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Abstract Phytochemicals study from the leaves of soybean [Glycine max (L.) Merr.], one of Korean edible plant materials
were investigated through various chromatographic procedures. The methanolic leaves extracts of soybean yielded 16
phytochemicals, including 5 isoflavones 1-5, 3 flavones 6-8, 1 flavonol 9, 2 pterocarpans 10 and 11, 2 phenolic compounds 12
and 13, 2 phytosterols 14 and 15, and 1 sugar alcohol 16. The structures were fully characterized by analysis of physical and
spectral data and were defined clearly as 4,5,7-trihydroxyisoflavone (1), 4,5,7-trihydroxyisoflavone-7-O-f-D-glucopyranoside
(2), 4,7-dihydroxy-6-methoxyisoflavone (3), 4,7-dihydroxyisoflavone (4), 4,7-dihydroxyisotlavone-7-O-3-D-glucopyranoside
(5), 5,7 4-trihydroxyflavone (6), 3'4',5,7-tetrahydroxyflavone (7), 3'4',5-trihydroxyflavone-7-O-3-D-glucopyranoside (8),
3,4',5,7-tetrahydroxyflavonol (9), coumestrol (10), glyceofuran (11), 4-hydroxybenzoic acid (12), methyl-4-hydroxybenzoate
(13), soyasapogenol B (14), stigmasterol (15), and D-mannitol (16), respectively. Among them, phytochemicals 7-16 were
reported for the first time on the isolation and confirmation from the leaves of this species. These results suggest that the
leaves extracts of soybean may possess possible health related benefits to human due to the isolated phytochemicals 1-16

which have been well known potential effects on various chronic diseases.
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Introduction

Soybean [Glycine max (L.) Merr.] belongs to the Leguminosae
family has been used as a food and dietary supplement for
a long time because of the importance of its nutritional
properties and the functional characteristics (1,2). It is well
established that isoflavones found in high concentrations in
soybeans have received great attention due to their
potential beneficial effects on human health including
prevention of breast and prostate cancers (3,4), cardiovascular
disease (5), reduced symptoms of diabetes (6), and lower
blood pressures (7). Recently, in our previous studies
demonstrated that pterocarpans of soybean showed potent
low density lipoprotein (LDL) oxidative and human acyl-
CoA: cholesterol acyltransferase (hACAT) inhibitory
activities (8,9). Among different parts of this species,
especially, leaves have been used in Korean folk medicine
as the detoxifying agent for snake poison and particularly
as food in southern province. Although studies of the
phytochemicals and their biological activities in soybean
seeds are well documented (10-14), the elucidation of
phytochemicals and biologically activities from leaves part
have been few studied extensively (15). Therefore, it is
necessary to investigate resources of functional ingredients
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such as dietary fiber, bioactive substances, and dietary
supplements from soybean leaves.

In our continuing search for phytochemicals and
biological activities of natural plants, we found that 16
phytochemicals were isolated through various chromatographic
procedures from the leaves of soybean. It has been well
established that isolated phytochemicals 1-16 are beneficial
to health owing to reduce risk of cancer and cardiovascular
diseases. At first, isoflavone derivatives 1-5 are essential
for preventing menopausal symptoms and the incidences
of osteoporosis (16,17) as well as lowing of serum
cholesterol level (18,19). At second, flavone 6-8 and
flavonol 9 have been shown to be highly effective against
several diseases involved in oxidative stress (20). At third,
our studies have reported that pterocarpan compounds 10
and 11 have a potent LDL oxidation inhibitory activities
regarding antiatherosclerosis (8). Moreover, their derivatives
are very attractive target for the prevention and treatment
of cardiovascular diseases owing to hACAT inhibitory
activities (9). At fourth, phenolic compounds 12 and 13 are
widely distributed in the plants and food products as
secondary metabolic products and nutraceutical importance
(21-24), which possess potent antioxidant properties and
free radical scavenging capabilities (22,25). At fifth,
triterpenoids 14 and 15 and sugar alcohol 16 are widely
distributed in natural plants have been reported during the
last decades due to their medicinal properties such as
cytotoxic activities, anticancer, and antiviral (26). Thus,
soybean leaves not only form the basis of the human food
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chain but they are also important sources to improve
sources to improve human health and well-being. In this
study, The investigation of the chemical constituents in the
methanol extracts of soybean leaves to further elucidate
various bioactive phytochemicals having beneficial health
effects was carried out. All isolated compounds were
identified their structures through spectroscopic methods
and these structures were 5 isoflavones 1-5, 3 flavones 6-
8, 1 flavonol 9, 2 pterocarpans 10 and 11, 2 phenolic
compounds 12 and 13, 2 phytosterols 14 and 15, and 1
sugar alcohol 16, respectively. Although phytochemicals 7-
16 were naturally present in many plants (26-32), which
were the first report on the isolation and confirmation from
the leaves of this species.

Materials and Methods

Plant material The leaves of cv. Taekwang one of Korea
soybeans was selected in this study. This cultivar was
grown at the experimental field of Yeongnam Agricultural
Research Institute, National Institute of Crop Secience,
Rural Development Administration, Miryang, Korea, in
2005. The leaves were collected at the end of September
2005 and subsequently dried at room temperature for 7
days. The dried leaves were stored at 4°C until they were
used.

General apparatus and chemicals Al purifications were
monitored by thin layer chromatography (TLC) (Merck
Co., Darmstadt, Germany), using commercially available
glass-backed plates sprayed with phosphomolybdic acid
(PMA), p-anisaldehyde, and 10% H,SO; solution. Column
chromatography was carried out using 230-400 mesh silica
gel (Kieselgel 60, Merck). Melting points were measured
on a Thomas Scientific capillary melting point apparatus
(Electrothermal 9300; Manchester, UK) and are uncorrected.
Infrared (IR) spectra were recorded on a Bruker IFS66
(Bruker, Karlsruhe, Germany) IR Fourier transform
spectrophotometer (KBr) and 'H- and "“C-nuclear
magnetic resonance (NMR) along with 2D-NMR data
were obtained on a Bruker AM 500 (‘H-NMR at 500
MHz, BC-NMR at 125 MHz) spectrometer (Bruker) in
CDCls, acetone-ds, DMSO-d;;, CD;0D, and D,0O. Electron
impact mass spectrometry (EIMS) was obtained on a Jeol
JMS-700 mass spectrometer (Tokyo, Japan). All reagent-
grade chemicals were purchased from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA).

