Food Sci. Biotechnol. Vol. 17, No. 1, pp. 1 ~7 {2008)

Food Science

and

Biotechnology

/v The Korean Society of Food Science and Technology

Antioxidant and Tyrosinase Inhibitory Activities from Seed Coat of
Brown Soybean

Jin Hwan Lee'?, In-Youl Baek', Jong-Min Ko', Nam Suk Kang', Seong-Hyu Shin', Sea-Gyu Lim', Ki-Won Oh',
Sang-Ouk Shin', Keum-Yong Park’, Ki Hun Park’, and Tae Joung Ha'*

Yeongnam Agricultural Research Institute, National Institute of Crop Science, Rural Development Administration,

Miryang, Gyeongnam 627-803, Korea

*Ministy of Environment, NAKDONG River Basin Environmental Office, Changwon, Gyeongnam 641-722, Korea

3Division of Applied Life Science (BK21 Program), EB-NCRC, Institute of Agriculture and Life Science,

Gyeongsang National University, Jinju, Gyeongnam 660-701, Korea

Abstract Soybeans with brown, black, and yellow seed coats were compared to total phenolic contents and antioxidant
activities including 1,1-diphenyl-2-picrylhydrazy! (DPPH) and 2,2"-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS)
radicals. Also, 3 sced coats were examined for inhibitory activities on tyrosinase and lipoxygenase-1 on the basis of
spectrophotometric and polarographic methods. Among seed coat extracts, 80% methanol extract of brown soybean seed coat
showed the highest total phenolic contents (68.9+3.29 mg GAE/g) as well as exhibited potent scavenging effects on the DPPH
(IC5p=4.3 ug/mL} and ABTS (1C5,=3.7 pg/mL) radicals. In a polarographic experiment, this extract was potentially inhibited
the oxidation of L-tyrosine and 1.-3,4-dihydroxy-phenylalanin (L-DOPA) catalyzed by mushroom tyrosinase with 1Csg values
of 12.4 and 63.7 pg/mL, respectively. It was also detected inhibition of the tyrosinase catalyzed oxidation of L-DOPA with an
ICsp value of 120.3 mg/mL in UV spectrophotometric experiment. In addition, this extract inhibited the linoleic acid peroxidation
catalyzed by lipoxygenase-1 with an [Cs, value of 4.0 pg/mL. These results suggest that brown soybean may possess more
beneficial effect on human health than black and yellow soybeans.
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Introduction

Soybeans [Glycine max (L.) Merr.] and soy products,
which are very rich in isoflavones, anthocyanins, and
protein, are very popular foods in Korea (1-5). Recently,
many studies have shown that daily intakes of soy foods
were associated with the positive aspects such as
antioxidative (6), antibacterial (7), antifungal agents (8),
tyrosine protein kinase inhibitors (9), and cancer pre-
ventive property (10). It is well established that isoflavone
and anthocyanin of soybean components are responsible
for the physiological action, prevention of osteoporosis and
circulatory disorders, and inflammatory diseases (11-13).
Moreover, in our previous studies demonstrated that
pterocarpans of soybean roots showed potent low-density
lipoprotein (LDL) oxidative and human Acyl-CoA:
cholesterol acyltransferase (hACAT) inhibitory activities
(14,15).

In generally, studies of the antioxidants contained in
soybeans have been conducted with the normal soybean
and isoflavones are reported to be the most abundant
antioxidants in soybean cotyledons and hypocotyls (16,
17). However, the biological activities in soybean seed
coats have received a limited amount of attention because
they have been assumed to be unimportant. Soybeans have
various seed coat colors such as brown, black, yellow,
green, and yellowish-whiter due to anthocyanins, chlorophyll
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(18). Among them, brown and black soybeans have been
widely utilized as food and material for Oriental medicine,
contain anthocyanins in the seed coat (19). Especially, it
has been reporied that anthocyanins from seed coat of
black soybean inhibited the expression of tumor necrosis
factor o (TNF-a)-induced genes and protected myocardiac
injury from ischemia-reperfusion (I/R) (20). Even though
black and yellow soybeans are known to have pharmaceutical
effects (2,21), biological activities of brown soybeans are
few reported except radical scavenging activity (22). In our
continuing search for biological activity sources from natural
plants, we found that methanol extract of brown soybean
seed coat showed potent tyrosinase and lipoxygenase
inhibitory activities and radical scavenging activities.

