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Abstract

Ž .Juvenile Barbodes altus 0.90"0.02 g body weight were fed 42% crude protein diets in
Ž . Ž .which dietary protein was supplied by brown fish meal FM 60% crude protein or an

Ž .isonitrogenous mixture of soybean defatted, with hulls, 44% crude protein and FM. Diet 1 was a
Ž Ž ..control diet containing 73% FM 100% fish meal protein FP as a protein source and without

Ž . Žany soybean meal SP . Diets 2–4 contained 27%, 37%, and 52% SBM with FM ratios of FP to
Ž . .soybean meal protein SBM were 3:1, 2:1, and 1:1, respectively . Fish fed the diet containing

Ž .FPrSP ratio of 1:1 had significantly P-0.05 lower weight gain and feed efficiency than fish
fed with the other diets. There was no significant difference in body weights of fish fed with the

Ž .other three diets. When compared to the control Diet 1 , fish fed with the other three diets did not
show any significant difference in body protein content. However, body fat content was signifi-
cantly higher in fish fed with the control diet than the fish fed with diets containing FPrSP ratios
of 2:1 and 1:1. Whole-body ash content was significantly lower in fish fed with a diet containing
fish-proteinrsoy-protein ratio of 1:1 than in those fed the other diets. The results of the present
study indicate that SBM may be included in the diet up to 37% as a substitute for FM, replacing
about 33% of FP. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ž .Soybean meal SBM , having high protein content and favourable amino acid profile
that closely meets the requirements of fish, is consistently available and reported to be

Ž . Ž .palatable to most species of fish Lim and Akiyama, 1992 . Refstie et al. 1997 reported
that rainbow trout would rapidly adapt to dietary SBM. Diets with SBM are palatable

Ž .and readily accepted by Atlantic salmon, previously adapted to fish meal FM -based
Ž .diets Refstie et al., 1998 . Solvent-extracted SBM is more palatable for small seabass

Ž .than extruded or steamed full-fat SBM Boonyaratpalin et al., 1998 . In some fish,
palatability of diets containing soybean products may be improved by adding other

Žprotein sources, such as corn gluten meal, blood meal, blue mussel meat and krill Arndt
.et al., 1999; Kikuchi, 1999 .

Many studies have shown considerable success in partial or total replacement of FM
Žwith SBM and other soybean products in diets for various fish species Reinitz, 1980;

Mohsen and Lovell, 1990; Vivyakarn et al., 1992; Webster et al., 1992a,b, 1995; Olli et
.al., 1995; Boonyaratpalin et al., 1998; Quartararo et al., 1998; Arndt et al., 1999 . The

discrepancy among researchers regarding the use of SBM as a protein source for fish
may be related to the quality and processing of SBM, variation in diet formulation, and
differences in fish species, size and culture systems. The main limitations in the use of
SBM are attributed to the low level of methionine and the presence of anti-nutritional

Ž .factors Wilson and Poe, 1985; Olli et al., 1994a . On the other hand, heat treatment of
Žsoybeans improved growth performance and feed utilization in trout Sandholm et al.,

. Ž . Ž .1976 , common carp Nour et al., 1989 , and coho salmon Arndt et al., 1999 . Viola et
Ž .al. 1983 reported that heating SBM at 1058C for 30–90 min destroyed most of the

protease inhibitors present. However, heating may cause loss of essential amino acids
Ž .Plakas et al., 1985 .

Soybeans contain many antinutritional factors, such as, protease inhibitors, non-di-
gestible carbohydrates, lectins, saponins, phytates, and possibly allergenic storage

Ž .proteins Liu, 1997 . Among several soybean compounds which have been implicated in
Žhindering digestion in fish Spinelli et al., 1983; Olli and Krogdahl, 1994; Bureau et al.,

.1998; Storebakken et al., 1998; Refstie et al., 1999 , non-starch polysaccharides may
Ž .play a leading role. Refstie et al. 1999 have demonstrated a negative effect of soybean

non-starch polysaccharides on digestion and absorption of lipid in Atlantic salmon.
Non-starch polysaccharides are probably also responsible for a slower rate of gastro-

Žintestinal passage in fish fed diets with SBM when compared to FM Storebakken et al.,
. Ž .1999 . Inclusion of non-starch polysaccharides guar galactomannans and alginates in

the diets for salmonid fish reduces the availability of nutrients when compared to
Žnon-starch polysaccharide free diets Storebakken, 1985; Storebakken and Austreng,