Extraction and isolation of phytochemicals The leaves
(1.5 kg) of soybean (G max cv. Taekwang) were air-dried,
chopped, and extracted 2 times with methanol (10 L=2) for
10 days at room temperature and filtered to remove the
precipitate. The combined methanol extracts was concentrated
in vacuo to yield a dark green gum (240 g). The methanol
extracts was dissolved in 1.5 L of a mixture of water and
methanol (3:1) and successively partitioned with n#-hexane,
EtOAc, and #-BuOH (each 3x1.0 L), yielding n-hexane
(18.1g), EtOAc (854 g), »-BuOH (559¢g), and H,O
extracts (48.6 g). The EtOAc phase was chromatographed
on silica gel (9x50 cm, 230-400 mesh, 980 g) using hexane/
acetone solvent system under gradient conditions [20:1
(1.5L),15:1 (1.5L), 10:1 (1.5L), 6:1 (1.5 L), 3:1 (1.5 L),
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and 1:1 (1.5 L)} and CHCly/acetone [10:1 (1.2 1), 6:1 (1.2
L),3:1(1.2L),and 1:1 (1.2 L)] mixtures to give 11 fractions
(A-J). The fraction C (9.1 g) was subjected to silica gel
column (6x50 ¢cm, 230-400 mesh, 280 g) chromatography
with n-hexane/EtOAc under gradient conditions [18:1 (450
mb), 14:1 (450 mL), 10:1 (450 mL), 7:1 (450 mL), 4:1
(450 mL), and 1:1 (450 mL})] to give 25 subfractions (C1-
C25) and subfractions C13 (590 mg) was precipitated with
hexane/EtOAc to give compound 15 (250 mg) as a white
powder. The subfraction C20 (740 mg) was further purified
in small chromatographic column containing silica gel
(2.5%50 cm, 230-400 mesh, 100 g), eluting with #-hexane/
EtOAc (1:1) to afford the pure compound 14 (180 mg).
The fraction H (7.4 g) was submitted to a silica gel column
(5.5%50 cm, 230-400 mesh, 230 g) chromatography eluted
with a n-hexane/acetone solvent system {15:11:2) resulting
in 56 subfractions (H1-H56). Among them, subfractions
H20-H24 (850 mg) was applied to silica gel column
(2.5%50 cm, 230-400 mesh, 110 g) chromatography with
n-hexane/acetone (10:1—1:1), and then purified by a
second flash silica gel column (2.5%50 cm, 230-400 mesh,
100 g) using a gradient of n-hexane/acetone [8:1 (300 mL),
5:1 (250 mL), 3:1 (250 mL), and 1:1 {250 mL}] to yield
compound 11 (45 mg). The subfractions H29-H33 (680
mg) were combined and chromatographed using a stepwise
gradient of CHCls/acetone [12:1 (200 mL), 8:1 (200 mL),
6:1 (200 mL}, 4:1 (200 mL), 2:1 (200 mL), and 1:1 {200
mL)], then purified by second flash silica gel column
(2.0%50 cm, 230-400 mesh, 100 g) using gradient of CHCL/
acetone (8:1—1:1) to yield compounds 1 (25 mg) and 10
(31 mg). The subfractions H39-H46 (140 mg) were combined
on the basis of their comparative TLC profiles and
submitted to preparative TLC (CHCly/acetone 4:1) to give
compounds 2 (9.4 mg) and 3 (7.9 mg). The n-BuOH phase
(559 g) was chromatographed over a silica gel column
(7.0%50 cm, 230-400 mesh, 780 g) using CHCls/acetone
(15:1—>1:2), resulting in the production of 10 fractions
(B1-B12). The fraction B4 (1.4 g) was then applied to
silica gel column (2.0x50 cm, 230-400 mesh, 160 g) with
CHCI;/MeOH (20:1—4:1) to afford 43 subfractions. The
subfractions 20-26 (340 mg) was applied to the silica gel
column (1.0x60cm, 230-400 mesh, 60g) eluted with
CHCly/acetone (2:1) to ultimately produce compound 6
(69 mg). The subfractions 34-40 (230 mg) were subjected
to the silica gel column chromatography eluting with
CHCL/EtOH (4:1) to afford crude compound 7 and was
further purified by chromatography on silica gel eluting
CHCL/CH;CN (8:14:1) to afford compound 7 (42 mg).
The fraction B6 (820 mg) was subjected to Sephadex LH-
20 column chromatography using a stepwise procedure,
with increasing acetone in MeOH yielded 9 subfractions
(B6-1-B6-9). The subfractions B6-3-B6-4 (59mg) after
purification through small column [silica gel, CHCly/
CH;CN (8:1)] were obtained compound 13 (13 mg). The
subfractions B6-8 (125 mg) were subjected to the silica gel
column chromatography with CHCl;/MeOH (16:1-52:1)
and was subsequently purified by recrystallization (CHCls/
CH;CN) to yield compound 9 (21 mg). The fraction B8
(2.3 g) was fractionated to 29 subfractions (B8-1-B8-29)
by silica gel column chromatography with CHCl;/MeOH
as eluents. The subfractions B8-6-B8-10 were subjected to
silica gel chromatography using a solvent gradient from
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CHCl;/MeOH (15:1) to CHCL;/MeOH (2:1) to obtain
compounds 4 (39 mg) and 8 (16 mg). The subfractions B8-
13-B8-14 were separately subjected to silica gel column
chromatography with the same solvent [CHCly/MeOH
(8:1—1:1)] and further purified through Sephadex LH-20
using methanol to yield compound 5 (52 mg). Also, the
subfraction B8-2 was evaporated and submitted to
preparative TLC [CHCl;/MeOH (10:1)] to give compound
12 (11.2 mg). The HyO phase {48.6 g} was filtered, and
then washed with MeOH. The washed MeOH extracts was
purified by RP-18 open column chromatography and
recrystallized from CHCly/MeOH mixture to afford
compound 16 (125 mg).

Results and Discussion

During our search for phytochemicals and their biological
activities derived from natural plants, phytochemicals 1-16
were isolated from the leaves of soybean and analyzed by
NMR to determine their structures (Fig. 1 and 2). Among
them, the structures of phytochemicals 1-5 were confirmed
by spectroscopic analysis and comparison with values
previously reported (33,34).

Compound 6: Yellow needles; mp 343-345°C; EIMS m/z

1R{=0OH,R;=0H R3=H
2:Ry=H,Ry=0H,R3=H
3:R;=H R, =0H,R3 = OCH;,
4:R;=0H, R, =0Glu,R3 = H
5:Ry=H,R,=0OGIlu, Ry =H

OH O
6:R;=H,R, = H,Ry=OH
7:R;= OH, Ry, =H, Ry = OH
8: Ry = OH, R, = H, Ry = OGlu
9: Ry = H, Ry = OH, Ry = OH

J H Leeetal

(relative intensity) 270 (M"); IR (KBr) vy 3,600, 1,655,
1,600, 1,436/cm; UV Ay 335, 267 nm (MeOH); "H-NMR
(DMSO-dg, 500 MHz) & 6.19 (1H, d, /=2.1 Hz, H-6), 6.48
(IH, d, J=2.1 Hz, H-8), 6.76 {(1H, s, H-3), 6.93 (2H, d, J
=8.8 Hz, H-3'and 5"), 7.92 (2H, d, J/=8.8 Hz, H-2' and §"),
and 12.95 (1H, s, 5-OH). ®*C NMR (125 MHz, DMSO-d;):
see Table 1.

