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SUMMARY

Two feeding experiments were conducted for 90 days each to evaluate the
suitability of canola meal (CM) as a partial or complete substitute for soybean meal
(SBM) in diets of tilapia hybrid fingerlings (Oreochromis niloticus x Oreochromis
aureus). All the experimental diets were formulated to be isonitrogenous and
isoenergetic to contain 25.4% crude protein and 4514 kcal gross energy/kg. In the first
and the second feeding experiments, five diets were formulated to replace SBM with
CM at 0%, 25%, 50%, 75% and 100%. Triplicate groups of 15 fish averaging 3.0 =
0.02g (mean + SD) and § fish averaging 14.03 + 0.07g for experiments 1 and 2,
respectively, were fed one of five experimental diets at 3% of total fish biomass.

The results obtained revealed clearly that all levels of SBM substitution (25, 50, 75
and 100%) by CM in both experiments are superior regarding all growth performance
parameters compared to the control diet. However, fish fed diet with 100% CM
substitution showed the lowest digestibility of CP, while those with 75% CM
replacement had the poorest digestibility of EE, NFE and gross energy. Additionally,
one of the key findings of the current study was that, canola meal did not introduce
sufficient anti-nutritional factor to cause nutritional disorders, even when included in the
diet at high levels as SBM substitute. The economic evaluation showed that diets
containing higher levels of CM were less expensive and produced fish at lower cost per
unit of body weight (kg) than diets containing higher levels of SBM in the experimental
diets. Therefore, canola meal can be included up 10 100% substitution level of SBM not
only without negative affects but also to improve the productive performance of tilapia

hybrid fingerlings.

Keywords: canola meal, soybean meal, tilapia hybrid, productive performance,
economic evaluation, digestibifity.

INTRODUCTION

Aquaculture is the fastest growing
sector of world human food production
and has an annual increase of about 10%
(FAO, 1997). To sustain such a high rate
of growth, a matching increase in fish
feed production is imperative (Francis ef
al, 2001). On the other hand, the high
cost and fluctuating quality of fish meal
as well as its uncertain availability

{Alceste, 2000) have led to the need to
identify alternative protein sources for
fish feed. Considerable emphasis has
been focused on the use of conventional
plant protein sources, such as soybean
(Sadiku and Jauncey, 1993), groundnut
meal (fackson er al, 1982), cottonseed
meal (El-Sayed, 1990; El-Kholy er af,
2005) and rapeseed meal (Jackson et al,
1982). However, their scarcity and
competition from other sectors for such
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conventional crops for livestock and
human consumption as well as industrial
use make their costs too high and put
them far beyond the reach of fish farmers
or producers of aquafeeds (Fasakin et al,
1999). Therefore, in order to attain a
more economically sustainable,
environmentally friendly and viable
production, research interest has been
directed towards the evaluation and use
of unconventional protein sources,
particularly from plant products such as
seeds, leaves and other agricultural by-
products {Olvera-Novoa et al, 1988; El-
Sayed, 1999; Siddhuraju and Becker,
2001).

Soybean meal (SBM) is a commonly
used plant protein and is considered to be
one of the most nutritious plant protein
feedstuffs (Loveli, 1988). Growth has
oftien been reduced in fish fed with
soybean mea! and one possible reason
may be suboptimal amino acids balance
relative to requirement of many cultured

species (Ei-Dahhar and El-Shazli, 1993).’

Reports of growth and efficiency in
tilapia fed soy products are conflicting

(DeSilva and Gunasekera, 1989; El-
Dahhar and El-Shazli, 1993). Poor
performance is generally in direct
relationship to level of soybean
incorporation (Shiau ef al, 1990).
Additionally, soybeans have anti-

nutritional factors (ANFs) that reduce
their biological value (Rackis, 1974;
Liener, 1994). Those reported to decrease
growih and efficiency in fish include
proteinase inhibitors (Krogdahl er al,
1994), antigens (Kaushik et al, 1995),
alcohol soluble components (Arnesen et
al, 1990; Olli and Krogdahl, 1995),
lectin and agglutinin (Hendricks ef al,
1990}, oligosaccharides (Rumsey et af,
1995) and phytic acid (Spinelli er al,
1983). Reduce palatability of feeds with

high  proportions of soy protein
concentrate has been suggested as
contributing to lower feed intake
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(Stickney et al.,1996) which could in turn
cause reduced growth. On the other hand,
soybean meal costs have been increased
in last few years, so that aquaculturists
have investigated a range of other plant
meals as soybean meal replacers
including sunflower meal or canola meal
(Stickney et al, 1996), and rapeseed
meal (Shimeno ef al,, 1993).

