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SUMMARY

A total number of 126 Nile Tilapia fingerlings of mono sex averaging 15.17+ 0.18 g
(mean + SE) in wet body weight were allotted in to 6 dietary treatments. Such treatments
were the combination of three levels of canola meal (CM) and two levels of Phytase
enzyme (Ph). Canola meal levels were 0, 22 and 44% of the diet where it replaced 0, 50
and 100 of soybean meal protein. Phytase enzyme was added at 0 and 0.1% of the diet.
Accordingly the dietary treatments were the control, control + Ph, 22% CM, 22% CM +
Ph, 44% CM and 44% CM + Ph diets. All diets were formulated to be iso-nitrogenous
(30.1+ 0.2% CP) and iso-caloric (4339 + 74 Kcal’kg diet). The trial was conducted in
aquaria in 3 replicates/each treatment (7 fingerlings/ aquarium) and terminated after 50
days experimenta! period. Fish were fed the tested diets at a rate of 3% of their wet body
weight / day, in three equal portions, & days a week. Provided feed was adjusted bi-weekly
according to the changes in body weight. Representative samples of fish were taken for
whole body chemical compaosition at the start and at the termination of the study. Canola
meal chemical composition and diets ingredients and its chemical composition were
performed. Data collected included growth performance parameters, feed intake, feed
utilization and body chemical composition along with simple economic evaluation was
conducted. Results revealed that canola meal has good protein quality comparable to
soybean meal protein either without or with phytase. In addition, canola meal can replace
up to 50 % of SBM protein with phytase supplementation in practical diets of Nile tilapia
without any adverse effects on growth performance, feed utilization and whole body
composition of fish. Also canola meals (as its protein is generally less expensive than
soybean meal protein) and phytase enzyme can reduce feed cost and feed costkg gain.
Under the experimental conditions it seems that the diet contained 22% canola meal +
0.1% phytase enzyme was the most promising diet.

Keywords: canola meal, phytase, Tilapia, performance, feed utilization, body chemical
composition, economic evaluation.

INTRODUCTION

Cancla is a genetically selected variety of rapeseed belonging to Brassica napus and
B. campesttis species that ere low in both glucosinolates or antithyroid factors, and erucic
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acid. The cited global supplies of rapeseed/canola protein exceed those of fish meal (Higgs
et al., 1996).

Canola meal is a relevant prolein replacement for fish as it has a relatively high
protein content (38%) and a high protein digestibility in Salmonids (Cheng and Hardy,
2002) and it is costess than both fish and soybean meals (Higgs ef al., 1995). However,
Canola meal contains up to 3.7% phytic acid, representing approximately two thirds of the
total phosphorus (McCurdy and March, 1992) which shows a very low availability for fish
(Saj Jadi and Carter, 2004). In addition, phytates may form complexes with plant protein in
diets which reduce the availability of dictary protein and amino acids (Liu et al., 1998;
Sugiura ez al,, 2001).

Francis et al. (2001) reviewed anti- nutritional factors for fish. They indicated that
growth and feed efficiency in cultured fish species, like tilapia, trout, carp and salmon are
negatively affected by the inclusion of phytate containing ingredients in the diets. The
amount of released phosphorus depends on many factors such as phytate source and its
sohubility, type of phytase and phytase activity as well as physiological conditions in the
gut of different fish specles Moreover, phytase is sensitive to feed processing and
temperatures above 65°C may reduce its activity significantly (Hughes and Soares, 1998).

Furuya et al. (2001) reported that phytase supplementation between 500 and 1500
FTU/Kg for tilapia improved calcium and phosphorus avmlab;hty, performance, bone
mineralization and protein digestibility.

The present study afmed to determine the growth performance of tilapia fingerlings
fed diets containing different canola meal levels as a substitute for soybean meal protein

without or with Phytase enzyme supplements. A simple economic evaluation was
comsidered also.

MATERIALS AND METHODS

The present work was carried out in Animal Production Research Institute, By-
Product utilization Dept, .Agric. Res. Center, Dokki, Egypt and Tilapia fingerlings
{Oreochromis niloticus) were brought from a fish hatchery at Abbassa, Sharkia
Govemnorate.

