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Abstract: Indonesia has developed several superior soybean varieties. Each soybean variety has different
physical and chemical properties that can affect processed products and soybean quality. The purpose of this
study was to determine the physical, chemical, and functional properties of three superior early-maturing
soybean varieties. The research was conducted in Maros, Indonesia in 2022 by planting the Dega-1, Grobogan,
and Gepak Kuning varieties and repeated them 6 times. The yields of the three soybean varieties Dega-1,
Grobogan, and Gepak Kuning were taken at 1 kg each and 3 repeated, then further analysis of chemical
compounds is carried out in the laboratory. The results showed that for physical characteristics, the largest
seed size was in Dega-1 (18.57 g per 100 seeds) and the smallest in Gepak Kuning (8.29 g). The highest bulk
density of soybean seeds was in the Grobogan and Dega-1 varieties (0.79 kg per m3) and the lowest was in
Gepak Kuning (0.77 kg per m3 ), and the lowest number of damaged seeds was in Dega-1 (6.67%) and the
highest in Grobogan (11.33). %). Chemical characteristics, highest protein content in Gepak Kuning (39.72%)
and lowest in Dega-1 (36.62%), lowest fat content in Dega-1 (12.63%) and highest in Gepak Kuning (14.49%),
highest phosphorus content in Gepak Kuning (0.59%) and the lowest was in Grobogan (0.53%), the highest
calcium content was in Gepak Kuning (0.40%), and the highest FFA value was in Dega-1 (0.93) and the lowest
in Gepak Kuning (0.81). Based on physical properties, Dega-1 is the best compared to the other two soybeans.
Meanwhile, based on the size of starch granules, Gepak Kuning gave the best results. For chemical
characteristics, in general, GepakKuning has the best quality compared to Grobogan and Dega-1. It can be
concluded that Gepak Kuning has the most potential to be developed in supporting food and non-food
products, especially in Indonesia.
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1. Introduction

Soybean (Glycine max (L.) Merr) is an important food source for people in Asia including
Indonesia. Soybean is also said to be Gold from the Soil or World's Miracle because of their balanced
nutritional composition. Soybean has a chemical composition that is almost like meat, with high
protein content [1], low saturated fat content, and as a source of fiber. Soybean seeds with good
nutritional content can be used as a functional food source [1,2].

Soybean seeds as a source of vegetable protein with good nutritional content contain about 40%
protein, 20% unsaturated fat, and 17% soluble and insoluble fiber. In addition, soybean is also a
source of calcium, iron, zinc, phosphor, magnesium, thiamine, riboflavin, niacin, and folic acid.
Soybean contains large amounts of essential amino acids for humans and is a good source of protein
and vegetable oil[3].Soybean seeds contain minerals in the form of calcium around 276 mg/100g,
magnesium 280 mg/100g, potassium 1,797 mg/100g, iron 16 mg/100g, and zinc 4.8 mg/100g [4].

Soybean are the biggest and best sources of isoflavones. Isoflavones are known as bioactive
compounds that can reduce the risk of chronic disease, osteoporosis, and colon cancer [5,6]Besides,
soybean also contains alpha-linolenic acid, omega-6 fatty acids and isoflavones, genistein, daidzein,
and several other components including vitamins.

Soybean seeds from Rwanda have a protein content ranging from 34.7% - 36.7% with a fat
content of around 11.1% - 16.6% [7]. The Indonesian soybean seeds characteristics have a fairly high
water content of 9.95%, ash content of 5.15% - 5.36%, and protein content of 30.33% -36.49%. Soybean
seeds originating from abroad have lower water content, such as soybean seeds originating from
Argentina at 9.71% and soybean seeds from the United States at 8.86%, with a lower protein content
of 30.33% and 34.07 % respectively[8].

