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ABSTRACT

A 12-week feeding trial was conducted in aquaria with (0.9 + 0.01g) Nile tilapia,
Oreochromis niloticus fry, to examine the effect of totally replacing fish meal with high
(33%) percentage of soy bean meal (SBM) in prepared diet. Five isonitrogenous (31.5%
crude protein) and isocaloric (2.84 kcal /g digestible energy of diet) diets were formulated.
Diet 1 was similar to a high- quality commercial tilapia diet, containing 10 % fish meal and
24 % SBM. Diets 2-5 contained 0 % of fish meal and 33 % SBM with various amounts
(0.5 %, 1 %, 1.5 % and 2 %) of L-methionine added. After 12 weeks, the results
revealed that, there is a significant difference in the final individual weight, weight gain %,
specific growth rate (SGR), feed conversion ratio (FCR), protein efficiency ratio (PER)
and food intake among fish groups ( P < 0.01). The best final individual weight, weight
gain %, specific growth rate, feed conversion ratio, protein efficiency ratio (PER), and
food intake were recorded with diet 3, which contained 33 % SBM and 1 % methionine
and there was no significant difference between it and diet 1 (control). The survival rate
did not differ among the fish groups and the morphological examination did not reveal any
morphological differences in the fish fed diet 1 (control) and diets 2-5 which contained 33
% SBM with various percentages of supplemental L-methionine. Fish flesh compositions
were not significantly different (P > 0.05) among treatments and averaged 75.87 %, 16.46
% and 9.69 % for percentage moisture, fat and ash, respectively, while for percentage
protein was significantly different (P < 0.01) and the best result was achieved in case of
fish fed diet 3 and diet 1(control). These suggest that a diet with 33 %(SBM)
supplemented with 1% L-methionine can totally replace fish meal in a diet for Nile tilapia
(Oreochromis niloticus) fry, without adverse effect on fish performance or body
composition, when the dietary protein level is 31.5 % and fish fed to satiation.

INTRODUCTION

Fish meal is one of the most expensive ingredients in prepared fish diets. Fish
nutritionists have tried to use less expensive plant protein sources to partially or totally
replace fish meal. Soy bean meal (SBM) is considered to be one of the most nutritions of
all plant protein foodstuffs (Lovell, 1988). However, growth has often been reduced in
fish fed diets with SBM replacing all the fish meal (Cowey, et al., 1974; Lovell, et al.,
1974; Murai, et al., 1986; Shiau, et al., 1987; Reigh and Ellis, 1992). One possible reason
may be the activity of protease (Trypsin) inhibitors in crude or inadequately heated SBM



(Dabrowski and Kozak, 1979 ; Wilson and Poe 1985). However, this may not be of
practical importance since commercially available SBM usually has little trypsin inhibitor
activity if adequately processed (Webster, et al., 1992a). A second possible reason may
be suboptimal amino acid balance of SBM (Dabrowski, et al., 1989). It has been reported
that addition of supplemental methionine improved growth in common carp, Cyprinus
carpio L., fed diets with soy flour (Murai, et al., 1982; 1986). A third possible
explanation may be that the energy content of SBM is lower than that of fish meal in diets
for fish (Viola, et al., 1983; Hilton and Slinger, 1986). Lastly, SBM may have reduced
digestibility’s of minerals, especially phosphorus, compared with fish meal (Liebowitz,
1981).

The purpose of the present study is to evaluate commercially available soy bean
meal as total replacement for fish meal in diets and to know the effects of supplementation
with various percentages of L-methionine on Nile tilapia fry.

MATERIALS AND METHODS
Experimental diets

Five experimental diets were formulated. Diet 1, with 24 % hexane-extracted
SBM and 10 % menhaden fish meal was formulated to be a high-quality commercial tilapia
fish diet. The other four diets (diets 2-5) contained 0 % fish meal, 33 % SBM and various
percentages ( 0.5, 1, 1.5 and 2 %) of supplemental crystalline L-methionine (Table 1).
Amino acid composition of the diets were calculated from tabular values provided for diet
ingredients (NRC, 1993). All diets were formulated to be isonitrogenous (31.5 %
protein) and isocaloric ( 2.84 kcal digestible energy per g of diet).

