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SUMMARY

A 4 x 4 factorial experiment was conducted to evaluate the effect of fish
meal replacement by canola meal supplemented with different yeast
strains on growth performance, body composition and blood constituents
in Oreochromis niloticus. A total number of six hundred and fourty Nile
tilapia, O. niloticus were used in a study lasted for 12 weeks. Averages
body weight and length were 3.58 + 1.31g and 5.76 + 0.70 cm.,
respectively. Sixteen diets were formulated io contain 15, 30, 45 and
60% canola meal in combination with the strains of 0.Y-7,Gl and G 4
yeast strains (4 levels canola meal x 4 levels yeast). The fish werce
individually weighed biweekly and body weight gain (BWG), food
conversion ratio (FCR), condition factor (K-value) and specific growth
rate (SGR) were calculated. Afer 12 weeks, the fish were killed and
blood samples were collected to determine hemoglobin concentration,
packed cel! volume (PCV), serum tota] protein, albumin, globulin,
triglycerides, glucose, cholesterol, asparatic aminotransferase (AST).
alanine aminotransferase (ALT) and thyroid hormones (T5 and Ty). Fish
body composition, dry matter, crude protein, crude fat, ash and liver fat
were determined. There werc no significant (P>0.05) differences in body
weight gain (BWG), specific growth rate (SGR), food conversion ratio
(FCR) and condition factor (K-value) between the control group and
groups fed canola meal levels. Also, an improvement in thess previous
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parameters were significantly (P=0.05) achieved by yeast strains
addition.The combination of both canola and yeast improved
significantly (P<0.05) body weight gain, feed conversion ratio, condition
factor and specific growth rate (SGR). Replacement of fish meal by
canola meal had no significant (P=0.05) cffect on fish body composition,
dry matter, crude protein, crude fat and ash. However, dietary yeast
increased  significantly (P<0.01) crude protein  and  significantly
decreased (P<0.01) crude fal percentage. Also, the interaction between
canola meal and yeast was significant (P=0.01). Canola meal increased
significantly (P<0.01) hemoglobin concentration and serum total protein,
globulin, triglycerides, AST, ALT and thyroid hormones (T3 and Tj)
concentrations. Dietary yeast strains increased hemoglobin level and
serum total protein, globulin, triglycerides, glucose, AST, ALT and
thyroid hormones (T3 and Ty) concentrations. It could be concluded that
diets containing up to 60% canola meal supplemented with G4 yeast
strain had no adverse effects on growth performance, body composition
or blood constituents of O. niloticus.

Key words; performance, blood constituents, Nile tilapia, canola and yeast

INTRODUCTION

There is increasing interest in fish farming as means of producing
high-quality human food. T ilapia production is expanding rapidly
because of the fast growth, use of natural feeds. high reproductive rate
and general hardiness characteristics of this species ( Purdom, 1993 and
Eldar et. al., 1995).

Fish meal is an important ingredient in aquaculture dicts because
of its high protein quality and palatability (Webster et al., 2000).
However, good quality fish meal costs an amount of 40-60 % of total
operating costs in the intensive aguaculture enterprises (FAQ,1983).
Partial or total substitution of more expensive fish meal with less
expensive plant protein sources could be one approach to reduce the fish
feed costs. In this respect, most of the researchers used soybean meal
(SBM) for replacement of fish meal (Lovell, 1988; Kaushik et al., 1995),

Canola is the registercd name given to genetically sclected
varitics of rapesced species that are low in both glucosinolates and crucic
acid (Checke, 1991). Based on the essential amino acid index, Higgs ct
al., (1990) reported that the protein quality of canola meal (CM) is
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cquivalent to that of herring meal and higher than those for SBM and
cottonseed meal (CSM). Global supplies of rapesecdfcanola protein
cxeeed those of fish meal (Higgs et al, 1996). Recently, the cost of
canola meal is less than half that of premium quality fish meal on per
kilogram protein basis (Forster et al., 1999). Nowdays there are more
efforts to cultivate this plant in large scale in newland cultivation
particullary in Toshka as source of oil (El- Morsi et al., 2000).
Furthermore, there arc some efforts to enhance nutritional value of
canola meal as addition of enzymes (Buchanan et al.. 1997), while this
procedure is more expensive.

