, Yehuda Y (1999). Digestibility of protein sources in feed for
Oreochromis aureus x O. nilotica. Indian J. Fish. 46: 33-39.
Delashoub M, Poust I, Khojasteh B (2010). Histology of Big head Carp
(Hypophthalmichthys nobilis) intestines. GV 5:302-306.
Dimitroglou A, Merrifield DL, Spring P, Sweetman J, Moate R, Davies
SJ
(2010).
Effects
of
mannan
oligosaccharide
(MOS)
supplementation on growth performance, feed utilization, intestinal
histology and gut microbiota of gilthead sea bream (Sparus aurata);
Aquaculture 300:182-188.
El-Bakary NER, El-Gammal HL (2010). Comparative Histological,
Histochemical and Ultrastructural Studies on the proximal Intestine of
Flathead Grey Mullet (Mugil cephalus) and Sea Bream (Sparus
aurata). J. World Appl. Sci. 8:477-485.
El-Saidy DSD, Gaber AMM (2003). Replacement of fish meal with a
mixture of different plant protein sources in juvenile Nile tilapia,
Oreochromis niloticus (L.) diets. Aquac. Res. 34:1119-1127.
El-Sayed AM (1999). Alternative dietary protein sources for farmed
tilapia, Oreochromis spp. Aquaculture 179:149-168.
Engin K, Ozkan F (2008). Apparent nutrient digestibility of balanced
diets with soy bean or meat and bone meal in the Nile tilapia
(Oreochromis niloticus L.) infected with Vibrio anguillarum. Turk. J.
Vet. Anim. Sci. 32:173-181.
Evans JJ, Pasnik DJ, Peres H, Lim C, Klesius PH (2005). No apparent
differences in intestinal histology of channel catfish , Ictalurus
punctatus fed heat-treated and non heat-treated raw soybean meal.
Aquacult. Nutri. 11: 123-129.
Evans JJ, Pasnik DJ, Yildirim-Aksoy M, Lim C, Klesius PH (2010).
Histologic changes in channel catfish, Ictalurus punctatus
Rafinesque, fed diets containing graded levels of gossypol acetic
acid. Aquacult. Nutr. 16: 385-391.
Francis G, Makkar HPS, Becker K (2001). Antinutritional factors present
in plant-derived alternate fish feed ingredients and their effects in fish.
Aquaculture 199: 197-227.
Garcia-Abiado MA, Mbahinzireki G, Rinchard J, Lee KJ, Dabrowski K
(2004) Effect of diets containing gossypol on blood parameters and
spleen structure in tilapia, Oreochromis sp, reared in a recirculating
system. J. Fish Dis. 27:359-368.
Gatlin DM, Barrows FT, Brown P, Dabrowski K , Gaylord TG, Hardy
RW, Herman E, Hu G, Krogdahl A, Nelson R, Overturf K, Rust M,
Sealey W, Skonberg D, Souza EJ, Stone D, Wilson R, Wurtele E
(2007). Expanding the utilization of sustainable plant products in
aquafeeds: a review. Aquac. Res. 38:551-579.
Guillaume J, Choubert G (1999). Digestive physiology and nutrient
digestibility in fishes. In: Nutrition and feeding of fish and
crustaceans. Guillaume J, Kaushik S, Bergot P, Metaille R (editors)
Springer-Praxis. pp. 27-56.
Hecht T (2007). Review of feeds and fertilizers for sustainable
aquaculture development in sub-Saharan Africa. In Study and
analysis of feeds and fertilizers for sustainable aquaculture
development. Hasan MR. Hecht T, De Silva SS, Tacon AGJ (editors).
FAO Fisheries Technical Paper. No. 497. Rome, FAO. pp. 77-109.
Hu CH, Xu Y, Xia MS, Xiong L, Xu ZR (2007). Performance, microbial
ecology and intestine morphology of Nile tilapia (Oreochromis
niloticus). Aquaculture 270:200-206.
Jauncey K (1998). Tilapia feeds and feedings. Pisces Press LTD,
Stirling, Scotland.
Jimoh WA, Fagbenro OA, Adeparusi EO (2010). Digestibility
coefficients of processed jackbean meal Cannavalia ensiformis (L.)
DC for Nile tilapia, Oreochromis niloticus (Linnaeus, 1758) diets. Int.
J. Fish Aquac. 2:102-107.
Jobling M (1994). Fish bioenergetics. London Chapman and Hall. pp.
93-168.
Koprucu K, Ozdemir Y (2005). Apparent digestibility of selected feed
ingredients for Nile tilapia (Oreochromic niloticus). Aquaculture
250:308-316.
Luo LM, Xue M, Wu X, Cai X, CAO H, LIANG Y (2006). Partial or total