In preparing the diets, dry ingredients were first ground to a small particle size
(approximately 250 um) in a Wiley mill. Ingredients were thoroughly mixed and then
thoroughly added water to obtain a 30 % moisture level. Diets were passed through a
mincer with die into 0.4-mm diameter spaghetti - like strands and were dried under sun for
8 h. After drying the diets were broken up and sieved into appropriate pellet sizes.
Percentage protein of the diets was determined by micro-kjeldahl, percentage fat was
determined by ether extract method, and moisture was determined by drying (100 C) until
constant weight (AOAC, 1990). Digestible energy (DE) was estimated from the diet
ingredient as established for Oreochromis nilotica (Santiago et al., 1982). Diets were also
analysed for amino acid composition (Table 2 and Fig.1). Samples of diets were prepared
for analyses by method 982.30, d and e (AOAC, 1990) and measured by using amino acid
analyzer (Chromaspek-Rank Higer).

Experimental system and animals

The feeding trial was conducted in 15 glass aquaria each containing 80 liter of
dechlorinated tap water. About one third of water volume in each aquarium was daily
replaced by aerated fresh water after cleaning and removing the accumulated excreta. All
aquaria were supplied with compressed air for oxygen requirements. Continuous
illumination was supplied by fluorescent ceiling lights.

Water temperature and dissolved oxygen were measured every other day using a
YSI Model 58 oxygen meter. Total ammonia and nitrite were measured twice weekly
using a DREL, 2000 spectrophotometer. Total alkalinity and chloride were monitored
twice weekly using the titration method, pH was monitored twice weekly using an



Table 1: Composition of a diet similar to a high-quality commercial tilapia diet (with fish
meal) and experimental diets (without fish meal) fed to Oreochromis nilotica fry.
All diets without fish meal contained various percentages of supplemental

L-methionine.
Diet
1 2 3 4 5

Ingredient (%)

Menhaden fish meal 10.0 0.0 0.0 0.0 0.0
Meat meal 20.0 20.0 20.0 20.0 20.0
Soy bean meal 24.0 335 33.0 32.5 32.0
Wheat bran 20.0 20.0 20.0 20.0 20.0
Corn meal 20.0 20.0 20.0 20.0 20.0
Vegetable oil 5.0 5.0 5.0 5.0 5.0
Premix * 1.0 1.0 1.0 1.0 1.0
L-methionine 0.0 0.5 1.0 15 2.0
Proximate analysis

Moisture 12.6 11.7 10.5 12.0 11.6
Crude protein 31.6 31.3 31.2 31.5 31.7
Crude fat 10.7 11.1 10.5 9.8 9.7
Ash 6.0 5.2 5.7 55 6.1
Crude fiber 5.0 5.0 5.0 4.8 4.7
CHO 34.1 35.7 37.1 36.9 36.2
DE (kcal /g) ° 2.8 2.9 2.9 2.8 2.8
P:E ratio ® 113 108 108 113 113

! Premix supplied the following vitamins and minerals(mg or 1U)/ kg of diet, vit. A, 8000
I.U.; vit. D3, 4000 1.U.; vit. E 50 I.U.; vit. K3, 19 1.U.; vit. B,, 25 mg; vit. B3, 69 mg;
Nicotinic acid, 125 mg; Thiamin, 10 mg; Folic acid, 7 mg; Biotin, 7 mg; vit. B1,, 75 mg;
Cholin, 400 mg; vit. C, 200 mg; Manganese, 350 mg; Zinc, 325 mg; Iron, 30 mg; lodine,
0.4 mg; Cobalt 2 mg; Copper, 7 mg; Selenium, 0.7 mg and 0.7 mg B.H.T. according to
Lovell, 1989).