Canola is the name given to
genetically selected varieties of rapeseed
Brassica napus and B. campestris species
that are low in both glucosinolates and
antithyroid factors; less than 30 pmol of
alkenyl glucosinolates per gram of oil
free dry matter of seed; and erucic acid;
less than 2% of total fatty acid in the oil
(Bell, 1993). Canola meal (CM) is a
particularly rich plant source of sulphur
containing amino acids for fish diets
(Higgs et al., 1995) but its potential value
as an ingredient in tilapia feed has
received little attention. The quality of
cancla protein has also been judged by
Higgs et al. (1988, 1990) to be equivalent
to that of whole herring meal and higher
than that of soybean meal and cottonseed
meal using the essenttal amino acid index
approach. However, CM does contain
phenolic compounds such as sinapine
and tannins that may reduce palatability
(McCurdy and March, 1992) and protein
digestibility (Krogdahl, 1989). It has a
high fiber content which reduces protein
and energy digestibility (Higgs et af.,
1983), and has some glucosinolates.

There have been few reports on the
digestibility or nutritional wvalue of
varieties of canola meals when fed to fish
species. From the reported studies, the
response of fish to dietary inclusion of
canola meal is generally favourable,
although most authors list some
reservations and restrictions to inclusion
tevels. In general, the nutritional vaive of
canola meal for fish was reported to vary
according to the amount of residual oil
content of the meal, the levels of
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glucosinolates in the meal and the need
to ensure that these glucosinolates do not
impair circulating thyroid hormone levels
and / or feed intake (Burel et al, 2001).
The objective of this study was to
determine the growth response and the
nutrients  digestibility of two sizes of
tilapia hybrid (Oreochromis niloticus =
Oreochromis aureus) fingerlings fed
diets containing various levels of canola

meal as a substitute for soybean meal of the
percentage unit basis.

MATERIALS AND METHODS

Experimental system and animals;

The recent study included two
parallel growth trials that were
implemented simultaneous and at similar
conditions. The experiments were carried
out at Fish laboratory, Utilization of by-
Products Department, Animal Production
Research  Institute,  Ministry  of
Agriculture and Land Reclamation, Giza,
Egypt from June 2003 to August 2003.
Monosex tilapia hybrid (Oreochromis
niloticus  x  QOreochromis  aureus)
fingerlings were obtained from private
hatchery in Kafer El Shaikh Governorate
and transferred to the fish lab and
maintained in a 200L plastic tank to
adapt the fish to the lab conditions until
they reached a body weight of
approximately 3g for experiment 1. For
experiment 2, another group of the same
tilapia hybrid also obtained from the
above  mentioned  hatchery, was
maintained in a separate 200L plastic
tank until they reached a body mass of
approximately 14g. The feeding trials
were carried out in 60 | glass aquaria
through  a  warmwater recirculating
system. Dechlorinated city (tap) water
was recirculated through biological and
mechanical filters. Water exchange rate
for the system was approximately 3% of
total volume per day. Each aquarium was
supplied with water at a rate of 2 ¥/min.
Water temperature was maintained at 24
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+ 1 °C. A constant photoperiod of 12-h
light and 12-h dark was maintained.
Rates of water flow were adjusted to
maintain oxygen saturation above 30%.
The water quality parameters in the
system were monitored every other day
and the ranges were: dissolved oxygen
6.5-8.0 mg I, total ammonia 0.1-0.3 mg
I, and pH 6.8-8.2. No critical values
were detected for nitrite (NO;) and
nitrate (NO;) radicals. During the study,
these averages were within acceptable
limits for tilapia fish growth and health
(Boyd, 1979).

Experimental diets:
Chemical composition of the
ingredients used to formulate the

experimental diets are presented in Table
(1). Five experimental diets were
formulated to contain varicus percentage
of canola meal (CM) as partial or
complete replacement for soybean meal
in the control diet. They were used in
both feeding experiments during the
investigation period. The control diet (R;)
was formulated to be similar to a high
guality commercial tilapia fish diet. Diets
from R:; to Rs contained various
percentages; 25, 50, 75 and 100%; of CM
replacing soybean meal in the basal diet
(Table 2). All the diets were formulated
to be isonitrogenous (25.42 + 0.4% CP)
and isocaloric (4514 £ 122 Kcal GE/kg).
In both feeding experiments, all fish were
fed at 3% rate of total biomass by hand
twice daily; 7 days per week; with care
taken that no food was lefi uneaten. A
record was kept of the amount of feed
consumed by the fish in each aquarium.