Compound 7. Yellowish amorphous powder; mp 317-
320°C; EIMS m/z (relative intensity) 286 (M*, 100), 153,
(30), 134 (15); IR (KBr) vy 3,412, 1,645/cm; UV A0
242, 254 nm (MeOH); 'H-NMR (500 MHz, DMSO-d;) &
6.20 (1H, d, J=2.1 Hz, H-6}, 6.46 (1H, d, J=2.1 Hz, H-8),
6.67 (1H, s, H-3), 6.91 (1H, d, /=8.2 Hz, H-5"), 7.41 (1H,
dd, /=2.4 and 3.6 Hz, H-2"), 743 (1H, d, J=2.3 Hz, H-6"),
9.39 (1H, br, 4-CH), 9.90 (1H, br, 3-OH), 10.82 (1H, br,
7-OH), and 12.97 (1H, br, 5-OH). “C-NMR (125 MHz,
DMSO-dy): see Table 1.

Compound 8: Yellow powder; mp 227-228°C; EIMS m/z
(relative intensity) 448 (M"); [a]; -24.5 (c 0.1, MeOH);
IR (KBr) Vi 3,642, 1,640/cm; UV Ay 263, 317 nm (MeOH);
'H-NMR (500 MHz, DMSO-d,) 8 3.21 (1H, t, J=9.1 Hz,
H-4"), 3.30 (1H, dd, J=13.5, 6.1 Hz, H-2"), 3.35 (I1H, d, J
=8.9 Hz, H-3"), 3.45-3.48 (1H, m, H-5"), 3.52 (1H, dd, J
=11.6, 5.8 Hz, H-6B"), 3.75 (1H, dd, J=11.6, 1.6 Hz, H-

Glu= 0
HO
HO OH

Fig. 1. Structures of isoflavones 1-5, flavones 6-8, and flavonol 9 from seybean leaves.

HO 0_0 RtI:::rJ\RZ
& HO

12: Ry = OH, R, = OH
13: Ry = H, R, = OCH,

HO

CH,OH
HO-CH
HO—CH
HC-OH
HC-OH
CH,0H

15 16

Fig. 2. Structures of pterocarpans 10 and 11, phenolic compounds 12 and 13, phytosterols 14 and 15, and sugar alcohol 16 from

soybean leaves.
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Table 1. ®C-NMR of compounds 6-9 at 125 MHz (ppm, m)"

. Compound

Position

6 7 8 9

1
2 164.1 (s)” 1643 (s) 1649(s) 147.2(s)
3 1032(d) 1032(d) 103.6(d) 136.0(s)
4 182.1(s) 182.0(s) 1822(s) 176.3(s)
5 161.5(s) 161.9(s) 161.5(s) 161.1(s)
6 992(d)  992(d) 100.0(d)  98.6(d)
7 164.5(s) 1645(s) 1634(s)  164.3(s)
8 943(d)  942(d)  952(d)  93.9(d)
9 1577(s)  1577(s) 1573 (s)  156.6(s)
10 104.1(s) 104.1(s) 1058(s) 1034 (s)
¥ 121.6(s)  1219(s) 121.8(s) 122.1(s)
2 1288(d) 113.8(d) 1140(d) 129.9(s)
3 1163 (d) 146.1(s) 1462(s) 115.8(d)
4 161.8(s)  150.1(s) 1503 (s)  159.6(s)
s 1163 (d) 1164(d) 1164(d) 1158(d)
6' 1288(d) 1193(d) 1195(d)  129.9(s)
1" 100.4 (d)
2" 73.6 (d)
3" 76.9 (d)
4 70.1 (d)
5 77.6 (d)
6" 61.1(t

UThe chemical shifts of compounds 6-9 were determined in DMSO-d;.
DMultiplicity was established from DEPT data.

6a"), 5.09 (1H, d, /=7.4 Hz, H-1"), 6.46 (1H, d, /=2.1 Hz,
H-6), 6.73 (1H, s, H-3), 6.79 (1H, d, /=2.1 Hz, H-8), 6.92
(1H, d, J=8.3 Hz, H-5"), 7.44 (1H, dd, J=5.8, 2.3 Hz, H-
2", 7.45 (1H, d, J=2.3 Hz, H-6"), and 12.96 (5-OH). "*C-
NMR (125 MHz, DMSO-dj): see Table 1.

Compound 9: Yellow powder; mp 228-230°C; EIMS mi/z
(relative intensity) 286 (M, 100); IR (KBr) vy 3,370,
1,661, 1,614, 1,570, 1,510/cm; UV Ay 322, 294, 266 nm
(MeOH); 'H-NMR (500 MHz, DMSO-dy) 6 6.19 (1H, d, J
=2.0 Hz, H-6), 6.44 (1H, d, J=2.0 Hz, H-8), 6.92 (2H, dd,
J=6.9, 2.0 Hz, H-3' and §'), 8.05 (2H, dd, J=6.9, 2.0 Hz,
H-2' and 6"), 9.35 (3-OH), 10.08 (4'-OH), 10.76 (7-OH),
and 12.47 (5-OH). "C-NMR (125 MHz, DMSO-d,): see
Table 1.

Compound 10: Yellow needles; mp 356-359°C; EIMS m/
z (relative intensity) 268 (M, 100); IR (KBr) Viay 3,500,
2,820, 1,710/cm; UV A, 378, 310, 280, 210 nm (MeOH);
'H-NMR (500 MHz, DMSO-d;) § 6.91 (1H, d, J=2.2 Hz,
H-4), 6.93 (1H, dd, J=6.4, 1.2 Hz, H-2), 6.95 (1H, dd, J=
7.1,2.0 Hz, H-8), 7.16 (1H, d, J=2.0 Hz, H-10), 7.69 (1H,
d, /=84 Hz, H-7), 7.84 (1H, d, J=8.6 Hz, H-1), 10.0 (9-
OH), and 10.7 (3-OH). PC-NMR (125 MHz, DMSO-d;):
see Table 2.

