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Assessment of Validation Method for Bioactive Contents of Fermented
Soybean Extracts by Bioconversion and Their Antioxidant Activities
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ABSTRACT The present study evaluated the validation method for isoflavone contents of fermented soybean extracts
by bioconversion as well as their antioxidant activities. Our results show that the total isoflavone contents of non-fer-
mented and fermented soybean extract ranged between 119.8 to 637.7 ng/g and between 567.3 to 2,074.6 ug/g,
respectively. Moreover, fermented soybean extracts had higher contents of isoflavone aglycones, including daidzein,
glycitein, and genistein than non-fermented soybean extracts as well as lower contents of isoflavone glucosides such
as daidzin, glycitin, and genistin. FRAP and ORAC values ranged between 0.15 to 0.22 and between 195.24 to 753.79
uM Trolox equivalents/g in non-fermented and fermented soybean extracts, respectively. These results indicate that
fermented soybean extracts had higher total isoflavone contents and antioxidant activities than non-fermented soybean
extracts. Bioconversion process in this study may have the potential to produce isoflavone-enriched natural antioxidant
agents with high added value from soybean matrices.
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% Oﬂ:rLoﬂ /\}%@ W+ (Glycine max L) 20143 10€¥
o] =85 tjd(Daewone), HZF2(Daepung?2), T-H(Uram),
& Uinpoung) % Al (Saedanbaek) ¥ 5F 2.2 (Table
1) =92 %78 (Miryang, Korea)oll Al | & 3ko} AL-g-3}
ATt isoflavone(daidzin, glycitin, genistin,
daidzein, glycitein, genistein), Folin-Ciocalteu's phenol

Z 11
Eeed

reagent, sodium carbonate, gallic acid, acetic acid, 2,4,
6-tripyridyl-s—triazine(TPTZ), ferric chloride, 2,2'-
azobis(2-methylpropionamidine) dihydrochloride(AAPH),
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid(Trolox) &< Sigma-Aldrich Co.(St. Louis, MO,
USA)ell A T18}5 2 W, fluorescein sodium salt= Junsei
Chemical(Tokyo, Japan)oll Al ¢ 3] AR&3FSiTE. HPLC
4 81| methanol, acetic acidi= J.T. Baker(Phillipsburg,

NJ, USA)lA 18kl

FELIRVERE
WFe AEADTHE et gol FFH el Bk

Table 1. The characteristics of soybean by cultivar
No. Cultivar Crop year
S-1 Glycine max cv. Daeweon 2014.10
S-2 G. max cv. Daepung?2 2014.10
S-3 G. max cv. Uram 2014.10
S-4 G. max cv. Jinpoung 2014.10
S-5 G. max cv. Saedanbaek 2014.10
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3 pointE& A7 F, Xq*z“ak%
g ujeke] M3k the
1315 2311 2455 9lske] W71 @
fFeof D a ek 2 Aol AMEHE A5k
de FrE=ds /‘ﬂitﬁ.ii%ﬂ—ﬁ aEHOE FE87] A
&}o] B-glucanase, cellulase, hemi-cellulase(DMS Food
Specialties, Chilgok, Korea), pectinase, B-glucosidase,
amylase, protease(Shin Nihon Chemical Co., Ltd., Aichi,
Japan) 59 thYe 248 ARESEtY] 34 HA S APE
APt AHEH a4+ 0.1~2%= 718l 50~60°C
Z70) 4 1~3A17F 59t shaker(SI-4000R, Jeio Tech Co.,
Ltd., Seoul, Korea)& ©]&3}o] 250 rpmell A &4&/7] &8k

& st

= 2 AESHE g dagES 747
2.5 g-4 A&l 50 mL methanol& 3 7}ske] 30%%F Soni-
cator(JAC Ultrasonic, KODO, Hwaseong, Korea)& ©]-&
st &3 1, 5 $ YAEE7](416G, Gyrogen Co.,
Ltd., Daejeon, Korea)& AH&-3}od 3,000 rpmol| Al 15%3F
AR o g 2P ES AAS -20°CollA] B#3}
v ARGt

Isoflavone 24

5ol ¥ isoflavoned] &41& 98t FEE AR
0.45 um syringe filter(Whatman, Maidstone, UK) %
I} & HPLC &4 A}&35F3th 59 isoflavone 6%
AL 1A FE] VI E A gl AEEHE A
HA6)E WE3t] AF3tHTable 2). 4o AF-&-3
7171 Waters 2695 Separation Module HPLC system¥}
Waters 996 Photodiode Array Detector(Waters Co.,

