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Abstract

Soybean meal is an inexpensive plant origin protein which has been used in practical diets as a replacement
of animal protein such as fish meal or chicken meal, due to the uneconomical price of animal protein diets.
Consequently, a research study was conducted on some commercial species of Indian major carps i.e. Catla (Cattla
cattla), Rohu (Labeo rohita) and Mrigala (Cirhinus mrigala) (Hamilton, 1822) to estimate optimum dietary protein
requirement of soy bean meal in diet in an intensive polyculture. Three different diets (SBM I, SBM Il and SBM
I1T) were formulated by 80%, 50% and 20% replacement of fish meal with soybean meal from a 45% fish meal diet
(control).Highest monthly mean weight gain was obtained by SBM II (with 35% CP and about 50% substitution of
fish meal), while SBM Il (45% Crude Protein and about 20% substitution of fish meal) was stood second. All tested
diets respond enormously by producing high yield as compare to control diet, though SBM II generated highest
yield among all. On the bases of the following research, it was revealed that the SBM can surrogate even50% fish
meal without any augmentation of other amino acids in the diet of Indian major carps.
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Resumo

O farelo de soja é uma proteina de origem vegetal de baixo custo que tem sido usada em dietas praticas como um
substituto da proteina animal, como farinha de peixe ou farinha de frango, devido ao pre¢o ndo econdmico das dietas
com proteina animal. Consequentemente, um estudo/pesquisa foi realizado com algumas espécies comerciais de
carpas principais indianas, ou seja, Catla (Cattla cattla), Rohu (Labeo rohita) e Mrigala (Cirhinus mrigala) (Hamilton,
1822), para estimar a necessidade ideal de proteina dietética de farelo de soja na dieta em uma policultura intensiva.
Trés dietas diferentes (SBM I, SBM Il e SBM III) foram formuladas por 80%, 50% e 20% de substituicdo de farinha de
peixe por farelo de soja de uma dieta de 45% de farinha de peixe (controle). O maior ganho de peso médio mensal
foi obtido por SBM II (com 35% PB e cerca de 50% de substituicdo de farinha de peixe), enquanto SBM III (45% de
proteina bruta e cerca de 20% de substitui¢do de farinha de peixe) ficou em segundo lugar. Todas as dietas testadas
respondem enormemente produzindo alto rendimento em comparag¢do com a dieta controle, embora SBM Il tenha
gerado o maior rendimento entre todas. Com base na pesquisa a seguir, foi revelado que o SBM pode substituir até
50% da farinha de peixe sem qualquer aumento de outros aminodacidos na dieta das carpas principais indianas.

Palavras-chave: farelo de soja, carpas, proteina, policultura.

1. Introduction

In aquaculture, feed constitute the major sole operating
cost of the system. Fish meal being a chief source of protein,
is extensively used in animal feeds. Due to its pricey cost
and high demand, it is imperative to replace this expensive
ingredient by some other inexpensive plant by products to
achieve maximum revenue by reducing operating cost of
aquaculture system. Accordingly, a variety of low-priced

ingredients have been investigated by researchers from
past few years, to reduce feed cost (Hardy and Masumoto,
1990; Rumsey, 1993; Karim and Shoaib, 2018).

Soybean meal is an inexpensive plant origin protein
which has been used in practical diets for many years
as a replacement of animal protein such as fish meal or
chicken meal, due to the uneconomical price of animal

*e-mail: aasiakarim@gmail.com
Received: June 25, 2021 - Accepted: August 11, 2021

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
BY distribution, and reproduction in any medium, provided the original work is properly cited.

Brazilian Journal of Biology, 2024, vol. 84, 253613 | https://doi.org/10.1590/1519-6984.253613 1/7


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-7041-6023

Karim, A. et al.

protein diets. Although some studies illustrated that the
outcome from the alternate sources of fish meal such as
soybean in practical fish feed was not as effective as fish
meal (Alexis, 1990; Dabrowski et al., 1989) because of the
occurrence of some anti-nutritional elements and low
level of sulfur-containing amino acids (Jackson et al., 1982;
Wilson and Poe, 1985) but a number of studies confirmed
the efficacy of soy bean meal in diet of fishes (Reinitz, 1980;
Shiau et al., 1990; Krogdahl and Bakke-McKellep, 2001)
as a complete or partial substitute. Trypsin inhibitors,
non-saponins, digestible carbohydrates, lectins, and
phytates in soybean meal were also considered to reduce
rate of absorption in rainbow trout (Spinelli et al., 1983;
Bureau et al., 1998; Dabrowski et al., 1989; Rumsey et al.,
1994; Olli et al., 1994).