Tyrosinase (EC 1.14.18.1) is a copper-containing enzyme
widely distributed in natural that catalyzes 2 distinct
reactions of melanin biosynthesis, the hydroxyla-tion of
monophenols to O-diphenols and the oxidation of o-
diphenols to ¢O-quinones (23,24). This enzyme is also
known as a polyphenol oxidase, and the browning of some
fruits, beverages, and vegetables due to tyrosinase cause a
significant decrease in their nutritional and aesthetic value
(25). Therefore, the control of tyrosinase is important in
relation to browning control of fresh materials. Additionally,
tyrosinase inhibitors have become increasingly important
in medicinal and constituents of cosmetic products in
relation to hyperpigmentation (26).

Lipoxygenase (EC 1.13.11.12) is an enzyme that is
found in many plants and animals, which catalyses the
oxygenation of polyunsaturated fatty acids to form fatty
acid hydroperoxides (27). This enzyme is suggested to be



involved in the early event of atherosclerosis by inducing
plasma LDL oxidation (28). On the other hand, in food
protection, it is well known that lipid peroxidation is one of
the major factors in deterioration during the storage and
processing of foods, because it can lead to the development
of unpleasant rancid or off flavors as well as potentially
toxic end products (29).

In this study, we investigated that the radical scavenging
activities in 3 soybean seed coats including brown, black,
and yellow from different solvent systems. Furthermore, 3
soybean seed coats were for the first time evaluated for
their inhibitory activities on tyrosinase and lipoxygenase
through oxygen consumption and spectrophotomeric
experiment. We were also evaluated for total phenolic
contents using methanol extracts with several water
percentages.

Materials and Methods

Plant materials Three soybeans with black, brown, and
yellow seed coats, G max cv. Heugcheongkong, Galmikong,
and Saealkong were selected in this study. These cultivars
were grown at the experimental field of Yeongnam
Agricultural Research Institute, National Institute of Crop
Science, Rural Development Administra-tion, Miryang,
Gyeongnam, Korea, in 2005. After harvest, 3 soybeans
were cleaned in distilled water to remove extraneous
matters and subsequently dried at room temperature for
overnight. The dried seeds were stored at 4°C until they
were used.

Reagents Gallic acid, Folin-Ciocalteau’s phenol reagent,
mushroom tyrosinase (EC 1.14.18.1), L-tyrosine, ethanol,
dimethyl sulfoxide (DMSO), 1,1-diphenyl-2-picrylhydrazyl
(DPPH), 2,2'-azino-bis-(3-ethylbenzthiazoline-6-sulfonic
acid) (ABTS), potassium persulfate, linoleic acid (purity>
99%), Tween-20, and soybean lipoxygenase (type 1, EC
1.13.11.12) were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). Tris buffer and boric acid were obtained
from Fisher-Scientific Co. (Fair Lawn, NJ, USA). L-DOPA,
NaH,PO, - H,O, and Na,HPO, were purchased from Aldrich
Chemical Co. (St. Louis, MO, USA). 4-terr-Butylcatechol
was purchased from Fluka Chemical Co. (Milwaukee, W1,
USA). 13(S)-Hydroperoxy-9Z,11FE-octadecadienoic  acid
(13-HPOD: Apex=234 nm, £=25/mM/cm} was prepared
enzymatically by described procedure (30) and stored in
ethano! at —18°C.

Instruments In spectrophotometric experiment, radical
scavenging and enzyme inhibitory activities were monitored
by an Infinite M200 spectrophotometer (Tecan Austria
GmbH, Salzburg, Austria). Also, tyrosinase-dependent O,
uptake and lipoxygenase-dependent O, uptake were performed
using an OX,LP Dissolved O, package (Qubit Systems
Inc., Kingston, ONT, Canada).

