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SUMMARY

Along 60 days two growth experiments were conducted to determine the
amount of soybean (SBM) and cottonseed (CSM) proteins that could be
substituted for fish protein in formulated diets for tilapia (O.niloticus)
without reducing growth. Inthe study, juvenile tilapia (average weight,
10g ) were fed on 32% crude protein diets in which dietary protein was
supplied in exp.Iby either FM, SBM or mixtures of FM & SBM, while
in exp.ll FM, CSM or mixtures of FM & CSM were the sources of
protein in the diets. Dietary protein in the exp.I was provided as:100%
fish meal protein, 75% fish meal protein: 25% SBM protein; 50% fish
meal protein: 50% SBM protein; 25% fish meal protein: 75% SBM
protein; 100% SBM protein and 100% SBM protein with methionine and
lysine supplementation to match the level in the control diet, while in the
exp.Il, the share of the fish or cottonseed meals as source of protein was
planned the same as in the exp.l. Inthe first experiment, there was no
significant difference in the weight gain between the diets containing 25%
SBM (26.60g), 50% SBM protein (23.67g) and control diet (26.95g) and
the fish performance was better than on diets containing 75% and 100%
SBM proteins. Fat content of the body was significantly (P<0.05)
decreased with increasing level of SBM protein, while protein content
affected only with the level of 100% SBM protein (with or without amino
acids suppl.). Protein efficiency ratio of control group (1.78) and fish fed
on 25% SBM protein (1.75) was significantly (P<0.05) higher than other
treated groups. Apparent protein digestibility was not different among
groups fed on FM only or a mixture of FM & SBM proteins. /n the
second experiment, the best weight gain and feed conversion were
obtained with the control group (24.8g, 1.72) fed on FM protein in
comparison with the other treated groups fed either on a mixture of FM
and CSM or CSM alone. Protein content of the control group was
significantly (P<0.05) higher than the other treated groups. Protein
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efficiency ratio was negatively associated with the increased levels of
CSM protein in the diets. Apparent protein digestibility was significantly
(P<0.05) decreased as the level of CSM protein increased. It could be
concluded that, soybean meal protein could replace up to 50% of the fish
meal protein without adverse effect on the growth performance and feed
utilization, while cottonseed meal appears to be inefficiently utilized.

Key words:- Tilapia - Soybean meal - Cottonseed meal - Animal protein.

INTRODUCTION

Fish meal is well recognized as the best source of protein for most
fish species. The increasing cost of high quality fish meal, however, poses
real problems for cost-effective feed formulation. The common practice
in animal husbandry is to partially or entirely replace animal proteins with
less expensive plant protein sources to obtain least-cost without lowering
the quality of the feed. These include supplementing the diet with one or
more limiting essential amino acids, combining different feedstuffs to
provide the required dietary amino acid profile, and processing plant
proteins to remove the anti-nutritional factors.

One approach for reducing feed cost is to substitute the cheap
feed ingredients as plant products for the more expensive ones as fish
meal (Gropp et al., 1979; Jackson et al., 1982; Winfree & Stickney, 1984;
Robinson et al., 1985, Wee & Wang, 1987). The use of plant protein
concentrates for fish is a subject of current research (Tacon & Ferns,
1976 ; Reinitz, 1980; Jauncey & Ross, 1982).

Typical plant protein alternative that have been used in tilapia
diets include soybean meal (Brandt, 1979; Jackson et al, 1982),
groundnut meal (Wu & Jan, 1977, Kamara, 1982), rapeseed meal (Ayeni,
1981), sunflower seed meal (Jackson et al., 1982) and cottonseed meal
(Jackson et al.,1982; Ofojekwu & Ejike, 1984). The value of soybean
meal as a substitute for fish meal in formulated diets has been investigated
for a number of fish species as plaice (Cowey et al, 1971), catfish
(Andrew & Page, 1974;: Murai et al, 1982; Mohsen & Lovell, 1990),
rainbow trout (Cho et al., 1974), abernathy (Fowler & Banks, 1976),
carp (Dabrowski & Kozak, 1979: Viola et al., 1982), tilapia (Jackson et
al,, 1982), milkfish (Shiau et al, 1988) and the results indicated that
considerable variation exists in the ability of the different species to utilize
soybean meal protein as an alternative to fish meal protein. Work on the
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use of cottonseed meal in the fish diets has been limited to certain fish
species. Coho salmon and chinook salmon can tolerate diets with up to
22% & 34% dietary cottonseed meal respectively. Dixon (1981) and
Jackson et al. (1982) indicated that cottonseed meal is a promising source
of protein in tilapia diets. In the same year, Jauncey & Ross used CSM at
100% level of inclusion without adverse effect.