The Dega-1, Grobogan, and Gepak Kuning are soybean varieties released by the Ministry of
Agriculture of the Republic of Indonesia. Grobogan and Gepak Kuning were released in 2008 which
are early maturing superior varieties with productivity of almost 2.5 t ha'. As additional information,
the size of soybean seeds is grouped into 3 groups, namely small, medium, and large, with small
sizes< 10g/100 seeds, medium sizes 10-14 g/100 seeds, and large sizes> 14 g/100 seeds. The size and
weight of soybean arefactorsin determining soybean quality [9].The Gepak Kuning has a small seed
size and it is suitable for tofu raw material because it has a high yield and is higher than imported
soybean [10]. This soybean has a relatively low weight compared to other varieties (<10 g/100 seeds),
whereas the Grobogan has wide adaptive properties and large seed size. Likewise, Dega 1 is an early
maturing soybean (77 DAP) and has large seeds (23 g/100 seeds)[11].

Indonesian soybean varieties have been widely cultivated with various types of varieties. The
selection of these varieties is based on farmers' preferences in terms of seed size, seed weight, and
productivity result. Public understanding and knowledge regarding the chemical composition and
nutritional content of soybean is still low and has not been used as a basis for selecting varieties for
cultivation. This study aims to determine the chemical composition of three early maturing soybean
varieties (Dega-1, Grobogan, and Gepak Kuning) in Indonesia to support the development of food
and non-food products.

2. Materials and Methods

The soybean samples were resulting from the soybean varieties adaptation test conducted by
South Sulawesi Assessment Institute for Agricultural Technology (South Sulawesi-AIAT)
Experimental Garden in Maros, Indonesia in 2022. These varieties consist of Dega-1, Grobogan, and
Gepak Kuning which are early-maturing superior varieties released by the Ministry of Agriculture
the Republic of Indonesia. The study was conducted by Completely Randomized Design (CRD) and
six replication.Sample analysis was carried out in the laboratory according to the parameters
required. Each soybean varietywas collected 1 kg sample with 3 replicates. The soybean used for each
variety was 1 kg, n-Hexane, Chloroform, and KBr.

The tools used were digital scales on a kg scale (Sonic, Model ACS, Capacity 30 kg) and a gr scale
(ION Scale EPSO5, Max 200g, d=0.01g), blender, filter, 1000 ml measuring cup, slide rule, GC- MS
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(QP.1000), microscope (USB digital microscope 1000 x 8 LED 2 MP digital), FTIR test kit — 8400S —
Shimadzu.

2.1. Observation Parameters and Data Processing

Observation parameters include physical testing and soybean seeds’ chemical composition.
Parameters for soybean seeds physical testing include weight per 100 seeds, bulk density[12] and the
number of damaged seeds per 100 seeds, and the shape of soybean seed granules. Testing the soybean
seed’s chemical composition includes water content, protein content with the Kjeldhal micro method,
salt content, and fat content with the Soxhlet method [13], ash content [14], calcium content [15],
phosphor content [16]free fatty acids (FFA), peroxide number [15]. Analysis of soybean compound
components using Shimadzu's GCMS-QP2010, testing the soybean seeds structure with FTIR (Fourier
Transform Infra-Red).

2.2. Sample Preparation

Soybean seeds to be used, before testing, grind them first using a blender. Soybean seeds that
have been in the form of flour were then filtered to obtain uniform particle sizes. From the sample in
the form of soybean flour, it was then analyzed for its proximate content, granule shape, FFA,
peroxide number of soybean fat, and testing the components of soybean compounds with their
functional groups.

2.3. Observation of Soybean Granule Shape

The shape of the starch granules was observed using a microscope (USB Digital Microscope 1000
x 8 LED 2MP Digital) equipped with a camera. Soybeans that have been mashed and filtered were
then placed in an object glass, then drops of water were then observed under a microscope with 1000X
magnification[17]

2.4. Water Content Testing (AOAC 2005)

The porcelain cup was dried in the oven, and the sample was weighed as much as + 2.0 grams,
and put in the porcelain cup. The samples were dried for 2 hours (135°C), cooled in a desiccator, and
weighed. The results of the difference in weight were recorded as water content.