On the other side, the use of small amounts of live yeast has been
used for more than six decades, it has only recently heen based on sound
scientific concepts. Dawson (1994) developed a model 0 explain the
actions of veast cultures in ruminant animals. However, this model may
not be characteristic to all stains of Saccharomyces cerevisiae, In the
past, litlle attention has been given to types of yeast included in various
feed additives. It is clear from many studies on ruminants that responses
lo yeast are strain dependent, i.c., not all yeast strains have equal abilities
to stimulate specific strains of ruminal bacteria, The American Type
Culture Collection maintains a collection of over 1000 distinct strains of
Saccharomyces cerevisiae which can be differentiated using speeific
biochemical or genetic techniques (Dawson, 1994).

Thercfore, this investigation aims at studying the impact of
partial replacement of fish meal by canola meal in diets fortified by three
strains of yeast on growth performance, body composition and biood
constituents of Nile tilapia (Oreochromis niloticus).

MATERIAL and METHODS

Fish and Experimental Conditions:

Nile tilapia (Oreochromis niloticus) were collected from a
culture pond belonging to Animal Production Dept., Faculty of
Agriculture, Assiut University. A total of 640 healthy Nile tilapia (3.58 +
1.31 g body weight, BW and 5.76 = 0.70 em. length) were allocated in a
tlow system consisted of 16 melalic barrels of 200 T, capacity. Fourty
fish were randomly stocked into each aquarium. The flow system was
connected with running water at flow rate of 5 L/h. The experiment
lasted for 12 weeks. Water temperature was measured three times daily
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which ranged from 24 10 26°C during the experimental period. Iish
mortality was also recorded daily.

Test Diets and Feeding Protocol:

Four experimetal diets were formulated from practical
ingredients to contain various percentages of canocla meal (CM) as
partial replacement for fish meal. Canola meal was included at levels of
15, 30, 45 and 60% of the diet. Each diet was supplemented with three
liquid cultures of yeast strains specific in vitamin By production (Abd
El-Latit, 1999), namely, Y-7, G1 and G4, The yeasl cultures contained
689, 850 and 1530 pg Beml for Y-7, GI and G4, respectively. The
combination between CM level (15, 30, 45 and 60%) and yeast
supplementation (0, Y-7, G1 and G4) resulted in 16 experimental diets.

In preparing 1 kg of dict, dry ingredients were ground and
thoroughly mixed. Five milliliter of cach yeast culture was diluted by 50
ml of water, to ensure good dispensation of vitamin Bg, added to the
other components of the diet and mixed thoroughly. Diets were left to
dry at room temperaturc overnight. Corn oil was added immediately
prior to storage. CM and test diets were subjected to proximate analyses
according to the AOAC (1990) procedures. Composition and chemical
analyses of CM and test diets arc shown in Table 1. Available energy
was calculated using the physiological values of 4, 4 and 9 keal/g for
carbohydrate, protein and lipid, respectively (Lec and Putnam, 1973;
Garling and Wilson, 1977). Fish were adapted to the experimental
conditions for two weeks on diet formulated according to Lid and El-
Gamal (1996). After the adaptation period, the sixtcen diets were
assigned randomly to the sixtcen aquaria. Feeding protocol was carricd
out at rate of 4% of the wet biomass in each aquarium per day in three
equal portions at 09.00, 12.00 and 15.00 h.

Growth Performance and Feed Conversion Measurements:

Tish were weighed at the beginning. biweekly and at the end of
the experiment. The amount of feed offered was readjusted biweekly
according to the recorded weight. Growth performance was measured in
terrns of’ [inal weight (FW, g), conditional factor (K-value), body weight
gain (BWG, g) and specific growth ratc (SGR, %) and calculated as
follows:

K-value = 100 X (body weight, gitotal length®, cm).
BWG (g)= final weight (FW) — Initial weight (IW).
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SGR (%)=100 X [In (FWi- In (IW)time between two successive

weighings.

Tabie (1): Ingredients and proximate analysis of canol

days]

and tested dicts fed to O. niloticus.

a meal (CM)

= Canola meal }: : T:etWM_)— __*

‘ (€M) is 30 45 60

I Ingredient : ' I

| Ground yellow corn 40 34 28 22 '
Menhaden fish meal 31 22 13 4 [

i Canola meal 15 30 45 60 ‘
Corn oil 5 5 5 5

& Vitamins mixture 1 1 1 1 ‘

' Minerals mixture 2 2 2 2

| Cellulose 5 $ 5 50

}__C_T_arboxvmethyl ceflulose e N 1 | 1 _'

* Chemical analysis :
Dry matter (%) 91.37 89.52 90.41 90,06 90.24
Crude protein (%) 32.4] 3405 3111 29.88 26.69
Crude fat (%) 0.96 588 593 6.03 576
Crude fiber (%) 13.83 8.59 11.29 13.14 14,34
Ash (%) 6.56 10.44 9.31 8.30 7.89
Fiber fractions : ! [