Soybean seed coat extraction Three seed coats of G
max cv. Hegcheongkong, Galmikong, and Saealkong, a
breeding lines of black, brown, and yellow soybeans were
peeled manually. The pulverized seed coats (each 0.1 g)
were extracted with add a certain amount of water to the
methanol in order to improve the extraction of secondary
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metabolites from seed coats. The crude extracts were
filtrated and stored at 4°C until they were used.

Determination of total phenolic content Total phenolic
content was measured according to the modified Folin-
Ciocalteau colorimetric method (30). Briefly, each sample
(1.0mL) was mixed with Folin and Ciocalteu’s phenol
reagent (1.0 mL). After S5min, 2mL of 2% Na,CO;
solution was added to the mixture and the volume brought
up to 10 mL by adding distilled water. After the reaction
mixture was kept in the dark for 2 hr, absorbance was
measured at 724 nm. The concentration of total phenolic
content in the extracts was calculated using the following
linear equation based on the calibration curve: y=0.0026x
-0.00045, R?=0.999, where, y was the absorbance and x
was the total phenolic contents in mg of gallic acid
equivalents (mg GAE/g extract).

DPPH radical scavenging activity Antioxidant activity
of extract was measured on the basis of the scavenging
activity of the stable DPPH free radical following the
method described by Braca er al. (32). Various concen-
trations of extract were added to a concentration of 0.15
mM in EtOH, and the mixture was shaken vigorously.
Absorbance at 517 nm was determined after 30 min, and
the radical scavenging effect was calculated as [A.—A/
A= 100, where A; and A, were the absorbance of samples
with and without sample extracts, respectively.

Trolox equivalent antioxidant capacity (TEAC) scavenging
activity The TEAC assay was based on the relative
ability of antioxidants to scavenge the radical cation
ABTS™ in comparison to a standard (Trolox) (33). The
radical cation was prepared by mixing 7 mM ABTS stock
solution with 2.45 mM potassium persulfate. The reaction
mixfure was maintained for 4-8 hr until the mixture was
complete and the absorbance is stable. ABTS™ solution
was diluted with ethanol and the absorbance was read at
734 nm. For the photometric assay 0.9 mL ABTS™ solution
and 0.1 mL compounds were mixed for 45 sec and the
absorbance measured immediately after 1 min at 734 nm.
Antioxidant activity of each extract was calculated by
determining the decrease in absorbance at different
concentrations using the following equation: E=[(A.—A.)/
A]x100, where A; and A, were absorbance of samples
with and without sample extracts, respectively. Antioxidant
activity was expressed as TEAC values.

Tyrosinase inhibitory activity The mushroom tyrosinase
was purified by anion-exchange chromatography using
DEAE-Sepharose Fast Flow (Pharmacia, Uppsala, Sweden)
as previous described (34). Throughout the experiment, L-
DOPA or L-tyrosine was used as a substrate. In a spectro-
photometric experiment, the enzyme activity was monitored
by dopachrome formation at 475 nm with an Infinite M200
spectrophotometer at 30°C. All samples were dissolved in
ethanol and used for the experiment with dilution. The
final concentration of ethanol in the test solution was
always 3.3%. First, 0.06 mL of a 5.0 mM L-DOPA or L-
tyrosine aqueous solution was mixed with 0.6 mL of 0.25
M phosphate buffer (pH 6.8) and 2.14 mL water, incubated
at 30°C for 10 min. Then, 0.1 mL of the sample solution



Bivlogical Activities of Brown Soybean Seed Coat

and 0.1 mL of the same phosphate buffer solution of the
mushroom tyrosinase (138 units) were added in this order
to the mixture. Tyrosinase-dependent O, uptake was performed
using an OX;LP Dissolved O, package (Qubit Systems
Inc.) at 30°C, under constant stirring with a rotating
magnetic bar. The reaction mixture was essentially the
same procedures in the spectrophoto-metric experiment.
Calibration of an oxygen electrode was performed by using
4-tert-butylcatechol and excess tyrosinase according to the
previous report (34).