2.5. Ash Content Testing (SNI 01-3709-1995)

The empty and dry porcelain cups were weighed, and * 2.0-gram sample was put into the
porcelain cup. The cup containing the sample was put into the furnace at 550°C for 4 hours. Removed
and cooled in the desiccator, and weighed.

2.6. Protein Content Testing (AOAC 2005)

The sample was weighed = 0.4-0.6 grams, and put into the Kjehdal tube. Catalyst
Na2504+CuSO4+.H20 was added as much as 6.4 g and catalyst (1 kg Na:504 + 68 grams CuSO4+.H20
then mixed thoroughly), added 12 ml of 98% H250a. The sample is heated at 450°C for about 2 hours
(the color turns green), then cooled in an open place if it's not too hot, slowly add +20 ml of distilled
water and let it cool down. Hereafter the sample was distilled for 6 minutes with the addition of 40%
NaOH until the sample looks cloudy. A receiving solution was prepared to consist of 30 ml of 4%
H3BO3 + mix indicator. At the distillation stage, dip the alkaline hose in 40% NaOH, then it was
titrated with 0.2 M HCI until the color changed from green to red.

2.7. Crude Fat Content Testing (AOAC, 1996)

The sample was weighed + 2-3 gr (m), then the sample was put into a filter paper package, then
put into a petri dish + lid whose weight is known. Samples were heated at 105°C for 3 hours in an
open petri dish or 130°C for 40 minutes. Cooled in a desiccator for 30 minutes. The petri dish was
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weighed containing the sample and its lid (W1). The sample pack was put into the fat flask.
Approximately 200 ml of petroleum ether or petroleum benzene was added. Fattenization was
carried out at 60-63°C for 5 hours. The fattenization indicator was perfect if the fat flask was filled
with a yellowish liquid. If the fattenization process has been perfect, drying was carried out by taking
the distillate petroleum ether, placing the sample packs in a petri dish, heating at 105°C for 3 hours
or 130°C for 40 minutes in the open position of the petri dish. The further stage was cooling in a
desiccator for 30 minutes, and the petri dish was weighed containing the sample pack and its lid
(W2).

2.8. Free Fatty Acids (FFA) Determination (AOAC, 1990)

Weigh 14 grams of oil that have been extracted from soybean seeds of each variety at each
purification stage and put it into a 250 ml Erlenmeyer. Later, add 25 ml of 95% ethanol and heat at
40°C, after that add 2 ml of pp indicator, and titrate with 0.05 M NaOH solution until a pink color
appears and does not disappear for 30 seconds.

2.9. Soybean Chemical Compound Components Testing

Testing the components of soybean seed compounds was carried out using the Shimadzu
QP2010 Gas Chromatography Mass Spectroscopy (GC-MS) instrument. The column used was DB-
5MS (non-polar column) with a length of 30 mm, diameter of 0.25 mm, injector temperature of 250°C
with detector temperature of 280°C. The sample testing method was carried out by extracting floured
soybean seeds using the Soxhlet extraction method. Samples in the form of flour were weighed as
much as 20 grams and put into the chamber. The chamber containing the sample was put into the
soxhlet and added 30 ml of n-hexane, which was then extracted for 7 hours at 300°C. The extraction
results were evaporated using a vacuum evaporator with a pressure of 20 Ag for 30 minutes at a
speed of 5 rpm, with a water bath temperature of 40°C. The resulting fat was then evaporated using
a vacuum oven at 80°C for 2 hours. The evaporated soybean fat was then diluted using chloroform in
a ratio of 1: 9. The results of the dilution were then analyzed for the compound components by
injecting the sample into the Shimadzu GC-MS QP2010 instrument[18].

2.10. Data Analyses

The resulting data were tabulated and processed using Excel and SPSS software. Data were
analyzed by ANOVA to determine the significance of the observed parameter. If it has a significant
effect, it will be tested further with the Tukey test.