Milford, MA, USA)o]™ #2418 column® Z+ Capcell Pak
Ci1s MG(4.6%250 mm, 5 uM, Shiseido Co., Ltd., Tokyo,
Japan)& Ab&3to] Akl

fo @

—

SAMHo| R84 HE

HPLCE o] &3 o]AaFehd 4 HE o %F 5 A
W o]l Jhol=ekI(17)E& AR ste] oA
(specificity), #2414 (linearity), A=A (precision), & &4

(accuracy), A3 3H (detection limit, DL), % 2&H 4| (quan-
titation limit, QL)E ©]-&3le] A fa4S A3
o WA Bold A5 1T Ed

L.

isoflavone 6% % tF
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Table 2. HPLC condition of isoflavone analysis for soybean ex-
tracts

Instrument Conditions
Column Cis 4.6 mm X250 mm, 5.0 pm
Column temp. 40°C
Time (min) AV B”
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

DWater/MeOH/acetic acid (88:10:2).
YMeOH/acetic acid (98:2).

TH #E6-3) vdaE 9 va FEE58 HPLCE #4493
% chromatogram< H|13}e] daidzin, glycitin, genistin,
daidzein, glycitein, genistein®] A¥ld o7 E2 =X
g2l5F 2™ Photo diode array(Waters Co.) spectrum
S o] 83t 2 spectrum= YERNEA] EQlsich 2
A gigt A5 2-EES 47 1.625, 3.125, 6.25,
12.5, 25, 50, 100 pg/mLe] @A o2 8|A st o} Z17}e]
Fr=dS HPLCE E48to] 33 wE SAsiglon,
peak WAl gt sXH ] BAE BASE AFAES
Agskal A4 AN o 2R ARAFRY §e olgat
oq 2 AL :&Lo]g}cﬂ .
AU AFE& HPLCE o] &38to] $-#(S-3) HtaE %
g FEE5S inter-day(d3iH¢} intra-day(ZuD= U
&) S AY3FA T} Inter-daye 1Y€ 1772
3Y7F MaY3s}SaL, intra-days 1Y 372 o] 13
7 AP FEE 33, 9ukEste #A4sk #
ozl AA LS AFAE o] &ste] dFsiglomn A
2 RTUAE HT o= o] AU ETH A rel-
ative standard deviation)® W& 2 Yeh At 434
ASE T8 ¢ e WF AR EF=4 daidzin,
glycitin, genistin, daidzein, glycitein, genisteinS Z+Z}
3.125, 25, 50 pg/mLe] A 7}A] =& 212} 3 7}ele]
HPLCZ #4313t} #4138 A5 o} 4& o] &35t 3
F&(recovery)Z UeERJ o] ool 348 31519
t}.
Ci—C,
Ca

Cit Concentration of test sample added standard

% recovery= =100

solution
Cu: Concentration of test sample
Cat Concentration of standard solution
Isoflavone®] HZ&gHAIet A= ook & AW

R DL B PIE

it

oAt o %%

H o do]d Zhol =kl o] whg-o] mEHAbe} @A o
71&71(A7D)el 27 e] ofef A& o] &ato] e
Detection limit (DL) Quantitation limit (QL)

3.30 100

DL:T QL= 3

0. The standard deviation of the response
S: The slope of the calibration curve

Z0= &Y =X
o =2 oo | o
AEAgEgel e i TaEe Fos 2 Kaur

9} Kapoor(18)e] W& Wasle] =&t 24 tiF 1)
BHEgE L 2EgE 1 mLol 10% Folin-Ciocalteu's phenol
reagent 1 mLE 7}k ¥ 2% NaxCO; 1 mLE 7}l
Sk the Aol A 1A St WA WS F AT

1S microplate reader(Spectramax i3, Molecular Devi-
ces, Sunnyvale, CA, USA)E A}&3le] 750 nmol A %

=5 =43 EFEE L gallic acidE AFE3F o
TFE A (y=15.541x—0.0257, R*=0.9957)< ©] &3}
FoE e Adean

