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Abstract

Effect of feeding raw soybean meal on growth, nutrient utilization, and amylase and protease
activity of Indian major carp (Catla catla) fry was studied in a 70-day feeding trial. Five isocaloric
(1568 kJ/100 g diet) and isonitrogenous (45 g crude protein/100 g diet) semi-purified diets had
varying levels of soybean meal (0, 5, 10, 20 or 30%). Ninety C. catla fry (0.94+0.02 g) were dis-
tributed into the five treatment groups with three replicates of each treatment. The weight gain,
SGR, and PER of groups receiving diets with soybean meal were significantly (p<0.05) lower
than in the control group that contained no soybean meal. Trypsin inhibitor units in the diets neg-
atively correlated with weight gain (r = -0.7557), protein digestibility (r = -0.9541), trypsin (r =
-0.9087) and protease activity (r = -0.8596), and positively correlated with carbohydrate
digestibility (r = 0.8140) and amylase activity (r = 0.7802). An increase of trypsin inhibitor units
resulted in increased hypertrophy of pancreatic, kidney, and liver tissues. Inclusion of as little as
5% soybean meal depressed the growth rate. Hence, although the soybean diets did not result
in mortality, inclusion of raw soybean meal in the diet of C. catla fry should be discouraged.

Introduction

Fish generally have higher dietary protein
requirements than terrestrial  animals.
Fishmeal is customarily used as a major pro-
tein source and constitutes a substantial part
of aqua-feed formulations because of its high
nutritive value and palatability. However, its

rising cost and uncertain availability are forc-
ing aquaculture nutritionists and feed manu-
facturers to use less expensive and more
readily available plant protein sources as sub-
stitutes.

Soybeans are universally regarded as the
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most attractive plant protein source for animal
feed including fish (Lovell, 1988; Hughes,
1991). Soybeans are available in many parts
of the world at a lower cost than animal pro-
tein sources. Among plant proteins, the amino
acid profile of soybean best suits the require-
ments of aquatic species. It is the most
promising plant protein source for replacing
part or all of the fishmeal protein in diets for
the most cultivable teleosts (Tacon, 1993).
However, major replacement of fishmeal by
soybean meal results in a reduced growth rate
and feed efficiency in most fish species
(Dabrowski and Kozak, 1979; Balogun and
Ologhobo, 1989; Brown et al., 1997).

Although it is a component of pelleted
diets for trout, catfish, and other fish, its use is
restricted due to the presence of several
antimetabolites, especially a trypsin inhibitor.
Crude or inadequately heated soybean meal
causes growth depression in various animals
including fish, with the trypsin inhibitor
accounting for about 40% of the total inhibition
caused by raw soybean flour (Liener, 1994).
There seems to be a varying degree of sensi-
tivity to the inhibitor among the tested species.
Rainbow trout seems to be very sensitive,
channel catfish more resistant, and carps
intermediate in their response (Hendricks and
Bailey, 1988). Cyprinids are considered more
tolerant to soybean anti-nutritional factors
(Viola et al., 1983) and appear to efficiently
utilize dietary soybean meal when supple-
mented with synthetic amino acids to improve
the essential amino acid profile of the diet
(Murai et al., 1989).

Catla catla is one of the important species
cultivated in composite fish culture in India
and other tropical countries. There have been
several attempts to evaluate the nutritional
value of locally available feedstuffs for catla
and other Indian major carps (Chakraborty et
al.,, 1973; Singh et al., 1980). Although soy-
bean cultivation has increased over the years
throughout the world, it has not gained popu-
larity as an aquafeed ingredient due to the
need for pre-treatment to destroy the
antimetabolites. Literature pertaining to the
use of raw soybean meal in C. catla diet is
lacking. Hence, this work was conducted to

discover the tolerance limit of C. catla fry to
raw soybean meal by studying its effect on
growth, survival, and protein digestibility.

Materials and Methods
Experimental animals. The experiment was
conducted during 70 days in the Division of
Fish Nutrition and Biochemistry, Central
Institute of Fisheries Education, Mumbai.
Catla catla fry were procured from the Khopoli
Fish Seed Farm, Maharashtra. The fry were
reared in a fiberglass tank (2.5 x 1 x 1 m) and
fed a diet containing 45% crude protein until
use in the feeding trial.