.1987 . In chickens, the digestibility of dry matter coincided with the content of
non-digestible soybean non-starch polysaccharides and a similar trend was also seen in

Ž .Atlantic salmon for digestibility of organic matter Refstie et al., 1999 . In addition, this
non-digestible fraction of carbohydrates results in a relatively low digestible energy
content in SBM. Multi-enzyme preparations designed to act on SBM non-starch
polysaccharide substrates failed to induce any improvement in the growth of broilers fed

Ž .SBM diets Irish and Balnave, 1993 . Phytate in SBM may reduce bioavailability of
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Ž .protein and minerals Spinelli et al., 1983; NRC, 1993; Storebakken et al., 1998 .
Phytate-phosphorus is unavailable or poorly available to monogastric animals, including

Ž .fish NRC, 1993 . Improved absorption and retention of phosphorus from diets contain-
Žing SBM with phytase supplementation has been demonstrated in rainbow trout Riche

. Ž .and Brown, 1996; Lanari et al., 1998 and common carp Kim et al., 1996 . Moreover,
ŽPhytic acid affects the activation of trypsinogen and stability of trypsin Caldwell,

.1992 .
Barbodes altus, commonly known as tin foil barb, is an economically important

aquarium fish and widely cultured in Singapore and Malaysia for export. This is also an
important food fish, cultured in floating cages in Vietnam and feeds on a wide variety of

Ž .animal and plant matter Rainboth, 1996 . In one of our previous experiments, the
protein requirement of juvenile B. altus was determined to be 42% of the diet
Ž .Elangovan and Shim, 1997 . Fish farmers in Singapore and Malaysia predominantly use
commercial diets to rear B. altus. Most of the commercial diets contain FM as the main
source of protein, and rising cost of FM increases the production cost of fish feed. The
objective of this experiment was to study the potential of SBM as a partial replacement
for FM in the diet of B. altus.

2. Materials and methods

2.1. Experimental diets

Ž . ŽMechanically extracted defatted and heat treated SBM with hulls 44% crude
. Žprotein, 3.5% crude fat, 7% ash; as is basis and brown FM from tuna 60% crude
.protein, 9.6% crude fat, 15% ash; as is basis were purchased from Marine Feeds

Private, Singapore. Four isoenergetic diets were formulated to contain various percent-
ages of SBM as partial replacement for FM. All diets were isonitrogenous and contained
42% protein, as we have previously reported, the protein requirement of B. altus for

Ž .maximum growth was 42% of the diet Elangovan and Shim, 1997 . Diet 1 is with 73%
FM and without any SBM served as the control. Diets 2, 3 and 4 contained 27%, 37%,

Žand 52% SBM and 55%, 49%, and 36% FM, respectively ratio of fish meal protein
Ž . Ž . .FP to soybean meal protein SP , 3:1, 2:1 and 1:1, respectively . The composition and
proximate analysis of the experimental diets are given in Table 1.

SBM was ground to powder form in a mill. All dry ingredients were mixed
thoroughly for 30 min in a Kenwood food mixer. Then, oil was added and the diets were
mixed again for 10 min. The prepared diets were packed in separate plastic bags and
stored at y308C. Wet feed was prepared weekly. The calculated amount of dry feed for
a week for each tank was mixed with an equal amount of distilled water to form a paste
Ž .wet feed and stored at 48C. Fish were fed at a rate of 6% body weight daily, as two

Ž . Ž .equal feedings in the morning 0900 and evening 1600 . During the course of the
experiment, fish in all tanks ate all the food as soon as they were fed and no food was
left over. Fish were bulk-weighed every 2 weeks and counted to record growth and
determine the daily ration for the subsequent fortnight. The feeding trial was carried out
for 8 weeks.
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Table 1
Ž .Composition and proximate analysis of experimental diets gr100 g diet

Ingredient Diet 1 Diet 2 Diet 3 Diet 4
aControl FP:SP

100% FP 3 FP:1 SP 2 FP:1 SP 1 FP:1 SP
bFish meal 73.0 54.8 48.5 36.0

bSoybean meal – 26.7 36.5 51.5
Cod liver oil 4.0 3.0 2.0 1.0
Dextrin 4.5 2.5 1.5 0.5
Cellulose 7.5 2.0 0.5 –

cCMC 3.0 3.0 3.0 3.0
dMineral mix 6.0 6.0 6.0 6.0
eVitamin mix 2.0 2.0 2.0 2.0

Proximate composition analysed
Crude protein 43.26 42.76 42.81 42.18
Crude lipid 12.52 11.99 11.15 11.91
Ash 12.31 10.92 9.71 9.68

f Ž .GE kJrg 18.03 18.74 18.87 18.95
gPrE 24.27 22.81 22.59 22.25

a Ž . ŽFPs fish meal protein brown fish meal from tuna , SPssoybean meal protein mechanically extracted
.and heat treated soybean meal .