A total number of 126 Nile Tilapia fingerlings averaging 15.17+ .18 g in wel body
weight were allotted in to 6 dietary treatments. Such treatments were the combination of
three levels of canols meal (CM) and two levels of Phytase enzyme (Ph). Canola meal was
obtained from ARC at Giza. Canola meal levels were 0, 22 and 44% of the diet where it
replaced 0, 50, and 100 of soybean meal according to its protein content. Phytase enzyme
was added at 0 and 0.1% of the diet. Accordingly the dietary treatments were the control,
control + Ph, 22% CM, 22% CM + Ph, 44% CM and 44% CM + Ph diets. All diets were
formulated to be iso-mitrogenous (30.1x 0.2% CP) and iso-caloric (4339 + 74 Kcal’kg
dief). Canola meal chemical composition and diets ingredients and its chemical
composition are presented in Tables 1 and 2 respectively. The trisl was conducted in
aquaria {60 X 40 X 20 cm) in 3 replicates/each treatment (7 fingerlings/ aquarium) and
terminated afier 90 days period. Water temperature was 28+ 2 °C throughout the period of
the study. Fish were fed the tested diets at a rate of 3% of their wet body weight / day in

520



Egyptian J. Nutrition and Feeds (2009)

three equal portions at 9.00, 12.00 and 15.00 h, 6 days a week. The amount of feed was
adjusted bi-weekly according to the change in body weight.

Diets were formulated by mixing thoroughly the dry ingredients. For Phytase enzyme
treatments, Phytase was added in water first and mixed thoroughly. All diets were pressed
through meat mincer (0.5 mm diameter) and sun dried for 3 dayzs Representative samples
of fish were taken at the start and at the fermination of the study and frozen at — 18 °C for
chemical analysis. Chemical analyses of diets and fish were made as described by AOAC
(1995) and for canola fiber fraction (NDF, ADF and ADL) was performed as indicated by
Goering and Van Soest (1970). Data collecied included growth performance parameters,
feed intake (dry basis, Richardson er al (1985), feed utilization and body chemical
composition. All calculations needed are footnoted in the corresponding tables. A simple
economic evaluation was calculated by the cost of one kg of feed and weight gain of fish.
Data was subjected to analysis of variance (ANOVA) using the general linear model
procedure of SAS (1990). Differences among means were evaluated using Duncan's
multiple range test, Duncan (1955). The statistical model used was: Yy=p + C; + Ph; +
CP*h;; + Ej, Where Yy, = observation of the ijk fish ; p = overall mean, common element
to all observation; C;. = canola meal effect; Ph; = Phytase enzyme supplementation effect;
CP*h; =Interaction effect between canola meal levels Phytase enzyme supplementation;
and E;; = random error component assumed to be normally distributed.

Table {1): Proximate chemical composiiion of canola meal, (DM basis).

Jtem | ' %
DM, % 94.76
CP.% 30.00
EE,% 17.30
CF.% 12.73
Ash.% 599
NFE,% 33.98
GE', k cal / kg . 5198
Ca’% 0.65
TP % 1.20
NDF.% 26.03
ADF % 17.98
ADL® % 6.66
Cellulose’ % 11.32
Hemicellulose® % , © 805

DM = Dry matter; CP = Crude protein; EE = Ether extract; CF= Crude fiber; NFE
(Nitrogen free extract) = 100 - (% CP + % EE + % CF + % ash).

!Gross energy was 5.65 kcal/g for protein; 9.45 kcal/g for lipid; 4.00 kcal/g for crude fiber
& 4,10 keal/g for carbohydrates (Jobling , 1983).

