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ABSTRACT - This study investigated the isoflavone content, total phenol content, antioxidant activities (DPPH
radical scavenging and oxygen radical absorbance capacity) and -glucan content of defatted soybean extracts by bio-
conversion. Soybean was fermented with Lentinula edodes using submerged liquid fermentation system. Defatted
soybean powder prepared by hexane (HDS; hexane defatted soybean) and ethanol (EDS; ethanol defatted soybean).
The major components of non-fermented HDS (NFHDS) and EDS (NFEDS) were glucoside, such as daidzin, glycitin
and genistin. During the bioconversion processing, isoflavone glucoside converted into aglycone such as daidzein,
glycitein and genistein. The highest total isoflavone contents of fermented HDS (FHDS) were 2577.96 ng/mL, and
the lowest total isoflavone contents of NFEDS were 428.27 ng/mL. The highest total phenol contents of fermented
EDS (FEDS) was 42.34 mg GAE/g. DPPH radical scavenging and ORAC value were 31.30 to 59.92% and 247.48 to
786.36 uM TE/g in non-fermented defatted soybean and fermented soybean, respectively. B-Glucan contents were
0.09 to 0.11% in non-fermented defatted soybean and fermented soybean, respectively. These results indicate that fer-
mented soybean could be used as natural antioxidants for the development of functional foods.
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W9l 45184 (DPPH ¥ ABTS &71%)
IHAFARA ] o)gk g Eol T =2
Walew, FaatAte] ogk thFe] HEdes
ZohE o 9 iksted S #71eE Jung 5P
olatH HjFA| 9] o]ATetE- AEHSFH Fof v
A= MgEr G4kele A (FRAP, ORAC)E S718he
o2 RIFHTE T3 TIHA FA HEaE e
A RS W19 S B A S YRt &
A AT, o]¢F e %S UEile FEildAbel 9
O 7k FAHEQ]D 2] diFate] AEHS AT =
 u} gloh

Aol Abstal REH 2| oa AHEHE B AT
(reactive oxygen species, ROS) Aol Io}siA| &) &
745 M3ES] DNA, @ d A2 GOl &4 4oA 9
ol A 58 skl ", Adlel= oy s &4
Lhaagol Wolete @] ksl @AQl superoxide dis-
mutase (SOD), catalase (CAT), glutathione peroxidase (GPx),
glutathione reductase 52 7FAaL UAAIRE, AhI] 73-5-
HE3 2EH 20 3 $E2ES] F NVt wof 4
2aES JAIE] $151¢ butylated hydroxytoluene (BHT),
butylated hydroxyanisole (BHA), tertiary butylhydroquinone
(TBHQ), propyl gallate (PG) 59 34 ditsAIE A&
ste] gtovt @e AAFe] ofstd A bsHAlE 9L,
Ao 59 T8-S YEITA B RS §lo]!*h H
< olygt g AAsAIE AE F e A st
Aol gt AF7F &ds] o] FojR AL QT

WA, B A= hexaneZ} ethanolE EX|3F T F
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Materials and Methods

AHEE 9 AJef
B Ao AMgg dlF= 20149 10¥€0] 3HE T
(Jinpoung) F5< = Y278 (Milyang, Korea)oll A A|
IRk} ARS8 =4 isoflavone (Daidzin, Glycitin,

Genistin, Daidzein, Glycitein, Genistein), Folin-Ciocalteu's

phenol reagent, sodium carbonate, gallic acid, acetic acid,
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azobis (2-methyl-
propionamidine) dihydrochloride (AAPH), 6-hydorxy-2,5,7,
8-tetramethylchroman-2-carboxylic acid (Trolox) - Sigma
Aldrich Co. (St. Louis, Mo, USA)ollA F¢Istslem,
fluorescein sodium salt> Junsei Chemical (Tokyo, Japan)
oA FPske] A8 T HPLCE &7 methanol, acetic
acidE J.T. Baker (Phillipsburg, NJ, USA)A] F43I3A2L
o B-glucan ¥A]ol A& kitE megazyme (The Bray
Co., Wicklow, Ireland)olA] *+43led ARE-314 T