However, several efforts have been renewed to
maximize the incorporation of soy bean meal and other
plant byproducts in fish feed to minimize the cost of
the feed which constitute the major part of the total
aquacultural expenditure. This results a considerable
decline in incorporation level of animal protein and even
the total substitution with plant byproducts (Rumsey ,
1993; Kaushik et al., 1995) and combination of corn gluten
and soybean meal (Ketola and Harland, 1993; Gomes et al.,
1995) in diets for rainbow trout.

Due to efficacy of soy bean meal as diet for fishes and
its economical price, a research trial was conducted to
find out the potential of integration of varying levels of
soybean meal (SBM) as a fractional substitute of fish meal
and to evaluate optimum dietary requirement of soybean
meal for Indian major carps i.e. Catla catla, Labeo rohita
and Cirhinus mrigala in intensive farming.

2. Materials and Methods

2.1. Formulation of feed

All trials were carried out in triplicates to minimize
chances of errors. The fingerlings of Cirhinus mrigala,
Labeo rohita and Catla catla were reared into raceways
with the dimension 22'x50' (WxL) for a period of one year
in a proportion of 34:33:33 fish/raceway correspondingly
(Wahab et al., 2002). Three different diets (SBM I, SBM
Il and SBM III) were formulated by 80%, 50% and 20%
replacement of fish meal with soybean meal from a 45%
fish meal diet (control) which constituted 63% of total
crude protein. Fish meal and soybean meal, with some
other ingredients (Table 1) were pulverized and emulsified
to make dough. Pellets were made by a pellet maker
machine. Formulated pellets were sun dried for 24 hours
before freezing. By following Dada et al. (2002) fish were
fed at the rate of 3% body weight.

Dissolved oxygen meter (HI-9146), the microprocessor
pH meter (HANNA-HI-8520) and TDS meter (HANNA-
HI-98302) were used respectively to determine dissolved
oxygen, temperature, pH and total dissolved solids.
The temperature of water throughout the experimental
trial ranged from 10.1 °C to 30.5 °C, pH ranged 7.8-8.4,
while dissolved oxygen was observed within the range
of 5.1-8.4 mg/l.

2.2. Formulation estimation of growth parameters

After each 30 days, monthly weight gain, average daily
growth (ADG), feed conversion ratio (FCR),daily feed
allowance (DFA) and specific growth rate (SGR) (Khan et al.,

Table 1. Ingredient percentages and their proximate values per 100 gram of soy bean meal based test diets.

Control SBM I SBM II SBM III
Ingredients (%)
Fish meal 45 8.69 21.79 34.87
Soy bean meal - 35 45
Corn gluten meal 30.98 - -
Rice polish 14.00 56.29 33.20 10.12
Starch 5 5 5
Canola oil 4.5 4.5 4.5
Vitamins and mineral 0.5 0.5 0.5
mixture
Proximate composition (%)
Crude protein 44.98 24.98 34.98 44.98
Crude fat 10.42 14.26 12.52 10.79
Crude fiber 238 3.74 3.69 3.64
Ash 13.25 10.61 11.49 12.37
Nitrogen -free extract 28.39 45.82 36.77 27.64
*DE (K cal/Kg) 3263.44 3037.6 3141.2 3244.9
**GE (K cal/Kg) 4587.67 4552.3 4572.0 4591.3

*DE = Digestible energy; **GE = Gross energy
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2004) were calculated from each raceway by using the
following Formulas 1 to 4.

ADG (g / day) = weight gain/ number of days (1)
DFA (g) = Av body weight X Number of stocks X % Survival X Feeding rate (2)
SGR (%/day) = Log Fish final weight — Log Fish initial weight | Time X 100 (3)

FCR = Weight of food presented | Weight of animal gained (4)

2.3. Proximate composition of flesh

After consuming the formulated feed, experimental
carps were analyzed for proximate composition by
following Association of Official Analytical Chemist
(AOAC, 2005) to confirm the efficacy of feed, as the main
objective of the use of formulated diet was to produce
highly nutritious plumped fish.

2.4. Statistical analysis

All data was analyzed by MINTAB version 17.
To confirm the associations among variables, Two-way
analyses of variance were also applied. Fisher’s least-
significant-difference (LSD) test was also performed to
compare mean values.