The objective of this study was to determine the value of the two
protein sources (SBM & CSM) for tilapia and as substitutes for fish meal.

MATERIALS and METHODS

Two experiments were carried out, in this study, to compare the
nutritive value of the commercially available soybean meal (Exp.I) and
cottonseed meal (Exp.II) as a partial or complete replacer for fish meal in
practical diets of tilapia (O.niloticus) fish, on protein content basis.
A-Experimental design:

The study was performed in two experiments, the first for the
soybean meal testing and the second for that of cottonseed meal.
Experiment I:

Six isonitrogenous and isocaloric diets, were formulated to
contain 32% crude protein and about 4000 Kcal gross energy/ Kg diet.
Dietary protein was supplied either by fish meal, soybean meal (SBM) or
a mixture of fish meal and soybean meal (table 2). The protein sources in
the different diets were as follows:- 100% fish meal protein (diet I,
control), 75% fish meal protein; 25% SBM protein (diet 2), 50% fish
meal protein: 50% SBM protein (diet 3), 25% fish meal protein : 75%
SBM protein (diet 4), 100% SBM protein (diet 5) and 100% SBM
protein with methionine and lysine supplementation to match the level in
the control diet (diet 6).

Experiment II:

Six isonitrogenous and isocaloric diets were formulated as in Exp.
I, but the dietary protein was supplied either by fish meal, cottonseed
meal (CSM) or a mixtures of them (table 2). The share of the fish meal or
the cottonseed meal as a source of protein was planned the same as in the
first experiment with the control diet of the 100% fish meal and the
methionine-lysine supplemented diet number 6.
B-Fish and management:

In this study tilapia fingerlings of about 10gm body weight were
used and distributed to be 30 fish for each group, reared in two aquaria,
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and with a total of 360 fingerlings. Each aquarium was continually
aerated and full of dechlorinated tap water having a temperature of about
26°C, dissolved oxygen of 3.8mg/L, and pH of 7.2. To minimize stress of
handling, fish from each aquarium were weighed only at the beginning
and end of the study.

All fish were acclimated to the experimental conditions for 2
weeks. A total of 20 fish, at the start, and 5 from each aquarium at the
end of the experimental period, were randomly sampled for the analysis
of body composition.

C-Experimental diets:

All the experimental and control diets were formulated to satisfy
the requirement of tilapia fingerlings (NRC,1993). The calcium and
phosphorus content of the several diets could not be maintained at a
similar level, but it was stressed that calcium and phosphorus levels cover
the NRC requirements.

The chemical composition of fish, soybean and cottonseed meals
are shown in table (1) and the experimental diets in table 2).

In preparing the diets, the dry ingredients were ground to small
particles, thoroughly mixed, combined with water in mixer, pelleted by
forcing through 4mm holes and then kept to dry at room temperature. All
diets were stored at -20°C until immediately prior to feeding.

Amino acid content of the tested feedstuffs and experimental diets
are shown in tables (I & 3). The amino acid content of the protein
sources showed lower levels in both methionine and lysine in the soybean
and cottonseed meals when compared with fish meal. Chromic oxide
(0.5%) was added to the diets as an inert digestibility indicator.

Fish in the two experiments were fed to satiation on the
experimental diets for 60 days (two meals per day at 08.00am and
16.00pm ) and each experimental diet was fed to its duplicate aquaria.