Experimental procedure:

For experiment 1, a total of 225 fish
were divided into five groups and each
group had triplicates. Fifteen fish per
replicate with initial mean body weight
of 3.0 £ 0.02g were used. Whereas, in
experiment 2, a total of 120 fish with an
initial mean body weight of 14.03 =
0.07g were used and were divided into
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Table (1) : Chemical composition (% DM) of the ingredients used in the
experimental diets,

Items Yellow corn  Fish meal Soybean meal Canola meal .
Dry matter (%) 39.0 92.0 90.0 93.0
Crude protein (%) 8.52 72.02 40.17 38.0
Ether extract (%) 3.7 8.2 2.1 58
Crude fibre (%) 2.5 0.5 7.2 10.2

Ash (%) 1.8 10.6 6.5 6.8

NFE (%)* ' 83.48 8.68 44.03 39.2
Gross Energy (Kceal/ kg) 3900 4780 4150 4150

* Calculated by difference

Table (2): Formulation and proximate analysis of the experimental diets (% DM)
fed to tilapia hybrid (Oreochromis niloticus * 0. aureus) fingerlings
throughout the experiments.

Experimental diets

Ingredient (%) R, R, R; R, R;
Control 25% CM  50% CM 75% CM  100% CM

Yellow corn 46.75 46.50 46.25 46.00 4575
Fish meal (72.02% CP) 22,75 23.00 23.25 23.50 23.75
Soybean meal (40.17% CP) 24,00 18.00 12.00 6.00 0.0
Canola meal (38% CP) 0.0 6.00 12.00 18.00 24.00
Corn oil 3.50 3.50 3.50 3.50 3.50
Vit. & Min. mixture' 2.00 2.00 2.00 2.00 2.00
Dried yeast 1.00 1.00 1.00 1.00 1.00
Total 100 100 100 100 100
Proximate analysis (%)

DM 9.17 9.03 9.00 9.29 8.86
Cp 25.66 25.04 25.84 25.26 25.32
EE 9.89 10.66 10.76 11.82 12.22
Ash 3.75 3.45 391 4.78 5.08
CF 9.71 8.44 8.13 9.19 7.23
NFE’ 50.99 52.41 51.36 48.95 50.15

Gross Energy (Kcal/kg 442400  4518.53 4531.18  43502.18 4591.37
diet }

" Each 1 Kg contains: Vit. A 4.8 mlU; E 4g; K 0.8 g; B, 0.4 g; B, 1.6g: B, 0.6 g; By, 4g;
Pantothenic acid 4g; Nicotinic acid 8 g; Folic acid 400 mg; Biotin 20 mg; Choline chloride

299 g; Copper 4g; lodine 0.4g; Iron 12g; Manganese 22g; Zinc 22¢g and Selenium 0.04g,
*Calculated by difference.
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five groups and each group had
triplicates of eight fish each. The fish
were allowed 10 acclimate to the
experimental system for a period of one
week betore starting the feeding trials. At
the beginning of the two experiments.
fish  were  individually  weighed
thereafter, fish were bulk. weighed
weekly and feed amounts were adjusted
for the subsequent week. Before starting
the experiments. 20 fish of each of the
respective populations were sampled for
determination of initial body proximate
composition. At the end of the
experiments {90 days) the respective
experimental fish were sacrificed and
kept at -20 °C unul analyze for final
whole body composition.

Digestibility trials:

At the end of the feeding experiments.

fish groups fed the experimenial diets
were subjected t> digestibility triaks. The
diets were fed to fish groups twice a day
for two weeks and the feces were
collected by siphoning three hours after
cach added diet proportion. By using
crude fiber as an inert marker in both the
first and the second experiments, average
apparent digestibility coefficients
(ADC%) of nutrients (DM. CP, EE. NFE
and gross energy) were calculated.

Sampling and analvtical procedures:

All fish were weighed and length was
measured individually at the start of the
feeding trials. Whele body cempesition
was determined in a pooled sample of 20
fish at the beginning and in pools of 5
fish per replicate at the end of growth
trials. Feed ingredients. experimental
diets. fish carcass and fecal materials
were analyzed for proximate composition
according to methods of AQAC (1995).
Gross energy (GE) contents of the all
samples were calculated according to
Jobling {1983) using the muitiplication
factors of 4.0; 565 and 9.45 kcal GE/g
for carbohydrate; protein  and fat,
respectively.
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Calculations:

Data obtained were analyzed for
initial body weight (IBW), final body
weight (FBW), weight gain (WG),
relative growth rate (RGR), feed intake
(FI}, feed conversion ratio {FCR),
specific growth rate (SGR}), protein
utilization efficiency (PUE). protein
productive value (PPV). fat productive
vatue (FPV) and energy utilization (EU).
liver indices (HSI), viscrasomatic index
(VS]) and condition factor (CF).