2] €X] % F&

A4 3sHA 3 5+ 50gol zHzb hexane, ethanolS
250 mL 2 7}sle] A29lA shaker (SI-4000R, Jeio Tech,
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2 A AL AAEIAY. RIWA FAe] HE ) )
lsted FulFe] growth curve
fittings &3l 2t FEW A= wjF FeE ERISHAL cell
mass 550 W} 3 points AL, HEHFES 22 10%,
20%= otof 2 EEu)eFel] HEske] WAt B HEF
< At HA3E APt aaA D HHsE A
sto] wiF 712l ool HE v AHEQ]D mi Y FARA 9
AZHE FAAsL e FEEdS A EZHOoRTE 88
Hoz FZE3}7] 93+ B-glucanase, cellulase, hemi-
cellulase, pectinase, B-glucosidase, amylase, protease 5]
e 528 Al ¥4 A8 A8 ABHA
AHE EAE 0.1-2%2 F7Esk] 50~60°C 27164 1-3
AZE &<t shakerg ©]-&-3te] 250 rpmolA /7] AR
2 Sy

Isoflavone £

Isoflavone?] 412 UlF FZELE methanolo] =4
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Table 1. HPLC condition of isoflavone analysis for soybean extracts

Conditions
C,s 4.6 mm x 250 mm, 5.0 um
Column temp.  40°C

Instrument

Column

Time (min) AY BY

0 90 10

Mobile phase 21 60 40

(Gradient) 32 60 40

35 40 60

36 90 10

Detector Waters 996 Photodiode Array Detector 260 nm
Flow rate 1.0 mL/min
Injection volume 10 pL
Run time 50 min

“water/MeOH/acetic acid (88:10:2)
»MeOH/acetic acid (98:2)

0.45 pm syringe filter (Whatman, Maidstone, Kent, UK)=
o]z} 3 HPLC #4]of AL&-3} . Isoflavone 652 +4
o AFjREIAA AWNSAE F 2 74 U
olaEehE AIMPE Wste] AASHATH(Table 1). &
Aol AR8-3F 7]7]:= Waters 2695 Separation Module HPLC
system¥} Waters 996 Photodiode Array Detector (Waters
Co., Milford, MA, USA)°|™ #2498 column® 2= Capcell
pack C,; MG (4.6 mm x 250 mm, 5 uM, Shiseido Co., Ltd.

Tokyo, Japan)S AHE-3te] #4131t

f

nﬂbE; I:II-E]: *I-I

T dE S Ismail TV WHS WP st SA S
) /\LEL mLell 10% folin-ciocalteu's phenol reagent 1
mLS H7F ¥ 2% Na,CO, & 1 mLE H7hste] Eg3t
T dadA 1A S weAZY 2§ v S
microplate reader (Spectramax i3, Molecular Device,
Sunnyvale, CA, USA)E ©]&3}o] 750 nmolA SH =5
ZA3H . B EZE R gallic acidE o83l B3 AF
A(y=15.557x-0.0317, R?=0.9950)2. 2% H = & o
FS ALt

N‘o

DPPH radical 2715 =%

DPPH radical 427152 Mensor 5'Y¢] WPES W3}
=438t 72+ A8 0.2mLel| 0.4 mM DPPH £9 0.8m
< Artete] &g F aelA 1087 kgl 2
F W3NS microplate readers ©]-8-3l] 517 nmolA &
FEE =434t DPPH radical 2745 o 29 ¢
sted LFeER AT

DPPH radical scavenging (%)= {1{

= &

AEerriment—‘} x 100

control

ORAC value &%

ORAC valuee Wang 592 WS Wy ste] =4351%
o xFE23 Al59] 842 75mM phosphate buffer
(pH 7.4)5 ©]&3FAth AlE 25 L9} 40nM fluorescein
150 uLZ black well plated] H7F5ta =4 2 Aol 144 mM
AAPH 25 uLE %7}l fluorescence microplate reader
(Spectramax i3, Molecular Devices)E ©]-&3}o] 37°CollA]
A7t 7] 485 nm, AAPLE 535mme] 2SR 907 F
3T Ao E G| AagS SHST ORAC value
o] A3} 3k area under curve (AUC) e U & %
TEZ troloxE o]&ate] 2dek F A (y =1.235x