“Digestible energy calculated based on 3.5 kcal /g for protein, 8.1 kcal /g for ether extract
and 2.5 kcal /g for CHO (Santiago, et al., 1982).

%p:E = protein to energy ratio (as mg protein /kcal of DE).

electronic pH meter (pH pen; Fisher Scientific, Cincinnati, OH). During the 12-week
feeding trial, the water - quality parameters averaged (+ SD): water temperature, 27.4 +
0.8 C: dissolved oxygen, 6.7 + 0.5 mg /I : total ammonia, 0.20 + 0.14 mg /I : nitrite, 0.07
+ 0.05 mg /| : total alkalinity, 180 + 46 mg /I : chlorides, 573 + 151 mg /| : pH, 85 +
0.16.

A set of 450 Nile tilapia (Oreochromis niloticus) fry average weight 0.9 + 0.01 g
were collected from the stock of fish research laboratory in Shebin EI-Kom, Faculty of



Agriculture, Menofiya University and were used for the feeding trial. Thirty fish were
randomly stocked into each aquarium with three replications per treatment. After
stocking, to minimize stress of handling, fish from each aquarium were weighed every 2
weeks and at the end of the feeding trial. Total length of each fish was measured at the end
of the trial. All fish were fed the quantity of food they could consume in 40 min. twice
daily ( 0800 and 1600 h) for 12 weeks. At the start and end of the feeding trial a number
of fish were killed by decapitation (15 at stocking and six fish per aquarium at the end),
homogenized in a blender, stored in polyethylene bags, and frozen for subsequent protein,
fat, moisture and ash analysis, according to AOAC, (1990).

Growth performance and feed conversion were measured in terms of final
individual fish weight (g), total length (mm), survival (%), specific growth rate (SGR, %
day ™), feed conversion ratio (FCR), protein efficiency ratio (PER), and food intake(%
body weight). Growth response parameters were calculated as follows : SGR (% day™) =
({log W; - log Wi}/ T ) x 100, where W, is the weight of fish at time t, W is the weight of
fish at time 0, and T is the rearing period in days : FCR = total dry feed fed (g) / total wet
weight gain (g): PER = wet weight gain(g) / amount of protein fed (g) : Food intake =
(DFI x 100)/ ({ W1 + Wi}2), where DFI is mean daily dry food intake per fish (t, t+1)
and W;, W, are the averaged wet weights at the start (t) and end (t+1) of the
experimental period (Richardson, et al., 1985).

Statistical analysis

Data were analyzed by analysis of variance (ANOVA) using the SAS ANOVA
procedure (Statistical analysis system, 1988). Duncan’s multiple range test was used to
compare differences among individual means. Treatment effect were considered significant
at P < 0.01. All percentage and ratio were transformed to arcsin values prior to analysis
(Zar, 1984).

RESULTS AND DISCUSSION

Fish fed diet 3 and diet 1 were significantly (P < 0.01) longer (69.81 and 67.80
mm) than fish fed diet 2,4 and 5 (60.92, 61.89 and 61.54 mm, respectively) (Table 3).
There was a significant difference (P < 0.01) in final individual weight, weight gain, weight
gain %, specific growth rate, feed conversion ratio, protein efficiency ratio, and total food
intake among treatments. The highest values of final individual weight, weight gain,
weight gain %, specific growth rate, feed conversion ratio, protein efficiency ratio and
total food intake were recorded with diet 3, which contained 33 % SBM and 1% L-
methionine and there was no significant difference between diet 3 and diet 1 (control), but
fish fed diets 2, 4, and 5 had significantly the lowest values (Table 3 and Fig., 2)). In
contrast, the survival rate % (100 % for all diets) did not differ among the fish groups and
the morphological examination did not reveal any morphological differences in the fish fed
all experimental diets and high-quality control diet(Table 3). These data indicate that
growth of Nile tilapia fry may not be adversely affected by feeding a diet containing a high
percentage of soy bean meal (SBM) 33 % supplemented with 1 % methionine and
contained 0 % fish meal (diet 3). This is in contrast to some studies on common carp
(Nandeesha, et al., 1989),



Table 2 : Amino acid composition of experimental diets fed to Nile tilapia fry. (Amino acids expressed as
percentage of diet) .