Compound 11: White needles; mp 181-183°C; EIMS m/z
(relative intensity) 354 (M', 28); IR (KBr) vp. 3,414,
1,660, 1,555/cm; UV Apa 306, 293, 287 nm (EtOH); 'H-
NMR (500 MHz, acetone-dy) 6 1.60 (6H, s, H-15 and 16),
4.15 (1H, d, J/=11.3 Hz, H-6a), 4.19 (1H, d, /=11.3 Hz, H-
6b), 4.39 (14-OH), 5.02 (6a-OH), 5.48 (1H, s, H-11a), 6.26

581

(1H, d, J=2.1 Hz, H-10), 6.46 (1H, dd, J=8.2, 2.1 Hz, H-
), 6.65 (1H, d, /=09 Hz, H-12), 6.96 (1H, d, J/=0.4 Hz,
H-4), 7.26 (1H, d, /=8.2 Hz, H-7), 7.68 (1H, s, H-1), and
8.49 (9-OH). *C-NMR (125 MHz, acetone-d;): see Table
2

Compound 12: Slightly yellow powder; mp 255-257°C;
EIMS m/z 154; IR (KBr) Viny, 3,340, 1,655/cm; UV Doy
nm 338, 272 (MeOH); 'H-NMR (500 MHz, CD;0D) &
6.89 (1H, d, /=11.0 Hz, H-5), and 7.53 (2H, m, H-2 and H-
6). "C-NMR (125 MHz, CD;0D): see Table 2.
Compound 13: Colorless needle; mp 80-83°C; EIMS m/z
168; IR (KBr) v, 3,312, 3,034, 1,918, 1,679, 1,588/cm;
UV A nm 206, 255 (CHCLy); 'H-NMR (CDCl;, 500
MHz) ¢ 3.92 (3H, s, 7-OCH3), 6.91 (2H, d, J=8.7 Hz, H-
3 and H-5), 7.98 (2H, d, J=8.7 Hz, H-2 and H-6); 1*C-
NMR (CDCls, 125 MHz): see Table 2. R
Compound 14: White needles; mp 258-259°C; [oc]l“)0
+92.4 (¢ 1.0, CH;0H); EIMS m/z 458; IR (KBr) vp.
3,440, 2,250, 1,360/cm; 'H-NMR (500 MHz, CD;0D) §
0.74 (3H, s, H-28), 0.79 (1H, dd, J=1.8, 12.3 Hz, H-6),
0.81 (3H, s, H-29), 0.85 (1H, m, H-19a), 0.86 (3H, s, H-
25), 0.88 (3H, s, H-26), 0.90 (1H, m, H-1a), 0.91 (3H, s,
H-30), 0.95 (1H, m, H-2a), 1.03 (3H, s, H-27), 1.10 (3H,
s, H-23), 1.21 (1H, m, H-15a), 1.24 (1H, m, H-21), 1.29
(2H, m, H-6), 1.33 (1H, m, H-21p), 1.35 (1H, m, H-7a),
1.46 (1H, m, H-7B), 1.51 (1H, m, H-9), 1.56 (1H, m, H-
1B), 1.58 (1H, m, H-16a), 1.62 (1H, m, H-16f), 1.63 (1H,
m, H-2p), 1.64 (1H, m, H-15B), 1.65 (1H, m, H-19p), 1.80
(2H, m, H-11), 1.96 (1H, d, /=12.8 Hz, H-18), 3.25 (1H,
dd, J=3.9, 12.0 Hz, H-3), 3.28 (1H, d, J=11.1 Hz, H-24q),
3.28 (1H, m, H-22), 4,03 (1H, d, J=11.1 Hz, H-248), and
516 (1H, t, J=3.6 Hz, H-12). "C-NMR (125 MHz,
CD;0D): see Table 2.

Compound 15: White powder; mp 163-165°C; EIMS m/z
412; IR (KBr) Viax 3,450, 2,950, 1,655/cm; 'H-NMR (500
MHz, CDCls) 8 0.73 (3H, s, H-18), 0.83 (3H, d, J=6.4 Hz,
H-26), 0.85 (3H, d, J=7.4 Hz, H-29), 0.88 (3H, d, /=64
Hz, H-27), 0.96 (1H, m, H-12a), 0.97 (1H, m, H-11a),
1.03 (1H, m, H-1a), 1.04 (3H, d, J=2.4 Hz, H-21), 1.06
(3H, s, H-19), 1.08 (1H, m, H-17), 1.11 (1H, m, H-28a),
1.19 (1H, m, H-24), 1.21 (1H, m, H-14), 1.20 (1H, m, H-
16b), 1.28 (1H, m, H-9), 1.45 (1H, m, H-28B), 1.46 (2H,
m, H-15),1.49 (1H, d, J=5.3 Hz, H-8), 1.52 (1H, m, H-2at),
1.54 (1H, m, H-20), 1.58 (1H, m, H-25), 1.73 (1H, m, H-
16a1), 1.75 (1H, m, H-12B), 1.88 (1H, 1p), 1.89 (1H, m, H-
11B), 1.98 (1H, m, H-4ax), 2.00 (1, m, H-2B), 2.09 (1H, m,
H-4p), 2.25-2.31 (2H, m, H-7), 3.51-3.57 (1H, m, H-3),
5.05 (1H, dd, J/=15.2, 8.6 Hz, H-23), 5.18 (1H, dd, J=15.2,
8.6 Hz, H-22), and 5.37 (1H, dd, J=3.1, 2.2 Hz, H-6). "*C-
NMR (125 MHz, CDCl;): see Table 2.

Compound 16: White powder, 'H-NMR (500 MHz, D,0)
8 3.66 (2H, dd, J=5.6, 11.4 Hz, H-1a and H-62), 3.70-3.75
(2H, m, H-3 and H-4), 3.79 (2H, m, H-2 and H-5), and
3.85 (2H, dd, J=2.4, 11.5 Hz, H-1b and H-6b). *C-NMR
(125 MHz, D,O): see Table 2,

Structural elucidation of isolated phytochemicals
Compound 6 was obtained as yellow needles and the IR
spectrum showed absorption bands for hydroxyl at 3,600/
cm and carbonyl at 1,655/cm. The characteristics of
compound 6 was essentially the same as those for
compound 9 except for the 'H- [6: & 6.76 (1H, s, H-3)] and



582

Table 2. *C-NMR of compounds 10-15 at 125 MHz (ppm, m)"
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- Compound
Position
10 11 12 13 14 15 16
1 123.1 (dy? 124.3 (d) 121.7 (s) 1223 (s) 40.2 (v 37.7 (1) 63.3 (s)
2 114.1 (d) 125.1 (s) 116.4 (d) 132.0 (d) 27.3 (1) 32.1 (1 71.0 (s)
3 161.6 (s) 156.9 (s) 144.6 (s) 115.3 (d) 81.7 (d) 72.2 (d) 69.4 (s)
4 103.4 (d) 100.2 (d) 150.1 (s) 160.3 (s) 43.8 (s) 42.7 (t) 69.4 (s)
5 114.5 (d) 115.3 (d) 57.7 (d) 141.2 (s) 71.0 (s)
6 158.0 (s) 71.8 (t) 122.8 (d) 132.0 (d) 20.2 (1) 122.1 (d) 63.3 (s)
7/0CHj; 121.0 (d) 125.7 (d) 169.2 (s) 1674 (s)/52.1 (q) 35.0 (t) 32.32 (d)

8 114.4 (d) 109.5 (d) 41.2 (s) 32.31 (d)

9 156.3 (s) 161.3 (s) 49.6 (d) 50.6 (d)

10 99.1 (d) 99.0 (d) 39.0 (s) 36.9 (s)

11 252 (t) 2149 (t)