b Purchased from Marine Feeds Private Ltd., Singapore.
cCarboxymethylcellulose.
d Ž .Mineral mix contains grkg diet : CaHPO P2H O, 18.00; CaCO , 14.00; MgSO P7H O, 5.10; FeSO P4 2 3 4 2 4

7H O, 1.00; NaHCO , 6.88; MnSO PH O, 0.35; KIO , 0.01; CoCl P6H O, 0.002; Na MoO P2H O, 0.008;2 3 4 2 3 2 2 2 4 2
Ž .NaSeO , 0.002; KH PO , 11.996; ZnCO , 0.15; CuSO P5H O, 0.03; NaCl, 2.47; Al SO , 0.02.3 2 4 3 4 2 2 4 3

e Ž .Vitamin mix contains gr100 g of mix : thiamin, 0.100; pyridoxine, 0.100; folic acid, 0.025; ascorbic
acid, 2.00; pantothenic acid, 0.300; myo-inositol, 2.00; biotin, 0.010; niacin, 0.750; cyanocobalamin, 0.001;
riboflavin, 0.100; retinol acetate, 0.040; tocopheryl acetate, 0.200; menadione, 0.400; cholecalciferol, 0.003;
dextrin, 93.971.

fGEsgross energy.
g PrEsprotein to energy ratio in mg proteinrkJ.

2.2. Experimental procedure

Ž .Juvenile tin foil barbs B. altus were obtained from a private farm in Singapore and
Ž .stocked in the experimental tanks 89=44=45 cm for 2 weeks before the beginning

of the experimental regime, in order to condition the fish to the laboratory system and
handling procedures. During the acclimatization period, the fish were fed a commercial

Ž . Ždiet 37% protein . At the start of the growth trial, uniform-sized fish 0.90"0.02 g
.body weight were randomly distributed into 12 tanks, with three replicates per diet.

Thirty fish were stocked in each tank. The tanks were connected to a continuous
recirculatory system, in which dechlorinated freshwater from a holding tank was
recirculated through biological and mechanical filters and sterilized with UV light.
Continuous aeration was provided to each tank through air stones connected to a central
air compressor. Water flow rate was maintained at 2.3 lrmin. Water temperature and pH
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were measured every 3 days. The water temperature varied between 278C and 308C and
the pH ranged from 6.5 to 7.3 during the experimental period.

2.3. Final sampling and chemical analyses

Prior to final weighing and sampling for chemical analysis, fish were starved for 24
h. At the termination of the experiment, seven fish from each tank were randomly
collected for proximate analysis. Fish were killed by immersing in ice water. Diets and
fish carcass samples were analysed for crude protein, crude fat, ash, and moisture
according to the methods described by the Association of Official Analytical Chemists
Ž .AOAC, 1990 . Water content was measured by drying samples at 1058C to constant

Ž .weight in an oven Memmert, Germany . Crude protein was determined using a Kjeltec
Ž .autoanalyser Tecator Kjeltec Auto 1030 Analyser, Sweden . Protein was calculated as

ŽN=6.25. Crude fat was estimated using Soxhlet apparatus Tecator Soxtec System HT
.1043 Extraction Unit, Sweden with petroleum ether and ash by heating at 5508C for 24

Žh in a Thermolyne type 6000 programmable ashing furnace Carbolite Furnaces, model
.CSF 1100 . The energy content of the diets was determined by a ballistic bomb
Ž .calorimeter Gallenkamp, England .

2.4. Calculation of fish performance and statistical analysis

Dry feed consumed gŽ .
Feed conversion ratio FCR sŽ .

Wet weight gain gŽ .

Wet weight gain gŽ .
Protein efficiency ratio PER sŽ .

Protein consumed gŽ .

ln final weight g y ln initial weight gŽ . Ž .
Specific growth rate SGR s =100Ž .

Time daysŽ .
Ž .Data were analyzed by one-way analysis of variance ANOVA using SAS ANOVA

Ž .procedure SAS, 1987 . Duncan’s multiple-range test was used to compare differences
among means. The level of significance was chosen at P-0.05 and the results are

Ž .presented as means"standard error of the mean SEM .