Diet
Amino acid Required® 1 2 3 4 5
Essential amino acid
Arginine 1.33 2.02 1.91 1.90 1.89
1.87
Histidine 0.54 0.91 0.86 0.86 0.85 0.85
Isoleucine 0.99 1.31 1.23 1.22 1.21 1.20
Leucine 1.09 2.10 1.90 1.88 1.87 1.86
Lysine 1.63 1.79 1.55 1.54 1.53 1.51
Methionine® 1.02 0.75 0.88 1.18 1.58 1.88
Phenylalanine® 1.82 1.30 1.25 1.24 1.24 1.22
Threonine 1.15 1.15 1.06 1.05 1.04 1.03
Tryptophan 0.32 0.32 0.30 0.30 0.30 0.29
Valine 1.09 1.52 1.39 1.38 1.37 1.36
Non-essential amino acid
Alanine 1.70 1.52 1.52 1.33 1.30
Aspartic acid 3.42 3.80 3.81 3.83 3.87
Cystine 0.40 0.39 0.39 0.39 0.38
Glycine 2.44 2.21 2.20 2.19 2.18
Glutamic acid 4,50 5.04 5.27 5.47 5.67
Proline 1.81 1.79 1.76 1.69 1.63
Serine 1.34 1.33 1.31 1.30 1.29
Tyrosine 0.81 0.73 0.72 0.72 0.71

Values are means of two replications.
From Santiago (1985).
*Approximately 60 % of cystine can substitute for methionine (Lovell, 1989).

*Approximately 50 % of Tyrosine can substitute for phenylalanine (Lovell, 1989).

Table 3 : Length, Weight, Gain in weight, Percentage weight gain, Survival, Specific growth rate (SGR),
Feed conversion ratio (FCR), Protein efficiency ratio (PER), Food intake and Feed efficincy ratio
(FER) of Nile tilapia fry (average initial weight 0.9 + 0.01g) fed a diet containing fish meal
(diet 1) and four diets without fish meal and containing various percentages of supplemental

L-methionine as shown in table 1. Values are means + SE of three replications.

Means in the same row, having different superscript letters, are significantly different (P < 0.01).

Diet
1 2 3 4 5
Total length (mm)  67.80 + 1.21° 60.92+ 412" 69.81+ 4.63° 61.89+ 6.53" 61.54 + 5.65"
Final indiv. wt.(g)  6.37 +0.24° 470+ 004" 661+ 0.06% 4.88+ 0.12° 504+ 0.12°
Gain in weight (g)  5.37 +0.24° 3.71+0.04° 562+0.06° 3.88+0.12" 4.04+0.12°
Survival (%) 100.0 £0.00% 100.0 £ 0.00a 100.0+ 0.00* 100.0+ 0.00° 100.0 + 0.00°
Weight gain (%)  537.3+243% 3747+ 4.40° 5635+ 450% 388.3+12.3" 404.0 + 12.0°
SGR (% day™) 0.96 +0.02° 081+ 0.01° 098+ 001° 082+ 001" 084 + 0.01°
FCR 298+021% 363+ 004° 285+ 0.03° 349+ 0.11° 3.32 + 0.07%
PER 099+007° 119+ 001® 093+ 00lc  1.15+ 0.03° 1.09 + 0.02%®
Total feed intake 159+045% 1345+ 0.12° 1592+ 0.37% 1354+ 0.02°  13.40 + 0.15"



FER 0.34 + 0.03% 0.28 + 0.03°¢ 0.35+ 0.012 0.29 + 0.01c 0.30 + 0.01"°




Tilapia, Oreochromis niloticus x O. aureus (Shiau, et al., 1990), channel cat fish (Mohsen
and Lovell, 1990), and blue catfish (Webster, et al., 1992a).