Soybean meal

3. Results

Mean values of weight, average daily growth (ADG),
feed conversion ratio (FCR), daily feed allowance (DFA),
and specific growth rate (SGR) are illustrated in Table 2.
Highest monthly mean weight gain was obtained by SBM
I (with 35% CP and about 50% substitution of fishmeal)
as 80.77+1.73g while SBM III contain 45% CP (almost20%
substitution of fishmeal) was stand second by producing
75.3310.81g monthly mean weight gain of carps. Fisher’s
least-significant-difference (LSD) test also confirmed
considerable variation among treatments. Not any specific
specie of carps showed a persistent pattern of growth
in all treatments with respect to average daily growth
(ADG). In SBM I and SBM IIIl maximum average daily
growth (ADG) was obvious in Labeo rohita (2.56g and 2.42g
respectively), while in SBM II, it was evident in Cirhinus
mrigala as 2.79g. Values of growth parameters, for all test
diets were considerably high as compare to control, a 45%
crude protein diet in which fish meal constituted 63% of
total crude protein.

However, maximum value of daily feed allowance (DFA)
was obtained by SBM 11 (842.6+180 g), but the lowest value
of feed conversion ratio (FCR) was also noted by SBM III
(with 20% replacement of fish meal) as 2.91+0.31.

By the analysis of fish biomass against different inclusion
levels of soybean meal, it was evident by percent individual
contribution that Labeo rohita depicted a higher growth

Table 2. Values of different growth variables for observed carps fed with experimental diets.

Weight (g)
ADG (g/day)? DFA(g)* SGR (%/day)* FCR®
Initial Final Monthly WG' Mean WG
Control
C. catla 273 466.4 36.59#5.5c  39.67#2.55c 1.21 532.3+89a  0.36x0.05ab  3.82+0.33a
L. rohita 375 490.5 37.68 +3.9c 1.25 0.32+0.07ab
C.mrigala 62.5 599.3 44.73 ¥4.1bc 1.49 0.27+0.03b
SBM I
C. catla 36.11 883.14 70.58+13.7ab  67.56+3.98b 2.46 718.0+#130a  0.38+0.11ab  3.68+0.51a
L. rohita 18.90 892.42 72.79+15.5ab 2.56 0.46+0.13ab
C.mrigala 44.25 763.28 59.9+10.3abc 2.50 0.34+0.07ab
SBM II
C. catla 28.5 997.8 80.77+13.2a 80.77+1.73a 2.69 842.6+180a  0.42+0.06ab  2.92+0.33a
L. rohita 24.7 958.1 77.78+12.2a 2.59 0.44+0.07ab
C.mrigala 38.35 1043.55 83.76+12.3a 2.79 0.39+£0.05ab
SBM III
C. catla 33.44 921.94 74.0£10.5ab 75.33+0.81ab 2.35 793.3+169a  0.40+0.05ab  2.91+0.31a
L. rohita 15.75 938.35 76.8+12.3a 2.42 0.49+0.09a
C.mrigala 41.25 943.65 75.2+11.4ab 1.99 0.37+0.04ab

Values are means * SE of three replicates. Non-Significantly value of mean (at P = 0.05) in a column was represented by same letter (by Fisher’s
least-significant-difference test). "Monthly weight gain (WG) (g) = Final value of growth variable - Initial value of growth variable; 2Average daily
gain (ADG) (g/day) = weight gain/number of days; *Daily Feed Allowance (DFA) (g)= Av body weight X Number of stocks X % Survival X Feeding
rate; “Specific growth rate (SGR) (%/day) = Log Fish final weight - Log Fish initial weight / Time X 100; SFeed conversion ratio (FCR) = Weight of

food presented/Weight of animal gained.

Brazilian Journal of Biology, 2024, vol. 84, 253613

3/7



Karim, A. et al.

in SBM I and Cirhinus mrigala in SBM Il and SBM III than
Catla catla (Table 3).

Total harvested weight was yielded as 66.77 Kg,
79.02 Kg and 73.84 Kg per treatment for SBM I, SBM II
and SBM III for Cattla cattla, Labeo rohita, Cirhinus mrigala
respectively. At the end of the experimental period, this
harvested weight was computed for one hectare. It was
experiential that it would be 790.29 Kg.

Two-way analysis of variance against treatments
(levels of Soy bean meal) and months showed significant
differences with weight and DFA (Table 4), where as
considerable differences were only evident among months
in case of SGR and FCR.

