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Compositional components such as isoflavone, protein, oil, fatty acid, and free sugar in Korean
vegetable soybeans were examined with four cultivars including Hwaeomputkong, Keunolkong,
Mirang, and Danmi 2. In the isoflavone, Mirang cultivar showed the highest content (967.1 ng/g),
whereas Keunolkong was the lowest content (535.9 ug/g). The malonylglucosides were the
predominant isoflavene type followed by the glucoside, aglycone, and acetyl glucoside forms,
respectively. In the protein content, Hwaeomputkong was the lowest (41.7%) and Danmi 2 was the
highest (45.9%). The oil contents were 11.5 to 21.2% and Mirang cultivar was the lowest. The fatty
acid: compositions of the oil extracts exhibited that linoleic acid was the highest (33.6-42.5%),
followed by oleic, palmitic, linolenic, and stearic acids. Whereas, oleic acid (46.7 + 2.0%) was more
than' linoleic acid (33.6 + 1.3%) in Mirang cultivar. In the free sugar contents, Hwaeomputkong
cultivar showed the highest level and sucrose (5.52 £ 0.49%) appeared to be most prevalent in

vegetable soybeans.

Soybeans (Glycine max (L.) Merr.) and soy products
are recognized as excellent source of high-quality
isoflaovone (Wu ef al., 2004), protein, and oil (Charron et
al., 2005). Their beneficial effects on the human diseases
such as coronary heart disease, cancer, osteoporosis and
menopausal discomfort have been reported (Anthony ef
al., 1996; Arjmandi ef al., 1998, Wu et al., 1998). Although
soybean value has been determined by protein and oil
content (Wilson, 2001), isoflavone content may emerge
as another determinant of soybean value. Because of
estrogen-like effects, isoflavones are frequently referred
to as phytoestrogens and to have a wide variety of health
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benefits, including prevention of breast and prostate
cancers, cardiovascular disease, and postmenopausal
bone loss (Lamartiniere, 2000; Lee, ef al., 2006). It is well
established that isoflavones are responsible for the several
biological activities of soybean, however the contents of
them are affected by the cultivar grown as well as the
environmental conditions of the seed filling stage (Wang
and Murphy, 1994; Hoeck ef al., 2000). Isoflavones in
soybeans are widely founded as glucosides forms; the
malognylated glucosides are the predominant, whereas
the contents of aglycones, glucosides, and acetylated
glucosides tend to increase during, cooking, processing,
and extraction (Coward et al., 1998).

Protein, oil, and sugar are also important nutritional
sources found in soybeans (Kim et al., 2005). Soybean
protein used for foods with a variety of manufacturing
process e.g. synthetic fiber, adhesives, textile-sizing,
waterproofing, and many other uses. Soybean oil is
becoming popular in the world due to its numerous edible
applications such as cooking and baking as well as
industrial applications such as paint, printing ink, soap,
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and insecticide. Moreover, the fatty acids of soybean oil
are completely investigated its nutritional value, storage
compatibility, industrial properties, and potential food
applications (Hu et al., 1997; Miller et al., 1987). Soybean
sugar has been shown to have health benefits as a dietary
material and reduce the risk of colon cancer and other
diseases (Tomomatsu, 1994).

In Korea, soybean is consumed mainly as bean paste,
bean sprout, cooked-with-rice, and vegetable according
to the usage. Especially, vegetable soybeans, which
harvested early as immature state, offer several benefits
including less bitterness and beany flavor, high contents
of ascorbic acid and P-carotene, and low amounts of
antinutritional factors (Simonne et al., 2000). Although
there are several benefits, few studies have been performed
so far, on the compositional components of vegetable
soybean cultivars. Therefore, the objective of current study
was to determine the contents of isoflavones, proteins,
oils, fatty acids, and free sugars in vegetable soybeans of
major Korean cultivars to provide the basic information
on their compositional components for the development
of high quality soybean cultivars.

In this study, we isolated glycitein from Tackwangkong
one of the G max cultivars and analyzed individual
isoflavone contents of four vegetable soybean cultivars in
Korea using high-performance liquid chromatography
(HPLC). We also investigated the primary constituents
such as protein, oil, fatty acid, and free sugar concentrations
in vegetable soybeans.

Materials and Methods

Plant materials. Four vegetable soybean cultivars
(Hwaeomputkong, Keunolkong, Mirang, and Danmi 2)
were selected and harvested from the experimental field
of Yeongnam Agricultural Research Institute, National
Institute of Crop Science, Rural Development Administration,
Miryang, Korea, in 2006. Collected seeds were freeze-
dried immediately after sampling and stored at 4°C until
they were used.