Experimental design. There were five
experimental groups, each with three repli-
cates, in 15 uniform plastic tanks (50 | capac-
ity) following a completely randomized design.
Six C. catla fry of 0.94+ 0.02 g were stocked
into each tank. The fish were acclimatized for
two weeks with a control diet containing no
raw soybean meal. No attempts were made to
control the natural environmental conditions.
Forty liters of water were maintained in each
tank throughout the experiment and aeration
was provided round the clock to all the tanks
with a 2 HP air blower. The aeration pipe of
each tank was provided with an airstone and
a 1/8” diameter plastic regulator to adjust the
air pressure. Experimental tanks were
cleaned manually by siphoning the water
along with the fecal matter and left-over feed
daily. Removed water was replaced by fresh
chlorine free borewell water.

Diet formulation and preparation. Five
isocaloric (375 kcal /100 g feed) and isoni-
trogenous (45 g crude protein/100 g feed)
diets were prepared, each containing a differ-
ent level (0-30%) of raw soybean meal made
by pulverizing raw soybean seeds (Table 1).
The ingredients (Table 2) were thoroughly
mixed and water was added (40%) to make a
dough. Pellets were prepared using a hand
pelletizer with a 2 mm-diameter grid. The pel-
lets were dried in a hot air oven at 60°C and
kept in airtight polythene until use.

Feeding rate. Feed was given at 2.5% of
the total biomass by assessing the weight fort-
nightly until the end of the experiment. The
daily ration was divided into two parts. About
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Table 1. Proximate composition of raw soybean meal and experimental diets (% dry matter

basis).
Raw
soybean Diet
meal
0 5% 10% 20% 30%
Organic matter 89.80 95.68 95.77 95.82 95.39 94.80
Crude protein 40.09 45.09+0.12 44.9240.13 45.32+0.20 45.01+0.13 44.95+0.14
Ether extract 15.93 6.09+0.10 6.19+0.20 6.35+0.08 7.09+0.09  8.45+0.10
Crude fiber 4.01 9.13+0.1 8.82+0.19 5.02+0.14 459+0.12  3.20+0.08
Nitrogen free 34.07 35.07+0.13 35.84+0.22 34.13+0.21 32.49+0.17 30.2+0.14
extract (NFE)
Ash 5.90 4.62+0.2 4.23+0.15 4.18+0.19 4.82+0.21 5.2+0.25
Digestible energy
(kJ/100 g)* 1570 1583 1568 1563 1575
P/E (mg/kJ) 28.72 28.38 28.90 28.80 28.54

* Calculated as (% crude protein x 4) + (% NFE x 4) + (% lipid x 9)

two-thirds of the total ration was given at 9:00
and the rest at 18:00.

Physico-chemical water parameters. Water
quality parameters including pH, dissolved oxy-
gen, free carbon dioxide, total alkalinity, total
hardness, and total ammonia were recorded
once a week. Water temperature was recorded
twice daily at 19:00 and 21:00 with a mercury
thermometer to an accuracy of 0.1°C.

Growth parameters. The body weights of
the fish were recorded every 15 days. Fish
were starved overnight before measuring
body weight. Growth performance was
assessed in terms of percent weight gain,
specific growth rate (SGR), feed conversion
ratio (FCR), and protein efficiency ratio (PER).

Biochemical analysis of tissues and diets.
Biochemical analysis of total protein, total car-
bohydrate, lipid, ash and moisture was done

for specimens at the beginning of the experi-
ment to estimate initial values and for experi-
mental animals collected from the tanks at
end of the experiment. Proximate composition
of diets included moisture, crude protein,
crude fat, ash, fiber, and nitrogen free extract
(NFE) was determined according to AOAC
(1990).