Weight gain and efficiency parameters
were calculated as:

v WG (g)= FBW - [BW

* RGR (%) =(FBW -IBW'[BW)

x 100

» FI (g) = Total drv matter feed

intake

» FCR=FI/WG

«  SGR (%/day) = [(In FBW - In

IBW) / feeding days] < 100
=  PUE = WG/ protein intake
* PPV (%) = (Retained protein’
fprotein intake) x 100
»  FPV (%) = (Retained fa:" / fat
intake) x [00
*  EU (%) = (Retained energy /
energy intake) x 100
* Retained nutrient = Final fish body
nutrient — initial fish body nutrient
*  HSI (%) = (liver weight / body
weight) = 100
*  VSP (%) = (Viscra weight /
body weight) x 100
= CF = [Body weight / (fish
length)’] x 100
Apparent digestibility coefficient
{ADC%) of nutrients and gross energy
were calculated from the formula:

*  ADC (%) = 100 — 100 x [C,y

CXer/ CXeg % Ces]
Where:
ed is diet, ef is feces, C marker content
and CX nutrient or energy content.

Economic evaluation:
The cost of diet to raise unit biomass
of fish was estimated by a simple
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economic analysis. The estimation was
based on total retail sale market price of
all the dietary ingredients at the time of
the study.

Statistical analysis:
Biclogical data obtained from the
trials were subjected to statistical

evaluation using one-way analysis of
variance {ANOVA) of the general liner
model (GLM) using SAS (1999)
statistical package. Where means were
significantly  different (P<0.05). they
were compared with Duncan’s Multiple
Range test (1955).

RESULTS AND DISCUSSION

Key differences were observed in the
composition of the experimental diets
(Table 2) used in this study. The main
differences were the level of lipid content
and sequentially the gross energy. The
experimental diets were formulated to
contain 25% CP. Analysis showed that
dietary CP ranged from 25.04 to 25.84%.
No relationship was observed between
growth or performance and dietary CP
level. Fish in the experiments were
observed to be in good conditions of
health and survival was around 93-97%
in all groups. All tested diets were well
accepted and consumed within 3 min
after feeding. It is worth to mention that
all levels of SBM substitution (23, 50, 75
and 100%) by CM in both experiments
are superior to the controi diet (R,).

Productive performance
Experiment |

In experiment 1, the results of growth
performance of  tilapia  hybrid.
Oreochromis nilaticus ¥ 0. aureus,
fingerlings (~ 3g) fed the tested diets are
presented in Table {3). Fish fed diet 3
(R;) substituting 50% SBM by canola
meal had the best productivity values in
terms of final body weight (FBW).
weight gain (WGQ), relative growth rate
(RGR), feed intake (FI) and specific
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growth rate (SGR). It is clear that there
were improvement in the productive
performance (P< 0.05) in fish groups fed
diets 3 (50%CM)} than fish fed diet | (0
%CM) and diet 4 (75%CM), but not
significantly different (P>0.03} from
those groups fed diet 2 (25%CM) and
diet 3 (100%CM). Feed conversion ratio
(FCR) of fish fed diet 3 (R;) had the best
value (2.50) comparable to the high
value (2.98) obtained by fish group fed
the control diet (R}, however, there were
no differences (P>0.05) in FCR among
fish groups fed diets (4. 2, and 5). The
rend for SGR was similar to FBW, WG
and RGR.

No significant differences were
detected in protein utilization efficiency
(PUE) in all fish groups fed the
experimental diets (Table 3). The results
of protein productive value (PPV) show
enhancement on fish productive indices
when the level of SBM substitution was
increased gradually. Fish groups fed diets
(3 and 4) presented the highest values of
PPV (17.99 and i6.17%. respectively).
however, the difference was not
significant. The reason for such high
values may be due to the increase in
retained protein determined in fish group
fed diet 5. On the other hand. there were
no significant differences in PPV
between fish groups fed 50, 25 and 0%
CM.

The FPV and EU of fish fed diet 3
(100% CM) was significantly greater
than that found in fish groups fed all
other tested diets including the control
group (P<0.05), but there were no
significant  differences among those
groups., The reasons for the obtained
results of FPV may be due to the increase
in remained fat and for EU may due to
high lipid content (12.22%) detected in
diet 5 (Table 2).

Experiment 2

The results of growth performance of

tilapia hybrid fingerlings (~ 14g) fed the
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Table (3): Growth performance parameters of tilapia hybrid (Oreachromis niloticus
% 0. aureus) fingerlings fed the experimental diets (Exp. 1).