Reagents. HPLC-grade water and acetonitrile were
purchased from Merck (Darmstadt, Germany). The
isoflavones, daidzein, genistein, daidzin, and genistin
were obtained from our previous works (Lee ef al,
2006a; Lee et al., 2006b). Glycitein was isolated from the
1 N HCI extract of the pulverized seeds (cv. Taekawangkong)
and the structure was confirmed by the spectroscopic data
analysis. All other isoflavones and sugars (stachyose,
raffinose, glucose, and sucrose) were obtained from
Sigma Aldrich (St. Louis, MO).

Instruments. Separation of glycitein was conducted
using thin layer chromatography (TLC) plates (E. Merck

Co., Darmstadt, Germany) and the spots were visualized
under UV radiation or by spraying the plates with a 10%
ethanolic solution of phosphomolybdic acid (PMA)
(Wako Pure Chemical Industries, Osaka, Japan) followed
by heating at 110°C. 'H- and "C-NMR were obtained on
a Bruker AM 500 spectrometer (Bruker, Karlsruhe,
Germany) at 500 and 125 MHz, respectively, in DMSO-
d;. HPLC was conducted using an Agilent 1100 liquid
chromatograph system (Agilent Technologies, Palo Alto,
CA, USA) equipped with a quaternary pump, a vaccum
degasser, an autosampler, a UV detector and a thermal
chamber controller. A reversed phase column [LichroCART
125-4 HPLC-Cartridge (Lichrophore 100 RP-18e) (Merck,
Germany)] was used for HPLC. Protein and oil contents
were determined using a B-339 Auto Kieldahl analyzer
(Buchi, Schweiz) and a BUCHI B-811 Extraction System
(Biichi, Schweiz), respectively. For the analysis of fatty
acid in crude oil, DS6200 (DONAM Instruments Inc.,
Korea) gas chromatography with a flame ionization
detector (FID) and a capillary column (0.32 mm 1.d. x 25
m HP-FFAP) were used. Free sugar content was analyzed
using a Spectra system P-4000 HPLC system (Thermo
Electron Inc., Somerset, NJ) with Waters Sugar Pak I (6.5
x 300 mm; Waters Co., Ltd.). The analytical HPLC
system consisted of a G1311A Agilent 1100 quaternary
pump (Agilent Technologies, Wilmington, DE), and the
chromatographic data were processed using a Donam
dsCHROM 2000 Software.

Extraction and isolation of glycitein. The pulverized
seeds (5.0 kg) of Tackwangkong was extracted with 150
mL of 1 N HCI at 105°C for 3 h. The extract was filtered
with Millipore 0.45 m membrane filter, and the filtrate
was concentrated in vacuo at 50°C and to yield a brown
gum (184 mg). The resulting residue was chromatographed
on a silica gel column (1.5 x 6 cm, 230-340 mesh, 20 g)
using CHCly/acetone gradient (20 : 1 — 1 : 2) to yield 15
subfractions. The subfractions 6-9 were further purified
by silica gel column chromatography with CHCly/acetone
(15:1—>4:1) to yield glycitein (13 mg).The structure
of glycitein was confirmed by spectroscopic analysis.

Glycitein: '"H-NMR (DMSO-d;, 500 MHz) 6 3.84 (3H,
s, 6-OCH,), 6.81 (2H, d, J= 8.6 Hz, H-3 and 5), 6.94 (1H,
s, H-8), 7.39 (2H, d, J= 8.6 Hz, H-2 and 6), 7.43 (1H, s,
H-5), and 8.28 (1H, s, H-2); "C-NMR (DMSO-d;, 125
MHz) § 57.9 (OCH,), 102.5 (C-8), 115.4 (C-3 and C-5),
115.6 (C-6), 1169 (C-4a), 123.0 (C-1), 123.9 (C-3),
127.7 (C-5), 130.5 (C-2 and C-6), 141.1 (C-6), 153.3 (C-
2), 157.6 (C-4), 163.1 (C-7), and 175.1 (C-4).