3. Results and Discussion
3.1. Morphological and physical characteristics of the seeds of three soybean varieties

3.1.1. Morphological characteristics of three soybean varieties

Dega-1, Grobogan and Gepak Kuning have different characteristics. According to the Soybean
Varieties Description [19], the the Dega-1 has an oval leaf shape, plant height is 53 cm, weight of 100
seeds is 22.80 g per 100 seeds, quite vulnerable to armyworms, average seed yield of 2.78 t ha", protein
content of 37.78%, and fat content 17.29%. While the Grobogan has a pointed leaf shape, plant height
is 50-60 cm, the weight of 100 seeds is 18 g per 100 seeds, flowering age 0f30-32 days, average seed
yield of 2.77 t Ha", 43.9% protein content, and 18.4% fat content. Furthermore, the Gepak Kuning has
an oval leaf shape, plant height is 55 cm, weight of 100 seeds is 8.25 g per 100 seeds, flowering age at
28 days, resistance to Spodoptera litura attack, an average yield of 2.22 t Ha'!, protein content of 35.38%,
and fat content 15.10%. According to[20]the Grobogan has a weight of 100 seeds of about 18.57 g and
Gepak Kuning 10.18 g and has a pest attack rate of Spodoptera litura of 10.10% on GepakKuning and
13.14% on Grobogan.While the seed yields for the Groboganisare 2.08 ha-1 and Gepak Kuning is 2.00
t ha'. In line with[21], the Grobogan has a plant height of 41.24 cm and a number of leaves is 4.50,
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while the Gepak Kuning has a plant height of 31.82 cm and a number of leaves is 4.83. The study
report from[22], the Dega-1 has a plant height of 50 cm, a flowering age of 28.67 days, and a growing
percentage of 98.33%, while the Grobogan has a plant height of 53.04 cm, a flowering age of 29.00
days and a growing percentage of 100.0%. The same report from[23], Dega-1 has a plant height of
about 45.7-64.00 cm, a flowering age of 29.6-36.6 days, a number of pods per plant of around 38.5-
60.00, and a plant age of 77.9-83.9 days.

Grobogan

Figure 1. Seed morphology characteristics and seed size in three soybean varieties under normal
conditions.

3.1.2. Soybean Seeds Physical Characteristics

Soybean seeds have different characteristics for each variety. These characteristics include the
weight of seeds for every 100 seeds, as well as the condition of the seeds produced. The weight of the
soybean seeds produced for each varietywas quite different as shown in Table 1. The Dega-lwas
heavier than the Grobogan and Gepak Kuning varieties.

The weight of the seeds produced is different from the weight in the description of the soybean
varieties[19]showing the soybean weight with a difference for Dega-1, Grobogan, and Gepak Kuning
each 1.5 g; 4.67gr; and 0.75gr per 100 soybeans respectively. Soybean seed weight can be caused by
soil nutrient availability, climatic or environmental conditions during cultivation, and the ability of
each genotype to carry out its physiological functions [24].

Table 1. Soybean Seeds Physical Characteristics of Dega 1, Grobogan and Gepak Kuning Varieties.

Soybean varieties

Physical Characteristics

Dega-1 Grobogan GepakKuning
Weight p(err)100 seeds 24.33¢ 22.67b 9.00a
Bulkdensgity (kgm-3) 0.79b 0.79b 0.77a
Numk;zz;’i ?;r)“aged 6.67a 11.33¢ 8.67b

The numbers followed by the same letter in the same column were not significantly different according to the
Tukey test at the 0.05 level.

The soybean seeds'weight did not have a large effect on the bulk density of the soybean seeds
produced. As can be seen in Table 1, the Dega-1 and Grobogan with different seed weights have the
same bulk density. The Gepak Kuning with a lighter seed weight compared to Dega-1 and Grobogan
has almost the same bulkdensity as the two varieties. In other words, the bulk density of grain was
affected by the size of soybean seeds for each variety.