‘ NDF (%) 27.20 29.14 2969 2828 29.32 |
ADF (%) 23.00 ' 10.88 1303 17.16  19.44 |

i ADL (%) 12.71 5.13 7.63 7.43 9.42

| Cellulose (%) 10.29 1 575 550 973 10.02 ‘
Hemicellulose (%) 4.20 1826 1656 11.12 9.88
A.Energy (kcal / kg diet) 2809 ‘ 3114 3089 3046 3008 ‘

| P/E ratio 11.54 1093 1007 981 8.87

Feed conversion and feed utilization parameters were measured
in terms of feed conversion ratio (FCR), protein efficiency ratio (PER)
and protein retention value (PRV) and calculated as follow:
FCR = Total feed fed (g) / BWG (g).
PER = BWG (g) / protein fed {g).
PRV (%) = 100 X [retained protein (g) / protein fed (g) |.
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Blood Parameters and Body Composition:

At the end of the experiment, three replicates were taken from
each treatment each replicate was five specimens. Blood was collected
by cutting the caudal fin of the fish in two clean tubes. First one was
heparinized for hemoglobin and packed cell volume (PCV, %)
determinations, The packed cell volume (PCV%) and haemoglobin (Hb,
g/dl) concentrations were determined immediately afler blood collection.
The PCV% was determined according to method ol Stoskops (1993)
while Hb level (g/dl) was measured spectrophotometrically using Kkits
provided by Diamond diagnostic, Egypt. The other blood sample was
contrifuged at 3000 rpm for 20 min. and blood serum was stored at =20
°C for biochemical analysis. Serum total protein (TP, gfdl), albumin
{Alb, g/dl), asparatic aminotransferasc (AST, U/L) and alanine
aminotransferase (ALT, U/L) werc measured by using kits from
Diamond diagnostic, Egypt. Globulin (g/dl) concentration was
determined mathematcally by difference between serum T.protein and
albumin levels. Glucose (mg/dl). total cholesterol (mg/dl) and
triglycerides (mg/dl)) were measured by kils supplied by Bicon,
Germany. Triiodothyronin (15 ng/ml) and Tetraiodothyronin (T, ng/ml)
were measured by kits from Cal-TECH Diagnostics Inc. Chino,
California, USA.

Fish of the three replicates, were eviscerated, oven-dried at 70 °C
for 48 h and ground in a mincer. Proximate analysis of the carcass (body
minus gills and gut) were performed according to the standard methods
of AOAC (1990). Hepatosomatic index (H S [) was calculated as : HS |
=100 {liver weight (g)/gutted BW (g)].

Statistical Analysis:

All data were subjected to two-way analysis ol variance
(ANOVA) using the general lincar model (GLM) procedurc of SAS
statistics package (SAS, 1987). Comparison of means was donc by
Duncan’s method (Steel and Torrie, 1980) utilizing the same software
package.
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RESULTS and DISCUSSION
Growth Performance:

Therc were no significant differcnces (P=0.05) in body weight
gain, speeific growth rate. fecd conversion ratio and condition factor
between fish groups fed diets contained 135, 30, 45 and 60 % canola meal
(Table 2). The insignificant differences in performance of fish group fed
high levels of CM may be duc to ability of O. niloticus to digest and
retain CM nutrients. These results arc supported by Higgs ct al., (1988
and 1990) findings that the protein quality of canola is equivalent to that
of herring meal and higher than for soybean meal and cottonsced meal
based on essential amino acid index. Also, canola meal has relatively-
balanced protein and it contained all the essential amino acids (Ll-Morsi
et al.. 2000) which may be required for optimum growth of O.niloticus,
Also, the fish hody weight gain increased significantly (P<0.05) with
veast supplementation (Table 2) which may be duc 1o significantly
(P<0.05) increase of protein retention value (PRV, Table 2). These
results arc supported by Webster et al. (1997) who attributed this
increase in body weight gain of fish fed canola meal to protein retention
values. Also, Leeson et al. (1987) recorded that the CM can replace
100% of dietary soybean meal withoul any adverse effects on feed
intake, weight gain, feed efficicncy and protein or fat in poultry. Indeed,
there is a littic informations in hand on the use of CM in tilapia diets but
there is availabie data on the use of rapeseed meal (RM) in tilapia dicts.
Davies ¢t al. (1990) showed that rapessed could be added to a level of
15% of the diet for tilapia. While 30% RM decrcased the growth and
they referred this decrease to the problems associated with imbalance in
amino acid composition or reduced protein (amino acid) digestability in
RM. Therefore, the newer varicties of canola do not exhibil the
deleterious effects reported with older varieties of rapeseed (Leeson ct
al., 1987). Howcver, therc are some studies in using of canola meal in
aquaculture diets but used lower level than the present study. The growth
of channel catfish, Jetalurus punciatus and Litopenaeus stylinostris was
not affected by the use of 25, 36 and 30% canola meal (Li and Robinson,
1994: Webster et al., 1997 and Cruz-Suarez ctal., 2001), respectively.