Lipoxygenase inhibitory activity Lipoxygenase-dependent
O, uptake (35) was performed using an OX,LP Dissolved
O; package at 25°C as essentially the same procedures in
the tyrosinase assay. The reaction mixture (3.0mL)
contained 60 uM linoleic acid, inhibitor and 0.1 M Tris-
HCI (pH 8.0). After 2 min pre-incubation, the reaction was
started by addition of lipoxygenase-1 (4.35 nM).

Statistical analysis and curve fitting  All measurements
were repeated 3 times and the results were as the mean
+SD for the 3 experiments. Significance was determined
by ANOVA analysis and a Duncan’s multiple range tests
(p<0.05). Each assay was conducted in triplicate of
separate experiments. The data analysis performed by
using Sigma Plot 2001 (SPSS Inc., Chicago, 1L, USA).
The ICss were obtained by fitting experimental data to the
logistic curve by Langmuir isotherm as follows (36).

Activity (%) = 100[1/{1+([1]1Cs0)}]

where [I] is the inhibitor concentration.

Results and Discussion

Determination of total phenolic content The total
phenclic content was investigated at different soybean seed
coats and various conditions of extracting solvent system.
Also, different extraction solvents of seed coat on black,
brown, and yellow soybeans were expressed as mg/g of
gallic acid (GAE/g). There were significant differences
among soybean cultivars and different extracting solvent
systems as well as these interactions were detected for total
phenolic content (Table 1). Total phenolic content in seed
coat of black soybean such as G max cv. Heugcheongkong
was observed the highest amount in 80% MeOH extract.
The highest total phenolic content in brown soybean seed
coat such as & max cv. Galmikong was aiso observed in
80% MeOH extract and the lowest content was found in
100% MeOH extract. In yellow soybean seed coat such as
G max cv. Saealkong, total phenolic content was exhibited
6-10 folds lower than those in black and brown seed coats.
As shown in Table 1, total phenolic content of black
soybean seed coat in different extraction solvents was in
the decreasing order of the 80% MeOH extract (52.1+1.84
mg GAE/g) >50% MeOH extract {46.6+1.95 mg GAE/g)
>30% MeOH extract (40.5£2.84 mg GAE/g) >100%
MeOH extract (7.5£0.99 mg GAE/g). In brown soybean
seed coat, total phenolic content showed in the decreasing
order of the 80% MeOH extract (68.9£3.29 mg GAE/g)
>50% MeOH extract (49.0+2.42 mg GAE/g) >30% MeCH
extract (43.0+1.89 mg GAE/g) >1060% MeOH extract (15.4
+0.69 mg GAE/g) (Table 1). Also, total phenolic content in

Table 1. Total phenolic contents of three soybean seed coats in
different extraction solvents

i T lic content
Seed coat of G max Extraction solvent Total phenolic conten

(% MeOH) (mg of GAE/g)"

30 40.5+2.8¢”

Black soybean 50 46.6+2.0cd
cv. Heugcheongkong 80 52.1+1.8b
100 75+1.0g

30 43.0+1.9de

Brown soybean 50 49.0+2.4be
cv. Galmikong 80 68.9+3.3a
100 15.4+0.7f
30 8.3+0.9g
Yellow soybean 50 6.1+0.7g
cv. Saealkong 80 5.3+0.7g
100 36+0.3¢g

