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Abstract !
The annual soybean demand in Indonesia reaches 3.09 million ton, with
81% of which are fulfilled through import that mostly consist of transgenic

soybean. This condition has become a food safety issue, especially related Article History
to the protein content and quality. The purpose of this study was to evaluate Received: 14 September
the equivalence of protein content and quality of Grobogan local soybean 2021
flour (GLSF) compared to transgenic imported soybean flour (TISF) and non- Accepted: 31 March
transgenic imported soybean flour (NTSF). The research design was using 2022
completely randomized design with 5 replicates (rats) for each treatments. The
protein content equivalence test was carried out using the Kjeldhal method, Keywords
while the protein quality equivalence test was carried out with experimental Equivalence;
. Protein Quality;
rats, namely based on the growth method and the nitrogen balance method. Soybean;
Five groups of Sprague Dawley male albino rats, each consisted of 5 rats, Substantial Transgenic.

were given feeds which contained 10% protein respectively from GLSF, TISF,
NTSF,casein as control and a non-protein group. The observation was carried
out for 28 days. The results showed that GLSF had the highest protein content
(49.7%db). The equivalence test of protein quality based on growth method
showed no significant difference (p>0.05) in feed conversion efficiency, protein
efficiency ratio and net protein ratio parameters. The similar test which was
based on nitrogen balance method also showed no significant difference
(p>0.05) in true protein digestibility, biological value and net protein utilisation
parameters between the types of soybean flour. It can be concluded that
although the highest protein content was found in GLSF, the three soybean
flour types are equivalent in terms of protein quality.
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Introduction

Soybean (Glycine max) has nutritional compounds
such as carbohydrate (~30%),' protein (~35%),
edible oil (~20%), fibre, vitamins and minerals.?
Soybean is classified as legumes which known
for the high-quality protein that is comparable
to animal-based protein.® In addition, soybean
also contains is olflavones, which is a secondary
metabolite compound with high antioxidant activity
that can inhibit free radical activities which cause
various degenerative diseases.* In Indonesia,
around 90% soybean are utilised as food material.®
As a food material, soybean is mostly processed
into tempe (50%), tofu (35%) and other processed
food (15%). In 2020 the total soybean consumption
in Indonesia increased by 0.38%.° which is due
to increase in tempe and tofu consumption.
The average of tempe and tofu consumption
in Indonesia are 7.49 and 7.41 kg/capital/year,
respectively.®

Local soybean production yield in Indonesia
remains low with 0.6 million ton per year, while the
demand reaches 3.09 million ton per year.” One
of the solutions that is offered by the government
is to increase the local soybean variety production.
There are 84 superior local soybean varieties
that have been successfully developed, but the
production yield remains low.® Soybean crops grow
well in subtropical climate regions, but Indonesia
has tropical climate. This condition causes 81%
of total soybean demand needs to be fulfilled
through import from various countries, such as the
United States of America, Brazil and Argentina.®
Imported soybean are widely utilised by industries
due to better quality compared to local soyebean
as well as cheaper incost.”

Majority of imported soybean are transgenic product,
specifically soybean produced using genetic
modification. The genetic modification technique
causes in increase of soybean production yield,
due the soybean crops are inserted with pest
and disease resistant genes.'” The regulations
for genetically modified crops in Indonesia have
been regulated by several bodies which refers
to Government Regulation Number 21 of 2005.
Although there are benefits and guarantees from
the government, the presence of transgenic soybean
remains an issue for most Indonesian. These issues
consist of possibility in new allergen emergence,

changes in the balance of original nutritional value,
alteration of protein quality, halalness, as well as
antibiotic and pesticide resistances." Therefore, the
purpose of this study was to analyse the equivalence
of protein content and quality of soybean flours made
from local soybean (non-transgenic) and imported
soybean (transgenic and non-transgenic).

MATERIALS AND METHODS

Materials

The main materials used in this study were local
soybean (Glycine max) Grobogan variety obtained
from soybean farmers in Grobogan District,
East Java Province, Indonesia and imported
soybean US Origin (transgenic and non-transgenic)
obtained from the Indonesian Tofu and Tempe
Cooperative (KOPTI Bogor, Bogor, Indonesia).
The imported transgenic soybean had distribution
permit letter which referred to the Head of Indonesian
FDA Decree No. HK.04.1.52.04.11.03588 of 2011
concerning the Distribution Permit for Genetically
Modified Soybean Food Commodity Event 40-3-
2. Sprague Dawley male albino rats with weaning
age of 28 days were used as experimental animals
and obtained from the Indonesian FDA.