Table 5 and 6 represent regression analysis, which reveal
that Increase fish yield (IFY) communicated significantly
with DFA and SGR among all treatments, except in SBM
I regressed with SGR.

In terms of nutrient profile no significant differences
were observed among all levels of FM. All species did not
show any specific trend in relation to concentration of FM.
The percentage of differed significantly in treatments,
while fat, crude protein, carbohydrate, moisture and ash
respond non-significantly. An inverse relationship was
existed between protein and fat in all species. Rohu was
found to be superior owing higher protein and fat and
low moisture.

In case of proximate analysis, protein and fat showed an
inverse association against moisture (Table 7). Considerable
differences were observed among means of crude protein,
moisture, fat, ash and carbohydrate, while crude protein, fat
and ash depicted a significant P value among treatments
by one-way analysis of variance.

4. Discussion

A number of studies confirmed the efficacy of soy bean
meal in diet of fishes (Reinitz, 1980; Shiau et al., 1990;
Krogdahl and Bakke-McKellep, 2001) as a complete or
partial substitute. Anti-nutritional elements, found in
SBM such as protease (trypsin) inhibitors, phyto-haem
agglutinin (lectins), anti-vitamins, phytic acid, saponins,
and phytoestrogens (El-Sayed, 1999; Francis et al., 2001).
Phytates, protease inhibitors, lectins and anti-vitamins
can easily be denatured by heat processing or any other
means. Many researchers employed SBM at levels from 25-
80% in the diets of rainbow trout and obtained successful
results (Tacon and Silva, 1983; Smith and Johnson, 1988;
Refstie et al., 1997). McGoogan and Gatlin III (1997)
concluded that SBM can replace 90 to 95% of fish meal in
fish diets with no adverse effects on fish growth but with
additions of amino acids. In the same way, Gallagher (1994)

Table 3. Total observed and computed fish production by Soy bean meal based diets.

Control SBM I SBM I SBM 11
Total harvested weight (Kg/treatment) 41.06 66.77 79.02 73.84
Total fish production (Kg/hectare/year) 410.60 667.73 790.29 738.46
Percent individual contribution
C. catla 29.53 34.38 32.82 3245
L. rohita 31.05 34.74 31.52 33.03
C.mrigala 39.40 30.86 35.65 34.40
Table 4. Two-way ANOVA among months and treatments (inclusion of Soybean meal).
Weight (g) SGR (%/day)
Variables DFA (g) FCR
C. catla L. rohita C. mrigala C. catla L. rohita C. mrigala
Levels of 0.074 0.001** 0.002 0.020** 0.833 0.737 0.277 0.064
*SBM
Months 0.000** 0.000** 0.000** 0.000** 0.000** 0.000** 0.000** 0.000**
*SBM = Soy bean meal; **Significant.
Table 5. Regression analysis of increase fish yield (IFY) on Daily feed allowance (DFA).
Regression equations R-Sq R-sq (adj) Prob.
*SBM I IFY = 21.91 + 0.2526 DFA 72.4% 69.6% 0.000**
SBM II IFY = 81.13 + 0.1913 DFA 86.6% 85.2% 0.000**
SBM 111 IFY = 75.81 + 0.1895 DFA 89.9% 88.9% 0.000**

*SBM = Soy bean meal; **Significant.
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Table 6. Regression analysis of Daily feed allowance (DFA) on Specific growth rate (SGR) forIndian Major Carps.