Results of the present study are in agreement with other studies (Davis and
Stickney 1978 and Webster, et al., 1992b). Nile tilapia fed diets containing 0 % fish meal
and 60 % SBM had similar growth rate when compared with fish fed commercial diets
containing fish meal (Shiau, et al., 1990). No differences in weight gains were reported
in blue tilapia, Oreochromis aureus, fed diets containing 0 % fish meal and 74 % SBM (36
% protein) compared with fish fed a commercial (36 % protein) diet containing fish meal
Davis and Stickney 1978). When protein level was below 30 %, fish fed diets containing
fish meal, had higher weight gains compared with fish fed diets without fish meal. Since
the essential amino acid levels in the 36 % protein diets exceeded the requirements of the
fishes, it may be that the amino acid profiles of the lower-protein diets were not adequate
when SBM totally replaced fish meal. In the present study percentage dietary protein was
31.5 %.

Although final body weights and weight gains were not significantly different
between diet 1 and diet 3, fish fed diet 1 (containing 10 % fish meal and 24 % SBM)
showed numerically smaller values compared with fish fed diet 3. This is unexplained
since diet 1 was similar to diet 3 known to provide for good growth in Nile tilapia (NRC,
1993). All essential amino acids requirement for Nile tilapia were met or exceeded by diet
1 except methionine (Table 2). Diet 1 contained 0.75 % methionine (methionine plus 60
% of cystine), covered the requirement of Nile tilapia from methionine (1.02 %) (Santiago,
1985) also diet 3 covered the requirements of Nile tilapia from methionine and exceeded
(1.18 %). This discrepancy dose not appear large, but may be a factor in the somewhat
reduced growth of fish fed diet 1. Fish meal quality may have been less than optimal.

Feed conversion ratio (FCR), PER, and feed intake were significantly different
(P <0.01) among treatments (Table 3). Feed intake and PER values were similar to values
reported in Webster et al., 1992a). Feed conversion values in the present study are
somewhat higher than reported in literature; however, they are consistent with FCR values
found in other studies (Andrews and Stickney, 1972 and Webster, et al., 1992a,b). The
FCR values tend to be higher due to the use of small (80 I) aquaria and the relatively slow
feeding habits of Nile tilapia (Shiau, et al., 1990). Further, the colour of the diets (light
brown) sometimes made them difficult to see in aquarium bottoms and may have resulted
in overfeeding. However, feed supply must not be limiting in nutrition experiments and
overfeeding is more desirable than underfeeding (Tacon and Cowey, 1985).

Fish flesh proximate composition at the end of the feeding trial resulted in no
significant differences (P > 0.05) in percentage moisture, fat and ash and their averages
were 75.78 %, 16.46 % and 9.69 % respectively. While in percentage protein, diet 3
significantly (P < 0.01) had higher protein percentage than the other experimental diets
and control diet (Table 4). All diets were formulated to be similar in percentage protein
and energy content.

Replacement of fish meal with SBM has had variable success. In those studies in
which growth is reduced, several hypotheses have been suggested to explain the results;

1. suboptimal amino acid balance (NRC, 1993); 2. inadequate levels of phosphorus in
SBM (NRC, 1993); 3. presence of antinutritional factors (including trypsin inhibitors)
(Liener, 1980); and 4. inadequate levels of energy in SBM (Webester et al., 1995).



SBM has one of the best amino acid profiles of any plant protein foodstuff and the
composition meet the requirements of essential amino acid for Nile tilapia (Lovell, 1988).
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Amino acid analysis indicated that all diets met the amino acid requirements of Nile tilapia
(Santiago, 1985). However, the biological value of amino acid from SBM may be less
than indicated. Dabrowski et al., (1989) stated that methionine availability may be reduced
when SBM comprises large percentage (> 50 %) of the diet. However, practical diets for
Nile tilapia have percentage of SBM higher than 50 % without adverse effects on growth
as reported by (Lovell 1988; Shiau et al., 1990 and Robinsone and Robinett, 1994).