The seed quality for 100 seeds also differs for each variety. The quality was seen from the level
of damage to the soybean seeds produced. The highest level of damage was found in the Grobogan
and the lowest level of damage was in the Dega-1. The damage was caused by pests and diseases
during the cultivation period, resulting in small, flat, and black seeds, also found black soybean seeds
with a very hard seed texture.
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The soybean seeds damage can be caused by pest attacks on crops such as grasshoppers, pod
borers, bean flies, leaf rollers, and several other types of pests. Damage caused by these pests can
reduce the quantity and quality of crop yields because they can interfere photosynthesis process in
plants. The previous study reported that disruption to the photosynthesis process can cause a
decrease in yield of up to 70% to 80%][25].

The damage during cultivation can be caused by Nezara viridula [26], as well as Riptortus sp.
causing changes in the nutrition and soybean seeds quality[27]. Another pest that damages soybean
seeds was the soybean pod borer Etiella zinckenella. Similarly, the abiatic factor for instance heat
determines physical and chemical damage so that the soybean seeds experience discoloration,
protein, starch, oil, moisture, and other components[28].

.
-
b | 4 |

§

Figure 2. Seeds damaged by purple seed spot disease Cercospora kikuchii (a), leaf spot Cercospora sojina
(b), pod borer Etiella zinckenella (c), and pod sucker Nezara viridula.

3.2. Form of Soybean Starch Granules

Starch granules observation on all soybean varieties with a microscope showed images that were
still intact with irregular shapes. The appearance of the granules indicates that the starch has
undergone a gelatinization process with a smooth and intact surface.

Figure 3. The form of soybean starch granules in Dega 1 (A), Grobogan (B), Gepak Kuning (C).

The soybean starch granules in all samples collected have almost the same shape but with
different sizes.The Gepak Kuning has a larger starch granule size compared to the Grobogan and
Dega-1 varieties with Dega-1 having the smallest size compared to the others. The larger starch
granule size can also be affected by the protein content found in the Gepak Kuning as shown in Table
2. Research conducted by [29] states that the high protein content affects the amount of crystallization
in starch induced by protein molecules and the encouragement of hydrogen bonds so it requires
greater energy to release these bonds.

The shape of starch granules is influenced by the chemical composition of each different soybean
variety. This is in accordance with the results of research conducted by [30]that the fat and minerals
content is an important part that affects the physicochemical properties of wheat starch grains.
Soybean starch grains tend to gather and were in groups as shown in Figure 1. The tendency to cluster
was influenced by the fat content in the soybean seeds, which affects the shape of the soybean starch
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granules. The soybean starch granules shape is like irregular or polygonal shape, and some have a
polygonal granule shape on one side and ovoid on the other [31].Granule size plays an important
role in the material processing, related to the gelatinization temperature or the energy requirements.
Starch with a small granule size has a high gelatinization temperature because it tends to have
stronger intermolecular bonds, resulting in a higher energy requirement for the gelatinization
process.

3.3. Soybean Seeds Chemical Characteristics

Our data showed that soybean seeds have different chemical characteristics for each variety.
Based on chemical compositionconsisting;of ofprotein, fat, moisture, ash content, phosphor, and FFA,
these valuesare weresignificantly different between soybean varieties. The Gepak Kuning has a
higher average chemical composition compared to the Dega-1 and Grobogan as shown in Table 2.

Table 2. Soybean seed chemical characteristics of Dega-1, Grobogan,and Gepak Kuning varieties.

Soybean varieties

Chemical characteristics

Dega-1 Grobogan GepakKuning

Protein content (%) 36.623a 37.610b 39.723c

Fat content (%) 12.627a 13.427b 14.488c¢

Water content (%) 11.787b 11.860c 11.513a

Ash content (%) 4.487a 4.610b 5.187¢

Phosphor (%) 0.560b 0.537a 0.587¢

Calcium (%) 0.330a 0.327a 0.400b

Salt (%) 0.013a 0.043b 0.037b

Free Fatty Acids (FFA) 0.927b 1.033¢ 0.817a
Peroxide number 6.67 7.67 7.33

The numbers followed by the same letter in the same column were not significantly different according to the
Tukey test at the 0.05 level.