Soybean Flour Production

The soybean flour production process referred to
procedure developed by Astawan et al.'> which
consist of sortation, first stage washing, soaking,
second stage washing, boiling, skin peeling,
draining, drying, milling and 60-mesh sieving.

Yield
The yield of soybean flour was calculated using
formula as followed:

Yield (%)=Flour weight (kg) /Dry soybean weight
(kg) x 100

Chemical Analysis

Water, ash, crude fibre, fat and protein contents
analysis and carbohydrate by difference were
performed and determined using AOAC."

Feed Formulation

The feed consisted of protein source, corn oil, water,
cellulose, mineral mixture, vitamin mixture and corn
starth. It was formulated to achieve 10% protein
content, in accordance to AOAC.™
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Preparation of Experimental Rats

This study complied with the European Union
guidelines for animal care and protection and
was approved by the Ethics Committee of the Bogor
Agricultural University (Bogor, Indonesia) with
approval number 146-2019 IPB. The preparation
of experimental rats referred to procedure
by Astawan et al.’ The experimental rats used
in this study were 28 days old Sprague Dawley
male albino rats and off from weaning. There were
25 experimental rats used in this study and were
divided into five groups based on the given protein
sources, namely: (1) Grobogan local soybean flour
(GLSF) group, (2) transgenic imported soybean
flour (TISF) group, (3) non-transgenic imported
soybeans flour (NTSF) group, (4) casein as control
group and (5) non-protein group. The rats were
individually placed in metabolic cage to obtain
the faeces and urine separately. The cage was made
from perforated stainless steel with size of 17.5
x 23.75 x 17.5 cm. The environmental conditions
were laboratory temperature at 22—24°C, 50-60%
humidity, sufficient ventilation, free from noises,
pollutants, easy to clean and sanitise.

The adaptation period for the experimental rats
was performed for one week. Then, selection
and grouping were done based on the types of
feed treatment, with each five rats per group. The
weight variation between rats in one group should
not exceed 10 grams and the average weight
variation between groups should not exceed
5 grams.

Experiment Period

The experiment on animal (rat) was carried out
for 28 days. Faeces and urine collection were
done during the first 10 days. For urine collection,
a bottle added with £1 mL of 5% H,SO, solution
to prevent ammoniac evaporation was used.
During the experiment, urine and faeces collection
was collected separately for individual rat, then
stored in a refrigerator until ready to be analysed.
The calculation of consumed feed was done daily
and weighing was done for every two days. Feed
and drinking water were provided ad libitum.

Faeces and Urine Nitrogen Analysis

Nitrogen content analysis in the faeces and urine
was carried using Kjeldahl method." The analysed
faeces were dried in oven and made floured initially.
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The total faeces nitrogen was obtained by multiplying
the faeces nitrogen content with faeces weight.
Meanwhile, the total urine nitrogen was obtained by
multiplying utine nitrogen content with urine volume.

Measurement of Protein Quality based on Growth
Method

The protein quality based on growth method
was measured with several parameters, namely
FCE (Feed Convertion Efficiency), PER (Protein
Efficiency Ratio) and NPR (Net Protein Ratio).
These parameters were calculated with following
equations.®

FCE (%) = body weight gain (g)/consumed feed
(g)x 100

PER = body weight gain (g) /consumed protein (g)

NPR =weight gain of test protein group + weight loss
of non-protein group (g)/Consumed test protein (g)

Measurement of Protein Quality Based on
Nitrogen Balance Method

Protein quality based on nitrogen balance method
was measured with several parameters, such as TD
(True Protein Digestibility), BV (Biological Value)
and NPU (Net Protein Utilisation). These parameters
were calculated with following equations.'®

TD (%) =N consumed - (N faeces -N metabolic)/N
consumed x 100

BV (%) ="Nconsumed -(N faeces -N metabolic)-(N
urine -N endogenous)" /"N consumed -(N faeces -N
metabolic)" x 100

NPU (%)= N consumed -(N faeces -N metabolic)-(N
urine -N endogenous)/N consumed x 100

N metabolic = Total of N in faeces of rat group with
non-protein feed treatment

N endogenous = Total of N in urine of rat group with
non-protein feed treatment

Data analysis

The results were expressed as a mean + SD.
Analysis of variance (ANOVA) was performed using
SPSS 26 (IBM® SPSS Statistics 26) to determine
the significance of the treatments. The treatments
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with significant results were analysed using
Duncan's Multiple Range Test (DMRT) to determine
which treatments significantly differed at a 95%
significance level.