3. Results

The weight gain response and feed performance data of B. altus fed diets containing
different percentages of SBM and FM are shown in Table 2. Among the treatments, the
weight gain of fish fed with Diets 1–3 were not significantly different from each other.
However, weight gain of the fish fed with Diet 4, containing FP and SP in the ratio 1:1,

Ž .was significantly lower than fish fed the control Diet 1 and other diets. FCR ranged
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Table 2
Mean initial body weight, weight gain, FCR, SGR, PER, and survival of B. altus fed test diets containing
different ratios of FP and SP for 8 weeks1

Diet

Ž . Ž . Ž . Ž .1 100% FP 2 3 FP:1 SP 3 2 FP:1 SP 4 1 FP:1 SP

Ž .Initial weight grfish 0.92"0.01 0.91"0.02 0.92"0.01 0.90"0.02
a a a bŽ .Weight gain grfish 5.17"0.10 5.09"0.23 5.09"0.17 3.23"0.57
a a a bSGR 3.35"0.08 3.34"0.09 3.35"0.04 2.67"0.24
b b b aFCR 1.50"0.02 1.48"0.04 1.49"0.06 2.01"0.22
a a a bPER 1.57"0.01 1.59"0.05 1.57"0.06 1.11"0.09

Ž .Survival % 100 100 96.7 100

1 Data are mean values of three replicates. Values are mean"SEM. Means within a row having different
Ž .superscripts were significantly different P -0.05 .

from 1.48 to 2.01 and PER varied from 1.11 to 1.57 among the treatments. PER and
FCR were significantly lower and higher, respectively, in fish fed with Diet 4 than that
of fish fed with the other three diets. However, FCR and PER were not significantly
different among fish fed with Diets 1–3. Survival of fish in the treatments ranged from
96.7% to 100%. The general health and appearance of all test fish were good and the
fish in all treatments were very active.

The whole body composition of fish after 8 weeks of growth trial is given in Table 3.
Whole-body moisture content significantly increased as the amount of SBM in the diets
increased. Conversely, the whole-body lipid significantly decreased. The reduction in
whole-body ash seemed numerically linear as the FP was replaced with SBM crude
protein from 25% to 50% in the diets. However, ash content was significantly lower in

Ž .fish fed with Diet 4 1 FPr1 SP , containing 37% SBM than in those fed with the other
three diets, but whole-body ash content was not significantly different among the fish
fed with Diets 1–3. Crude protein content was highest in fish fed with Diet 3 and it was
not significantly different from that of fish fed with Diets 1 and 2. However, the crude
protein content of fish fed with Diet 4 was significantly lower than that of fish fed with
Diet 3, but not significantly different from that of fish fed with Diets 1 and 2.

Table 3
Ž .Whole body composition % wet weight of B. altus after 8 weeks of feeding test diets containing different

ratios of FP and SP1

Diet As percentage of wet weight

Ž .Moisture % Crude protein Crude fat Ash
d ab a aŽ .1 100% FP 73.44"0.16 16.52"0.12 7.70"0.10 3.55"0.03
c ab ab aŽ .2 3 FP:1 SP 74.02"0.08 16.58"0.10 7.03"0.30 3.53"0.03
b a b aŽ .3 2 FP:1 SP 74.70"0.09 16.98"0.08 6.61"0.20 3.43"0.09
a b b bŽ .4 1 FP:1 SP 75.73"0.08 16.38"0.21 6.77"0.14 3.17"0.02

1 Data are mean values of three replicates. Values are mean"SEM. Means within a column having
Ž .different superscripts were significantly different P -0.05 .
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4. Discussion

The inclusion of SBM up to 37% in the diet, replacing about 33% of the FP, did not
Žaffect the growth rate when compared with the control diet containing 73% FM 100%

.FP . This is in agreement with results obtained with several fish species. Vivyakarn et al.
Ž . Ž .1992 reported that substitution of 55% FP with SBM without crystalline amino acids