Trypsin assay. Trypsin was assayed as
described by Walsh (1970) using TAME (Na-
p-tosyl-L-arginine methyl ester) as the specif-
ic substrate. Three milliliters of the substrate
solution (19.7 mg TAME-HCI dissolved in 50
ml 0.04M Tris/0.01M CacCl, buffer, pH 8.1)
were added to quartz cuvettes kept inside a
double beam UV-Vis spectrophotometer for 3
min and balanced for absorbance at 247 nm.
Tissue extracts (10% wi/v) were prepared by
homogenizing entire fry in 0.1 M phosphate
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Table 2. Composition of experimental diets (% dry matter basis).
Ingredient Diet
0 5% 10% 20% 30%
Casein, fat free 1 45 42 40 35 30
Gelatin 2 6 7 7 7
Raw soybean meal - 5 10 20 30
Dextrin white 3 28 28 28 28 24
Cellulose 4 12 9 6 3 0
Sunflower vegetable oil + cod liver oil (2:1) 6 6 6 6 6
Vitamin-mineral mix 5 2.75 2.75 2.75 2.75 2.75
Vitamin C 6 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100

1 86% crude protein (SD Fine Chemicals Ltd.)
2 96% crude protein (Himedia)

3 from SD Fine Chemicals Ltd.

4 from Himedia

5 Composition of vitamin mineral premix (Supplevite M; per kg feed): Vitamin A 2,000,000 IU;
Vitamin D3z 400,000 IU; vitamin B, 0.8 g; vitamin E 300 units; vitamin K 0.4 g; calcium pan-
tothenate 1.0g; nicotinamide 4.0 g; vitamin B12 2.4 g; choline chloride 60.0 g; calcium 300.0 g;
manganese 11.0 g; lidine 0.4 g; iron 3.0 g; zinc 6.0 g; copper 0.8 g; cobalt 0.18 g.

6 from Celin, Glaxo

buffer (pH 7.5) and centrifuging the mixture at
9,000x g for 10 min. In reference cuvettes, 0.1
ml distilled water was added and mixed well.
To other cuvettes, 0.1 ml of tissue extract was
added and well mixed. The increase in
absorbance was read against the reference
cuvette at 1 min intervals for 4 min. One unit
of TAME activity is the amount of trypsin cat-
alyzing the hydrolysis of 1 mmole of
TAME/min. The absorbance accompanying
hydrolysis of 1 mmole of TAME/ml assay solu-
tion is 0.409/cm/mM. Trypsin, at a concentra-
tion of 0.1 mg/ml in the assay cuvette, results
in an absorbance change of 0.0101
absorbance units per min per cm. Thus, 1.0 mg
of trypsin is equal to 247 TAME units.

Trypsin inhibitor assay. Feeds were
assayed for trypsin inhibition as follows. Feed

extracts were prepared according to
Hammerstrand et al. (1981). One gram of raw
soybean flour was extracted in 0.01 N NaOH
and the total volume was made up to 50 ml.
The extract was diluted to obtain about 60%
inhibition of trypsin activity. The reaction mix-
ture containing 800 pl of commercial trypsin
solution (1 mg/ml in 1 mM HCI), 10 pl soybean
flour extract, and 190 pul of Tris/CaCl, buffer
(pH 8.1) was incubated at room temperature
for 5 min. Trypsin activity was then assayed
as above. The decrease in trypsin activity
(TAME units) caused by the presence of the
inhibitor was calculated in TAME trypsin
inhibitor units (TAME-TIU) and TAME-TIU/g
soybean flour was calculated.

Statistical analysis. Results were subject-
ed to one-way ANOVA to determine significant
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differences among treatments. Regression
analysis of trypsin activity with other related
parameters was done. All data were analyzed
using software package SPSS (version 11)
and differences were considered significant
when p<0.05.

Results

Proximate composition of experimental diets.
The proximate compositions of the soybean
meal and experimental diets are given in
Table 1. Crude protein in the diets ranged
44.92-45.32%. Crude fiber decreased and
ether extract increased as the amount of soy-
bean meal increased. Soluble carbohydrates
ranged 30.2-35.84% and the inorganic con-
tent (total ash) ranged 4.18-5.2%, with no
trend as the soybean component increased.
Calculated digestible energy (kJ/g) varied little
and was around 1568 kJ/100 g diet. The pro-
tein:energy ratio was the same for all diets.

3.5

Weight (g)

Effects of feeding raw soybean meal to Catla catla fry

Growth, FCR, PER, and survival. Weight
gains at 15 day intervals are given in Fig. 1.
Catla fed the experimental diets had signifi-
cantly lower final weight gains than the control
group (Table 3). The FCR of the control was
significantly lower and the PER significantly
higher than those of the diets containing soy-
bean meal. Survival was 100% in the control
and groups fed diets containing only 5 or 10%
soybean meal but less in groups fed diets
containing a higher soybean level.