Addition of supplemental methionine in fish diets has had variable success. Tacon
et al., 1984) stated that addition of 0.2 % L-methionine to a diet deficient in methionine
for rainbow trout, Oncorhynchus mykiss, did not improve fish growth when compared
with commercial diet. However, Shiau et al., (1987) reported that addition of
supplemental methionine improved growth of tilapia. Murai et al., (1986) reported that
nutritional value of soy flour was improved by addition of 0.4 % crystalline L-methionine.
This is in contrast to Andrews and Page (1974), who reported no improvement in weight
gains when supplemental methionine was added to channel catfish diets. These conflicting
data may be due to the higher level of sulphur amino acid in the basal diet fed by Andrews
and Page (1974). It has been stated that crystaline methionine is rapidly absorbed in fish
and degraded into methionine sulphoxide (Thebault, 1985; Murai et al., 1986).

Fish have high requirement for phosphorus; however, SBM is deficient in available
phosphorus. Although SBM contains approximately 0.7 % phosphorus, only about one-
third to one -half is biologically available to fish (Lovell, 1988). Diets used in the present
study contained > 0.9 % available phosphorus, while the requirement for Nile tilapia is 0.9
% (NRC, 1993). It has been reported that SBM could mostly replace fish meal in diet for
Nile tilapia if supplemental phosphorus was added (Liebowitz, 1981). Reinitz (1980)
stated that weight gain in rainbow trout was positively correlated with the percentage of
dietary phosphorus.

It is known that antinutritional factors in raw or inadequately heated SBM can
adversely affect fish growth (Smith, et al., 1980; Robinson, et al., 1981 and Viola et al.,
1983). Webster et al., (1992a) reported that use of heated SBM in diets did not increase
growth of blue catfish, probably because of the already low level of trypsin inhibitor in
commercial SBM used. However, Wee and Shu (1989) reported higher growth in Nile
tilapia, O. niloticus (L) fed diets containing boiled SBM compared with fish fed diets
containing fish meal or raw SBM. This was due to inactivation of the high trypsin inhibitor
activity in SBM used and increasing digestibility of diets containing boiled SBM compared
with raw SBM.

Some fish, such as red drum, Sciaenops occtlatus , find SBM unpalatable and will
not consume diets that have o % fish meal (Reigh and Ellis, 1992). Mohsen and Lovell
(1990) reported that addition of animal by product to a SBM-based diet improved
palatability. However, fish adapted to a SBM diet may have similar consumption rates to
those of fish fed diets containing animal protein sources. In the present study, Nile tilapia
fry appeared to consume diets containing 33 % SBM and 0 % fish meal with other animal
protein sources and did not find them unpalatable.

The variable success of researchers in using SBM as a total replacement for fish
meal, indicates the wide variation possible in the nutritive value of SBM for various fish
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species and the influence of diet formulation on growth. The data from the present study
indicate that a diet in which SBM totally replaces fish meal, with supplemental L-
methionine at a level of 1 % may be fed to juvenile Nile tilapia (O. niloticus L.) fry
without adverse effects on growth and body composition when the fish are fed to
satiation, and the diet contains 31.5 % protein and vegetable oil. Further evaluation of soy
bean meal -based diet on growth of Nile tilapia in production trial of longer duration
should be conducted.

REFERENCES

Andrews, J. W. and Page J. W. (1974): Growth factors in the fish meal component of
catfish diets. Journal of Nutrition 104. 1091-1096.

Andrews, J. W. and Stickney R. R. (1972) : Interaction of feeding rates and
environmental temperature on growth, food conversion and body composition of
channel catfish. Transactions of the American Fisheries Society 101, 94-98.

AOAC (Association of Official Analytical Chemists)(1990) : Official Methods of
Analysis (15th edition (ed. by Helrich), AOAC. Arlington. VA.