Al

oo
foi

b &M Ty}

—_ = o
AEAZT A O U+ Tase] ditst &44-2 FRAP
(ferric reducing antioxidant power) ¥ ORAC(oxygen

radical absorbance capacity)E ©]-&3to] A3}
FRAP+= Benzie$} Strain(19)¢] WS Wste] 43131
t}. 0.3 M sodium acetate buffer(pH 3.6), 20 mM FeCls-
6H.0 # 10 mM TPTZE A|Z3s}e] 10:1:1 v &= &3t38}
o] FRAP reagentZ A %3} t}t. A %% FRAP reagent
15 mLoll U F58 A& 50 L9t T/ 150 uLs 7t
3k & 37°Col| Al 583F WE-§-A]Z] T2 microplate readerE
AHE3EEY 593 nmell A FFEE 433t ORAC A F&
Zulueta 5(20)¢] W& MYt SAUT AR 2 &
FE49 Fx¥ 4L 75 mM sodium phosphate buf-
fer(pH 7.4)Z o] &3}t 5EEE 3% AR 25 uL,
40 nM fluorescein 150 pL& 96-well black platecl] A7}
3t & =2 A A peroxy radical generatorgl 144 mM
AAPH 25 plLE #H7}3F t}s, fluorescence microplate
reader(Spectramax i3, Molecular Devices)& Al-&-3}¢]
excitation 485 nM, emission 535 nM2] Z 0.2 37°Ce]
A 3E AR 0% st FF AES S54SR 4%
%2 area under curve(AUC) #< YEld & 3849
TroloxE °]&3le] BF 74 (y=1.2072x+0.5832, R*=
0.9926)°l tiygste] ALtat At

SAX2
A3 Axte] EA A e]= SAS version 9.4(SAS Institute
Inc., Cary, NC, USA)E o]-&3}o] 413190} 23e] F7

A 948 one-way ANOVA #2418 A1&3}9 2™, Dun-
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Table 3. The content of daidzin, glycitin, genistin, daidzein, glycitein, genistein, and total isoflavone for 5 cultivars of non-fermented

soybean and fermented soybean (ug/g)
Glycoside Aglycone Total
1 . .
Sample No Daidzin Glycitin Genistin Daidzein Glycitein Genistein isoflavone
1 NP 144.6+2.7Y 64.0£1.3 186.2+1.3 ND ND ND 394.8+5.03
FS? ND? ND ND 746.5+13.2 102.4+1.1 826.4+£16.1  1,675.3+30.3
2 NS 138.8+1.2 150.5+£2.2 236.4+1.1 ND ND ND 525.7+£2.3
FS ND ND ND 616.0+£15.8 222.2+5.8 866.1+22.4 1,704.3+44.0
3 NS 229.9+6.4 71.6£2.4 336.3+£3.2 ND ND ND 637.7£5.6
FS ND ND ND 873.8+1.2 110.1+1.0 1,090.6+4.4 2,074.6+4.6
4 NS 162.6+1.1 108.2+2.1 369.5+1.3 ND ND ND 640.3+1.4
FS ND ND ND 634.6+4.8 128.6+1.3 1,200.7+£8.6 1,963.9+14.7
5 NS 38.9+0.4 44.4+0.5 37.0+0.2 ND ND ND 119.8+0.6
FS ND ND ND 227.1+£5.4 77.0+1.8 263.3+6.3 567.3+£13.5
"Non-fermented soybean. ?Fermented soybean.
*Value are mean+SD in triplicate (n=3).
“Not detect.
can's multiple range test® 942 X0.05 oA A Az} sk,
gaksict.
Isoflavone?| spectrum & E0|M =iQ1
Zap 2 =k T $H(S-3) =Y isoflavone 6&< spectro-
photometerE AF&3Fo] 190 nmoll A 400 nm7HA 9] &4
M=ol 2lst tiF2| isoflavone &2 Hzt wg4-& #2413 A3} daidzin, daidzein, glycitine 249 nm,
Z29 gF FEE9 isoflavoned HPLCE 413 4 glycitein® 256 nm, genistin, genisteine 260 nmell 4 z+
I AEE o) #FFH U9 isoflavone % WSt zre] Holgrabd-s el ohFig. 1). WEkA isoflavone

3k
Table 33} 2t} 2kt 2 G434 58 o83 AEHS
9] isoflavones HIHIFAZ 35l Kim (213
Na$} Moon(22)¢] A7+ AFef A A3l o7 v a
Eo A+ vl F A2l daidzin, glycitin, genistin®] &% A
3 A= HEEA gokon, AEHg] o3 o F 2
FE A= w7t v A daidzein, glycitein, gen-
istein® & H3E S 821331t} Total isoflavone $Hg2-
AEAE o g )7 $-F(S-3)elA 2,074.6 ng/ge
271 e d%S vehlen v g diF A a(S-5)
ol A 7H w2 119.8 ng/g9l total isoflavone &S e}
Wtk AEF o] 93 tlF Wa § total isoflavone 3
ol of 20| o] F7hslE AES Btk Kudou 5(23)el
o1& ) isoflavoneol® 3FF < H]wiEA|(daidzein,
glycitein, genistein)®} 2+2+e] @A (daidzin, glycitin,
genistin) Yo% Z+7+e] 6"-O-acetyl-glucosides, 6"-0-
malonyl-glucosides& X3l F 12FF2 W+ iso-
flavonee] A gekaL Barstqiet, whehA 1 At A A4
8k 3572 vl (daidzin, glycitin, genistin) €]l = ma-
lonyl, acetyl3} ¥l GA| 7} v A2 A3 o] =2 total
isoflavone ¥&<S Yell = Aoz AZtE Isoflavone
A o] Aggddors 1AES I3 84 AA