-Parameters evaluated:

Weight gain, feed conversion (FC), apparent digestibility of
protein (APD), protein efficiency ratio (PER) were calculated according
to the methods of Castell and Tiews (1980).

E-Analytical techniques:

Dry matter, crude protein, ether extract and ash contents of the
tested materials and fish tissue were performed according to the standard
AOAC methods (1984).

226




Assiut Vei Med. J Vol 40 No. 80. January 1999,

F-Statistical analysis:

Statistical comparisons were made using one-way analysis of
variance (ANOVA). Mean differences between treatments were tested
for significancy (P 0.05) by Duncan’ s multiple range test (1955).

RESULTS

All the data of the present study are illustrated in the tables ( 1-10).

DISCUSSION

Diets:

Eleven tilapia diets were formulated for testing the two plant
protein sources and replacing the fish meal was at the rate of 25, 50, 75
& 100%. The diets contained nearly an equal protein content ranging
from 31.65 to 32.95% and with a maximum difference of 1.3 units. The
fat content differed as it reflects the amount of the high fat fish meal
(6.7%) compared with SBM (1.9%) and CSM (1.4%). The fibre content
increased as the plant protein sharing increased and ranges from 0.85 in
the fish meal diet to a maximum of 4.7 in the SBM diets and 10% in the
CSM ones.

The inclusion of FM in diet formulation increases its ash content
as it reaches 9.75% in the control one and decreases to 4 & 5.16% in the
SBM & CSM diet respectively. The percentage of ash and/ or fat in diets
and the nature of the ingredients especially the protein sources determine
the gross energy content which varied from 3864 to 4037 and with an
average of 3950 Kcal/ Kg diet.

Experiment I:

The performance of fish fed different levels of SBM protein
displayed in tables 4, 5, 6 and fig.1. Weight gain of fish fed the diets
containing 25% fish protein (20.88 g) and 100% soybean protein (13.33,
14.25 g) were less significantly (P<0.05) than that of fish fed diets
containing 50% (23.67 g), 75% (26.60 g) and 100 % (26.95 g) fish
protein. Weight gains did not differ significantly (P>0.05) among fish fed
diets containing 50% or more of dietary protein from fish meal (50, 75 &
100% fish protein). Jackson et al. (1982) found that there was no
appreciable difference in the growth of'tilapia fed a diet which contained
all of'its protein in the form of fish meal, and one where 25% of fish meal
have been replaced by SBM. Result obtained in this study are similar to
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those reported for previous experiments in soybean meal was substituted
for fish meal in diets for freshwater and marine fishes. Soybean meal
protein is inferior to fish meal as dietary protein supplement for plaice fish
(Cowey et al., 1971, 1974), chinook salmon (Fowler & Banks, 1976),
grass carp (Dabrowski & Kozak, 1979), and tilapia (Jackson et al,1982).
Blue tilapia (O.aureus) however, are reportedly capable of utilizing SBM
protein as effectively as fish protein when dietary protein level is
sufficiently high (Davis & Stickney, 1978).

However, major replacement of fish meal protein with SBM
protein in fish diets results in a reduction in growth rate with most fish
species including rainbow trout (Reichle, 1980; Dabrowski et al, 1989)
and tilapia aurea (Wu & Yan, 1977, Davis & Stickney, 1978; Jackson et
al, 1982). Growth depression caused by SBM substitution for fish meal
in formulated diets have been attributed to reduced diet digestibility
caused by increased levels of poorly digested SBM as that reported by
Dabrowski & Kozak, 1979 and Jackson et al., 1982 or poor availability
of phosphorus (Tacon et al., 1983).