Ž .did not impair growth and feed efficiency in yellowtail. Watanabe et al. 1992
demonstrated that SBM could be included as a protein source up to 30% in place of FM
Ž .substitution of about 55% FM in soft-dry pellets for yellowtail. Olli and Krogdahl
Ž .1995 reported that replacement up to 20% of high quality FP with SP in diets for
Atlantic salmon was suitable without growth reduction. Further, a few reports on very
high substitution of FP with SBM supplemented with amino acids or other protein
sources in the diets of fishes have also been documented. Substituting 75% of FP with
SBM was possible in the diet of hybrid striped bass with methionine supplements
Ž . Ž .Gallagher, 1994 . McGoogan and Gatlin 1997 grew red drum successfully with diets
in which 90% of FP was replaced by SBM with additions of amino acids. Webster et al.
Ž .1995 suggested that a methionine supplemented diet with an all plant protein source
Ž .SBM could totally replace FM in a diet for blue catfish, without adverse effects on
weight gain or body composition, when the protein level was 35% and fish were fed to

Ž .satiation. Moreover, Kikuchi 1999 has shown that about 45% of FP can be replaced
with defatted SBM in combination with blood meal or corn gluten meal and blue mussel
meal without any amino acid supplement.

In this study with juvenile B. altus, when SBM was used to replace 50% of the FP
Ž .52% SBM in Diet 4 , growth was significantly reduced. Growth reduction could have

Ž . Ž .been due to higher FCR and lower PER Table 2 . Higher FCR poor and lower PER
Ž .have also been previously reported in yellowtail Vivyakarn et al., 1992 and Japanese

Ž .flounder Kikuchi, 1999 when SBM was included at high levels in the diet. Replace-
ment of FM with SBM in fish diets has variable success, indicating the wide variation
possible in the nutritive value of SBM for various fish species. Previous studies on
various fish species have revealed that the level of FM replacement with SBM and

Žgrowth rate are inversely related Pongmaneerat and Watanabe, 1992; Reigh and Ellis
.1992; Webster et al. 1992b . Several hypotheses have been suggested to explain the

results of those studies in which growth was reduced and these could also be the
Ž .possible reasons in our study. 1 The presence of trypsin inhibitors in crude SBM may

Ž .cause growth reduction Wilson and Poe, 1985; Olli et al., 1994a . Inclusion of high
dietary levels of crude trypsin inhibitors from soybean reduced protein digestibility in

Ž . Žrainbow trout Krogdahl et al., 1994 and fat digestibility in Atlantic salmon Olli et al.,
. Ž .1994a . 2 Sub-optimal amino acid balance of SBM may lead to negative effects in fish.

Ž .Dabrowski et al. 1989 reported decreased amino acid absorption in rainbow trout,
especially methionine, if SBM was used above 50% of the total formulation of the diet.

ŽReplacement of about 50% of FP by SP in the diets for Japanese flounder Kikuchi et
. Ž .al., 1994 and red drum Reigh and Ellis, 1992 did not reduce the growth, if deficient

amino acids were properly supplemented. In the present study, weight reduction in B.
altus when fed with Diet 4 may also be due to low amino acid availability as the diet
had 52% SBM in the total formulation. In this study, Diet 4 contained methionine
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Ž . Ž . Ž .0.82% less than that of control 1.07% and other diets Table 4 . Therefore, it is
presumed that Diet 4 may have contained methionine as a level less than the require-

Ž .ment of B. altus and this possibly may have affected growth rate. 3 Fish fed with the
Diet 4 had a significant reduction in ash content and this may be related to phytic acid in
SBM, which has the ability to reduce the availability of several minerals such as

Žcalcium, magnesium, zinc, iron, and phosphorus, compared with FM NRC, 1993;
.Lanari et al., 1998; Storebakken et al., 1998 . Apparent and true phosphorus availability

values for SBM were lower than those of FM when evaluated for rainbow trout, and
supplementation of SBM diets with phytase enzyme significantly increased phosphorus

Ž .availability Riche and Brown, 1996; Lanari et al., 1998 . Decreased weight gain, feed
efficiency, and zinc content in the vertebrae of catfish were observed when phytate level

Ž .was increased from 1.1 to 2.2 in the diets Satoh et al., 1989 .
The reduced carcass fat content with increased SBM in diet is also consistent with

Ž .earlier findings Mohsen and Lovell, 1990; Reigh and Ellis, 1992; Olli et al., 1995 ,
even though levels of lipid and gross dietary energy were equal among all diets. Higher

Žlevel of SBM has been reported to reduce fat digestibility in fish Olli and Krogdahl,
. Ž .1994; Olli et al., 1994b . Further, Olli and Krogdahl 1995 have also demonstrated that

alcohol-soluble components of SBM comprise antinutrients, which negatively affect fat
digestibility, particularly the long chained, saturated and monosaturated fatty acids in
Atlantic salmon. This may also be one of the reasons for reduced carcass fat content and