The fat content of the soybean seeds of the three varieties ranged from 12.627 — 14.488 %. The
highest soybean fat content was obtained in the GepakKuning. This data is quite low when compared
to the fat content of the Wilis and Anjasmoro varieties [32]. The research result of[33], reported
thatsoybean fat contains quite large essential fatty acids ranging from 7 — 54%, namely linoleic acid
(omega 6) and linolenic acid (omega 3). Furthermore, a study by [34]showed that in general soybean
contains about 18-20% fat and 25% of this amount consists of cholesterol-free unsaturated fatty acids.

The higher the soy protein content, the better the quality of the soybean. Soybean contains an
average of 35% protein, even in superior varieties the protein content can reach 40-44%[34]. The
protein content of the samples in this study ranged from 36,623 — 39,723 %. Our experiment figure
out that the highest protein content was found in the Gepak Kuning.The previous study conducted
by [8] states that each type of soybean has various components depending on the varieties developed
and the location where it grows.In this experiment, the Grobogan has a protein contentof 37.610 %
lower than the results of studies of 42.32% and 43.90%|[35] even though this value is better than the
Dega-1 varieties.

The amount of ash content is related to the minerals of the material[36]. The soybean seeds ash
content ranges from 4.487 — 5.187 % and the highest was obtained in the Gepak Kuning. Ash content
in soybeans is around 5% and affects mineral levels such as potassium, calcium, and magnesium[8].
Previously, research explained minerals that predominate in soybean were phosphorus (P), calcium
(Ca), and iron (Fe) [32]. The ash content and composition depend on the type of material and the
method of ashing used[37].

The water content of the three soybean varieties meets the maximum SNI requirements of 13%
[38]namely 11.513 - 11.860%. This showed that the post-harvest handling process specifically in the
drying stage has been carried out properly. The highest water content was obtained in the Grobongan
(11.860%).This figure corresponds[39], the differences in seed size affect the value of moisture content
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and the Grobogan has larger seed sizes than other varieties. The high water content in a material can
be caused by the low fiber content of the material [40].

3.4. The Chemical Content of Soybean’s FFA

The level of free fatty acids (FFA) in the soybean oil content is one of the determining factors for
the soybean quality. Since seed storage, the fat content will slowly undergo hydrolysis by water in
high-temperature conditions or due to natural lipolytic enzymes or those produced by bacteria or
fungi which will contribute to product rancidity [41]. For all samples observed, the Grobogan has the
highest FFA content (1.033 %) and was significantly different from the other varieties. The increase
in FFA indicates that the oil has increased damage due to hydrolysis[42—-44] FFAs can alter the taste
and give a dreadful flavor and noxious oxygenated compounds, on the other hand, physical refining
is the alternative way for FFAs deacidification such as distillation, membrane, solvent extraction,
enzymatic, and adsorption [45]

The surface composition and structure of the oil bodies depend on the plant oil content and these
factors influence the behavior of gastrointestinal digestion in vitro. Free fatty acids in soybean oil
emulsion were significantly higher than in rapeseed oil after 20 minutes of digestion time under
simulated intestinal aqueous conditions. The results obtained indicate that plant oils can be useful as
natural emulsifiers in the development of functional foods and achieve controlled inhibition of
bioactive compounds from emulsions during gastrointestinal digestion [46].

3.4.1. The Peroxide Number

Peroxide number is an index of the amount of fat or oil that has undergone oxidation. Peroxide
can accelerate the process of rancidity and unwanted odors in food. If the amount of peroxide is more
than 100 meq peroxide/kg the oil will be very toxic and have an unpleasant odor. An increase in
peroxide value is an indicator that the oil will smell rancid. Table 2 displays that the highest peroxide
number was in the Grobogan, followed by the Gepak Kuning, and the lowest in the Dega-1. This
means that the oil reacts with oxygen in the double bond and a chain reaction occurs which
continuously provides free radicals which produce further peroxides. Pure cooking oil that has not
been used for frying has the lowest peroxide content, namely 0.3986 mg 0/100 g. Until the third
process, the maximum limit of oil peroxide content is 1 mg 0/100 g of o0il[14]. Thereafter, exceeding
this maximum limit is feared to poison the body, especially in foods that contain fat with a peroxide
value of more than 100. The quality requirements for cooking oil used by the public must be based
on the Ministry of Industry as presented in Table 2 because the cooking oil used can have an impact
negative for health [47].