The body weight gain (BWG), length, feed conversion ratio
(FCR} and specific growth rate (SGR) of the fish groups fed canola meal
(15, 30, 45 and 60%) and supplemented with Y-7 and G1 yeast straing
had insignificant (P=0.035) difference as compared with control group
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(Table 2). While, the addition of G4 yeast strain led to significant
improvement in BWG, FCR and SGR (Table 2). This effect may be due
to its high content of vitamin B (1530 pg/ml as compared with 689 and
850 for Y-7 and G1, respectively).

Several investigators (Abd-El Halim et al.. 1989; Omar et al.,
1989 and Kobeisy and Hussein, 1995) on the same fish species reported
that the addition of live veast to the diet of tilapia led to significant
(P<(1.01) increase in its growth performance. Also, Giri et al. (1997)
stated that the Vil. Bg (200 mg/kg diet) improved weight gain and feed
efficiency of Pengeus japonicus where Vit. Bg is related to dietary
protein and amino acid metabolism in the fish. However. the
improvement in growth performance of the fish due to dietary yeast
addition may be attributed to: 1) yeast is a source of protein which led to
the improvement in growth performance (De Silva, et al., 1989), 2) it
acls as a source of some enzymes (amylase, protease and lipasc) which
may improve food utilization (Giri ¢t al., 1997), 3) yeast as a source of
Vit. B which stimulated growth hormone and Vit. By (Pyridoxal 5-
phosphate, PLP) act as a coenzyme of dopa decarboxylase enzyme, and
dopamine stimulates GH secretion and 4) also, ycast is a source of Bg
may increase the level of Bg in red blood cells and consequently increase
the O, affinity to hemoglobin (M¢ Coy, 1986), which leads to high O,
uptake. Morcover, both high level of GIH and O» uptake stimulates
metabolism and growth.

Table 2 showed that thete is significant (P<0.01) increase in
hepatosomatic index (H $ I) with the increase of dietary canola meal.
This incresac may be due to significant (P=0.01) increasc of liver fat
content (Table 3). Moreover, Proudfoot and Hulan (1987) stated that the
dicts containing high levels of canola meal resulted in a significant
increase in the incidences of fatty liver syndrome (ILS) among
treatments in chickens.

The decrease in fish length with the increase of CM level may be
due 1o decrease of P/E ratio (Table 1).

The mortality rate was not affected either by increasing canola
meal levels or addition of yeast culture strains.

Body Composition
Crude protein percentage in whole body was not affected by
increasing CM level except the group fed 45% CM, while, fat percentage

significantly increased (P<0.01) in the same group (Table 3). This
increase in fat percentage in this fish group may be due to the increase of
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serum cholesterol and triglycerides concentrations in the treated fish
groups (Table 4).

Also, crude protein percentage was improved  significantly
(P=0.01) in fish groups fed various CM levels and suppiemented with
yeast (Tablc 3). This improvement in crude protein may be due to Vit,
By content of the yeast. Rogerson and Singsen (1976) stated that Vit. By
had a highly significant effect on carcass protein. Aiso, Giri et al. ( 1997y
showed that the addition of 200 mg Vil Be/kg diet increased whole body
protein content of Pencens Japonicus, muscle glutamate oxaloacctate
transaminase activity and protein retention in B treated groups. The fat
percentage decreased significantly (P<0.01) with veast addition (Table
3). Similar, results were found by Abd Ll-Halim et al. ( 1989) and
Kobeisy and Flussein (1995) in the same fish,

There was no significant (P=0.05) effect of increasing the dictary
levels of CM on ash percentage (Table 3). Thesc results are in agrecment
with those of Lecson et al. (1987) who showed that ash percentage was
not alfected by increasing CM in the dicts which attributed to the
caleium, phosphorus or magnesium content were not affected by CM
percentage. Also, ash percentage was nol affected by yeast addition. This
result is in harmony with the findings of Abd El-Halim etal. (1989).