Calcium; *Total phosphorus; ‘Neutral detergent fiber; *Acid detergent fiber; °Acid
detergent lignin;  ADF-ADL, *"NDF-ADF.
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RESULTS AND DISCUSSION

As evident in Table (1) canola meal contained high levels of CP (30 %) and EE
(17.3%). However, its CF content was about 13 %. In this connection CLFF (2001)
reported that canola meal contains 36 % CP, 13% CF, 2% EE. Such differences may
reflect the variations in environmental conditions, and the method of fat extraction as well

Table (2): Feed ingredients and proximate chemical composition of canola meal (CM)
diets without or with phytase enzyme fed to Nile tilapia fingerlings.

Treatments®
Item
T, T, T, Ts Ts Tg

Feed ingredients,%: .

Yellow comn 32.0 31.9 29.0 28.9 21.0 20.9

Soybean meal 30.0 30.0 15.0 15.0 - R

Wheat bran 12.0 12.0 12.0 12.0 13.0 13.0

Fish meal, 20.0 20.0 20.0 20.0 20.0 20.0

65%CP

Canola meal - - 22.0 22.0 440 44.0

Vegetable oil 4.0 4.0 - - - .

Phytase - 0.1 - 0.1 - 0.1

enzyme

Vitamins and 2.0 20 20 " 20 2.0 2.0

minerals’ .

Total 100.0 100.0 100.0 100.0 100.0 100.0

Proximate chemical composition:

DM, % 93.45 94.86 94 87 93.23 93.87 92.78

On DM basis,

CP,% 30.21 30.45 30.02 30.20 29.98 " 29.90

EE, % 631 572 6.30 622 7.21 743

CF, % 494 4.70 6.20 7.08 8.05 890

Ash, % 6.45 6.10 7.79 742 8.41 7.54

NFE, % 52.09 53.02 49.68 49.08 46.35 46.23

GE kcal/kg*** 4584 4570 4527 4540 4551 4596

Ca, % 0.91 0.92 1.01 1.04 1.10 1.13

TP, % 0.98 114 1.30 1.53 1.41 1.61

CP/ GE, 6224 66.63 66.31 66.52 65.89 65.06
_lgglkcal

*Percentage is from the diet ; Ph, Phytase enzyme (10000 IU/ g product); T;: control without Ph, Ts:
control with 0.1% Ph, T5:22% canola meal diet without Ph, T;:22% canola meal diet with 0.1% Ph,
Ts:44% canola meal diet without Ph, T¢:44% canola meal diet with  0.1% Ph, other abbreviations
are as footnoted in Table ().
** Each 1Kg contsins vitsmin: B1,14g; B2 ,0.8g; B6, 3.8g, B12,4.2g; pantothenic acid, 7g;
nicotinic acid, 400mg; folic acid, 25g; biotin, 150g ;choline chloride, 5g ; A, 5000 000, 1. U; D3,
1000 000, 1. U;4g; K,0.5g; copper, 0.5g; iodine, 10g; manganese, 20g and Zinc, 0.07g.

*+* 1Gyross energy was 5.65 keal/g for protein; 9.45 keal/g for lipid; 4.00 keal/g for crude fiber &
4.10 kcal/g for carbohydrates (Jobling , 1983).
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as the gpecies tested. On the other hand soybean meal contained lower EE (1.5%), CF
(7.3%), lignin (1.5%) and cellulose (7.8%) and higher CP (44%) than canola meal, CLFF
{2001). However substitution of SBM by canola meal did not resuit in high variations in
the chemical composition of the tested diets (Table 2) as they were iso-nitrogenous {30.1 +
0.2 % CP) and iso-caloric (4562 + 27 k cal GE/ kg diet, DM basis. In the present study,
canola meal replaced 0, 50 and 100% of soybean protéin where it was added at a rate of 0,
22 and 44 % of the diet. To avoid phytates in canola meal, Phytase enzyme was used at
levels of 0 and 0.1% of the diet aiming to alleviate phytates negative effect if present.