The high peroxide value of the three tested soybean varieties was thought to be due to the
handling of the samples with the heat factor. The longer the heating time, the higher the peroxide
value of the three varieties of soybean oil. That means that the three oils are easily oxidized during
cooking. According to [48], oxidation during cooking occurs easily in soybean oil and is most difficult
in Bohai algae. Bohai algae oil is better cooked in a microwave oven with P-20 power and cooked on
an electric stove with 1000W power, especially in 2~3 minutes. Olive oil is suitable for cooking in a
microwave oven with P-20 power or cooking on induction hobs and electric hobs. Most of the cooking
methods are suitable for soybean oil except the induction cooker heating method because the
peroxide value does not change.

In general, our experiment showed that the Gepak Kuning has a better chemical composition
compared to two other soybean varieties (Table 2). The high chemical composition has no effect on
the weight and bulk density as well as on the physical quality of the soybean seeds produced (Table
1). The quality of the oil produced from the three varieties, the soybean oil produced from the
Grobogan has lower quality in terms of free fatty acid content compared to the Dega-1 and Gepak
Kuning varieties. The high content of free fatty acids in soybean fat is caused by the water content in
an ingredientas the Grobogan has the highest water content compared to other varieties. The water
content in the material can function as a catalyst that causes the hydrolysis of triglycerides with the
help of lipase enzymes. The high water content in a material can be caused by the fiber content of the
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material[40]. In addition to water content, fat oxidation is also affected by the unsaturation of fat,
transition metal content in fat, oxygen content, and temperature[49-52].

3.4.2. Soybean Seeds Compound Components

The GCMS analysis obtained 18 compounds that predominated in the three soybean varieties
including saturated and unsaturated fatty acids, most of which contain ingredients such as n-
Hexadecanoic acid, Hexadecanoic acid, ethyl ester (CAS), (E.)-9-Octadecenoic acid ethyl ester,
Hexadecane, Cis-9-Hexadecenal, Octadecena, 9-Octadecenoic acid (Z)-(CAS)/olead acid [53,54]. For
Cis-9-Hexadecenal fatty acids, the Dega-1 has an area of 17.12% and 11.61% for Gepak Kuning while
the Grobongan does not detect these fatty acid compounds, but almost all fats must have Cis-9-
Hexadecenal fatty acid compounds[54-56]. Cis-9-Hexadecenal is classified as an antifungal activity
that has the potential for anti-melanogenic antifungal properties [57]. Decane 2, 3, 5, and 8-
Tetramethyl compounds belong to a class of organic compounds known as acyclic alkanes, and these
compounds belong to the pheromone class [58].
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% Compound Area

No Compound Molecular Chemical Structure Gepak
Formula Dega-1  Grobogan .
Kuning
1. Decane, 2,3,5,8-Tetramethyl- C14H30 W - - 0.18
2. n-Hexadecanoic acid CI6H3202 YNNI 406 4.56 2.78
Hexadecanoic acid, ethyl ester P
. 18H3602 v - . 4.
3 (CAS) C18H360 VWVWVY Vv 3.58 30
" (E.)-9-Octadecenoic acid ethyl C20H3802 s 5 3.48 4.49
ester v
| N/ \/ \/
2,2,4,4,6,6,8,8,10,10,12,12,14,14, RN FNA VR VAR V451
/ \
5. 16,16,18,18,20,20- C20H68010511 ] i 016 0.64 1.16
icosamethylcyclodecasiloxane il T |
/N /\ /\ 1™
6. Bis(2-ethylhexyl) phthalate C24H3804 \5\5 o 0.40 0.93 1.68
7 Silicone Qil/Silikonfet SE30 i i 101 0.89 113
(Grevels)
8. Squalene C30H50 WVJW 1.94 0.61 1.62
9. Delta-Tocopherol C27H4602 ::-W 242 035 055
10. Gamma-Tocopherol C28H4802 W 2.54 030 154
OH
11. Phenol, 3,5-bis(1,1- C14H220 0.39 021 055
dimethylethyl)
12. Hexadecane Cl6H34  N\AANAAANANAANAA 019 0.23 0.67
13. Cis-9-Hexadecenal C16H300 /S\/\N\/\ 17.12 - 11.61
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14. Octadecena C18H38 W ] - 0.98