Amylase, enzyme, and trypsin activity.
The specific amylase activity at the start of the
experiment was 0.19+0.02 unit/mg and
increased with the percentage of soybean
meal in the diet (Table 4). Specific protease
activity of the C. catla fry at the start of the
experiment was 14.42+0.52 unit/mg, whereas
the final protease activity varied among treat-
ments but not according to any detectable
pattern. Trypsin inhibitor activity was highest

Initial 15

30 45 60 70

Day

Fig. 1. Growth of Catla catla fry fed experimental diets containing different levels of raw soybean meal.
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Table 4. Enzyme activity, RNA/DNA ratio, and digestibility the different experimental groups.

20% 30%

10%

5%

Control

Parameter

1.02+0.08ac 1.40+0.99b

1.20+0.18bcd

0.99+0.07ad

0.75+0.10a

Mean specific amylase activity

13.99+0.47¢ 8.93+0.76b 9.37+£0.51b

13.72+0.26¢

18.22+0.54a

Mean specific protease activity

Effects of feeding raw soybean meal to Catla catla fry

51.96+0.23 87.10+0.12

18.34+0.09

5.35+0.11

Trypsin inhibitor activity (TAME TIU/g feed)

0.62+0.01 0.36+0.01 0.24+0.03

0.50+0.02

0.73+0.01

Final trypsin assay (TAME units/mg)

2.27 1.79 1.44

1.60

2.46

RNA/DNA

35.60+3.55 36.51+1.22 39.60+1.56

36.78+2.59

32.43+2.21

Carbohydrate digestibility (%)

60.89b 60.67¢ 60.65¢

60.92b

61.23a

Crude protein digestibility (%)

Means in the same row sharing the same superscript do not significantly differ (p>0.05).

in the control and decreased as the soybean
component of the feed increased. In vitro car-
bohydrate digestibility was similar in all
groups while the control group had significant-
ly higher protein digestibility.

Biochemical composition of body tissue.
There were no significant differences in bio-
chemical composition among experimental
groups (Table 5).

Discussion
Biochemical composition of animal tissue.
There were no differences in final body tissue
composition between the control and the
groups fed diets containing soybean meal, as
found by Pongmaneerat and Watanabe
(1992).

Growth parameters. Percent weight gain
negatively correlated (r = -0.7557) with TIU.
Growth was clearly depressed as the level of
raw soybean meal increased due to the pres-
ence of trypsin inhibitors. Anti-trypsin activity
adversely affects growth and protein utilization
in channel catfish (Lovell, 1991), grass carp fry
(Dabrowski and Kozak, 1979), hybrid striped
bass (Brown et al., 1997), and rainbow trout
fingerlings (Murai et al., 1989). The SGR of
Clarias gariepinus fingerlings decreased from
0.2 to 0.02 as the soybean content increased
from 0 to 100% (Balogun and Ologhobo,
1989). Growth response was poor in carp fed
insufficiently heated soybean meal (Viola et al.,
1983). Low protein utilization is confirmed by
the low protein digestibility of the fish fed the
diets containing raw soybean meal.

Feed utilization indexes. Poor nutrient uti-
lization was evident as the level of raw soy-
bean meal in the diet increased. Sadiku and
Jauncey (1998) found similar results for C.
gariepinus. In the present study, PER nega-
tively correlated with TIU (r = -0.8173), similar
to findings of Shimeno et al. (1997) who
reported that PER decreased from 2.06 to
2.03 with an increase in soybean content from
0 to 30% in diets for yellowtail fingerlings.
Pongmaneerat and Watanabe (1992) report-
ed significantly reduced feed efficiency (PER
and ERV) as the soybean content increased
from 0 to 50%. Murai et al. (1989) reported
that protein utilization dropped from 30.4% in



Table 5. Biochemical composition of tissue of C. catla fry of different experimental groups (% dry matter basis) at the end of the exper-

iment.