Table (3) presents average initial and final body weight; specific growth rate (SGR)
and weight gain (g/fish) of fish fed the experimental diets. Replacing SBM by canola meal
up to 22% of tilapia diets (50% on protein basis) had no significant effect on final body
weight, specific growth rate (SGR) and weight gain (g/fish) while the complete
replacement levels significantly (P=0.05) reduced these parameters. Also, growth
performance was improved significantly (P<0.05) by phytase supplementation. Such result
is not in line with Saj Jadi and Carter (2004) who reported insignificant differences in
weight gain of Atlantic salmon fed canola based diets with or without phytase The
interaction effect showed significant differences in favor of 22% canola diet + 0.1%
phytase enzyme (T,) followed by the control with such enzyme (T,). Ei-Kholy (2006)
reported that cancla meal can be included up to 100% substitution level of soybean meal
without any adverse effect on tilapia fingerlings performance. In the present study phytase
supplement was effective especially when canola meal substituted 50% of soybean meal
protein. The differences between the obtained results herein and that of may reflect canola
species differences and consequently its chemical composition.

Table (3): Growth performance parameters of Nile tilapia as affected by canola meal

and phytase supplementation.
e Final Weight
Initial weight . : SGR -
Item weight gain o

Canola meal (CM) level effect:
0% CM in the diet. 15.25 42.08° 26.83* 1.13°
22% CM in the diet. 15.11 44.46 29.36* 1.20°
44% CM in the diet. 15.18 35.03% 19.85° 0.93°
Phytase (ph) effect:
0g / kg diet (0%) 15.27 38.41° 23.13° 1.02°
1g / kg diet (0.1%) 15.08 - 42.64° 27.55 1158
Ph*CM interaction:
0% CM +0%Ph , (T,) 15.35 40.59™ 25.24% 1.08%
0% CM +0.1%Ph,(T,) 15.15 43,57 28.42% 1.17*°
22% CM +0%Ph , (T3) 15.05 42.15% 27.10° 1.14°
22% CM +0.1%Ph,(T,) 15.16 4677 31.61" 1.25°
44% CM +0%Ph , (Ts) 15.42 32.48¢ 17.06" 0.85°
44% CM +0.1%Ph,(T,) 14.94 37.57 22.63° 1.02°

8, b, c means with different superscripts in the same column within each item differ significantly(5%
level). Ph, Phytase enzyme.

SGR, specific growth rate, (%/d) = 100{In final weight — In initial weight)/period in days

NB, no mortalities were detected throughout the study and fish wes in good conditions.
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Feed utilization parameters are shown in Table (4). Feed intake (FI} was not affected
when tilapia fingerlings fed the control diet or that contained 22% canola meal instead of
soybean meal and both diets showed higher FI than that contained 44% canola meal
instead of soybean meal (at a rate of 3% of fish weight). Feed conversion ratio (FCR),
protein efficiency ratio (PER), protein productive value (PPV) and energy utilization (EU)
were significantly (P=0.05) better with the control diet and that contained 22% canola meal
than that contained 44% canola meal instead of soybean meal. Webster et al. (1997)
reported that channel catfish fed a diet with 48% canola meal had inferior FCR (2.24) than
fish fed diets containing 12, 24 and 36% canola meal which recorded FCR values of 1.75,
1.82 and 1.89 respectively, confirming the obtained results. Such results may be related to
the presence of identified or unidentified anti-nutritional factors (Luo et al., 2006) which
increased as the level of canola meal increased in the diet. Also Canola meal contains
phenolic compounds (such as sinaping and tannine) that may reduce profein digestibility
(Krogdahl, 1989) and reduce the utilization of minerals as they become less easily
absorbed in the intestine (NRC, 1998). Also, it contains glucosinolates which act as anti-
thyroid factors (Teskeredzic et al,, 1995).

The highest FI and the best FCR, PER, PPV and EU were obtained by fish fed diets
supplemented with phytase, with significant (P=0.05) differences. However, Saj Jadi and
Carter (2004) reported insignificant differences in the feed intake of Atlantic salmon fed
diets with or without phytase.

The interaction between phytase supplementation and canola meal replacement levels
differed significantly (P=0.05) and were in favor of the diet contained 22% canola meal +
0.1% phytase enzyme (T,). The worst effect was with the diet contained 44% canola meal
+ 0% phytase enzyme (Ts).