Experimenta! diets

Productive index R, R; R, R, Rs
Control  25%CM  50%CM  75%CM  100%CM
IBW (g) 3.00 2.98 3.00 3.00 3.00
+0.0 +0.02 +0.0 +0.0 +0.0
FBW (g) 8.58° 9.347%¢ 10.31° 8.87% 10027
+0.06 +0.15 +0.52 +0.29 +0.59
WG (g) 5.58° 6.36%° 7.31° 5.87% 7.02°%
+ 0.06 +0.13 +0.52 +0.29 +0.59
RGR (%) 186° 213% 244° 196" 234%
+2.11 +2.61 +17.23 +9.70 +19.80
FI (g) 16.65° 17.26™ 18.24° 16.46° 17.82°
+ 0.08 + (.24 +=0.58 +0.24 + 0.38
FCR 2.98° 2.71%® 2.50° 2.80%® 2.54%
+0.02 +0.09 +0.2 + 0.1 +0.18
SGR (%/day) 1.17¢ 1278k 1.37° 121%™ 1.34%
+ 0.01 +0.01 = 0.06 +0.04 +0.07
PUE 1.31 1.47 1.55 1.41 1.56
+0.01 +0.04 +0.12 +0.05 +0.10
PPV (%) 13.61° 13.75¢ 14.66" 16,17 17.99°
+0.08 +0.42 +1.05 +0.48 +1.01
FPV (%) 12.55° 12.40° 14.18° 12.46° 16.30°
+0.07 +0.37 +0.99 +0.37 +0.87
EU (%) 7.11° 7.07° 7.90° 8.24° 9.71°
+0.04 +0.21 +0.56 +0.24 +0.54

2, b, ¢ etc: Means in the same row with different superscripts are significantly different (P<
0.05).
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experimental diets in experiment 2 are
shown in Table (4). The growth of fish
groups fed diets containing canola meal
(R; to Rs) were significantly greater than
that noted for fish group fed the control
diet (R)).

Fish groups fed diets (3, 4, 5 and 2)
that containing 50, 75, 100 and 25%CM
to replace SBM in the control diet had
the best growth performance values in
terms of FBW, WG and better values of
FCR (P<0.05), however, there were no
significant differences between R and R,
except in FCR, where the difference was
significant (P<0.05) among both groups.
Similar resuits are obtained (P<0.03)
from figures of RGR and SGR for fish
fed diets contain CM in order of (Ry, R,
R; and R,). It is noted that feed intake
increased when the level of SBM
substitution by CM was increased. It
means that diets containing CM had more
palatability than diets contained SBM.

The groups of fish fed diet 3
(50%CM) followed by diets (4, 5 and 2)
showed the highest (P<0.05) values of
protein utilization efficiency, while the
conirol diet (0%CM) showed the lowest
value (1.06) of PUE. Fish groups fed Rs,
R; and R, showed the highest values
(P<0.05) of PPV and EU. Records of
FPV presented in Table (4) show that
fish fed diets (3, 5 and 2) had the higher
values (P<0.05) of FPV. However, the
lowest values of all parameters were
obtained by group fed the control diet
(Ry).

Concerning the productive
petformance of tilapia hybrid fingerlings
(3 and 14g), results obtained are in
accordance with those obtained by Riche
and Garling (2004). They quoted that
although soybean meal has a favourable
indispensable amino acid (IAA) profile
for replacing FM, particularly at high
rates of incorporation, the diet can
become deficient in TAA, leading to
inhibition of protein digestibility or
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absorption of ¢ne or more IAA which
will depress growth and feed efficiency.
Also, Nile tilapia are sensitive to soybean
trypsin inhibitors (TIA).

The lack of any adverse effect due to
incorporation CM on fish growth is
perhaps one of the key findings of the
current study. It shows that under the
dietary inclusion levels used, canola meal
did not introduce sufficient anti-
nutritional factors to cause problems,
even when included in the diet up to
100% of SBM substitution. These
positive effects of the present study are in
agreement with those obtained by many
workers. A small inclusion of plant
protein in tilapia diets results in increased
growth efficiency. Substitution of copra,
groundnut, SBM and rapeseed for FM at
25% CP diet increased weight gain and
performance of Mozambique tilapia,
Oreochromis mossambicus (Jackson et
al., 1982). Increased growth performance
is attributed to improving IAA patterns
with plant proteins incorporated at 25%
CP diet (Dabrowski et al, 1989).
However, in the study of Higgs et al.
(1983), the inclusion of canocla meal in
protein-limiting and high-nutrient diets
displayed differences in the performance
of fish. The differences between the
current study and the obtained results by
Higgs et al {1983) may be due to the
method of oil extraction from canola seed
which can influence the glucosinolate
and decomposition-product levels of the
meal (Anderson er al., 1993}. It is worthy
to mention that canola meal used in the
present investigatton has submitted to
expeller processing only, therefore, the
obtained canola meal had higher lipid
content than the solvent-extracted meal
which is commenly present in imported
canola meal. Consequently, more total
digestible energy may be noticed in fish
responses fed expeller canola meal like
that used in the current experiments, This
explanation generally agrees with the
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Table (4): Growth performance parameters of tilapia hybrid (Oreochromis niloticus
x Q. aureus) fingerlings fed the experimental diets (Exp. 2).