12 100.9 (d) 124.0 (d) 40.1 (t)

13 165.4 (s) 145.7 (s) 42.6 (s)

14 69.8 (s) 44.0 (s) 57.3 (d)

15 299(q) 303 (1) 24.77 (1)

16 29.9 (q) 28.8 () 293 (1)

la 104.6 (s)

4a 155.0 (d) 154.2 (s)

6a 102.4 (s) 77.7 (s)

6b 115.0 (s) 121.3 (s)

10a 157.4 (s) 162.4 (s)

11a 159.8 (s) 87.3 (d)

11b 118.5 (s)

17 383 (1) 56.4 (d)

18 479 (d) 12.6 (q)

19 479 (t) 19.8 (q)

20 32.0(s) 40.9 (d)

21 42.7 (1) 21.46 (q)

22 77.4 (d) 138.7 (d)

23 23.6 (q) 129.7 (d)

24 65.7 () 51.7(d)

25 17.0 (@) 32.27 (d)

26 18.0 (q) 21.62 (q)

27 26.0 (q) 19.4 (@)

28 20.8 (q) 25.8 (t)

29 33.0(q) 12.5 (q)

30 29.5(q)

DThe chemical shifts of compound 10 was determined in DMSO-dy, compound 11 was measured in acetone-d,, compounds 12 and 14 were mea-
sured in CD;0D, compounds 13 and 15 were measured in CDCl;, and compound 16 was measured in D,0O.

IMultiplicity was established from DEPT data.

BC-NMR spectrums [6: § 103.2 (C-3, d) and 9: 6 136.0 (C-
3, s)]. These results suggested that compound 6 are 5,7,4'-
trihydroxyflavone (35). Compound 7 was obtained as
yellowish amorphous powder and IR spectrum showed
absorption bands at 3,412 and 1,645/cm, which indicated
the presence of hydroxyl and carbonyl groups. The “C-
NMR spectrum with DEPT experiments showed the
presences of 15 carbons as 6 methins [ 99.2 (C-6), 94.2
(C-8), 103.2 (C-3), 113.8 (C-2", 1164 (C-5), and 1193
(C-6"], 1 carbonyl 182.0 (C-4) and 8 quaternary carbons [d
104.1 (C-10), 121.9 (C-1), 146.1 (C-3), 150.1 (C-4), 161.9
(C-5), 157.7 (C-9), 1643 (C-2), and 164.5 (C-7)],

respectively. The 'H-NMR data showed the evidence for 6
aromatic protons [3 6.20 (1H, H-6), 6.46 (1H, H-8), 6.91
(1H, H-5), 7.41 (1H, H-2), 7.43 (1H, H-6), and 6.67 (1H,
H-3)]. Namely, the 'H-NMR spectra of compound 7
showed 2 mera-coupled doublets ascribable to H-8 and H-
6 of A-ring in the flavonoid skeleton, and a mera-coupled
doublet-doublet, an ortho, meta-coupled doublet and an
ortho-coupled doublet attributable to H-2', H-6', and H-5'
of B-ring, respectively. The HMBC spectrum showed
correlations of H-3 with C-10, C-1', C-2, and C-4, and H-
6 with C-8, C-10, and C-7, and H-8 with C-6, C-7, C-9,
and C-10, and H-2'/6' with C-2 (Fig. 3). Thus, on the basis
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Fig. 3. Important HMBC correlations in phytechemicals 7-9.

of the above obtained data as well as remaining analysis of
HMBC and HMQC data, compound 7 was identified as the
3'4' 5, 7-tetrahydroxyflavone (36). Compound 8 was obtained
as yellow powder and had a molecular ion peak at m/z 448.
The 'H-NMR spectrum of compound 8 was almost the
same as those for 7, except for the sugar moiety. Sugar
conformation was assumed to be P-configuration form
from the chemical shift and coupling constant value of this
anomeric proton signal at 5.09 (1H, d, /=7.4 Hz, H-1). The
signal at 6 100.4 (C-1), 73.6 (C-2), 76.9 (C-3), 70.1 (C-4),
77.6 (C-5), and 61.1 (C-6) in the *C-NMR spectrum, and
3.21 (1H, t,J=9.1 Hz, H-4), 3.30 (1H, dd, J=13.5, 6.1 Hz,
H-2), 3.35 (1H, d, /=8.9 Hz, H-3), 3.45-3.48 (1H, m, H-5),
and 5.09 (1H, d, J=7.4 Hz, H-1) in the 'H-NMR spectrum
suggested the presence of a P-glucopyranose group. In
HMBC spectrum, the cross peak between the anomeric
proton signal at & 5.09 (H-1) and compound 7 carbon
signal at 8 163.4 (C-7) confirmed that glucose was substituted
for 7 position of compound 7 (Fig. 3). Therefore, on the
basis of these assignments, the structure of 8 was 3'4',5-
trihydroxyflavone-7-O-B-D-glucopyranoside (37). Compound
9 was obtained yellow powder and had a molecular ion
peak at m/z 286. Ultra violet (UV) spectrum analysis showed
an absorption maximum at 322 nm and IR spectrum analysis
showed strong hydroxyl and carbonyl group absorption
bands at 3,370 and 1,661/cm, respectively. In the 'H-NMR
spectrum of 9 showed signals for 2 symmetric protons of
the B-ring {5 8.05 (2H, dd, J=6.9, 2.0 Hz, H-2' and 6') and
6.92 (2H, dd, J=6.9, 2.0 Hz, H-3' and 5")] and 2 aromatic
protons of the A-ring [3 6.19 (1H, d, /=2.0 Hz, H-6) and
6.44 (1H, d, J=2.0 Hz, H-8)]. Also, a characteristic
hydrogen bonded proton signal of the hydroxyl group was
detected at & 12.47 (1H, s, 5-OH). The HMBC spectrum of
9 showed correlations of H-2'/6' with C-2, H-6 with C-5,
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C-7, C-8, and C-10, and H-8 with C-6, C-9, and C-10 (Fig.
3). Thus, based on all the above obtained spectral data,
compound 9 was identified as 3,4',5,7-tetrahydroxyflavonol
(38).