+0.5745, R?=0.9946)0l o3l L‘rE‘rlH Ak

B-Glucan T =%

B-Glucan $F-2 mixed-linkage beta-glucan kit (Megazyme
Ltd)E o]-&3ld =3I TH. Al&E 50 mgol 50% ethanol
0.1 mL, 20 mM sodium phosphate buffer (pH 6.5) 2 mLS
A7rste] 100°CollA 327+ AR § TRA] 50°COllA] 5
27+ WX & lichanase 0.1 mLE 7}3ke] 50°ColA] 1A]17+
T &4 HEE sk E4A48 F 200mM sodium
acetate buffer (pH 4.0) 25 mLS H71etaL 587 25wk
€5 FEAX F 94EE71(3,000 rpm, 102)E ©]-8-3}
o A& A5 0.05mLol B-glucosidase 0.05 mLE 7}
3t 50°CollA] 107 RESAI AT ¥H-E & &H 9] glucose
S 3+ GOPOD (glucose oxidase/peroxidase) 1.5
mLZ 71sle] 50°CelA] 2037k WHS-AI7]AL spectrophotometer
(Optizen POP, Mecasys Co., Ltd., Daejeon, Korea)S A&
3t 510 nmollA §8 =5 5435t B-Glucan TS 7l
v =g

ML

l

FAX

A gre] TAIAE= SAS version 9.4 (SAS institute
Inc., Cary, NC, USA)YE ©|&3lod B350 BA14 &
9148 one-way ANOVA 4% 2A]51%1.2 ™, Duncan?|
9l A4 ¥ (Duncan's multiple range test)>-Z 2|43
L P<0.05 ol A AT

Results and Discussion

Isoflavone Ty A%}

AEHS ] o &x] g5y 23 E9| isoflavones
HPLCE #4135t Azt Table 29} QE} H&A1Q1 daidzin,
glycitin, genistin hexane 24| 541} v G E3} ethanol
22 tiFEr H LR EllA BF % % 51010“1 H] 1| A
Ql daldzem glycitein, genistein> AJ=d8E & djFu9f
HE oM HEHUT o LS
S 6:1’%% ethanol 4] tF8} vjdtg

-4 total isoflavone
Eoll A 42827 ng/g
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Table
and fermented soybean extracts

2. The content of daidzin, glycitin, genistin, daidzein, glycitein, genistein and total isoflavone for non-fermented soybean extracts

Sample Glycoside Aglycone Total isoflavone
Daidzin (ng/g) Glycitin (ng/g) Genistin (ug/g) Daidzein (ug/mL) Glycitein (ng/g) Genistein (ng/g) (ng/g)
uDS" 147.10 £ 8.17% 90.56 +1.96 237.31+6.66 ND ND ND 47498 £ 15.77
NFHDS?  159.64 + 6.57 100.80 £3.26 262.35+10.14 ND ND ND 522.79 £ 16.30
FHDS? ND?” ND 44.82 +0.27 875.05 +0.85 165.32£0.26  1492.77+1.62 2577.96 £ 2.40
NFEDS"  135.75 4 8.88 69.43 +£1.98 223.09 + 14.66 ND ND ND 428.27 +25.46
FEDS” ND ND ND 833.95+4.74 14146 £2.41 1477.61 £6.76 2453.02 +5.00

YUDS, Un-defatted soybean.

INFHDS, Non-fermented hexane-defatted soybean.
9FHDS, Fermented hexane-defatted soybean.
YNFEDS, Non-fermented ethanol-defatted soybean.
SFEDS, Fermented ethanol-defatted soybean.
9Value are mean + SD in triplicate. (n = 3)

"Not detect.

< Bo IXE shA] B2 T d=9 47498 pg/gR th
A YERE o™ hexane B4 thFRF B R E 9] total
isoflavoneS 522.79 ug/gC 2 % YEHT =& s
Ueh Aok ¥ 28 E9] total isoflavone ethanol €4
o5 R E 2453.02 pg/g, hexane BA| tiFdr HEE
2577.96 ng/g 0= AEHS o3 tiF WFA viTA 7t
B A2 A8k o] total isoflavone?] ko] 2k 4uf o]
A Z7she AL 3132 H total isoflavone $HF-S H]
WU 57 npE7 A 2 hexanel 2 BA| 3 U5 g Eof A
O 2 S YT thF isoflavone> A F Wi
A FEAE SR8t AWFFEC] v W] ol H
WG 2ol Mol QI 9o, o] 3t isoflavone
HZA 8] &5 2= UV-Bol| 93] Fr=d IFAx29]
st a3, A Ao] 31F 9] AT S7F A &Y,
AA LM E A A 85" o] BTt