Experimental diets

Productive
index R, R, R; R, Rs
Control 25%CM 50%CM 75%CM 100%CM
IBW (g) 14.33 14.08 14.50 14.13 14.09
+0.22 +0.47 +0.22 +0.19 +0.15
FBW (g) 29.90° 34.13% 37.68° 36.83° 36.03°
+1.17 +0.82 +1.81 +0.50 +1.91
WG (g) 15.57° 20.05% 23.18° 22.70° 21.94°
+1.14 £1.20 +].95 +0.47 2.02
RGR (%) 109° 142 160° 161° 156°
+8.16 +12.67 +15.34 +4.08 +15.74
FI (g) 57.29° 58.04° 61.77° 62.67° 62.76°
£1.22 +0.78 +0.49 +0.03 £2.00
FCR 3.68° 2.90° 2.67° 2.76° 2.86°
+0.28 +0.20 +0.21 +0.06 =0.17
SGR (%/day) 0.82° 0.98° 1.062 1.07° 1.04°
+0,04 +0.06 £0.06 +0.02 +0.07
PUE 1.06° 1.38° 1.45° 1.44° 1.38°
+0.08 +0.10 +0.12 +0.03 +0.08
PPV (%) 15.41° 21107 2230 17.74° 24.09°
+0.93 +1.21 +1.51 +0.37 +1.,06
FPV (%) i0.91°¢ 13.46% 14,972 12.03 % 1419
+0.65 +0.77 =1.00 +0.23 +0.61
EU (%) 742°¢ 9.64% 10.69% 9.20° 11.10°
+0.44 +0.55 0.71 +0.17 +0.48

a, b, c etc: Means in the same row with different superscripts are significantly different (P<
0.05).
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digestibility results reported by Glencross
et al. (2004),

Many researches were gone contrary
to the present study. Webster et al.(1997)
reported that channel catfish fed a diet
containing 48% CM had inferior FCR
(2.24) than fish fed diets containing 12,
24 and 36% CM which recorded FCR

values of 1.75, -1.82 and 1.89;
respectively. Higges et al (1983)
reported that growth and feed

consumption were reduced in Chinook
salmon fed diets where CM partially
replaced herring meal. Hilton and Slinger
(1986) stated that reduced growth of
rainbow trout fed CM based diets was
due to reduced diet intake.

Additionally, Maga (1982) stated that
phytates, the anionic forms of phytic acid
existed in soybean, bind divalent cations
making them unavailable. Reduced
minerals  bioavailability has been
demonstrated in fish fed diets containing
phytates  (Forster er al  1999;
Papatryphon ef al. 1999). Phytates also
form complexes with proteins which
reduce the availability of AAs (Reddy et
al. 1989). In acidic environment, such as
the tilapia stomach (pH 1.0-2.0), half of
phosphate moieties are negatively
charged. This favours binding of soluble
proteins at e-amino groups of lysine,
imidazole groups on histidine and
gaunidyl groups on arginine. In alkaline
environment, such as tilapia intestine (pH
8.5-8.8), ternary complexes (phytate-
mineral-protein) are favoured. Both
binary complexes (phytate-protein) and
ternary  complexes  (phytate-mineral-
protein) are Tresistant to proteolytic
digestion (Vaintraub and Bulmaga, 1991;
Caldwell, 1992).

Bell (1993) mentioned that canola
meal contains about 1.22% total P of
which 0.53% is phytate-bound. The
corresponding values for SBM are about
0.66 and 0.38%, indicating that CM
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provides about twice as much non-
phytate P compared to SBM

The results of this study clearly show
that canola meal can be included in diets
of tilapia hybrid up to 100% substitution
level of SBM without affecting the
growth rate and feed and protein
utilization. These results are similar to
those obtained by Glencross ef al. (2004},
They showed that under the dietary
inclusion levels used in their study, the
canola meals did not introduce sufficient
anti-nutritional factors to cause problems,
even when included in the diet at levels
more than 60% of the total diet. On the
other hand, results of the present study
are in contrast with those of numerous
other studies, most of which have
observed depressed fish growth with the
inclusion of high dietary levels of canola
or rapeseed meals. Usually, this
depressed growth occurred as a result of
reduced feed intake associated with

metabolic  depression  induced by
glucosinolate breakdown  products
interfering  with  thyroid hormone

metabolism or high concurrent intakes of
other antinutritional factors present in the
canola meal (Higgs et al., 1982; Burel er
al., 2001).