Compound 10 was obtained as yellow needles having
the molecular formula of C,sHzOs, and a molecular ion
peak at m/z 268. The IR spectrum showed the presence of
hydroxyl (3,500/cm) and carbonyl (1,710/cm) moieties.
The 'H- and *C-NMR data with DEPT experiments showed
the presence of 15 carbon atoms as 1 carbonyl (158.0, C-
6), 6 methins [6 123.1 (C-1), 114.1 (C-2), 1034 (C-4),
121.0 (C-7), 1144 (C-8), and 99.1 (C-10)] and 8§
quarternary carbons [d 161.6 (C-3), 155.0 (C-4a), 1024,
(C-6a), 115.0 (C-6b), 156.3 (C-9), 157.4 (C-10a), 159.8 (C-
11a), and 104.6 (C-la)], respectively. In the 'H-NMR
spectrum of 10 showed an ABX-type aromatic proton
system appearing at & 7.84 (H-1), 6.93 (H-2), and 6.91 (H-
4) due to A ring protons on AB-type aromatic proton
signals resonating at & 7.69 (H-7), 6.95 (H-8), and 7.16 (H-
10) due to B ring protons. Exact position of protons and
carbons in compound 10 was determined by the COSY
spectrums and unassigned connectivities carbonyl and
quaternary carbons were determined on the basis of
HMBC correlations. The connectivity between H-7 with
C-10, C-9, and C-6a, and H-10 with C-8, C-9, and C-6b,
and H-1 with C4, C-3, C-4a, and C-11a, and H-2 with C-
4, C-1a, and C-3 were determined on the basis of HMBC
correlations (Fig 4). Thus, based on all the above obtained
spectral data, compound 10 was identified as coumestrol
by pterocarpan structure (39). Compound 11 was obtained
as white needles having the molecular formula of
CyH, 505, and a molecular ion peak at m/z 354. The IR
spectrum showed the presence of hydroxyl (3,414/cm) and
carbonyl (1,660/cm) moieties. The 'H- and '*C-NMR data
with DEPT experiments showed the presence of 20 carbon
atoms as 7 methins [6 87.3 (C-11a), 99.0 (C-10), 100.2 (C-
4), 100.9 (C-12), 109.5 (C-8), 124.3 (C-1), and 125.7 (C-
7)], 1 methylene 71.8 (C-6), 10 quaternary carbons [& 69.8
(C-14), 77.7 (C-6a), 118.5 (C-11b), 121.3 (C-6b), 125.1
(C-2), 154.2 (C-4a), 156.9 (C-3), 161.3 (C-9), 1624 (C-
10a), and 165.4 (C-13)], and 2 methyl carbons (29.9, C-15
and C-16), respectively. The '"H-NMR data showed the
evidence for 2 methy! protons [ 1.60 (H-15 and H-16)], 2
furanoid protons [8 5.48 (H-1la) and 6.65 (H-12)], 5
aromatic protons [0 6.26 (H-10), 6.46 (H-8), 6.96 (H-4),
7.26 (H-7), and 7.68 (H-1)], and 1 methylene proton [8
4.15 (H-6P) and 4.19 (H-60)], respectively. Namely, 'H-
NMR data showed a set of proton signals 4.15 (1H, d, J=
11.4 Hz, Hax-6), 4.19 (1H, d, J=11.4 Hz, Heqg-6), 5.48
(1H, s, H-11a) characteristic of pterocarpan, exhibited the
presence of an aromatic protons system appearing at 6.96
(H-4) and 7.68 (H-1) due to A ring protons, an AB-type
aromatic proton signals resonating at 6.46 (H-8), 6.26 (H-
10), and 7.26 (H-7) due to B ring protons. The HMBC
spectrum of compound 11 showed correlations of H-1 with
C-3, C-4, C-4a, and C-11a, H-11a with C-4a, C-6a, C-10a,
and C-11b, H-60/6 with C-4a, C-6a, C-6b, and C-11a,
and H-12 with C-2, C-3, and C-13, respectively (Fig. 4).
Additionally, the following long-range correlations appeared
the dimethy! group protons at & 1.60 (H-15 and H-16) with
C-14 and C-13 of furanoid carbon (Fig. 4). Thus, based on
all the above assignments and remaining analysis of
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Fig. 4. Important HMBC correlations in phytochemicals 10
and 11.

HMBC spectra allowed the unequivocal assignment of all
carbons. All data mentioned above indicate that the
structure of compound 11 was glyceofuran (40).
Compounds 12 and 13 were 4-hydroxybenzoic acid and
methyl-4-hydroxybenzoate on the basis of 'H- and "C-
NMR spectrums, together with a comparison of the above
data with those published in the literatures (27,41).
Compound 14 was obtained as white needles. The IR
spectrum revealed absorption bands due to hydroxyl
(3,440/cm) group. The 'H-NMR data showed the evidence
for 7 methyl protons [6 0.74, 0.81, 0.86, 0.88, 0.91, 1.03,
and 1.10 (each 3H, s)], 5 methine protons [& 3.25 (H-3),
0.79 (H-6), 1.51 (H-9), 1.96 (H-18), and 3.28 (H-22)}, 1
olefinic methine proton 8 5.16 (1H, t, /=3.6 Hz, H-12), and
10 methylenes protons, respectively. The complex overlapping
proton signals in the 0.5-2.1 ppm region of the proton
spectrum was analyzed using 'H-'H COSY. Figure 7
showed important HMBC correlation and the positioning
of the substituents on the ring system. All data mentioned
above indicate that the structure of compound 14 were
soysapogenol B (42). Compound 15 was obtained as white
powder and had a molecular ion peak at m/z 412. The IR
spectrum showed absorption bands at 3,450/cm, which
indicated the presence of hydroxyl group. The “C-NMR
data with DEPT experiments showed the presence of 29
carbon atoms as 8 methines [6 72.2 (C-3), 32.31 (C-8),
50.6 (C-9), 57.3 (C-14), 56.4 (C-17), 40.9 (C-20), 51.7 (C-
24), and 32.27 (C-25)], 3 olefinic [ 122.1 (C-6), 138.7 (C-
22), and 129.7 (C-23)], 9 methylenes [5 37.7 (C-1), 32.1
(C-2), 42.7 (C-4), 32.32 (C-7), 21.49 (C-11), 40.1 (C-12),
24.77 (C-15), 29.3 (C-16), and 25.8 (C-28)], 3 quaternary
[0 141.2 (C-5), 36.9 (C-10), and 42.6 (C-13)], and 6 methyl
carbons [6 12.6 (C-18), 19.8 (C-19), 21.46 (C-21), 21.62
(C-26), 194 (C-27), and 12.5 (C-29)], respectively. The
'H-NMR data showed the evidence for 6 methyl protons [&
0.73 (H-18), 1.06 (H-19), 1.04 (H-21), 0.83 (H-26), 0.88
(H-27), and 0.85 (H-29)], 8 methine protons [& 3.51-3.57
(H-3), 1.49 (H-8), 1.28 (H-9), 1.21 (H-14), 1.08 (H-17),
1.54 (H-20), 1.19 (H-24), and 1.58 (H-25)], 3 olefinic
protons [ 5.37 (H-6), 5.18 (H-22), and 5.05 (H-23)], and
9 methylene protons [d 1.03 and 1.88 (H-10/pB), 1.52 and
2.00 (H-2a/B), 1.98 and 2.09 (H-40/B), 2.25-2.31 (2H, H-
7),0.97 and 1.89 (H-11a/pB), 0.96 and 1.75 (H-120/[3), 1.46
(2H, H-15), 1.20 and 1.73 (H-16a/pB), 1.11 and 1.45 (H-
28a./B)], respectively. In fact, almost all of the methine and