g £x2H 3=
Z3HE hydroxyl group
ghdate] aitst, &

OH)°] free radicalll 4 UAE 2
DS vEpdt . o4

3 LA o] vk A
A A tF FE2E F -lﬂ?:_-“ o A A (Fig. 1),
GA & oA &2 T d=9 F dHE TS 3944 mg
GAE (gallic acid equivalent)/gS . ethanol ©A] ¥
B B E B hexane ¥A ©iFHb HIERES] 27.07,
2775 mg GAE/g Bt} =& 3hs vepinh. A=d3skd of
F9] % HE IS hexane BA EH‘:“]' WgEo]| 41.61
mg GAE/g, ethanol &A] 8} W& =& 4234 mg GAE/
g 2 HAFEol Hlg oF 150 7tF Frtele A
Rt ol21gk Ad= Lee %—20)4 FAHAE o]&3 A
A% A FEENAM F dls Fol oF L7 F

2w

~~
b
G
= 60l
<
&)
o0
g ., a :
= 40} 7 7
Y
2
g
o ¢ <
—_
S
g
2 20t
="
_
s
N
o
[t

0

UDsS NFHDS FHDS NFEDS FEDS

Fig. 1. Total phenol contents of non-fermented soybean extracts
and fermented soybean extracts. Each value represents means +
SD (n=3). **Means (bar value) not sharing a common letter are
significantly different (P <0.05). UDS: un-defatted soybean.
NFHDS: non-fermented hexane-defatted soybean. FHDS: fer-
mented hexane-defatted soybean. NFEDS: non-fermented etha-
nol-defatted soybean. FEDS: fermented ethanol-defatted soybean.
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DPPH radical &27%-2 H|3 P gk 24 ]zl
DPPH A]2Fo] phenol, flavonoid®} 722 HitslEd s} wb
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sto] A48T, T FEE2 DPPH radical 427
A
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H

A aJJr(Flg 2), 31.30~59.92% ¥ DPPH radical
44 Atk FE YEANM 51.10%2] 2A5S
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Fig. 2. DPPH radical scavenging activity of non-fermented soy-
bean extracts and fermented soybean extracts. Each value repre-
sents means = SD (n=3). **Means (bar value) not sharing a
common letter are significantly different (P <0.05). UDS: un-
defatted soybean. NFHDS: non-fermented hexane-defatted soy-
bean. FHDS: fermented hexane-defatted soybean. NFEDS: non-
fermented ethanol-defatted soybean. FEDS: fermented ethanol-
defatted soybean.

% hexane BA] t)Fu g EoA 31.30%= 7H
DPPH radical 2A4%5< 2Yth o]& Kim $2¢ ¢
Ql uln FEE9 *35313?} DPPH radical 4

]

rob

g 5o A9 43 27%4 Aﬂ s E;’iouﬂl
3t ethanol €A tiFu dFEA 59.92%=
&7 EAdo] Z7HES Ko hexaneSZ XS U
+ wHlo] AES YeRf A
T FE59 ORAC A9 34 A3+ Fig 33 ¢
AEo|| A 384.47 uM TE/ge] ORAC A|+E e}
O™, hexane BA] th5a H|Y@aE 2 ethanol €A o
%t—'} H g 58 7} 318.52, 247.48 uM TE/gC & % €
EHT} ¥ ORAC AFE H¥ 24 hexane B4 th5at
g EollA] 786.36 uM TE/gC 2 H|EEEof H|a] <F 2u)
o]’} F7F5I9 2™ ethanol €A W54 WHEEL 721.96
puM TE/go &2 u|2g & ulaf o 3u] o]y Z713HS &
?_]O]’M

e U\
o 0 off mt o X

B-Glucan ¥

B-Glucan Hz], & B 7 52 2ot HA 59
AE]E FASAL e AR 3 23, Fd/2H
E AP, "] S0P 59 A e vERT o)
79 B-glucan & A4 AF= Fig. 33 2t diF €
£ ethanol X tlF8} BEEAA 7FF &2 0.11%<]
S UEPR S hexane B4 t 8} B2 53} hexane
E"X] FaF Ba 5L 0.09%2 7P W& B-glucan $HEF

< BSth Xu 599 ¥ 54 xS sido] Mo -
glucan $F&-2 0.11%= Yel) thF<] B-glucan T3

1000
800 [
7 b
600 [
400 |
e
200 |
0

NFHDS FHDS NFEDS FEDS

ORAC value (uM TE/g)

Fig. 3. ORAC value of non-fermented soybean extracts and fer-
mented soybean extracts. Each value represents means + SD (n =
3). **Means (bar value) not sharing a common letter are signifi-
cantly different (P < 0.05). UDS: un-defatted soybean. NFHDS:
non-fermented hexane-defatted soybean. FHDS: fermented hex-
ane-defatted soybean. NFEDS: non-fermented ethanol-defatted
soybean. FEDS: fermented ethanol-defatted soybean.