Supplementation of the diet containing 100% SBM protein with
limiting amino acids (methionine and lysine) have no beneficial effect on
fish growth and feed conversion efficiency. Andrew and Page (1974)
reported that reduced weight gain in channel catfish fed a high SBM diet
and observed that methionine supplementation had no beneficial effect. A
hypothesis was put forward from studies with carp and catfish that this
may be due to the inability of the warmwater fish, in contrast to the
coldwater fish, to utilize free amino acids (Aoe et al.,1970; Page, 1974).
Dabrowski et al. (1989) stated that amino acid availability especially
methionine was reduced if SBM protein used in excess of 50% of the
diet. Without methionine supplementation, fish meal can be replaced
partly by SBM when dietary protein is suboptimal (24%) for tilapia
growth, but at the optimal level (32%), SBM depresses both growth and
feed conversion (Shiau et al, 1987). Sintayehu et al. ( 1996) found that
supplementation of SBM and CSM based-diets with methionine and
lysine did not enhance fish performance.

Feed consumption and feed conversion were affected by the
soybean and fish protein content of the diets (table, 4). Consumption
increased significantly (P<0.05) as the level of fish protein increased. This
is due to that the protein component of fish meal is the major factor
contributing to the schooling activity of fish and the attractability of the
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diet. Feed conversion was reduced when fish protein provided less than
50% of dietary protein.

The gross carcass composition of the whole body of tilapia at the
beginning and end of the exp. I are shown in table (5). Whole body
moisture content was highest (P<0.05) in fish fed the diets containing
25% fish protein and 100% soybean protein, while lowest in fish fed diets
containing 75% and 100% fish protein. An increase in the dietary level of
SBM resulted in a significant (P<0.05) decrease in the body fat content
and generally an increase in moisture content. The protein content was
however, not affected except for fish fed on the 100% SBM diet which
had a substantial reduction in the body protein. These results agreement
with that reported by Reigh & Ellis (1992) with red drum fish. Addition
of methionine and lysine have a little effect on the protein content of the
body.

The protein parameters for fish fed on the experimental diets in
exp.l are summarized in table (6). The results indicated that protein
retention was higher in the fish fed on diets containing fish meal or
mixtures of FM and SBM (7.26, 7.07, 6.37 & 5.21g) when compared to
those of fish fed on soybean meal only (2.39, 2.59g). The protein
efficiency ratio (PER) of the control group (1.78) and fish group fed on
25% SBM protein (1.75) was significantly (P<0.05) higher than other
treated groups. Protein retention and protein efficiency ratio were
improved as fish protein increased from 50% to 100% of dietary protein
and soybean protein decreased proportionally. No differences were
observed in comparing apparent protein digestibility (APD) values
obtained with the groups fed fish meal only or a mixture of SBM and fish
meal protein except the lowest APD with the fish fed on 100% SBM
protein diet. Adikwu (1997) reported that in fish groups fed on SBM,
growth performance and nutrient utilization declined (P<0.05) with
increasing dietary SBM content.

Experiment II:

The growth responses of fish fed different experimental diets in
exp.Il are shown in table (7) and fig.(1). The weight gain of fish fed on
the fish meal diet (24.80 g) was significantly (P<0.05) higher than noted
for fish fed on mixture of fish meal & CSM (18.75, 15.30 & 13.10 g) or
CSM alone (10.15 & 10.70 g). The poorest growth was found with fish
fed on 100% CSM protein (with or without AAs. supplementation). Feed
conversion ranged from 1.72 to 2.15 and the best rate was obtained when
fish fed on the control diet (fish meal protein). This poor growth of fish
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fed on CSM diets might have resulted from a high fibre contents of the
diets or poor amino acid availability. These results disagreed with that
reported by Dixon et al. (1981), Jackson et al. (1 982) and Jauncey &
Ross (1982) when fed CSM for tilapia. Low lysine & methionine
availability in CSM and their possible limitation to growth in fish fed
CSM based diets have been highlighted by Jauncey & Ross (1982). The
extremely high crude fibre content of CSM will almost certainly limit its
use as a major protein source within commercially pelleted fish feeds. The
gossypol in cottonseeds is concentrated in pigment glands. If during
mechanical processing, the gossypol is released it reacts with the amino
groups of the lysine rendering it unavailable. However, processing by
solvent extraction methods results in high levels of free gossypol
remaining in the glands but less binding of the lysine (Smith, 197 0). When
using cottonseed meal as a dietary ingredients for fish, attention should
be paid to levels of free gossypol and available lysine as well as the oil
extraction method used.