Whole body
index:
Experiment 1
Whole body composition, HSI, VSI
and CF of tilapia hybrid fingerlings at the
beginning and the end of experiments 1
and 2 are given in Table (5). In
experiment 1, fish fed diet 5 (100%CM)
had a significantly lower (P<0.05)
percentage of body moisture (79.99%)
than fish fed the other diets. It was noted
that with increasing inclusion level of
CM in the diets up to 75% (R,), there
was a general concomitant increase in
protein content (P<0.05}. The differences
in lipid content between each of the
treatments were also reflected in the
energy contents of fish. Ash content was

composition and liver
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Table (5) : Whole-body compaosition (%DM), HSI, VSI and CF of tilapia hybrid (Oreochromis nifoticus x O. aureus) fingerlings fed
the experimental diets (Experiments 1 and 2).

Experiment 1

Experiment 2

Final carcass composition

Final carcass composition

R, R, R, R, R Initial R, R: R; R, Rs Initial

——— careass Control  25% 0% 5% 100%  oreast

Y ontro ‘o A (] (3 (] TH
Control 25% Sf.‘l"/n 7§% l(]‘ﬂ% compaosition oM M oM M composition
CM M M CM

Moisture (%) 82.13° 33.41" 8319 81.10° 79.99' 86.03° 74.52° 72.78¢ 72.55° 75.08"° 72.07° 78474
CP (%) S211° 5232 5242 5314 5135 52.03¢ 48.00°  4772°  4802°  4854°  5164° 451!
Lipid (%) 1846° 1956 2042 1909 2115 18.11° 12,957 12.86° 13.22° 13.66° t4.417 11.92¢
Ash (%) 17315 2047 17.63° 17.13 14.67° 20.05° 21560 2031° 2074 2039 19.55° 21.48°
GE (Keal/ 468869 4807345 489142° 480642 493307  4451.00°  J935.78%  391145°  396242°  403338° 4279.41° 3675.16"
ket
1s1 5.36 3.93 457 4.55 381 NC 2.01 2.44 252 2.16 3.50 NC
VSI 11.87 13.19 12.26 11.49 11.10 NC 5.94° 7.99* 743 882" 157 NC
CF 0.9% 0.97 0.9% 113 128 NC 0.72 0.68 0.92 0.64 0.75 NC

a, b, ¢ ete: Means in the same row with different superscripts are significantly different (P< 0.05), NC: not calculated.

(9002) spaaf puo uoyryny ° uvpdi3y
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variable between the experimental diets
and resulted in a significantly higher
value in diet 2 (21.47%) than the control
diet (17.31%).

The liver index (HSI%) was not
significantly (P>0.05) affected among the
experimental fish groups, and in most
groups the largest change in liver index
(3.81 and 5.36) was found in fish fed R
and R,, respectively. The liver indices of
fish fed the experimental diets (Table 5)
were not affected by the high lipids
content of whole body. It means that all
levels of SBM substitution by CM did
not affect the liver functions of the
experimental fish groups. The results of
VSI (%) changed little during the trials
(P>0.05). The condition factor (CF)
varied between 0.97 and 1.28, however,
no significant differences were noticed
among all fish groups.

Experiment 2

In Table (5), fish group fed diet 5
{100%CM) showed the higher protein,
lipid and energy on their body content,
while fish fed diet (1) had the higher ash
content (21.56%). However, with regard
to the moisture content, a significantly
lower level was recorded in fish fed diet
5 (100%CM).

HSI and CF were not significantly
affected in the experimental fish groups,
whereas, VS| was clearly increased in
fish groups fed diets containing CM.
Digestibility trials:

Experiments I and 2

Nutrients digestibility in experiments
{1 and 2) of tilapia hybrid fed the tested
diets are shown in Table (6). For both
experiments, the results of DM, NFE and
gross energy digestibility of group fed
25% CM (R;) show the higher values
{96.89, 73.98 and 80.89%: 96.42, 72.86
and 80.04%, respectively), while, fish
group fed the control diet (0% CM)
presented the higher wvalue of EE
digestibility (91.45 and 92.55% in
experiment 1 and 2 , respectively). On
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the other hand, fish fed diet 3 (50% CM)
had the highest value of CP digestibility
(84.68 and 83.60% in experiment 1 and
2, respectively). However, fish fed diet 5
(100% CM) showed the lowest
digestibilities of DM and CP. Likewise,
fish fed diet 4 (75% CM) had the poorest
digestibilities of EE, NFE and gross
energy, compared to those fed the other
diets in both experiments.