Protein Total Lipid Ash Digestible Moisture
carbohydrate energy (kJ/100 g)

Organic

Treatment

matter

60.53+0.01 14.1740.13 11.254+0.21 14.05+0.12 1673.01 79.20

85.95

Initial

12.53+0.12 12.32+0.09 12.82+0.14 1697.56 78.50

61.23+0.03

87.98

Control

60.92+0.09 12.65+0.12 13.60+0.14 12.73+0.12 1742.56 78.80

87.27

5%

60.89+0.10 13.40+0.14 13.02+0.12 12.69+0.12 1745.32 78.21

87.31

10%

12.91+0.08 13.70+0.17 12.72+0.13 1746.49 77.85

60.67+0.02

87.28

20%

Patnaik et al. 171

60.65+0.01 12.34+0.09 14.22+0.15 12.81+0.09 1755.44 77.05

87.19

30%

a control feed to 20.1% in feed containing
50.5% raw soybean meal. Brown et al. (1997)
observed a reduction in feed efficiency from
0.76 to 0.21 when the inclusion of raw soy-
bean meal in hybrid striped bass diets
increased from 20% to 40%.

Sandholm et al. (1976) found a negative
correlation between the anti-trypsin content in
soybean and protein digestibility in rainbow
trout. In the present study, the presence of
trypsin inhibitors at 5.3484 TIU/g feed (in the
5% soybean diet) had the same growth
depressing effect as 18.3374 TIU/g feed (in
the 10% soybean diet).

Survival. The survival rate decreased from
100% to 83.33% as the soybean content rose,
in agreement with Shimeno et al. (1997) for
yellowtail fingerlings and Brown et al. (1997)
for striped bass. However, Murai et al. (1989)
concluded that the survival rate was not
affected by inclusion of raw soybean meal up
to 55.5% in rainbow trout diets. Balogun and
Ologhobo (1989) observed 20% mortality
when raw soybean meal was included at a
level of 50% or above and 10% mortality at an
inclusion level of 25% in fingerling C. gariepi-
nus. In the present study the differences
among treatment groups were not significant,
suggesting that C. catla fry can tolerate 30%
dietary raw soybean meal over a period of 70
days, although the long-term effects of raw
soybean meal on survival are unknown.

Nutrient digestibility. Protein digestibility
negatively correlated (r = -0.9541) with TIU
and positively correlated with protease activi-
ty (r = 0.9294). Shimeno et al. (1997) con-
cluded that higher inclusion of full fat soybean
meal slightly decreased protein digestibility;
they reported 72.9% protein digestibility in yel-
lowtail fingerlings fed a diet without full fat soy-
bean meal and 64.7% in those fed a diet con-
taining 30% raw soybean meal. High TI activ-
ity in inadequately heated soybean meal
reduced protein digestibility in rainbow trout
(Sandholm et al., 1976; Smith et al., 1980).

Hossain et al. (1997) reported that of all
the plant proteins, soybean meal was the
most digestible with an apparent protein
digestion (APD) value of 84.06% for Labeo
rohita fingerlings. The APD values for soy-
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bean in carp (Kim, 1974), jelawat (Law, 1984),
rainbow trout (Smith et al., 1980), channel cat-
fish (Brown et al., 1985), and tilapia (Hossain
et al., 1992) are 86.8%, 69.5%, 80%, 85%,
and 84.67%, respectively. Still higher
digestibility was achieved (93%) after elimi-
nating Tl by heat treatment (Grabner and
Hofer, 1985). Pongmaneerat and Watanabe
(1992) reported APD in all cases to be as high
as 90-94%, irrespective of whether raw soy-
bean meal or extruded soybean meal with low
levels of Tl was included.

In the present study, carbohydrate
digestibility increased from 32.43 to 39.6% as
the soybean content increased from 0 to 30%,
although this difference was not significant.
There was a positive correlation between car-
bohydrate digestibility and TIU (r = 0.8140)
and a negative correlation between protease
and amylase activity (r = -0.6974), although
differences were not significant. Amylase
activity gradually increased as raw soybean
meal increased, possibly compensating for
low protease activity. A similar observation
was made by Escaffre et al. (1997) in com-
mon carp larvae but contradictory findings
were reported by Shimeno et al. (1997) in yel-
lowtail fingerlings, where a 38.7-40.5%
decrease in carbohydrate digestibility resulted
from inclusion of up to 20% raw soybean
meal. Similar observations were recorded by
Sandholm et al. (1976) for trout and Smith et
al. (1980) for salmonids.