Seed coat (S) LSD**
Extraction solvent (E) LSD**
SxE LSD**

UThe values indicate the mean’s of 3 replications of the experiment for
the total phenolic content of each extraction solvent (mean=SD, #=3).
“Values in the same column followed by different letters differ signifi-

cantly at p<0.05. **Significant at the p<0.001,

yellow seed coat using different extraction solvents were
found to be 3.6-8.3 mg GAE/g and 100% MeOH extract of
yellow seed coat showed the lowest total phenolic content
in comparison to black and brown seed coats (Table 1).
Even though previous study has shown that total phenolic
content in black soybean seed coat extract was 2 folds
more than that of 70% acetone extract from brown seed
coat (22}, in this study, brown seed coat had a higher total
phenolic content than black seed coat (p<0.05). These
might indicate that procyanidin content in seed coat was
present in G max cv. Galmikong (brown soybean} more
than G max cv. Heugcheongkong (black soybean),

Radical scavenging activity on DPPH and ABTS The
DPPH and ABTS systems have both been commonly used
to measure total antioxidative status of various biological
specimens because of their good reproducibility and easy
quality control (33). Especially, DPPH radical scavenging
assay could be used to evaluated antioxidant activity in a
relatively short time compared to other methods. Table 2
showed DPPH radical scavenging activity in 3 soybean
seed coats using different extraction solvents. Although it
was well established that antioxidant activity in the 70%
acetone extract black soybean seed coat was higher than
seed coat of brown soybean from Takahata ef al. (22), in
this work, the 80% methanol extract of brown soybean
seed coat had the highest DPPH radical scavenging activity
in comparison with those in seed coats of black and yellow
soybeans. These results also suggested that black soybean
seed coat had lower procyanidin concentration than brown
seed coat. As shown in Table 2, 80% MeOH extract
showed the highest antioxidant activity (brown seed coat:
75.9+£2.21%, black seed coat: 68.1+1.87%, and yellow
seed coat: 10.0+ 0.05%) and 100% MeOH extract had



Table 2. Antioxidant activities of three soybean seed coats on
DPPH radical using different extraction solvents

Seed coat of G max Extraction solvent DPPH radical
' (% MeOH)  scavenging activity (%)"

30 47.8+0.9¢%

Black soybean 50 58.1+1.7d
cv. Heugcheongkong 80 68.1+1.9b
100 12.4+0.6¢

30 40.7+1.5fF

Brown Soybean 50 62 1+1 .8C
cv. Galmikong 80 75.942.2a
100 38.0£1.7f

30 1.0£0.1h

Yellow soybean 50 4.0£0.1h
cv. Saealkong 80 {0.0+0.1g

100 2.0+0.1h

Seed coat (S) LSD**
Extraction solvent (E) LSD**
SxE LSD**

DThe values indicate the mean’s of 3 replications of the experiment for
DPPH radical scavenging activity of each extraction solvent (mean+
SD, n=3).

Values in the same column followed by different letters differ signifi-
cantly at p<0.05. ** Significant at the p<0.001.
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Fig. 1. ABTS radical scavenging activity of different methanol
extracts from seed coat of brown soybean.

poor antioxidant activity in compared with other extraction
solvents (brown seed coat: 38.0+1.67%, black seed coat:
12.0+0.56%, and yellow seed coat: 2.0+£0.09%). The seed
coat of brown soybean was observed the highest DPPH
radical scaveng-ing activity and total phenolic content
(»<0.05). Therefore, this species clearly had a significant
amount of DPPH radical scavenging activity and 80%
MeOH solvent exhibited the best choice to extract
procyanidin content from brown soybean seed coat. These
results showed that procyanidins were quite likely to be the
predominant compounds responsible for DPPH radical
scavenging activity in brown soybean seed coat. To
understand another parameter that was affected by radical
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Fig. 2. Scavenging activity of 80% methanol extract against
DPPH radical from seed coat of brown seybean.
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Fig. 3. Scavenging activity of 80% methanol extract against
ABTS radical from seed coat of brown soybean.