Ž .growth rate in fish fed with the Diet 4, containing larger proportion 52% of the diet of
SBM. In this study, while SBM was the primary source of carbohydrate-energy in the
diets containing high level of SBM, dextrin was the primary carbohydrate-energy in

Table 4
Ž .Calculated amino acid composition of control Diet 1 and experimental diets containing various percentages

Ž .aof soybean meal and fish meal amino acids as percentage of diet

Amino acid Diet 1 Diet 2 Diet 3 Diet 4
bControl FP:SP

100% FP 3 FP:1 SP 2 FP:1 SP 1 FP:1 SP

Arginine 2.50 2.78 2.89 2.97
Histidine 1.27 1.28 1.28 1.24
Isoleucine 1.79 1.88 1.92 1.93
Leucine 2.77 3.00 3.11 3.14
Lysine 2.96 2.98 3.01 2.93
Methionine 1.07 0.96 0.92 0.82
Cystine 0.34 0.45 0.49 0.53
Phenylalanine 1.57 1.77 1.85 1.91
Tyrosine 1.23 1.35 1.39 1.42
Threonine 1.69 1.75 1.77 1.75
Tryptophan 0.42 0.48 0.56 0.54
Valine 2.02 2.06 2.08 2.02

a ŽAmino acid composition of the diets was calculated from the tables of feed ingredient composition NRC,
.1993 .

b FPs fish meal protein; SPssoybean meal protein.
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Ž .diets with the higher level of FM Table 1 . SBM contains approximately 30%
Ž .carbohydrates, with 10% oligosaccharides 5% sucrose, 4% stacchyose, 1% raffinose ,

Ž .1% starch, and 20% non-starch polysaccharides Snyder and Kwon, 1987; Liu, 1997 .
Non-starch polysaccharides, mainly consisting of cellulose, hemicellulose, and pectins,
and oligosaccharides, such as stacchyose and raffinose are not digested and absorbed by

Ž .monogastric animals Lim and Akiyama, 1992 . Only, sucrose and a trace of starch from
SBM are available. Non-starch polysaccharides affect digestion of nutrients negatively
Ž .Refstie et al., 1999 and are responsible for a delayed gastrointestinal evacuation in

Ž .Atlantic salmon Storebakken et al., 1999 . Therefore, it is understandable that to the
fish fed with Diet 4, containing 52% SBM, most of the carbohydrates may have been
completely unavailable. In contrast, the control and the other two diets contained
relatively more dextrin, which may be a good source of blood glucose to the tin foil

Ž .barb, as many fish NRC, 1993; Rawles and Gatlin, 1998 utilize dextrin effectively.
Hence, difference in digestible energy between SBM and dextrin may have caused
differences in available energy among diets. The relative use of dietary carbohydrate by

Žfish varies and appears to be associated with the complexity of the carbohydrate NRC,
.1993 . Moreover, it may be possible that B. altus fed higher levels of FM might have

converted a larger portion of dietary protein to lipid, if amino acid intake was in excess
of requirements.

Moisture and fat usually vary inversely in fish flesh, while the protein is more
Ž .constant Belal and Assem, 1995 . In this study, whole-body moisture content increased

and body fat decreased with increasing dietary SBM as has been reported for Atlantic
Ž . Ž .salmon Olli et al., 1995 and Japanese flounder Kikuchi et al., 1994 . However, no

Ž .difference in the body-moisture content of rainbow trout Reinitz, 1980 and blue catfish
Ž .Webster et al., 1992b have been reported when fed wih diets containing various levels
of SBM, replacing FM.

5. Conclusion

This study demonstrates that SBM may be used as a source of protein in combination
with FM in the diet for juvenile B. altus. The results of this experiment suggest that a

Ž .diet containing 42% crude protein with 2:1 mixture of FP and SP 37% SBM in the diet
was adequate for normal growth in B. altus. SBM substitution for FM supplemented
with other protein sources and amino acids have shown encouraging results in some

Ž .fishes McGoogan and Gatlin, 1997; Quartararo et al., 1998; Kikuchi, 1999 . Hence, it is
Ž .recommended that further evaluation of different types dehulled and solvent extracted

Ž .of SBM and other soybean products soy flour and soybean protein concentrates in high
percentages in diets supplemented with amino acids or other protein sources on growth
of B. altus should be conducted in the future.
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