Trypsin and trypsin inhibitor activity. The
trypsin inhibitor activity was found to be 460.5
TAME TIU/ g raw soybean flour while Sadiku
and Jauncey (1998), using n-alpha-DL-argi-
nine-P-nitro-anilide as a trypsin substrate,
reported trypsin inhibition in raw soybean
meal to be 91.3 TIU/mg.

Trypsin inhibitor activity increased from 0
to 87.10 TIU/g feed as the content of raw soy-
bean meal increased from 0 to 30%. Shimeno
et al. (1997) reported that trypsin inhibitor
activity increased from 33.5 to 103 TIU/mg as
soybean meal content increased from 10 to
30% in experimental diets for yellowtail finger-
lings.

Trypsin specific activity dropped as raw
soybean content increased, with a negative

correlation of r = -0.9087 between TIU and
trypsin activity. Robaina et al. (1995) also
obtained a significant decrease in trypsin
activity (0.15 to 0.02 m units/mg) when the
substitution level of raw soybean meal
reached 30% in diets fed to gilthead
seabream (Sparus aurata). Results obtained
by Murai et al. (1989) suggest that the effect
of soy flour on trypsin activity is influenced by
the size of the fingerling in rainbow trout.
Addition of soy flour (untreated or treated with
methanol) depressed the activity of a gas-
trointestinal trypsin-like enzyme in small fish
(0.7 g), whereas this activity remained unaf-
fected in larger fingerlings (8.9 g).

Enzyme activity. The control, 5%, and 10%
treatments registered marginal, though
insignificant, increases in protease activity
during the experimental period while in the
20% and 30% groups protease activity
decreased with time. On the final day of the
experiment, the mean protease activity in the
control group was higher than in the rest of the
groups. A negative correlation (r = -0.8596)
was observed between TIU and protease
activity, a trend that was also reflected in
growth parameters. A similar observation was
reported by Dabrowski et al. (1992), who
found a reduction in pancreatic enzyme activi-
ty in charr (Salvelinus alphinus L.) when soy-
bean meal replaced part of the fishmeal-based
starter diets. However, Shiau et al. (1987)
reported that protease activity in the stomach,
liver, and intestine of tilapia fed a fishmeal-
based control diet was identical to that of fish
receiving hexane extracted soybean meal.

Amylase activity of the experimental
groups at the end of the experiment was high-
er than on the initial day. Interestingly, on the
final day of the experiment, amylase activity
was lowest in the control group and higher in
the treatment groups in relationship to the
soybean content. Amylase activity positively
correlated (r = 0.7802) with TIU, opposite the
trend in growth. Escaffre et al. (1997)
observed a slight but insignificant (p>0.05)
increase in amylase specific activity in com-
mon carp over a period of 20 days.

Histological studies. Hypertrophy in acinar
cells of the pancreas and glomerular cells of
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the kidney increased as the soybean content
increased. Lim and Akiyama (1991) observed
that fish fed diets containing raw or underheat-
ed soybean developed abnormalities in kidney
tissues mainly due to the presence of anti-
nutritional factors and poor utilization of the
non-denatured protein. However, Robinson
and Li (1994) were unable to detect any pan-
creatic hypertrophy in fingerling channel catfish
fed high levels of trypsin inhibitor activity.

Hypotrophy gradually increased in liver
cells as the soybean level increased. Sadiku
and Jauncey (1998) also observed shrinking
hepatocytes (lower vacuolation) in the liver of
C. gariepinus fed diets containing raw soy-
bean meal. Robaina et al. (1995) reported on
increased deposition of lipid and decreased
glycogen deposits in the liver of gilthead
seabream with increased levels of dietary raw
soybean meal.

In summary, the inclusion of raw soybean
meal in the diet of C. catla fry, even at a level
of only 5% (5.35 TAME TIU/g feed), signifi-
cantly reduced growth and protein digestibili-
ty. There was no significant difference in the
growth rate between the 5% and 10% inclu-
sion levels. Hypertrophy of pancreas and kid-
ney cells along with hepatic hypotrophy was
noticed in groups fed higher levels of soybean
meal. Although survival was similar among all
the groups during the 70-day period, long-
term observations might differ. Thus, the tol-
erance of catla fry for raw soybean meal is
very low and soybean meal should be proper-
ly heated whenever its use is recommended.
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