025

0.20

a
0.10
0.05 - I
0.00

NFHDS FHDS NFEDS FEDS

B—glucan content (%)

Fig. 4. B-glucan content of non-fermented soybean and fermented
soybean. Each value represents means + SD (n = 3). **Means (bar
value) not sharing a common letter are significantly different (P <
0.05). UDS: un-defatted soybean. NFHDS: non-fermented hex-
ane-defatted soybean. FHDS: fermented hexane-defatted soy-
bean. NFEDS: non-fermented ethanol-defatted soybean. FEDS:
fermented ethanol-defatted soybean.

AFSHAl YERSLTE BEgE Lee 5779 o12] 714l BAIFAH]
£ i ge 7ol B-glucan THFS 1.06~12.60% = e}
oL, FIWAS HES tiFlA = B-glucan®] A HE
A etk st wEbA 2 A EAAANE ©]
&3 AEHS g5 B-glucan #4 AFT rEIRZ
B-glucan T&Fe] S22 T8t 3¢S YERA] &9kt

g

= 9% 3%, DPPH radical 22715, ORAC A]<7, isoflavone
g B B-glucan Tl tigh FAAAE AT A3
(Table 3), isoflavone &%} ORAC X5 Alol2] AFd3dA

=

!



Isoflavone, B-Glucan Content and Antioxidant Activity of Defatted Soybean Powder by Bioconversion with Lentinula edodes 391

Table 3. Correlation coefficients among total phenol content, DPPH radical scavenging, ORAC value, isoflavone content and 3-glucan of

soybean extracts

TPC DPPH radical scavenging ORAC value Isoflavone B-Glucan
TPC 1
DPPH radical scavenging 0.0006 1
ORAC value 0.7149 0.0293 1
Isoflavone 0.6989 0.0326 0.9997 1
B-Glucan 0.2578 0.5368 0.0049 0.0028 1

7F 0.9997= 71 =4 Yt & dls §%3 ORAC
A4 9 isoflavone graFte] AAAA = 0.7149, 0.6989=
Od =2 #S yehdlo] 59| d4tsks2 isoflavoned
2R3 AAS 2te Ao® AZETH B-Glucan 3
7+ ORAC A% ¥ isoflavone $Hg] A4 = 0.0049,

4 Lo

0.0028% wj-¢- v A#AAAES el DPPH radical
2ASH F e g JEIAAE 0.000602 7HF
2o AAFAAS JeERAAQEY, YukE S 2 DPPH radical
2ASH F v FHHe dHAE Hlﬂﬂ = Ho

2 4HA Jdou, = L FIHAL] F
3} DPPH radical 27522 A3dAE= ?%%
Ao HAFYPYY, o= A8 F FE=H= dsX &
5 Z5F°| wgl DPPH radical 227152 2Fo]7} A& Ao
2 gz

Acknowledgement

B AZE 20159% TS ERL LRI 41 E7]
SR (FAIME 314076-3)0 28] o] Fo|z] Zlol o]
A=Y

2290

2 dAqte A=xgkE 59 isoflavone & Jﬂ
st A8 (DPP radical £271%, ORAC ]?)
Glucan T3S 57433 th. Isoflavone®] 735 F&8n
Zaglo]l w7 B BugA R Aty = AS
3}At}. Total isoflavone $F#2] 749~ hexane B4 )
BFEo)A 2577.96 ng/mLOE 7P B S Uehie
™ ethanol ©X] 54} H]| “"E%Oﬂfﬂ 428.27 ug/mLoZ
7P 9 e el F e g T 9E6
] 39.44 mg GAE/go.2 \/}E} o, ethanol EA 54}
B g E 2 hexane €A T v EEL 27.07, 27.75
mg GAE/gS 2 tF dERt} thh 32 7S Yellth
AEHZE U159 F ds FHF2 hexane A UlF4}t
g E 41.61 mg GAE/g, ethanol A w74 TIE
4234 mg GAE/go.2 B]Ig & uls| oF 1.58) 7}aF
7He =S Bt} DPPH radical 2452 A% UlF ¢