Cowey, C. B.; Adron, J. W.; Blair, A. and Shanks, A. M. (1974) : Studies on the nutrition
of marine flatfish. Utilization of various dietary protein by place (Pleuronectes
platessa). British Journal of Nutrition 31, 297-306.

Dabrowski, K and Kozak B. (1979) : The use of fish meal and soybean meal as a protein
source in the diet of grass carp fry. Aquaculture, 18, 107-114.

Dabrowski, K.; Poczyczynski, P.; Koek, G. and Berger, B. (1989) : Effect of partially or
totally replacing fish meal protein by soybean meal protein on growth, food
utilization and proteolytic enzyme activities in rainbow trout (Salmo gairdneri).
New invivo test for exocrine pancreatic secretion. Aquaculture, 77. 29-49.

Davies, A. I. and Stickney, R. R. (1978) : Growth responses of Tilapia aurea to dietary
protein quality and quantity. Transactions of the American Fisheries Society, 107,
479-483.

Hilton, J. W. and Slinger, S. J. (1986) : Digestibility and utilization of canola meal in
practical-type diets for rainbow trout (Salmo gairdneri) Canadian Journal of
Fisheries Sciences 43, 1149-1155.

Liebowitz, H. E. (1981) : Replacing fish meal with soybean meal in practical catfish diets.
Master’s thesis. Auburn University, Auburn, Al

Liener, I. E. (1980) Toxic constituents of plant foodstuffs. Academic Press, New York.
2 nd Edition, 502 pp.

Lovell, R. T., Prather, E. E.; Tres-Dick,J. and Chhorn, L.,(1974) : Effects of fish to all
plant feed on the dietary protein needs of channel catfish in ponds. Proceedings of
the Annual Conference of the Southeastern Association of Game and fish
Commissioners. 28, 222-228.

Lovell, R. T. (1988) : Use of soybean meal products in diets for aquaculture species.
Journal of Aquatic Products 2, 27-52.

Lovell, R. T. (1989) : Nutrition and Feeding of Fish. Van Nostrand Reinhold, New Yourk,
NY.



12

Mohsen, A. A. and Lovell, R. T. (1990) : Partial substitution of soybean meal with animal
protein sources in diets for channel catfish. Aquaculture, 90, 303-311.

Murai, T.; Ogata, H. and Nose, T. (1982): Methionine coated with various materials
supplemented to soybean meal diet for fingerling carp Cyprinus carpio and channel
catfish Ictalurus punctatus. Bulletin of the Japanese Society of Scientific Fisheries,
48, 85 -88.

Murai, T; Ogata, H;Kosutarak, P and Arai, S (1986) : Effects of amino acid
supplementation and methanol treatment on utilization of soy flour by fingerling
carp. Aquaculture, 56, 197-206.

Nandeesha, M. C.; Basavaraja, N. ; Keshavanath, P.; VVarghese, T. J.; Shetty, H. P. C. and
Srikanth, G. K. (1989) : Influence of soybean meal and squilla meal-based diets
enriched with sardine oil on the growth and organoleptic quality of common carp,
Cyprinus carpio. Biological Wastes, 30, 61-609.

NRC (National Research Council)(1993) : Nutrient Requirements of Warmwater Fishes
and Shellfishes (revised edition). National Academy Press. Washington DC.

Reigh, R. C. and Ellis, S.C. (1992) : Effects of dietary soybean and fish-protein ratios on
growth and body composition of red drum ( Sciaenops ocellatus) fed
isonitrogenous diets. Aquaculture 104, 279-292.

Reinitz, G. (1980) : Soybean meal as a substitute for herring meal in practical diets for
rainbow trout. Progressive Fish-Culturist, 42, 103-106.

Richardson, N. I.; Higgs, D. A.; Beames, R. M. and McBride, J. R. (1985) : Influence of
dietary calcium, phosphorus, zinc and sodium phytate levels on cataract incidence,
growth and histopathology in juvenile chinook salmon (Oncorhynchus
tshawytscha). Journal of Nutrition 115, 553-567.