The proximate chemical composition of the whole fish bodies at the start and the
termination of the feeding trial are shown in Table {(5). As for the main effects, canola meal
diets increased body fat (EE) significantly (P=0.05) than the conirol. The 44% cancla meal
diets increased (P=0.05) body DM, EE and energy compared to the conirols. The high fat
content in tilapia bodies may reflect the increase in dietary fat due to the high level of fat in
canola meal especially in the 44% canola meal diets (tables 2 & 1). However, crude protein
and ash contents were not significantly affected (P>0.05) in all canola meal diets (0, 22,
44% canola meal).

The inclusion of phytase enzyme in the diet resulted in increasing CP and EE in tilapia
bodies significantly. However it affected tilapia DM, ash and GE insignificantly. In this
respect, Storebakken ef al. (1998) reported that pretreatment of soy concentrate with
phytase significantly increased the whole body minerals (P, Ca and Mg) of Atlantic
salmon. Such findings may support the insignificant increase in ash conient due to the
addition of phytase enzyme in tilapia diets in the present study.

As for the interaction for the incorporation of canola meal and phytase
supplementation in the dicts, significant (P<0.05) differences were obtained in whole body
composition in favor of the diet contained 22% canola meal + 0.1% phytase enzyme (T,)
in general. The obtained results may support the finding that protein quality of fish fed
diets with phytase supplementation is higher than that of canola meal substitutions.
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Table (6) presents a simple economic evaluation for the replacement of 0%, 50% and
100% SBM protein by canola mea! protein {0, 22, 44 % of canola in the dict) along with
the addition of 0 and 0.1% phytase to the diet of tilapia. Replacing SBM by canola meal
reduced feed costs’kg diet. Feed costs/kg weight gain was reduced with canola meal diets
with or without phytase enzyme addition. The only exception is that the diet contained
canola meal without phytase enzyme increased feed costs required for kg weight gain
compared to the control. The relative percentage of feed cost / kg weight gain was in favor
of the diet contained 22% canola meal + 0.1% phytase enzyme (T,) followed by the diet
contained 22% canola meal without phytase enzyme (T;), 0% canola meal + 0.1% phytase
enzyme (T3), 44% canola meal + 0.1% phytase enzyme (T4) and the control. The worst
was with 44% canola meal without phytase enzyme. These results showed that phytase
addition can eliminate the action of phytates content in the diet. Deshpande and
Damodaran (1989) showed that eliminating phytates will encourage the use of more plant
materials in animal feeds, which will reduce feed cost and environmental pollution in
animal nutrition. The economic analysis showed that diets containing levels of canola meal
were less expensive and produced fish at lower cost per unit of weight (kg) than diets
containing higher levels of soybean meal in the diets. Therefore, canola meal in tilapia
diets appears to be the most effective and economical substitute for soybean meal protein
especially when phytase enzyme was added. Under the experimental conditions it seems
that the diet contained 22% canola meal + 0.1% phytase enzyme (T,) was the most

effective as it reduced feed cost’kg gain by about 37% as well as its reduction in
formulated feed cost.

Table (4): Feed utilization parameters of Nile tilapia as affected by canola meal and

phytase supplements.
Item FI FCR PER PPV EU

Canola meal {CM )level effect:
0% CM in the diet. 5434 2.04° 164 2477 1519
22% CM in the diet. 5547 1.90 176 2632 1746
44% CM in the diet. 51.22° 2.64" 128 2179 14.75°
Phytase (ph) effect:
0g / kg diet (0%) 52.72° 236" 145 22.55° 14.83°
1g/ kg diet (0.1%) 54.64" 2.02° 1.67 26.18" 1676
Ph* CM interaction;
0% CM + 0%Ph ,(T,) 53.4% 2126° 158% 23.96°  14.52%
0% CM + 0.1%Ph,(T3) 55.25° 1.96° L71® 2558  15.85™
22% CM + 0%PL , (Ts) 55.06" 203 1.64° 24.45% 16697
22% CM + 0.1%Ph,(T.) 55.92" 1.77° 188"  28.63* . 18.22°
44% CM + 0%Ph , (Ts) 49 59° 2.94" 1.14¢ 19.25° 13.29°
44% CM + 0.1%Ph,(T,) 52.76" 2.34° 143°  24.32"  16.20™

a, b, ¢ means with different superscripts in the same column within each item differ
significantly (5% level).