o
bl
d

AR 7R (24), Hebd A AI22) 2 395 &H25) T
B A Aol A v A Bt njuj Aol A -5k A
DS YEIATE meEbd B ATl Aegks Sl da
g dFolA g 2 g 7uE 5 s o=

o] HFF IS 260 nmel A A3 th Lee 5(26)2
isoflavone< 260 nmoll A B3}t Batsle] & A+
A} AR AdS YERSIT ol AdS B XF
|7} o T 9] chromatogram< H| 23} isofla-
vone?] peakE #213l A} isoflavone 6% 5 Eolx o
2 #YHR, 2524 g FE5E9 peak HFF Al
ZHretention time, RT)o] &2 Aoz A= A HFig. 2).
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Isoflavone 6% Mg 1.625, 3.125, 6.25, 12.5,
25, 50, 100 pg/mLE 3]A8to] HPLCR 413 A3} daid-
zin(y=68212x— 12259, R?=0.9998), glycitin(y=36416x
- 10816, R*=0.9999), genistin(y=89377x— 21990, R*=
0.9999), daidzein(y=73658x— 26520, R*=1.0000), gly-
citein(y=68378x— 16064, R%=0.9999), genistein(y=
110472x— 26516, R*=1.0000)2.% eSO isofla-
vone 6% gk AXAS B tHFig. 3).

N
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=
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|

nXx O 2

BF S
UM A 3+ o|8s Hatd

7 9-2HS-3) FE=9 AEA 4 A= Table 49
21}, Intra-day AEEA $-H(S-3) HHEES] H5-

0.88%, -#(S-3) Ha & A9 0.22%% JENA AL in-
ter—day AE =AM 247+ 1.00%, 0.34%= 5% °©]&ke] -~
3 AW E=E B} Isoflavone $He] 7$- intra—day, in-
ter—dayolld 27 $-2(S-3) v EEo] 637.731£5.62,



684 AElE - AT - A e A H D - 0]
A 010
249.0 STD
»»»»»»»» Non-fermented

——= Fermented

240 260 280 300 320 340

Wavelength (nm)

C 020

STD
Non-fermented
———Fermented

259.7

D 0.20 -

240 260 280 300 320

Wavelength (nm)