Preparation of soybeans and quantitative analysis of
isoflavones using HPLC. To exiract isoflavones, 1.0 g of
freeze-dried finely ground each soybean cultivars was
mixed with 10 mL of 50% aqueous methanol in a 50 mL-
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Aglycones  Symbol Ry R,
Daidzein De H H
Glycitein Gle H  OCH;
Genistein Ge OH H
Glucosides Symbol Ry Ry Ry
Daidzin Di H H H
Glycitin Gly H  OCH; H
Genistin Gi Ol H H
Acetyldaizin AcDi H H COCH;
Acetylglycitin -~ AcGly H  OCH; COCH;
Acetylgenistin -~ AcGi  OH H COCH;
Malonyldaidzin ~ MDi H H COCH,COOH

Malonylglycitin -~ MGly H OCH; COCH,COOH

Malonylgenistin -~ MGi OH H

COCH,COOH

Fig. 1. Chemical structures of isoflavones in soybean.

centrifuge bottle (Nalge Company, Rochester, NY). The
sample bottles were vortexed for 1 min and shaken with
shaker for 12h at room temperature followed by
centrifugation at 3000 rpm for 30 min (VS-6000CFN,
VISION, Korea). The supernatant was filtered with a
0.45 um membrane filter prior to inject into the HPLC
system. The analysis of isoflavones were carried out by
reversed phase HPLC with a flow rate of 1.0 mL/min at
30°C using the solvent gradient of 0.1% (v/v) acetic acid
in water (solvent A) and 100% acetonitrile (solvent B);
0~20 min, 20% solvent B; 20~30 min, 25% solvent B;
30~40 min, 35% solvent B. The HPLC chromatograms
were recorded at 254 nm.

Calibration curves of the individual isoflavones. The
calibration curves for isoflavones were made from the
serial dilutions of the samples dissolved in 50% methanol.
The linear range and the equation of linear regression
were obtained sequentially at 100, 80, 60, 40, 20, 10, 5,
2.5, and 1 pg/mL. Mean areas (n = 3) generated from the
standard solution was plotted against concentration to
establish the calibration equation. A high linearity (+*>
0.998) was obtained for each calibration curve. The
structures of the individual isoflavones using standard
compounds are shown in Fig. 1.

Protein, oil, fatty acid, and free sugar analyses. Four
vegetable soybean cultivars were finely ground using a
coffee grinder (PHILIPS, HR2860, Netherlands). The
protein content of soybeans was determined according to
the Kjeldahl procedure (Kim et al., 2006). The soybean
powder (0.2 g) was digested by Buchi B-435 digestion
system and Buchi B-412 scrubber with 20 mL of H,SO,
and 3.0 g of catalyst (CuSO, : K,SO,=1:9). Nitrogen
content was calculated by Buchi B-399 auto-Kjeldahl
system and then converted to protein by multiplication on

6.25. Oil content was measured by Soxhlet method using
Buchi B-811 extracted system (Kim er al., 2006). Two
grams of soybean powder was added to 200 mL of »-
hexane in extraction thimble and boiled for 2 h at 105°C.
After cooled to room temperature in a desiccator, the
extracted oil was weighted. Total oil contents were
represented on a dry matter basis of soybean. The fatty
acid composition was determined using the extracted oil
as follows (Kim et al., 2006): approximately, 100 puL. of
oil was placed in a screw-capped vial, and then 5 mL of
methylation solution {H,0 : MeOH : toluene =1 ml. : 20
mL : 10 mL) was added followed by heating on a water
bath (100°C) for 1 h, and cooling to room temperature,
consecutively. The mixture was extracted with 10 mL of
H,O : ether (1 : 1) solution. The 0.5 pL. of organic layer
was injected on to the gas chromatography. The initial
temperature of 140°C was raised to the final temperature
of 200°C at a rate of 8°C min™. Carrier gas was nitrogen
at a flow of 0.5 min™". During analysis the temperatures of
the inlet and detector were maintained at 230-250°C. For
analysis of free sugars, 1.0 g of soybean powder was
extracted with 80% FEtOH (10 mL) at room temperature
for 12 h, and then centrifuged at 5000 g for 5 min***”
The supernatant was filtered with a Sep-Pak C18 solid
phase extraction cartridge (Waters, Milford, MA) and this
residue was then dissolved in water. The 20 mL of diluted
extract was injected into a HPLC system equipped with a
Shodex RI-71 refractive index detector. The operating
conditions were as follows: column temperature 35°C;
mobile phase acetonitrile : water (65 : 35, v/v); flow rate
0.5 mL/min. Contents of free sugar including glucose,
sucrose, raffinose, and stachyose were calculated by
comparing the HPLC peak areas with the external
standard calibration curves.
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Fig. 2. Representative HPLC chromatogram of isoflavones in soybean. 1: Daidzin, 2: Glycitin, 3: Genistin, 4: Malonyl
daidzin, 5: Malonyl glycitin, 6: Acetyl daidzin, 7: Malonyl genistin, 8: Acetyl glycitin, 9: Daidzein, 10: Glycitein, 11:
Acetyl genistin, 12: Genistein. HPLC operating conditions: Column: Merck, Lichrophore 100RP-18e; Solvents: A, 0.1%
acetic acid in water, B, acetonitrile (gradient); Flow rate: 1.0 mL/min; Monitor: 254 nm; HPLC system: Agilent 1100.