Blood Constituents:

Serum total protein concentration was not significantly (P=0.05)
differ among the fish groups fed 15, 30 and 45% CM (Table 4). While,
60% CM level led to significant (P<0.01) increase in serum total protein
concentrations. Such increase was mainly due to the increase in serum
globulin concentration rather than albumin (Table 4). The increase in
serum total protein concentration may be attributed to the increase of
protein synthesis which referred 10 high essential amino acids content of
CM (El-Morsi et al., 2000). This result supports the high growth rate in
the treated groups (Table 2). Morcover, the significant (P<0.01) increase
in scrum globulin concentration of the treated fish groups with canola
meal (Table 4) may be due to the fact that globulins were the most
abundant protein fraction and accounted 68.4% followed by albumins
(15.8%) of the total protein in CM (L1-Morsi et al., 2000).

The data also showed a significant (P=0.01) improvement in
scrum total protein of the fish groups fed CM and yeast strains (Table 4),
These results may be due to, as mentioned before, yeast is a source of
Vit. By (Me Dowell, 1989) which is required for the synthesis of all [ .-
amino acids (Tryfiates, 1986). As well as, By is essential cofactor for the
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transaminases enzymes which are also known as amino transferases
(Fdwards and Hassal, 1980). Moreover, By is required in amino acids
metabolism where Bg prevented the catabolism of most amino acids

Serum triglycerides concentration tended to increase significantly
in fish groups fed CM while, the cholesterol concentration was not
significantly (P=0.05) affected by CM level (Table 4). Leeson et al.
(1987) reported that there was no significant (P=0.05) effect of CM on
fat retention. Also, Goulding ¢t al. (1983} stated that fish meal was
hypercholesterolemic while plant sources decreased serum cholesterol
levels. The data in Table 4 showed that scrum triglycerides
concentrations improved significantly (P<0.01) while the cholesterol
concentrations  insignificantly decreased (P=0.05) with the ycast
addition. Similar results were found by Kobeisy and [ussein (1993).

Serum glucose concentration was insignificant increase with the
increase of CM (Table 4). This result is coincied with the findings of |-
Morsi et al., 2000 who showed that CM contains 2.7% raffinose family
sugar. However, serum glucose concentration inceased significantly in
the fish group treated with Y-7 yeast strain (Table 4). Similar result was
obtained by Kobeisy and lussien (1995) who stated that the glucose
level elevated with the increse of the yeast supplementation in the same
fish.

Serum AST and ALT activities were significantly elevated in the
fish groups fed CM as compared with the control group (Table 4). These
clevations of AST and ALT may be due to its requirement for the
synthesis of all L-amino acids (Tryfiates, 1986). Also, serum AST and
ALT were improved significantly (P<0.01) in the treated groups with
CM and yeast (Table 4). These results are supported by the findings ol
Rogerson and Singsen (1976) who stated that Vit. B¢ improved serum
aminotransferase activity. Also, Giri ¢t al. (1997) showed that the
activity of AST may be due to the difference between levels of pyridoxal
phosphate (PLP) and pyridoxamine phosphate (PMP) in the
hepatopancreas where amino transferase require PLP as a coenzyme.

‘The hemoglobin concentrations were elevated significantly
(P=0.01) in the fish groups treated with 30 and 45% CM. while, PCV%
was insignificant increase (P>0.05) in the fish groups treated with CM
(Table 4). Similar trend was achicved when veast supplementation was
cmployed.This improvement in Hb concentration may be duc to the
effect of vitamins B in yeast where 1lb level decreased with the
deficiency of Vit. Bg (Mc Coy. 1986).
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Figures 1, 2 and 3 show that Ts , T; and T3/1s ratio were
significantly improved (P<0.03) either with the use of CM only or CM
supplemented with yeast strains. These elevations in T; and Ty are
required for increase protein synthesis. These results are supported by
the findings of Webster et al. (1997) who showed that thyroid gland was
normal in channel catfish fed 48% CM.

CONCLUSION :

It is concluded from this study that O. niloticus can utilize diets
contained 13, 30, 45 and 60% canola meal with or without yeast without
adverse cffect on the growth performance (BWG, FCR and SGR), body
composition and blood constituents. The fish groups fed 15, 30, 45 and
60% canola meal and supplemented with G4 veast strain showed a
satislactory results. Therefore, the canola meal could be included in the
diet of O. niloticus as a competitive ingredient to other plant protein
sources,
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Fig. (1):

Triiodothyronin (T3) of O.niloticus fed canola meal supplemented with yeast strains.
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Fig. (2): Tetraiodothyronin (T4) of O.niloticus fed canola meal supplemented with yeast strains.
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[Fig. (3): T3/T4 ratio of O.niloticus fed cznola meal supplemented with yeast strains.
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