replacement of fishmeal by solvent-extracted cottonseed meal in
diets for juvenile rainbow trout (Oncorhynchus mykiss). Aquacult.
Nutr. 12:418-424.
Lupatsch I, Kissil GW, Sklan D (2003). Comparison of energy and
protein efficiency among three fish species gilthead sea bream
(Sparus aurata), European sea bass (Dicentrarchus labrax) and white
grouper (Epinephelus aeneus): energy expenditure for protein and
lipid deposition. Aquaculture 225:175-189.
Mahmoud SA (2009). Effect of different artificial diets on growth rate,
condition and histological structure of Nile tilapia (Oreochromis
niloticus). J. Fish Hydrobiol. 4:29-34.
Maina JG, Beames RM, Higgs D, Mbugua PN, Iwama G, Kisia SM
(2002). Digestibility and feeding value of some feed ingredients fed to
tilapia Oreochromis niloticus (L.). Aquac. Res. 33:853-862.
Maina JG, Beames RM, Higgs D, Mbugua PN, Iwama G, Kisia SM
(2003). Partial replacement of fish meal with sunflower cake and corn
oil diets in tilapia Oreochromis niloticus (Linn): effect on whole body
fatty acids. Aquac. Res. 34:601-608.
Mbahinzireki GB, Dabrowski K, Lee KJ, El-Saidy D, Wisner ER (2001).
Growth, feed utilization and body composition of tilapia (Oreochromis
sp.) fed with cottonseed meal-based diets in a recirculating system.
Aquacult. Nutr. 7:189-200.
Meric L, Wuertz S, Kloas W, Wibbelt G, Schulz C (2011). Cottonseed
Oilcake as a Protein Source in Feeds for Juvenile Tilapia
(Oreochromis niloticus): Anti-nutritional Effects and Potential
Detoxification by Iron Supplementation. Isr. J. Aquac. Bamidgeh
IIC:63.2011.588, 8 pages.
Munguti J, Charo-Karisa H, Opiyo MA, Ogello EO, Marijani E,
Nzayisenga L and Liti D (2012). Nutritive value and availability of
commonly used feed ingredients for farmed Nile tilapia (Oreochromis
Niloticus L.) and African catfish (Clarias gariepinus) in Kenya,
Rwanda and Tanzania. Afr. J. Food Agric. Nutr. Dev. 12: 6135-6155.
Olvera-Novoa MA, Martínez PCA, Galván CR, Chávez SC (1998). The
use of seed of the legimunious plant Sesbania grandiflora as a partial
replacement for fish meal in diets for tilapia (Oreochromis niloticus).
Aquaculture 71:51-60.
Olvera-Novoa MA, Olivera-Castillo L, Martinez-Palacios CA (2002).
Sunflower seed meal as a protein source in diets for Tilapia rendalli
(Boulanger, 1896) fingerlings. Aquacult. Res. 33:223-229.
Rašković BS, Stanković MB, Marković ZZ, Poleksić VD (2011).
Histological Methods in the assessment of different feed effects on
liver and intestine of fish. J. Agric. Sci. 56:87-100.
Renuka CK, Kumarmath P, Skadakol JC, Hosamani SV (2005).
Chemical Composition and Antinutritional Factors in Different Parts
and Whole Cotton (Gossypium hirsutum) Plant. Karnataka J. Agric.
Sci 18: 114-117.
Rinchard J, Mbahinzireki G, Dabrowski K, Lee KJ, Garcia-Abiado MA,
Ottobre J (2002). Effect of dietary cotton seed meal protein level on
growth, gonad development and plasma sex steroid hormones of
tropical fish tilapia Oreochromis sp. Aquac. Int. 20: 11-28.
Robinson EH, Li MH (1995). Use of cottonseed meal in aquaculture
feeds In: Nutrition and utilization technology in aquaculture Editors:
Lim CE and Sessa DJ. pp. 157-161.
Rodrigues APO, Pauletti P, Kindlein L, Cyrino JEP, Delgado EF,
Machado-Neto R (2009). Intestinal morphology and histology of the
striped catfish Pseudoplatystoma Fasciatum (Linnaeus, 1766) fed dry
diets. Aquac. Nutr. 15:559-563.
Rust MB (2003). Nutritional physiology. In . Halver JE, Hardy RW (eds).
Fish nutrition, 3rd Edition. New York, Academic Press Inc. pp. 367452
Silvia NM, Ana T, Silvia M, Miguel JC (2010). Sunflower meal as a
partial substitute in juvenile sharpsnout sea bream (Diplodus
puntazzo) diets: Amino acid retention, gut and liver histology.
Aquaculture 298: 275 - 281.
Soltan MA, El-Bab AFF (2008). Effect of dietary replacement of fish
meal by mixture of different plant protein sources on growth
performance and some blood parameters of Nile tilapia, Oreochromis
niloticus. Egypt. J. Aquat. Biol. Fish. 12: 1 -16 ISSN 1110-1131.
Sveier H, Raae AJ, Lied E (2000). Growth and protein turnover in
Atlantic salmon (Salmo salar L.); the effect of dietary protein level and

Aanyu et al.

protein particle size. Aquaculture 185: 101-120.
Tacon AGJ, Metian M, Hasan MR (2009). Feed ingredients and
fertilizers for farmed aquatic animals: sources and composition. FAO
Fisheries and Aquaculture Technical Paper. No. 540.Rome, FAO.
209pp.

3839

Teichert-Coddington DR, Popma TJ, Lovshin LL (1997). Atributes of
tropical pond-cultured fish In: Enga HS, Boyd CE (eds.) Dynamics of
Pond Aquaculture. CRC Press, Boca Raton, Florida, USA. pp. 183198.