1H-Purin-6-amine, [(2-

15 uorophenymethyl-(cag)  C12HIOENS 0.12 0.60 0.34
16. 1’2'33?552;‘11222':((’?21;)add’ C26H4204 m\ - 0.13 2.08
17. 9_OE?:§)C;£Z;&:$(Z)_ CISHBAO2 "~~~ 165 ; 130
18. Vitamin E C29H5002 0.65 ; 0.26

Source : Processed primary data.

Figure 4. Chemical compound components of Dega-1, Grobogan, andGepakKuning.

The compound components in the table above apart from those classified as fatty acids, there
are other compounds identified from the three soybean varieties, namely Decane, 2,3,5,8-
Tetramethyl-, icosamethylcyclodecasilloxane, Bis(2-ethylhexyl) phthalate, Silicone Oil/Siliconfet
SE30, Squalene, Delta-Tocopherol, Gamma-Tocopherol, Phenol, 3,5-bis(1,1-dimethylethyl), 1H-
Purin-6-amine, [(2-fluorophenyl) methyl]-(CAS) 1,2-Benzenedicarboxylic acid, dinonyl ester (CAS),
and Vitamin E. The presence of these bioactive compounds in soybean gives credence to their use by
the human community. Soybean is also applicable for the production of new drugs by the isolation
of certain compounds. It can be concluded that soybeans contain various bioactive compounds and
are recommended as an important phytopharmaca plant.

3.4.3. Organic Compound Components

The results of the FTIR analysis for all soybean varieties showed the same value at each peak.
The infrared spectrum of the soybean oil sample showed various organic components. The small
peak above 3007 cm-1 corresponds to the aromatic group of the C=CH symmetric stretching
vibration. The peak between 2800 and 3000 cm—1 corresponds to the C-H stretching vibration of the
aliphatic group [59].In this region, the peaks at 2926 and 2856 cm-1 (which are asymmetric and
symmetrical absorptions of the methylene group stretching vibrations)[59,60]. There are two peaks
at 1745 and 1161 which correlate with the stretching vibration of the carbonyl (C = O) of the ester
bond, and with the asymmetric stretching vibration of the C-O ester bond,[61]and the peak above 961
cm-1 corresponds to the bending vibration of the CH functional group which is associated with the
aromatic structure. The peak above 723 cm-1 corresponds to deformation vibrations by unbranched
aliphatic chains with more than four CH2 groups [59].
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Figure 5. Components of organic compounds from the results of FTIR analysis on Dega-1, Grobogan,

and Gepak Kuning.

4. Conclusions

Our experiment revealed the physical and chemical characteristics of three early maturing
soybean varieties in Indonesia. Based on the physical characteristics of weight per 100 seeds, bulk
density, and the number of damaged seeds, the Dega-1 showed the best performance compared to
the other two soybean varieties. In contrast, Gepak Kuning gave the best results forstarch granule
size parameters. For chemical characteristics, in general, Gepak Kuning has the best quality compared
to Grobogan and Dega-1. The parameters for determining quality were protein content, moisture,
ash, calcium, phosphor, and FFA content.On the other hand, Grobogan has the lowest oil quality
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because this variety had the highest FFA and peroxide value than the Dega-1 and Gepak Kuning
varieties.It can be concluded that Gepak Kuning has the most potential to be developed in supporting
food and non-food products, especially in Indonesia.
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