Fig. 5. Important HMBC correlations in phytochemicals 14
and 15.

methylene proton singals were overlapped, like other
sterols, and therefore it was ambiguous and difficult to
distinguish the HMBC correlations. Especially, the correlations
from these methyl proton signals to carbon signals through
two and three bonds showed very strong cross peaks in the
HMBC, which played an important role in signal
assignment. Example of structure elucidation: The methyl
proton signal at 6 1.06 (3H, s, H-19) was correlated to the
methine carbon signal ¢ (50.6, C-9) in the HMBC, and the
methane proton signal at 6 1.28 (1H, s, H-9) was coupled
with the methylene proton signals at 8 0.97 and 1.89 (2H,
m, H-11o/B) in the 'H-'H COSY. Both of the methyl
proton signals at & 0.73 (3H, H-18) and 1.04 (3H, H-21)
were correlated to the carbon signal at & (56.4, C-17), and
the methane proton signal at & 1.08 (H-17) which was
assigned by the HMQC was coupled with the methylene
proton signals at & 1.20 (1H, m, H-16a), 1.73 (1H, m, H-
16B) (Fig. 5). Thus, these assignments and analysis of
HMBC spectra allowed the unequivocal assignment of all
carbons. All data mentioned above indicate that the structure
of compound 15 was stigmasterol {43). Compounds 16
was D-mannitol on the basis of 'H- and “C-NMR
spectrums, together with a comparison of the above data
with those published in the literature (29).

In conclusion, we reported that phytochemicals 1-16
were isolated through various chromatographic procedures
from the leaves of soybean. Their structures including 5
isoflavones 1-5, 3 flavones 6-8, 1 flavonol 9, 2 pterocarpans
10 and 11, 2 phenolic compounds 12 and 13, 2 phytosterols
14 and 15, and 1 sugar alcohol 16 were identified by
spectroscopic methods and physical data. Although isolated
phytochemicals were usually present in natural plants
(phytochemcals 1-16) and seeds and roots of soybean
(phytochemicals 1-5, 10, and 11), as far we know, the
isolation and identification of phytochemicals 7-16 from
the leaves were reported for the first time in this study. We
are currently examining the various biological activities
and in future studies, the various activities of these
components should have clarified to better understand the
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beneficial effects of soybean leaves. Also, isolated
phytochemicals have attracted attention to physiological
effects including antioxidant, anticancer, and antiatherosclerotic
would contribute to enhance the value of soybean and its
leaves as a dietary supplements and functional foods.

Acknowledgments

This study was supported by a post doctoral course program
of Yeongnam Agrcultural Research Institute (YARI),
National Institute of Crop Science, Rural Development
Administration, Korea. Seong Hun Jeong was supported
by a grant from the BK21 Program, the Ministty of
Education and Human Resources Development, Korea.

References

1.

10.

11.

12.

15.

Kwon TW, Song YS, Kim JS, Moon GS, Kim JI, Honh JH. Current
research on the bioactive functions of soyfoods in Korea. J. Korean
Soybean Dig. 15: 1-12 (1998)

. Lee JH, Back IY, Ko JM, Kang NS, Shin SH, Lim SG, Oh KW,

Shin SO, Park KY, Park KH, Ha TJ. Antioxidant and tyrosinase
inhibitory activities from seed coat of brown soybean. Food Sci.
Biotechnol. 17: 1-7 {2008)

. Lamartiniere CA. Protection against breast cancer with genistein, a

component of soy. Am. J. Clin. Nutr. 71: 17058-1707S (2000)

. Alkel DL, Sirtori CR, Muanza DN, Vasquez A, Cannell J, Grant

WP, van der Schouw YT, Grobbee DE, Kok L, Kreijkamp-Kaspers
S. Isoflavones and postmenopausal women. J. Am. Med. Assoc.
292: 2336-2337 (2004)

. Anthony MS, Clarkson TB, Hughes CL, Morgan TM, Burke GL.

Soybean isoflavones improve cardiovascular risk factors without
affecting the reproductive system of peripubertal rhesus monkeys. J.
Nutr. 126: 43-50 (1996)

. Mezei O, Banz WJ, Steger RW, Peluso MR, Winters TA, Shay N.

Soy isoflavones exert antidiabetic and hypolipidemic effects through
the PPAR pathways in obese Zucker rats and murine RAW 264.7
cells. J. Nutr. 133: 1238-1243 (2003)

. Jenkins DJA, Kendall CWC, Jackson CJC, Connelly PW, Parker T,

Faulkner D, Vidgen E, Cunnane SC, Leiter LA, Josse RG. Effects of
high-and low-isoflavone soyfoods on blood lipids, oxidized LDL,
homocysteine, and blood pressure in hyperlipidemic men and
women. Am. J. Clin. Nutr. 76: 365-372 (2002)

. Lee JH, Lee BW, Kim JH, Jeong TS, Kim MJ, Lee WS, Park KH.

LDL-antioxidant pterocarpans from roots of Ghcine max (L.} Merr.
1. Agr. Food Chem. 54: 2057-2063 (2006)

. Lee JH, Seo WD, Jeong SH, Jeong TS, Lee WS, Park KH. Human

acyl-CoA: Cholesterol acyltransferase inhibitory effect of flavonoids
from roots of Ghycine max (L.} Merr. Agr. Chem. Biotechnol. 49:
57-61 (2006)

Yu O, Shi J, Hession AO, Maxwell CA, McGonigle B, Odell IT.
Metabolic engineering to increase isoflavone biosynthesis in
soybean seed. Phytochemistry 63: 753-763 (2003)

Takahashi R, Ohmori R, Kiyose C, Momiyama Y, Ohsuzu F, Kondo
K. Antioxidant activities of black and yellow soybeans against low
density lipoprotein oxidation. J. Agr. Food Chem. 53: 4578-4582
(2005)

Boué SM, Carter CH, Ehrlich KC, Cleveland TE. Induction of the
soybean phytoalexins coumestrol and glyceollin by Aspergilfus. J.
Agr. Food Chem. 48: 2167-2172 (2000)

. Lee CH, Yang L, Xu JZ, Yeung SYV, Huang Y, Chen Z-Y. Relative

antioxidant activity of soybean isoflavones and their glycosides.
Food Chem. 90: 735-741 (2005)

. Lee JH, Renita M, Fioritto R} St. Martin SK, Schwartz S},

Vodovotz Y. Isoflavone characterization and antioxidant activity of
Ohio soybeans. J. Agr. Food Chem. 52: 2647-2651 (2004)

Hur JM, Park SJ, Park JG, Hwang YH, Park JC, Yokozawa T, Kim
MS. Flavonoids from the leaves of Glycine max showing anti-lipid
peroxidative effect. Nat. Prod. Sci. 7: 49-52 (2001)

16.

19.

20.

2L

22

23.

24.

25.

26.

27.

29,

30.

3L

32.

33

34.

3s.

36.