1,000

scavenging activity, the seed coat of brown soybean was
applied to ABTS radical scavenging activity. As shown in
Fig. 1, the highest ABTS radical scavenging activity in
brown seed coat extract was observed in 80% MeOH extract
(97.8+2.72%) and different extraction solvents were in the
decreasing order of 50% MeOH extract (89.1£2.55%)
>30% MeOH extract (57.6+2.14%) >100% MeOH extract
(57.1£1.66%). It was observed that seed coat of brown
soybean showed a higher ability to scavenger ABTS
radical than DPPH radical (p<0.05). Also, in most of the
assays to determine their antioxidative properties, ABTS
radical scavenging activity was strongly correlated with
that of DPPH. Due to 80% MeOH extract of brown seed
coat showed potent antioxidant activity, this extract was
investigated at dose-dependent activities against DPPH and
ABTS radicals {Fig. 2 and 3). As shown in Fig. 2 and 3, at
a concentration of 1 mg/mlL, this extract showed radical
scavenging activity more than 20% and exhibited DPPH
and ABTS radical scavenging activities with ICs; values of
4.3 and 3.7 ug/mL, respectively. To understand another
parameter determining DPPH and ABTS radical scavenging
activities, 80% MeOH extract of the highest antioxidant
activity from brown seed coat was measured time-
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Fig. 4. Time-dependent scavenging of the DPPH radical in the
presence of 80% methanol extract from seed ceat of brown
soybean. Concentrations of brown seed coat extract for curves 0-4
were 0, 2, 6, 40, and 100 mg/mL, respectively.

dependent radical remaining effects. Although ABTS radical
remaining effect was not measured due to fast radical
scavenging activity, DPPH was carried out dose-dependent
concentrations (100, 40, 6, 2, and 0 pg/mL) for 300 sec. The
time course of DPPH radical remaining in the presence of
different concentrations from 80% MeOH extract was
shown in Fig. 4. After 300 sec, 83 and 58% DPPH radicals
were remained at the presence of 2 and 6 ug/mL, while 39
and 29% DPPH radicals were remained at the presence of
40 and 100 pg/mL. As a result, we have shown that 80%
MeOH extract of brown soybean seed coat exhibited a
strong antioxidant activity in DPPH assay. These results
suggested that antioxidant in soybean seed coat might play
an important role in protection against oxidative damage
and contributed to enhance the value of soybean as dictary
supplement.

Tyrosinase inhibitory activity Three soybean seed coats
were evaluated for their inhibitory activities on tyrosinase.
Among them, black and yellow seed coats were not
inhibitory activities, whereas brown seed coat showed
potent inhibitory activity. More specifically, 80% MeOH
extract showed the highest tyrosinase inhibitory activity.
The effect of brown seed coat on the oxidation of L-DOPA
(100 uM) catalyzed by the purified mushroom tyrosinase
was studied first. The enzyme activity was monitored by
measuring oxygen consumption. The 80% MeOH extract
of brown seed coat showed a dose-dependent inhibitory
effect on this oxidation (Fig. 5). As concentrations of this
extract increased, the enzyme activity was rapidly decreased,
and then slowed until a nearly straight line was approached.
The remaining enzyme activity was about 34% when this
extract concentration reached 1mg/mL. The inhibitory
concentration (ICsy) leading to 50% activity lost was
estimated to be 63.7 pg/mL. It should be noted the enzyme
activity was also usually monitored by measuring dopachrome
formation at 475 nm accompanying the oxidation of -
DOPA (100 puM). Although dopachrome was a relatively
stable intermediate, it was gradually oxidized further; and
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Fig. 5. Effects of 80% methanol extract from seed coat of
brown soybean on the activity of the tyrosinase for catalysis L-
DOPA at 30°C by measuring oxygen consumption.
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Fig. 6. Effects of 80% methanol extract from seed coat of
brown soybean on the activity of the tyrosinase for catalysis L-
DOPA at 30°C by spectrophotometric method.