Previous studies of Anderson e gl,
(1991) have indicated that in tilapia as in
other species (Lupatsch er a/. 1997) CP
digestion is relatively high and this is
found even in feeds containing high fiber.
Fat digestibility in other species ranged
from 70% to 90% (Lupatsch et al. 1997)
and similar values were found in the
hybrid tilapia in the study of Sklan et /.
(2004). DE wvalues for different fish
species vary depending on the nature of
the digestive tract and type of digestive
enzymes secreted (Buddington and
Hilton 1987).

Study by Glencross et al. (2004)
assessed the nutrient and energy
digestibility of a variety of cancla protein
products that were produced by
processing canola meal under different
conditions, using the red seabream,
Pagrus aurgtus. They concluded that
both expeller and solvent-extracted
canola meal have a reasonable digestible
value, but no significant differences were
noted in the digestible value of each of
the different canola meal types. A decline
in the digestibility of most nutrients was
observed with increasing heat exposure.

Economic evaluation:
Experiments I and 2

Average relative diet costs, diet
ingredients costs and costs of gain
including only diet ingredient costs are
shown in Table (7).

Feeding costs in fish production
represent about 350% of the total
production costs {Collins and Delmendo
1979). All other costs in the present study
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Table (6) : Nutrients

digestibility (% DM) of tilapia hybrid (Oreochiromis niloticus * O. aureus) fingerlings
cxperimental diets (Experiments [ and 2).

fed the

Experiment 1

Experiment 2

Experimental diets

Experimental diets

Nutrients R, R; Ry R, Rs R, R, R; R, R;
Control 25%CM  50%CM  75%CM  100%CM  Control 25%CM 50%CM  75%CM  10%CM
DM 96.80°  96.89° 96.29° 95.63¢ 95.61° 95.80° 96.42" 95.97° 93.89% 93.84°
CcP 80.93° 83.75° 84.68° 77.164 76.54° 83.25° 82.26° 83.60° 7797 76.96°
EE 91.45* 9126 90.33¢ 88.30° 90.59° 92.55° 91.79° 91.69° 87.56° 88.454
NFE 68.49°  73.98° 73.50" 59.37° 60.28¢ 70.52° 72.86" 70.50° 56.77° 60.23¢
Energy 77.42° 80.89° 20.87" 72.19° 72.974 79.34¢ 20.04° 79.47° 71.13° 72.54¢
a, b, ¢ ete: Means in the same row with different superscripts are significantly different (P< 0.05).

(9007) SPa34 pup uoyLnN *f uoydAsy
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Table (7): Average relative diet costs, diet ingredient costs and costs of gain including only diet ingredient costs.

Experiment 1

Experiment 2

Experimental diets

Experimental diets

Nutrients R, R; R; Ry Rs R, R, R; R, Rs
Contral 25%CM 50%CM 75%CM 100%CM  Contral 25%CM 50%CM 75%CM  100%CM

Diet cost -
LEk 2.55 2.50 2.45 2.39 2.34 2.55 2.50 245 239 2.34
Relative diet 100 98 96 93 91 100 98 9 93 o1
cost %o
Cost gain

- . . 69 . 9. . : . _
LB/ aain) 760 678 6.13 6 5.94 38 7.25 6.54 6.38 6.69
Relative costof ) 089 08l 0.88 0.78 1.0 0.77 070  0.68 0.71

gain

droyy-1q

* Local market price of (LE/ton) of feed ingredients used in formulating the experimental diets are: yellow corn, 900; fish meal herring, 6000;
soybean meal, 1700; canola meal, 600; corn oil, 4000; vit. & min mixture, 10000 and dried yeast, 2000.
** Cost of gain = diet cost (LE. Kg''} X Feed conversion ratio
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are constant. therefore. the feeding costs
required to produce one kg gain in
weight could be used to compare the
differences among experimental
treatments. Results presented in Table (7)
show that incorporation of CM in
replacement of SBM at levels of 25 to
100% reduced the diets costs between 2
to 9%. In experiment 2, diets 2. 3. 4 and
5 were: 2, 4. 7 and 9% less expensive
than the control diet in both experiments.
The economic analysis showed that diets
containing higher levels of CM were less
expensive and produced fish at lower
cost per unit of weight (kg) than diets

containing higher levels of SBM in diet §.

Based on these data. the diets containing
CM in tilapia hvbrid appears 10 be the
most effective and economical substitute
for SBM.

CONCLUSION

The resuits obtained from the current
study show that canola meal (CM) has
better protein quality comparable to
soybean meal (SBM) and is generally
less e¢xpensive than SBM on a unit
protein basis. Additionally, increasing
dietary canoia meal substitution for
soybean meal did not affect negatively
growth performance and feed utilization
efficiency of tilapia hybrid fingerlings.
On coatrary, canola meal improves
tilapia fish growth performance.
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