As to the whole body composition (table 8), the highest value of
protein content was found in the control group (68.15%), while the
lowest value in group fed on 100% CSM diet (56.30 %). Fat content of
the body was ranged from 10.15% to 15.71% and significantly (P<0.05)
decreased with the increasing level of the CSM in the diets as that
reported by Reinitz et al. (1978).

Protein efficiency ratio (table 9) was negatively associated with
the increase in the percentage of CSM in the diets. Estimated PER for the
different experimental diets ranged from 1.46 to 1.76 and was the best in
the control diet (1 .76). Higher values of PER and protein retained were
obtained for the diet containing 100% fish protein (1.76, 6.53g ), while
lowest values for diets containing 100% CSM protein (1.46, 1.65g) . This
may be due to the reduced efficiency in protein utilization or alternatively
leading to a depression in feed intake. Apparent protein digestibility was
significantly (P<0.05) decreased with increasing level of CSM in the
diets. This may be due to high fibre level which is known to decrease the
feed intake and its digestibility. Ofojekwu & Ejike (1984) indicated that
the tropical O.niloticus cannot be reared successfully by feeding diets
formulated from CSM alone.

Fish meal is usually incorporated in large amounts in fish diets
because of its high biological value. Attempts to use other proteins have
frequently resulted in decreased growth rate (Cowey & Sargent, 1979).
The performance of fish fed diets containing oil meals as SBM or CSM
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have been satisfactory only when they are included at low proportions,
while their inclusion as a primary source (more than 25-50% of the total)
leads to reduced growth (Cowey et al., 1971; Higgs et al.,1979; Jackson
et al, 1982). This may be the result of an improper balance of essential
AAs. or poor utilization of them. Machiels (1987) reported that fish
weight gain decreased where as increasing part of the fish meal was
replaced by alternative protein sources (SBM & CSM).

The slow growth of fish despite supplementation of the diets
containing either SBM or CSM with amino acids to approximate the
amino acid profile of fish meal diets could also be attributed to the poor
utilization of crystalline amino acids compared to whole protein. The
difference in absorption rates among amino acid will result in imbalance
of amino acids concentration at the cellular level and thus in poor
utilization (Cho et al., 1985).

The fact that adding methionine or lysine to the SBM or CSM
substituted diets did not enhance growth, raises the following
possibilities:(1) the unidentified growth factors which present in fish meal
are not protein or AAs but are other non-lipid and non-mineral
compounds. (2) free methionine or lysine are not efficiently utilized by
tilapia (3) a very delicate amino acid balance is present in fish meal and
the substitution of plant protein results in a severe imbalance.

Therefore, it can be concluded that the nutritional value of protein
contributed by fish meal was higher than that of the protein from either
SBM or CSM despite supplementation methionine and lysine. In need
SBM can be used for tilapia at a maximum replacement of 50% while
CSM appears to be inefficiently utilized.
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Table(1):Chemical composition and amino acid content of the protein
sources expressed in percentage (on as-fed basis)

Composition Protein sources
Fish meal Soybean meal Cottonseed meal

Chemical composition:

Dry matter 93.0 89.0 94.0
Crude protein 61.1 445 402
Crude fat 6.70 1.90 1.40
Crude fibre 0.60 6.50 13.50
Ash 20.40 6.00 7.10
Nitrogen free extract 4.20 30.10 31.80
Amino acids contents:

Arginine 421 339 397
Histidine 1.34 1.19 0.83
Isoleucine 2.67 203 115
Leucine 452 3.49 1.80
Lysine 4.53 2.85 189
Methionine+cystine 243 127 0.95
Phenylalanine+tyrosine 428 3.79 2.90
Threonine 257 1.78 1.02
Tryptophan 0.60 0.64 042
Valine 3.02 2.02 1.68
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