Level of SBM* Regression equations R-Sq R-sq (adj) Prob
SBM I C. catla SGR of C. catla = 0.6479 - 0.000365 DFA 18.1% 9.9% 0.168
L. rohita SGR of L.rohita = 0.8084 - 0.000478 DFA 22.3% 14.5% 0.121
C.mrigala SGR of C. mrigal = 0.5477 - 0.000284 DFA 24.7% 17.2% 0.100
SBM II C. catla SGR of C. catla = 0.6536 - 0.000267 DFA 50.5% 45.5% 0.010**
L. rohita SGR of L.rohita = 0.6972 - 0.000304 DFA 47.7% 42.4% 0.013**
C.mrigala SGR of C. mrigal = 0.6036 - 0.000243 DFA 59.5% 55.5% 0.003**
SBM III C. catla SGR of C. catla = 0.6079 - 0.000262 DFA 61.4% 57.5% 0.003**
L. rohita SGR of L.rohita = 0.8140 - 0.000405 DFA 54.5% 50.0% 0.006**
C.mrigala SGR of C. mrigal= 0.5499 - 0.000217 DFA 55.2% 50.7% 0.006**
*SBM = Soy bean meal; **Significant.
Table 7. Proximate values of experimental carps fed with Soybean meal based diets.
Specie Moisture % Crude Protein % Crude Fat % Carbohydrate % Total Ash %
Control I
Catlacatla 78.23 16.50 1.94 1.52 1.81
Labeo rohita 76.76 17.54 2.25 1.60 1.57
Cirhinusmrigala 78.44 17.33 1.89 0.19 2.14
Mean 77.81ab 17.12a 2.02b 1.10b 1.84c
*SBM I
Catlacatla 76.47 15.52 2.87 2.75 2.23
Labeo rohita 7723 15.06 3.77 0.85 291
Cirhinusmrigala 76.65 16.83 3.24 0.77 243
Mean 76.78b 15.80ab 3.29a 1.45b 2.52bc
SBM II
Catlacatla 82.45 10.08 1.49 2.02 411
Labeo rohita 79.30 10.91 2.01 4.24 3.54
Cirhinusmrigala 77.96 13.31 1.80 3.90 3.02
Mean 79.90a 11.43c 1.76b 3.38a 3.55a
SBM III
Catlacatla 76.99 14.38 2.60 3.36 2.67
Labeo rohita 7741 14.27 3.44 1.75 312
Cirhinusmrigala 76.66 16.06 2.92 172 2.64
Mean 77.02b 14.90b 2.98a 2.27ab 2.81b
P Value 0.06 0.00** 0.00** 0.09 0.00**

Significantly different values of mean (at P = 0.05) in a column were represented by different letters. *SBM = Soy bean meal; **Significant.

replaced up to 75% of fish meal with SBM along with the
addition of methionine in the diet of hybrid striped bass
and attained optimum growth.

SBM contain lower energy and protein contents as
compare to other animal source protein. Nevertheless,
increased level of protein as compare to the control fish
meal diet is essential to obtain high yield due to the
differences in proximate composition of SBM and fish

Brazilian Journal of Biology, 2024, vol. 84, 253613

meal. Probably due to this reason, feed intake was quite
high in treatments receiving SBM-containing diets.
Soybean meal (SBM) could be added up to 30% in
defatted form instead of fish meal (substitution of about
55% fish meal) as a protein source in the diet of yellowtail
without any adverse effects on growth (Viyakarn et al.,
1992). Palatability and acceptability in terms of total feed
intake were not influenced by the inclusion of 30% SBM.
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But in the present feed trial, SBM replaced up to 80% fish
meal protein in the diet of the Indian major carpsi.e. Cattla,
Rohu, and Mrigal without any adverse effect on growth.
In terms of performance and production of major carps,
the suitability of these diets was also revealed by Pereira
and Oliva-Teles (2003). The authors obtained considerable
increase in yield by using products of maize, corn gluten
meal, soy bean, moong, cow pea and guar. A mixture of
animal and plant by products is relatively more practical
to supply required nutrients for both Indian and Chinese
carps (Abbas et al., 2008). In another trial, Nandeesha et al.
(1995) found improvement in weight and SGR by using a
diet with combination of animal and plant by products.

The findings of the present trial vary with the evaluation
of Du and Niu (2003), who concluded that SBM is not an
appropriate protein ingredient for the diet of freshwater
prawn M. rosenbergii when they tested 0, 20, 50, 75 and
100% fishmeal replaced diets, until and unless some amino
acids or additives are augmented.

In the line of Singh et al. (2005) and El-Saidy and Gaber
(2005), protein and fat contents were found to be inversely
correlated with moisture by analysis of carcass composition
of carps. Though protein, moisture, carbohydrate, fat, and
ash respond non-significantly, but alike Pereira and Oliva-
Teles (2003) and Ramachandran et al. (2005), integration
of Soybean meal in diet ultimately reduced moisture and
ash by increasing protein and lipid in tissues.

Based on the present findings, it was concluded that
the SBM can surrogate even up to 80% fish meal protein
easily in the diet of the Indian major carps i.e. Cattla,
Rohu, and Mrigal without any augmentation of other
amino acids. It can not only save the dietary cost but can
also boost the production up to the double than control.
Due to economic viability and local availability, SBM has a
great potential for being used in carps feed as compare to
other plant byproducts. No doubt, the extreme inclusion
level of SBM is a great attempt to replace locally available
expensive fishmeal from the diet of the Indian major carps.
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