hence, the spectrophotometric method measures only the
very initial rate of dopachrome formation (37). The
spectrophotometric method was convenient and sensitive
but may not be long enough to evaluate brown seed coat
from a practical point of view. As a result, 80% MeOH
extract of brown seed coat showed a dose-dependent
inhibitory effect on this oxidation as shown in Fig. 6. As
concentrations of brown seed coat extract increased, the
enzyme activity was rapidly decreased with completely
suppressed. The inhibitor concentration leading to 50%
activity lost (ICs) was estimated to be 120.3 pg/mL.
Therefore, tyrosinase inhibitory activity of this extract was
closely related with both radical scavenging activity and
total phenolic content. To monophenolase inhibitory activity,
80% MeOH extract of brown soybean seed coat was tested
for inhibit the hydroxylation of L-tyrosine. Hence, the
effect of extract on the tyrosinase-catalyzed oxidation of L~
tyrosine (100 uM) was studied. The enzyme activity was
monitored by measuring oxygen consumption at 475 nm
and showed a dose-dependent inhibitory effects on this
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Fig. 7. Effects of 80% methanol extract from seed coat of
brown soybean on the activity of the tyrosinase for catalysis L-
tyrosine at 30°C by measuring oxygen consumption.

oxidation as illustrated in Fig. 7. Brown soybean seed coat,
never reported as tyrosinase inhibitory, showed potent
activity with 1Csp value of 124 pg/ml. These might
explain the current observed effects of the seed coat extract
in brown soybean on the tyrosinase-catalyzed oxidation of
L-DOPA and L-tyrosine.

Lipoxygenase inhibitory activity We examined
lipoxygenase-1 inhibitory activity of extracts made with
various solvents from 3 soybean seed coats in previous
study (35). The inhibition activity of lipoxygenase-1 was
measured by a polarographic method. In the current
experiment, linoleic acid was used as a substrate and the
buffer used for all experiments was 0.1 M Tris-HCI at pH
8.0. The bioassay with 80% MeOH extract of brown seed
coat was monitored by measuring oxygen consumption
(polarographic method). This study reported that 80%
MeOH extract showed the highest effect in comparison
with other extracts of brown seed coat, whereas black and
yellow seed coats were not detected with lipoxygenase-1
inhibitory activities. As shown in Fig. 8, this extract
showed a dose-dependent inhibitory effect on this oxidation.
As concentrations of extract increased, the enzyme activity
was rapidly decreased with completely suppressed. The
inhibitor concentration leading to 50% activity lost (ICsp)
was estimated to be 4.03 pg/mL. These results indicated
that 80% MeOH extract of seed coat in brown soybean had
also potent lipoxygenase-1 inhibitory activity. From in this
study, we suggested that seed coat of brown soybean might
be useful as natural tyrosinase inhibitor, not only to protect
against the oxidation of foods, but also to protect the
human health against oxidative damage by free radicals.
Thus, in order to develop new food products, the seed coat
of brown soybean had detrimental effects on food quality
and food processing additives.

In summary, 3 soybean seed coats were compared for
their total phenolic contents and antioxidant activities
based on DPPH and ABTS radical. The brown seed coat
showed the highest DPPH and ABTS radical scavenging
activities (DPPH: ICsq=4.3 pg/mlL, ABTS: IC5=3.7 ng/
mL) in comparison with those of black and yellow soybeans
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Fig. 8. Effects of 80% methanol extract from seed coat of
brown soybean on the activity of soybean lipoxygenase-1 for
the catalysis of linoleic acid at 25°C by measuring oxygen
consumption,

and 80% MeOH extract of brown seed coat showed the
most total phenolic content (68.9 mg GAE/g). Moreover,
we were for the first time evaluated for inhibitory activities
on tyrosinase and lipoxygenase from soybean seed coat.
Interestingly, among them, brown seed coat showed potent
tyrosinase (substrate: L-DOPA, tyrosinase-dependent O,
uptake: 1C5p=63.7 pg/mL, spectrophoto-metric method:
ICs,=120.3 ug/ml; substrate: L-tyrosine, tyrosinase-
dependent O, uptake: 1Cs;=12.4 ng/mL) and lipoxygenase-
1 (IC5p=4.0 pg/mL) inhibitory activities. In the future,
follow-up studies should be done to purify and define the
bioactive substances in seed coat from brown soybean that
function as antioxidants as well as tyrosinase and
lipoxygenase inhibitory activities agents.
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