Results and Discussion

Soybean Flour

Soybean as food material is generally not consumed
raw. Soybean undergoes processing, with minimum
are soaking and boiling. The purpose of soaking is
to dissolve water-soluble anti nutrient compounds
and to soften the soybean, so the process
of skin peeling is easier to be done.'” Vagadia
et al.'® explained that soaking can reduce
antiprotease and other unwanted factors, such
as undigestible carbohydrates. Boiling is one
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of thermal process which categorised as moist heat
processing due to utilisation of water as heat medium
in this process.'® The purpose of boiling is to reduce
antinutrient activities, such as antitrypsin.?

The drying method was performed to obtain
soybean in flour form. In addition, drying at 60°C
was done after the boiling to reduce protease
inhibitor activity.?! In this study, cabinet dryer was
chosen due to its better drying rate, thus the resulted
moisture content and water activity would be lower
compared to hot oven drying method.?? The result of
soybean flour yield analysis is shown in Table 1. The
analysis of variance showed that types of soybeans
had no significant difference (p>0.05) in the resulted
soybean flour yield.

Table 1: The yield of soybean flour based on the type of soybean used

Type of soybean flour Yield (%)
Transgenic imported soybeans flour (TISF) 62.7+1.8°
Non-transgenic imported soybeans flour (NTSF) 64.9 + 2.5°
Grobogan local soybeans flour (GLSF) 64.5+2 .42

Notes: values followed by same letters indicate no significant differences

(p>0.05), n=2

Proximate Analysis

The proximate analysis was done to determine
the chemical composition comparison between
samples which would be used as reference in

formulating feed for experimental rats in accordance
with AOAC formula (AOAC 2012b). The result
of sample proximate analysis is shown in Table 2.

Table 2: The proximate composition of soybean flour and casein

Transgenic Non-transgenic Grobogan local
Composition imported imported soybeans flour Casein

soybeans flour soybeans flour

(TISF) (NTSF) (GLSF)
Moisture (% wb) 3.410.0%* 4.2+0.0° 4.040.1° 4.2+0.0
Ash(%db) 3.6+0.12* 3.74£0.12 3.2+0.0%* 4.2+0.1
Protein(%db) 48.5+0.4%* 43.8+0.6%* 49.7+0.5¢* 79.2+0.5
Fat(%db) 31.1+0.2°* 29.8+0.2°* 26.4+0.9%* 0.2+0.0
Carbohydrate(%db) 16.8+0.32 22.7+0.9°* 20.7+1.3%* 16.4+0.4
Crude fiber(%db) 7.8+0.1%* 7.8+0.3% 7.6+0.1%* 0.4+0.0

Notes: Values followed by different letters in the same row indicate significant differences (p<0.05)
between soybean flour with DMRT follow-up test; the value followed by * indicates a significant
difference (p<0.05) against casein based on the T-test, n=2
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The analysis of variance showed that soybean
flour types had significant differences (p<0.05)
in moisture, protein, fat and carbohydrate contents.
It had no significant difference (p>0.05) in crude
fibre content. Table 2, showed that Grobogan local
soybean flour (GLSF) had the highest protein
content and was significantly different compared
to transgenic imported soybean flour (TISF) and
non-transgenic imported soybean flour (NTSF),
which were 49.7, 48.5 and 43.8%db, respectively.

Table 2, also showed that GLSF, TISF and
NTSF had moisture content which fulfilled the
required standard, with maximum moisture content
of 12%.%3 In addition, GLSF, TISF and NTSF had
acceptable ash, protein and fat contents according
to Gandhi?* which stated that a good soybean flour
has maximum ash content of 6.5%, minimum protein
content of 35% and minimum fat content of 18%.

The results of DMRT analysis showed that GLSF
and NTSF moisture content which were not different
from one another, while TISF moisture content
was lower compared to other flour types.

The differences in moisture content were caused
by environmental relative humidity.?®> GLSF, TISF
and NTSF had ash content that were not different
from one another. Fat content of TISF and NTSF
were also not different from one another, but both
had higher fat content compared to GLSF fat
content. Generally, for every 1% protein increase is
followed by 0.5% fat content decline. This supports
the notion that GLSF has the highest protein content
as well as the lowest fat content.