Robinson, E. H. and Robinette, H. R. (1994) : Effects of dietary protein level and feeding
regimen on growth and fatness of channel catfish. Journal of Applied
Aquaculture 3(1/2) 67-89.

Robinson, E. H.; Wilson, R. P.; Poe, W. E. and Grizzle, J. M. (1981) : Effect of residual
antinutritional factors in processed soybean meal on fingerling channel catfish.
Federation Proceedings, Federation of the American Society Experimental Biology
40, 3705.

Santiago, C. B.; Aldaba, M. B. and Laron, M. A. (1982) : Dietary protein requirement of
Tilapia nilotica fry. Kolikasan, Philipp. J. Biol. 11(2-3), 255-265.

Santiago, C. B. (1985) : Amino acid requirements of Nile tilapia. Ph. D. diss., Auburn
University, Auburn, Al

Shiau, S. Y.; Chuang, J. I. and Sun, C. L. (1987) : Inclusion of soybean meal in tilapia (O.
niloticus x O. aureus) diets at two protein levels. Aquaculture, 65, 251-261.

Shiau, S. Y.; Lin, S. E. ; Yu, S. L.; Lin, A. L. and Kwok, C. C. (1990) : Defatted and full-
fat soybean meal as partial replacement for fish meal in tilapia (Oreochromis
niloticus x O. aureus) diets at a low protein level. Aquaculture, 86, 401-407.

Smith, R. R.; Peterson, M. C. and Allred, A. C. (1980) : Effect of leaching on apparent
digestion coefficients of feedstuffs for salmonids. Progressive Fish-Culturist
42.195-199.

Statistical Analysis System (1988) : SAS/ STAT User’s Guide Release 6.03 edition. SAS
institute Inc. Cary. NC.



13

Tacon, A. G. ; Webster, J. L. and Martinez, C. A. (1984) : Use of solvant extracted
sunflour seed meal in complete diets for fingerling rainbow trout (Salmo

gairdneri).  Aquaculture, 43, 381-389.

Tacon, A. G. and Cowey, C. B. (1985) : Protein and amino acid requirements. In : Fish
Energetics-New Perspectives (ed. by P. Tytler and P. Calow) pp. 155-183. Croom
Helm. London.

Thebault, H. (1985) : Plasma essential amino acid changes in see bass (Dicemtrarchus
labrax) after feeding diets deficient and supplemental in L-methionine
Comparative Biochemistry and Physiology 82A. 233-337.

Viola, S; Mokady, S. and Arieli, Y. (1983) : Effect of soybean processing methods on the
growth of carp. (Cyprinus carpio). Aquaculture, 32, 27-38.

Webster, C. D.; Yancey, D. H. and Tidwell, J. H. (1992a) : Effect of partially or totally
replacing fish meal with soybean meal on growth of blue catfish (Ictalurus
furcatus). Aquaculture, 103, 141-152.

Webster, C. D.; Tidwell, J. H.; Goodgame, I. S.; Yancey, D. H. and Mackey, 1. (1992b) :
Use of soybean meal and distillers grains with soluble as partial or total
replacement of fish meal in diets for channel catfish, Ictalurus punctatus.
Aquaculture, 106, 301-309.

Webster, C. D.; Goodgame-Tiu, L. S. and Tidwell, J. H. (1995) : Total replacement of
fish meal by soy been meal, with various percentages of supplemental L-
methionine, in diets for blue catfish, Ictalurus furcatus (Lesueur). Aquaculture
Research, 26, 299 - 306.

Wee, K. I. and Shu, S. W. (1989) : The nutritive value of boiled full-fat soybean in
pelleted feed for Nile tilapia. Aquaculture, 81, 303- 314.

Wilson, R. P. and Poe, W. E. (1985) : Effects of feeding soybean meal with varying
trypsin inhibitor activities on growth of fingerling channel catfish. Aquaculture, 46,
19-25.

Zar, J. H. (1984) : Biostatistical Analysis. Prentice-Mall. Englewood Cliffs, NJ.



14