Results and Discussion

Individual isoflavone analysis of vegetable soybean
cultivars. Through repeated silica gel chromatography of
the hydrolyzed extract of Taekwangkong cultivar,
glycitein was isolated and confirmed by spectroscopic
analysis. Fig. 1 showed the structures of 12 isoflavones,
which could be grouped according to the chemical
moieties: aglycone, glucoside, malonylglucoside, and
acetylglucoside. On the basis of individual isoflavone
standard materials, a typical HPLC chromatogram of
isoflavones in soybeans was obtained as shown in Fig. 2.
The result of the peak identification of the chromatogram
is as follows: the isoflavone aglycones including daidzein
(peak 9, 25.4 min), glycitein (peak 10, 27.9 min) and
genistein (peak 12, 35.1 min); the isoflavone glucosides
including daidzin (peak 1, 9.9 min), glycitin (peak 2, 11.2
min), genistin (peak 3, 15.8 min), malonyldaidzin (peak
4, 16.5min), malonylglycitin (peak 5, 17.6 min),
acetyldaidzin (peak 6, 21.4 min), malonylgenistin (peak
7, 22.1 min), acetylglycitin (peak 8, 25.4 min), and
acetylgenistin (peak 11, 28.9 min).

There were significant differences between individual

Table 1. Individual isoflavone contents of vegetable soybeans

isoflavone contents and total contents. Total isoflavone
content was found as 967.1 pg/g in Mirang, and 535.9 pg/
g in Keunolkong, while the average of total isoflavone in
four cultivars was 796.8 ug/g. The content of each
isoflavone in four vegetable soybean cultivars grown in
Milyang was shown in Table 1. In particular, malonyl
glucosides were more than 75% of the total isoflavone
content (Hwaeomputkong: 79%, Keunolkong: 74%,
Mirang: 79%, and Danmi 2: 78%). Among isoflavones,
malonyl genistin content was the highest (262.1-553.5
ug/g), followed by malonyl daidzin (123.8-241.8 ng/g)
and glycitin (65.2-90.6 pg/g). Furthermore, acetyl glucosides
including acetyl daidzin, acetyl genistin, and acetyl
glycitin as well as glycitein were not detected.
Distributions of individual isoflavone among four
vegetable soybean cultivars showed similar patterns.
However, the contents of glycitin (65.2-90.6 ng/g) in
vegetable soybeans were higher than those of daidzin
(55.5-67.3 pg/g) and genistin (19.6-46.4 pg/g) in comparison
with other Korean soybean cultivars (Wang et al., 1994;
Yang and Chung, 2001). The HPLC chromatograms of
isoflavones in four vegetable soybeans are shown in Fig. 3.
Daidzein was found as trace amounts in Hwaeomputkong

Contents of isoflavone (ug/g)'

Cultivar
Di Gly Gi MDi MGly AcDi  MGi  AcGly De Gle AcGi  Ge
Hwaeomputkong 62.8+1.5 71.2+1.4 31.0+0.7 182.5+4.9 9.4£0.6 nd* 458.84284 nd tr nd nd 3.47+04
Keunolkong 55.5+0.9 65.240.8 19.6+0.6 123.8+2.6 8.120.3 nd 262.1+132 nd 1.57+02 nd nd nd
Mirang 63.8+1.9 90.6£1.9 46.4+1.1 200.146.9 12.7£0.8 nd 553.5£31.9 nd tr nd nd nd
Danmi 2 67.3+1.3 82.1+1.7 35.1+0.7 241.844.229.7£0.6 nd 400.3+27.1 nd 130£0.]1 nd nd 7.43203

“Values indicate the mean’s of three replications. "nd: not detected. “tr: trace. Di: Daidzin, Gly: Glycitin, Gi: Genistin, MDi:
Malonyl daidzin, MGly: Malonyl glycitin, AcDi: Acetyl daidzin, MGi: Malony! genistin, AcGly: Acetyl glycitin, De:

Daidzein, Gle: Glycitein, AcGi: Acetyl genistin, Ge: Genistein.
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Fig. 3. HPLC chromatogram of 50% methanolic extracts from the vegetable soybean cultivars. (A) Hwaeomputkong,
(B) Keunolkong, (C) Mirang, (D) Danmi 2. 1: Daidzin, 2: Glycitin, 3: Genistin, 4: Malonyl daidzin, 5: Malonyl glycitin, 7:

Malonyl genistin, 9: Daidzein, 12: Genistein.

and Mirang cultivars (Fig. 3A and Fig. 3C), while it was
found 1.57 £ 0.2 and 1.30 + 0.1 pg/g in Keunolkong and
Danmi 2 cultivars, respectively (Fig. 3B and Fig. 3D).
Total isoflavone contents of the vegetable soybeans were
2-3 times less than those of other Korean soybeans. These
results suggested that vegetable soybeans were harvested
early as immature state.

Analyses of protein, oils, fatty acid, and free sugar in
the vegetable soybean cultivars. The protein content
determined according to the Kjeldahl procedure resulted
in the highest in Hwaeomputkong (45.9 + 0.2%) and the

lowest in Danmi 2 cultivar (41.7 + 1.4%) (Table 2). The
oil content in the vegetable soybean cultivars measured
by Soxhlet method showed that it was lower than that of
other Korean soybean cultivars. Danmi 2 cultivar
exhibited the highest content (21.2+ 1.4%), whereas
Mirang cultivar was the lowest (11.5 £ 0.4%) (Table 2).
The oil concentration of Mirang was much lower than
that of other Korean soybean cultivar (15.78-20.30%)
(Chung, 2006). The concentrations of protein and oil
measured in the vegetable soybeans had moderate
negative correlations.
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Table 2. Contents of protein and oil in vegetable soy-
beans

Contents of protein and oil (%)°

Cultivar
Protein Oil
Hwaeomputkong 459+2.1 17.1+£ 09
Keunolkong 458+19 18.7+ 0.8
Mirang 43.1+24 115+ 0.4
Danmi 2 417+ 14 21.2+1.1

“Values indicate the mean’s of three replications.

The compositions of fatty acids in the soybean oil were
analyzed by using GC. Linoleic acid was the predominant
(33.6-42.5%) followed by oleic (37.1-46.7%), palmitic
(9.6-11.1%), and linolenic acids (5.4-6.5), respectively,
whereas stearic acid was the lowest (3.3-3.7%) (Table 3).
In particular, Mirang cultivar showed higher content of
oleic acid (46.7 + 2.0%) than that of linoleic acid (33.6 +
1.3%) (Table 3).

As the primary constituents of soybean, free sugars
were considered to have potentials in the prevention and
medical treatment of chronic adult diseases. The
compositions of free sugars in the vegetable soybeans
were analyzed as follows: 3.55-5.52% sucrose, 1.26-
1.62% raffinose, 0.46-0.53% stachyose, and 0.16-0.28%
glucose, respectively, and these sugars possessed greater
than 90% of the free sugar in vegetable soybeans (Table
4). Hwaeomputkong showed the highest free sugar
content, while Mirang cultivar was the lowest.

This study reports compositional components including
isoflavones, protein, oil, fatty acids, and free sugars in

Table 3. Contents of protein and lipid in vegetable soybeans

Korean vegetable soybean cultivars. In the isoflavones,
total isoflavone contents of vegetable soybeans were
found 2-3 times less than those of other Korean soybean
cultivars, and interestingly, the content of glycitin was
commonly higher than that of daidzin and genistin.
Regarding protein and oil, vegetable soybeans exhibited
higher contents in protein (44.1%) but lower contents in
oil (17.1%) than other Korean soybean cultivars. In the
oil, the content of linoleic acid was the highest (33.6-
42.5%), whereas stearic acid was the lowest (3.3-3.7%).
Free sugar regards as a parameter that affects on the
soybean quality in medical treatment of chronic adult
diseases. In the sugar of the vegetable soybean cultivars,
the content of sucrose was the highest (3.55-5.52%),
while that of stachyose (0.46-0.53%) was the lowest.
After further processing for food ingredients, these
Korean vegetable soybean cultivars may contribute to
enhance the health benefits as soy containing foods. The
evaluation of vegetable soybean quality in breeding
aspects is through to be important to enhance the value of
functional materials as well as soybean as dietary
supplement.
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