Consumed Feed and Body Weight Gain

Total consumed feed, protein intake and body
weight changes during 28 days of observation is
shown in Table 3. Analysis of variance showed that
types of feed had significant difference (p<0.05) to
total consumed feed and total protein intake. Nogi
et al.?” explained that rats have olfactory system,
which is a system that regulates or influences the
behaviour of rats in accepting stimuli, namely feed.
In addition, hypothalamus synthesises corticotropin
releasing factor receptor (CRF,) which regulates
appetite.?® This reason contributes in the amount of
feed consumed by the experimental rats.

Table 3:Total feed consumption, protein intake and weight gain for 28 days

Type of feed Total feed Total protein  Weight gain (g)
consumption (g) intake (g)

Transgenic imported soybeans 574.1+49.3% 57.4+4.9%° 102.4+23.92

flour (TISF)

Non-transgenic imported soybeans 587.6+18.9° 58.8+1.9° 107.0£10.92

flour (NTSF)

Grobogan local soybeans flour 523.1+£13.92 52.3+1.42 93.2+6.42

(GLSF)

Casein 627.6+27.5° 62.8+2.7° 115.2+16.22

Note: Values followed by different letters in the same column are significantly different

(p<0.05) with DMRT follow-up test, n=5

The result of DMRT test showed that the total
consumed feed and total protein intake in rats group
which were given TISF feed was not difference
to other treatments (NTSF and GLSF). These
results were in accordance with study findings
of Qi et al.?® which stated that rat group which were
given HOA-HT (transgenic) soybean feed and JACK
(non-transgenic) soybean feed had no differences

in terms of body weight, feed consumption,
body weight gain and nutrition absorption.

The analysis of variance showed that types
of treatment had no significant effect (p>0.05) to
gain the body weight. This showed that despite
GLSF rat group had the lowest consumed total feed,
it resulted in body weight gain which was insignificant
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to other feed groups. According to this finding,
it can be stated that GLSF had protein quality
that is equivalent to other soybean flour types
(NTSF and TISF).

The body weight increase during 28 days observation
is illustrated in Figure 1. Experiment groups which
were given GLSF, TISF, NTSF and casein feeds,
each experienced body weight gain, while the group
which was given non-protein feed experienced
body weight loss. This result showed that protein
intake is directly proportional with the weight
gain of experimental rats. Protein intake deficiency
causes disturbance in nutrition absorption
and transportation® thus, it affects the consumed
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feed to be incapable in increasing the muscle
mass, even the opposite.

Protein Quality Based on Growth Method

The comparison of FCE, corrected PER and NPR
values is shown in Table 4. FCE value shows
the correlation between body weight changes in
rats to the amount of consumed feed (gram) during
the experiment period. The higher FCE value,
the more efficient the given feed to increase the
body weight of experimental rats.®? The analysis
of variance showed that FCE value in each feed
treatments were not significantly different (p>0.05).
This result showed that GLSF, TISF, NTSF
and casein had equivalent FCE values.
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Fig.1: The rate of weight gain of rats for 28 days of experiment, n=5

Table 4: The protein quality based on growth method

Treatment Group Feed Convertion Corrected Protein Net Protein
Effeciency (%) Efficiency Ratio Ratio

Transgenic imported soybeans 17.7£2.72 2.4+0.42 2.510.42

flour (TISF)

Non-transgenic imported soybeans 18.2+1.42 2.5+0.22 2.9+0.3%

flour (NTSF)

Grobogan local soybeans flour 17.8+0.92 2.4+0.12 2.8+0.3%

(GLSF)

Casein 18.3+2.0° 2.5+0.02 3.4£0.3°

Notes: Values followed by different letters in the same column are significantly different

(p<0.05) with the DMRT follow-up test, n=5.

The PER value shows that the protein intake which
is only utilised for body growth.?®* The PER value
determines protein effectivity through measuring

the growth of the experimental rats.®* The higher
the PER value, the more efficient the protein in the
feed increasing the body weight of experimental rats.
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All of the sample test PER values were corrected
since casein that was used as standard protein
sample in this study was not ANRC (Animal Nutrition
Research Council) casein.

The analysis of variance showed that corrected
PER value from the types of feeds were not
significantly different (p>0.05). Although PER values
of GLSF, TISF and NTSF were not higher compared
to standard casein,® which was 2.5 but PER value
from GLSF, TISF and NTSF which were close to PER
standard casein value, thus it can be considered
to have acceptable PER values. Mansilla et al.*®
also explained that corrected PER value above 2.0
(80% of 2.5 casein standard value) is considered to
be acceptable. This implies that GLSF, TISF, NTSF
and casein have equivalent PER values.