==

£ e
o 1z o é P

o, olN

EoA 51.10%°] 2A%S YERHAAL hexane B4 tiF
vl vk g Eof A 50 51%, ethanol ¥4 t]F4} v g &2
4327%2] &A%E e AEHZE ethanol €A T
Fak g Bl A 59.92%F radical 227150 F7FEAA T
hexane A ¥} A& EL 3130%E Hlmggoﬂ H] 3|
2O radical 2AEAL BT ORAC AT+ T 9&
©] 384.47 uM TE/gS B O™, hexane YA tfFu} vt
GE 2 ethanol BX] 58} ¥YraE-L 318.52, 247.48 uM
TE/go 2 e BEXASE hexane E4] tF8} @&
&2 786.36 uM TE/g, ethanol x| T Fu} 2§ o A
721.96 yM TE/go. 2 vt g Eo] B]3] ORAC A7} 5
7Vete Ao 2 Velgth B-Glucan THE 0.09~0.11%2)
HAZ Yepter s Y&} ethanol €4 tlF8F Ta
oM 7P =& 0.11%S E 3L hexane ©A] thF4} H)
g 53} hexane B4 U558 I EA 0.09%=2 71
22 B-glucan TS HIAT, FE580] E A=H3

W2 B-glucan e & zto|= YERER] 2ES)T).
References

1. Kim, J.A., Jung, W.S., Chun, S.C., Yu, C.Y.,, Ma, K.H,,
Gwag, J.G. and Chung, [.M.: A correlation between the level
of phenolic compounds and the antioxidant capacity in
cooked-with-rice and vegetable soybean (Glycine max L.)
varieties. Eur Food Res Technol., 224, 259-270 (2006).

2. Malencié, D., Popovié, M. and Miladinovié, J.: Phenolic con-
tent and antioxidant properties of soybean (Glycine max (L.)
Merr.) seeds. Molecules, 12, 576-581 (2007).

3. Jeon, S.H., Lee, K. and Byoun, K.E.: Studies on changes of
isoflavone and nutrients during germination of soybean vari-
eties. Korean J Human Ecology, 14, 485-489 (2005).

4. Lim, A K., Jung, M.J., Kim, D.W., Hong, J.H., Jung, HK.,
Kim, K.S. and Kim, D.I.: An Extrapolation Concentration
Decision Effect Antihyperlipidemic of Aglycone Isoflavone
from Biotransformation Soybean on the Fed High-Fat Diet
Rats. J Korean Soc Food Sci Nutr., 38, 1167-1173 (2009).

5. Kim, L.B., Shin, S., Lim, B.L., Seong, G.S. and Lee, Y.E.:
Bioconversion of soybean isoflavone by Lactobacillus plan-
tarum and Bifidobacterium longum. Korean J Food Cookery
Sci., 26, 214-219 (2010).

6. Lee, K.J., Gu, M.J., Roh, J.H., Jung, PM. and Ma, J.Y.: Quan-



392 Tae-Dong Jung et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

titative Analysis of Bioconversion Constituents of Insam-
peadock-san Using Various Fermented Bacteria. Yakhak
Hoeji., 57, 167-172 (2013).

Kim, M.H.: Biological Activity of Ethanol extracts from Fer-
mented Opuntia humifusa with 3 Different Mushroom Myce-
lia. J Korean Soc Food Sci Nutr., 28, 620-627 (2015).

Jung, T.D., Shin, GH., Kim, J.M., Choi, S.I., Lee, S.J., Heo,
1Y,, Park, S.J., Kim, H.T.,, Kang, B.K. and Lee, O.K.:
Assessment of Validation Method for Bioactive Contents of
Fermented Soybean Extracts by Bioconversion and Their
Antioxidant Activities. J Korean Soc Food Sci Nutr., 45, 680-
689 (2016).

Halliwell, B., Aeschbach, R., Lliger, J. and Aruoma, O.1.: The
characterization of antioxidants. Food Chem Toxicol., 33, 601-
617 (1995).

Larson, R.A.: The antioxidants of higher plants. Phytochem-
istry, 27, 969-978 (1988).

Saito, M., Sakagami, H. and Fujisawa, S.: Cytotoxicity and
apoptosis induction by butylated hydroxyanisole (BHA) and
butylated hydroxytoluene (BHT). Anticancer Res., 23, 4693-
4701 (2002).