385

Arimandi BH, Getlinger MJ, Goyal NV, Alekel L, Hasler CM, Juma
8, Drum ML, Hollis BW, Kukreja SC. Role of soy protein with
normal or reduced isoflavone content in reversing bone loss induced
by ovarian hormone deficiency in rats. Am. J. Clin. Nuir. 68:
1358S-1363S (1998)

. Arjmandi BH, Alekel L, Hollis BW, Amin D, Stacewicz-

Sapuntzakis M, Guo P, Kukreja SC. Dietary soybean protein
prevents bone loss in an ovarietomized rat model of osteroporosis. J.
Nutr. 126; 161-167 (1996)

. Ho SC, Woo JL, Leung SSF, Sham ALK, Lam TH, Janus ED.

Intake of soy products is associated with better plasma lipid profiles
in the Hong Kong Chinese population. i. Nutr. 130: 2590-2593
(2000)

Wong WW, Smith EO, Stuff JE, Hachey DL, Heird WC, Pownell
HJ. Cholesterol-lowering effect of soy protein in normocholesterolemic
and hypercholesterolemic men. Am. J. Clin. Nutr 68: 13855-1389S
(1998)

Bravo L. Polyphenols: Chemistry, dietary sources, metabolism, and
nutritional significance. Nutr. Rev. 59: 317-333 (1998)
Martinez-Valverde I, Periago MJ, Ros G. Nutritional importance of
phenolic compounds in the diet. Arch. Latinoam. Nutr. 50: 5-18
{(2000)

Parr AJ, Bolwell GP. Phenols in the plant and in man. The potential
for possible nutritional enhancement of the diet by modifying the
phenols content or profile. J. Sci. Food Agr. 86: 985-1012 (2600)
Awika JM, Rooney LW. Sorghum phytochemicals and their
potential impact on human health. Phytochemistry 65: 1199-1221
(2004)

Santos-Buelga C, Scalbert A. Proanthocyanidins and tannin like
compounds: Nature, occutrence, dietary intake, and effects on
nutrition and health. J. Sci. Food Agr. 80: 1094-1117 (2000}
Shashidi F, Wanasundara PK. Phenolic antioxidants. Crit. Rev. Food
Sci. 32: 67-103 (1992)

Lee JH, Seo KI, Kang NS, Yang MS, Park KH. Triterpenoids from
roots of Ghycine max (L.) Merr. Agric. Chem. Biotechnol. 49: 51-56
£2006)

Lee JH, Baek 1Y, Kang NS, Ko JM, Kim HT, Jung CS, Park KY,
Ahn YS, Suh DY, Ha TJ. Identification of phenolic compounds and
antioxidant effects from the exudate of germinating peanut (4rachis
hypogaea). Food Sci. Biotechnol. 16: 29-36 {2007)

. Sudjaroen Y, Haubner R, Wirtele G Hull WE, Erben G

Spiegelhalder B, Changbumrung S, Bartsch H, Owen RW. Isolation
and structure elucidation of phenolic antioxidants from tamarind
{Tamarindus indica L.) seeds and pericarp. Food Chem. Toxicol. 43:
1673-1682 (2005)

Kim JS, Kim JC, Shim SH, Lee EJ, Jin WY, Bae KH, Son KH, Kim
HP, Kang SS, Chang HW. Chemical constituents of the root of
Dystaenia takeshimana and their anti-inflammatory activity. Arch.
Pharm. Res. 29: 617-623 (2006}

Romani A, Vignolini P, Galardi C, Aroldi C, Vazzana C, Heimler D.
Polyphenolic content in different plant parts of soy cultivars grown
under natural conditions. J. Agr. Food Chem. 51: 5301-5306 (2003)
Chang Q, Wong YS. ldentification of flavonoids in Hakmeitau
beans (Vigna sinensis) by high performance liguid chromatography-
clectrospray/mass spectrometry (HPLC-ESI/MS). J. Agr. Food
Chem. 52: 6694-6699 (2004)

Kowalska I, Stochmal A, Kapusta [, Janda B, Pizza C, Piacente S,
Oleszek W. Flavonoids from Barrel Medic (Medicago truncatula)
aerial parts. J. Agr. Food Chem. 55: 2645-2652 (2007)

Lee JH, Back IY, Kang NS, Ko JM, Han WY, Kim HT, Oh KW,
Suh DY, Ha TJ, Park KH. Isolation and characterization of
phytochemical constituents from soybean {Glycine max L. Merr.).
Food Sci. Biotechnol. 15: 392-398 (2006)

Klus K, Borger-Papendorf G Barz W. Formation of 6,7,4-
trihydroxyisoflavone (Factor 2} from soybean seed isoflavones by
bacteria isolated from fempe. Phytochemistry 34: 979-981 (1993)
Miyazawa M, Hisama M. Antimutagenic activity of flavonoids
from Chryasanthemum morifolium. Biosci. Biotech. Bioch. 67:
2091-2099 (2003)

Lim SS, Han SM, Kim SY, Bae YS, Kang 1J. Isolation of
acetylcholinesterase inhibitors from the flowers of Chrysanthemum
indicum Linne. Food Sci. Biotechnol. 16: 265-269 (2007)



586

37.

38.

39.

40.

Kim SJ, Cho J¥Y, Wee JH, Jang MY, Kim JC, Rim YS, Shin SC, Ma
SI, Moon JH, Park KH. Isolation and characterization of
antioxidative compounds from the aerial parts of Angelica keiskei.
Food Sci. Biotechnol. 14: 58-63 {2005)

Zhang XF, Hung TM, Phuong PT, Ngoc TM, Min BS, Song KS,
Seong YH, Bae KH. Anti-inflammatory activity of flavonoids from
Populus davidiana. Arch. Pharm. Res. 29: 1102-1108 (2006)
Al-Maharik N, Botting NP. A new short synthesis of coumestrol and
its application for the syntheses of [6,6a,11a-°C;]coumestrol.
Tetrahedron 60: 1637-1642 (2004)

Ingham JL, Keen NT, Mulheian LJ, Lyne RL. Inducibly-formed
isoflavonoids from leaves of soybean. Phytochemistry 20: 795-798

41.

42.

43.

J H Leeetal

(1980)
Lui Q, Fang D, Zheng J. Solvent effects on infrared spectra of
methyl 4-hydroxybenzoate in pure organic solvents and in ethanol/
CCl, binary solvents. Spectrochim. Acta A 60: 1453-1458 {2004)
Kitagawa I, Yoshikawa M, Wang HK, Saito M, Tosirisuk V,
Fujiwara T, Tomita KI. Revised structures of soyasapogenols A, B,
and E, oleanene-sapogenols from soybean. Chem. Pharm. Bull. 30:
2294-2297 (1982)

Chung IM, Kong WS, Lee OK, Park JS, Ahmad A, Cytotoxic
chemical constituents from the mushroom of Pholiota adipose.
Food Sci. Biotechnol. 14: 255-258 (2005)