Fl, feed intake in g/fish; FCR, feed conversion ratio= FI/ weight gain, g/g: PER, protein
efficiency ratio = weight gain/ CP intake, g/g; %PPV, protcin productive value = 100(body
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protein at the end ~ body protein at the start) protein intake; %EU, energy utilization =
100(body energy at the end ~ body energy at the start)/energy intake.

Table (5): Whole body composition as affected by canola meal and Phytase
supplements for the Nile tilapia fingerlings.

Ytem DM CP  EE Ash GE*
(%) (%) (%) (%) (kcalkg}

Canola level effect;

0% canola in the diet. 26.22° 53.41 10.92¢ 16.03 4836
22% canola in the diet. 26.69™ 52.17 16.30a 18.21 4979™
44% canola in the diet. 28.39" 52.55 17.98a 19.84 5096*
Phytase (ph) effect: . .

Og / kg diet (0%) 27.52*  5181° 13.84° 17.33 4916
1g/ kg diet (0.1%) 26.68®  53.61° 16.30* 18.72 5024

Ph*CM interaction:
0% Canola +0%Ph, (T1)  26.10>  53.29" 10.85° 15.16" 4874
0% Canola+ 0.1% Ph, (T2) 2633  52.92° 11.00° 16,90 4797
22% Canola +0%Ph, (T3)  27.30® 5059 14.92° 17.84% 4935°
22% Canola +0.1%Ph,(T4)  26.08°  53.75" 17.67" 18.85% 5023%
44% Canola +0%Ph , (T5)  29.15* 5095 15.74* 18.98%® 4939°
44% Canola +0.1%Ph,(T6)  27.64®  54.16" 20.22* 20.69" 5096
| Initial body composition 23.11° 52.70° 13.76% 17.66° 4963 |
a, b, ¢ means with different superscripts in the same column within each 1tcm differ
significantly (5% level).

* Gross energy was 5.65 kcal/g for protein; 9.45 kcal/g for lipid; 4.00 kcal/g for crude fiber
& 4.10 kcal/g for carbohydrates (Jobling, 1983).

Table (6): Feed costs in Egyptian pound (L.E) for producing one kg weight gain by
Nile tilapia fed the experimental diets.

Feed Cost Total Feed cost Relative%

ltem intake (LE  gain (LE of feed cost
(g/fish) /ton) ® /Kg pain) { kg gain
0%CM +0%Ph ,T, 5334 3560 2524 7.54 137
0% CM +0.1%Ph T, 5525 13399 2842 6.41 116
22%CM +0%Ph ,T, 5506 3121  27.10 6.34 115
22%CM +0.1%Ph, T, 5592 3120 316l 5.52 100
44%CM +0%Ph ,Ts = 49.69 2857 17.06 8.32 151
44%CM +0.1%PhT, 5276 2856 22.63 6.65 120

Loca! market price (L.E /ton) for feed ingredients used for formulating the experimental
diets when the experiment was started (2008); 800 L.E, soybean meal = 2200 L.E, fish
meal LE, yellow comn= 1500 L.E, wheat bran = 1000 L.E, comn oil = L.E, vitamin and
minerals mix = 13000 L.E.
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CONCLUSION

The present study revealed that canola meal has good protein quality comparable to
soybean meal protein either without or with phytase and is generally less expensive than
soybean meal protein. In addition, canola meal can replace up to 50 % of SBM with
phytase supplementations in practical diets of Nile tilapia without any adverse effects on
growth performance, feed utilization and whele body chemical composition of fish, Also it
can reduce feed cost and feed cost/kg gain. Under the experimental conditions it seems that
the diet contained 22% canola meal + 0.1% phytase enzyme {T,) was the economically
most promising diet.
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