KFDA. Health Functional Food Code. Korea Food & Drug
Administration, Seoul, Korea. pp. 340-343 (2013).

Ismail, A., Marjan, Z.M. and Foong, C.W.: Total antioxidant
activity and phenolic content in selected vegetables. Food
Chem., 87, 581-586 (2004).

Mensor, L.L., Menezes, F.S., Leito, G.G, Reis, A.S., Santos,
T.C.D., Coube, C.S. and Leitdo, S.G.: Screening of Brazilian
plant extracts for antioxidant activity by the use of DPPH
free radical method. Phytotherapy Res., 15, 127-130 (2001).
Wang, H., Cao, G. and Prior, R.L.: Total antioxidant capacity
of fruits. J Agric Food Chem., 44, 701-705 (1996).
McCleary, B.V. and Glennie-Holmes, M.: Enzymic quantifi-
cation of (1-3)(1-4)-B-D-glucan in barley and malt. J Inst
Brew., 91, 285-295 (1985).

Wang, Y.N., Wu, W., Chen, HC. and Fang, H.: Genistein pro-
tects against UVB-induced senescence-like characteristics in
human dermal fibroblast by p66Shc down-regulation. J der-
matological Sci., 58, 19-27 (2010).

Jeong, E.J., Kim, J.Y., Moon, S.H. and Park, K.Y.: Character-
istics, Antioxidative Activities and Growth Inhibitory Effects
in AGS Human Gastric Adenocarcinoma Cells of Soymilk
Fermented by Bacillus subtilis KC-3 during Fermentation. J

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Korean Soc Food Sci Nutr., 39, 1113-1118 (2010).

Shin, D.B., Lee, D.W., Yang, R. and Kim, J.A.: Antioxida-
tive properties and flavonoids contents of matured Citrus
peel extracts. Food Sci Biotechnol., 15, 357-362 (2006).
Lee, GW., Park, S.M., Yoo, Y.C. and Cho, Y.H.: Effect of
ponciri fructus extracts fermented with ganoderma lucidum
on the collagen synthesis and expression of matrix metallo-
proteinase-1. KSBB Journal, 28, 106-114 (2013).

Foti, M.C., Daquino, C. and Geraci, C.: Electron-transfer
reaction of cinnamic acids and their methyl esters with the
DPPH radical in alcoholic solutions. J Org Chem., 69, 2309-
2314 (2004).

Kim, E.J., Moon, J.S. and Choe, T.B.: Inhibition of tyrosi-
nase by bio-conversion Morus alba extract. Kor J Aesthet
Cosmetol., 11, 845-854 (2013).

Lee,J.S., Lee, S.H., Jang, Y.M., Lee, J.D., Lee, B.H. and Jung,
J.Y.: Macrophage and anticancer activities of feed additives on
B-glucan from Schizophyllum commune in breast cancer
cells. J Korean Soc Food Sci Nutr., 40, 949-955 (2011).
Newman, R K., Lewis, S.E., Newman, C.W., Boik, R.J. and
Ramage, R.T.: Hypocholesterolemic effect of barley foods
on healthy men. Nutr Rep Int., 39, 749-760 (1989).

Park, H.J., Kim, Y.B., Kang, T.S., Jung, I.S., Kim, K.Y. and
Jeong, H.S.: Immunomodulatory activities of oat bran
extracts with different extraction conditions. Korean J Food
Sci Technol., 37, 103-107 (2005).

Xu, X.M., Jun, J.Y. and Jeong, I.H.: A study on the antioxidant
activity of Hae-Songi mushroom (Hypsizigus marmoreus) hot
water extracts. J Korean Soc Food Sci Nutr., 36, 1351-1357
(2007).

Lee, H.D. and Lee, G.S.: B-glucan and glucosamine contents
in various cereals cultured with mushroom mycelia. Korean
J Mycol., 37, 167-172 (2009).

Dudonne, S., Vitrac, X., Coutiere, P., Woillez, M. and Méril-
lon, J.M.: Comparative study of antioxidant properties and
total phenolic content of 30 plant extracts of industrial inter-
est using DPPH, ABTS, FRAP, SOD, and ORAC assays. J
Agric Food Chem., 57, 1768-1774 (2009).

Kim, M.J.,, Chu, WM. and Park, E.J.: Antioxidant and
antigenotoxic effects of shiitake mushrooms affected by dif-
ferent drying methods. J Korean Soc Food Sci Nutr., 41, 1041-
1048 (2012).