The protein consumed by the experimental rats is
not only utilised for growth, which as explained on
the concept of PER value, but it is also used for
body maintenance.® To resolve issue in PER, NPR
parameter is used by adding one group of non-
protein.®” The analysis of variance showed that feed
treatments had significant effect (p<0.05) to NPR
value. The DMRT test showed that only rat group
which was given TISF feed had lower NPR value
compared to casein group. However, GLSF, TISF,
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NTSF had NPR values that were not significantly
different from one another. This implies that GLSF,
TISF, NTSF and casein have equivalent NPR values.

Protein Quality Based on Nitrogen Balance
Method

Protein digestibility is a fraction of nitrogen that
comes from food material which can be digested
by the body. These nitrogen factions are obtained
from protein which are hydrolysed by digestive
enzymes into amino acids. Not all consumed protein
can be hydrolysed by digestive enzymes into amino
acids. Protein digestibility determines the biological
availability of amino acids.® This value determines
the protein quality in a food. The comparison of TD,
BV and NPU values are shown in Table 5.

True protein digestibility (TD) value is an indicator
of nitrogen amount or protein that are absorbed
by the body.*® Analysis of variance showed that
treatment types had no significant effect (p>0.05)
to TD value. TD values of all feed types are
equivalent to each other, with each higher than
99%, thus it can be considered as exceptional.
This showed that more than 99% protein in
each sample were able to be digested by
the experimental rats.

Table 5: The protein quality based on nitrogen balance method

Treatment Group True Digestibility Biological Value  Net Protein
(%) (%) Utilization (%)

Transgenic imported soybeans 99.2+0.1° 99.7+0.2° 98.9+0.2°

flour (TISF)

Non-transgenic imported soybeans 99.3+0.0° 99.3+0.12 98.6+0.12

flour (NTSF)

Grobogan local soybeans 99.2+0.0° 99.6+0.3? 98.7+0.2°

flour (GLSF)

Casein 99.3+0.1° 99.2+0.22 98.5+0.2°

Notes: Values followed by same letters in the same column are not significantly different

(p>0.05), n=5.

Biological value (BV) shows the measurement on
how efficient the body in utilising the consumed
protein which comes from the diet.>*® The more
protein retained in the body, the higher the biological
value. The analysis of variance showed that
types of feed treatment had no significant effect

(p>0.05) to BV. Astawan et al.'® explained that BV
of soybean flour is comparable to casein standard
and not significantly different, which shows a highly
exceptional protein quality. This implies that GLSF,
TISF and NTSF have equivalent biological values.
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The calculation of BV value also showed that
GLSF, TISF, NTSF and casein had BV value
>99%. According to ljarotimi and Keshinro,* food
which has biological value 270% is categorized as
high BV food, which is considered able to provide
growth if consumed in adequate amount and
balanced with sufficient energy amount. This
shows that GLSF, TISF, NTSF and casein have
exceptional BV that contributed in the growth of the
experimental rats.

Net Protein Utilisation (NPU) is an approach
to measure the protein quality by calculating the
protein digestibility.*' Amino acids that enter the
cell will be modified into protein macromolecules
that are neded by the cells.*? The higher the NPU of
afood, the higher the nitrogen from the food that can
be digested by the body. The analysis of variance
showed that types of feeds had no significant
effect (p>0.05) to NPU values. Thus, NPU value of
Grobogan local soybean flour (GLSF) is equivalent
to transgenic imported soybean flour(TISF),
non-transgenic imported soybean flour(NTSF)
and casein.

Conclusion

Grobogan local soybean variety and imported
soybean (transgenic and non-transgenic) could
be processed into flour with insignificant yield,
with range of 62.7-64.9%. Grobogan local soybean
flour (GLSF) has higher protein content compared
to transgenic imported soybean flour (TISF) and
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non-transgenic imported soybean flour (NTSF),
which were 49.7, 48.5 and 43.8%db, respectively.

The bioassay analysis with experimental rats shows
there are equivalence in protein quality from GLSF
with protein from TISF and NTSF. This is shown
by the absence of protein quality differences,
which were both measured using growth method
(feed conversion efficiency, protein efficiency ratio
and net protein ratio) and nitrogen balance method
(true protein digestibility, biological value and net
protein utilisation). The three soybean flour types
also have protein quality which are not significantly
different to casein (as control).
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