STD
~~~~~~~~~ Non-fermented
———Fermented

256.1

0.00

T T T T T
240 260 280 300 320

Wavelength (nm)

_ﬁ
o
oz
o\
31‘4
o
of
I
2
i
o
o
pu’
ol
oE
=l
o,
o
(ot

B 0.10 -
STD
- Non-fermented
008 L —=—=—TFermented
0.06
=) 249.0
<

240 260 280 300 320 340
Wavelength (nm)
STD

Non-fermented
Fermented

240 260 280 300 320

Wavelength (nm)

Fermented

T T T T T
240 260 280 300 320

Wavelength (nm)

Fig. 1. PDA spectrums of daidzin (A), glycitin (B), genistin (C), daidzein (D), glycitein (E), and genistein (F) in non-fermented

S-3 extract and fermented S-3 extract.

642.25+16.40 png/gl.2 YEgtoy, wgEo] 2,074.58+
4,55, 2,088.73+£7.03 ng/g9] &FS 2ol HEAd2 3
TFEE S8t etk 528 ¢ e dF FEE
o TFEAS 3.125, 25, 50 ug/mLe] == H7I3
HPLC® Z48te] k=8 SA433itt 2L A3} Table 59
2rt wZAQ] daidzin®] 34E&S H7bE FRel uwet
100.55~110.21%5 ®B.9 21 glycitine 100.26~112.35
%, genistin® 97.67~111.89%% uYeFNAT. BlugA)|
daidzein 100.95~110.43%, glycitein= 98.56~106.02

%, genisteine 101.29~110.25%9] 3|4&< Vet

HESH X H2fsHA 2tol
AETA L A ak@”ﬂo 21 A3} v A daidzin, gly-

citin, genistin®] A&EFA= 22 0.14, 0.16, 0.20 ng/mL

2 Ao, vufgA2l daidzein, glycitein, genis-
tein®] H=&3 A= 247 0.25, 0.29, 0.20 pg/mL=E SAHE
o}, v A daidzin, glycitin, genistin® A #&3HA+= 22+
0.44, 0.48, 0.60 pg/mLE YElow vlujdA| ¢l daid-
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Fig. 2. HPLC chromatograms of daidzin, glycitin, genistin, daidzein, glycitein, and genistein standard (A), non-fermented S-3 extract
(B) and fermented S-3 extract (C).

zein, glycitein, genistein< Z}Z} 0.75, 0.89, 0.61 pg/mL (ferric ion)®] Fe?' (ferrous ion)Z FYH = 8L =
2 YErsT) g8k vl hashy ek Fol ol satksle =74
‘ﬂqol‘ﬂr(l9) ORAC assay: 4 A Ag 0|28 2=
Zns st sto] 3aksl B4 o] AAPHo 93] A4 % peroxy radical
2ge de] FxE dsd IFES 23 drES] o 2A %Q% S5k Wold, AR W &4, 144 4
To= HEA 3gEe] 7k hydroxylZ](-OH)7F w9 I B gake] ek £TH30,31). A& gl o] g
A o A FAEY Adshe A4S 7H7] Wi f%}"]' 5 FEaE2] FRAP ¥ ORAC A|4& 5743t A3} Table
3} 59 Ag@/do] RuE Jrk27). FFE T FE= 63 2t} ¥ HaE2 FRAP= %% 593 nmolA 0.D

oo

T o=
U= gEe SA A9 Fig. ) T A aeS 33.2 & SAste] Yehdiglon t$2(S-2) R =l 0.22
~44.96 mg GAE/g®] F¥= $Fs vetlen, J=x% o] 7P w2 w2 Bl 7P w2 g Alg(S-5) vt
of ojg HEEL 36 58~40.44 mg GAE/g& YEFH S ax=olA 0152 Hetwen, s §d% 54 2349 izt
AE(S-4) AT EES A3 BE FFolA A g THA = ZF(S-4) v aEe] waEEY & 0.199 @
daEol ¥ 1L Fow FEFS HeEdloy, 1F6S-4) = YER Y. ORAC A=9) 45 A= ghol] o3 i+
WEEo] 44,96 mg GAE/go.2 71 =2 Fils &%& g Al BE F3A o] TUkskE AEEs B 53
B3Itk Pyo(28)9] Aol ofshd F=tol] ofgh oiF U 2(S-2) HaZolA 753.79£6.95 uM TE/go. = 7}72} 2

o

éé
of

Eo|A FHlE o] WA 20874 = S A 30 e el o, E5is, FRAP 34 A¥el fALsHA
ol TR Hadhe 4TS e ST, Lee 5(29)9 & A el (S-5) B Fg Eo] 195.2443.08 M TE/ge.& 7}

gl
Fitel % 0T Wk A BoE FFE WA FEG e ORAC A5E B
2 pEEl

T A=
o8 Be 9P wE doE s Ay

J?L

AL

T+ FEE9 isoflavone 3%, Fd|= 3%, FRAP %
FRAP % ORAC X|¢ ORAC Aol o gl g 43t R? %;E_O—i e
FRAP assay: A&l A8} ksl A 93] Fe¥* A} (Table 7), isoflavone &7 ORAC AF+] 434
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Fig. 3. Calibration curve of daidzin, glycitin, genistin, daidzein, glycitein, and genistein in standard solution.

Table 4. Precision of isoflavone analysis for non-fermented S-3 extract and fermented extract

Intra-day" Inter-day®
Sample 3
MeantSD (pg/g) RSD™ (%) MeantSD (pg/g) RSD (%)
Non-fermented Uram 637.73+£5.62 0.88 642.25+6.40 1.00
Fermented Uram 2,074.58+4.55 0.22 2,088.73+£7.03 0.34

"Three times per day.
?One time analysis of isoflavone per day for 3 days.
*Relative standard deviation.

o] 0.77492 7} =& AaAAAE Ve ORAC A B EFHE 3 ORAC ¥ isoflavone 3339

9} FRAP 7t9] 33 AIE 0.6356 22 %2 A03AE A= 0.0758, 0.0657% w9~ w2 FaAAAE HYoH,

e
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Table 5. Accuracy of HPLC analysis for isoflavone non-fermented S-3 extract and fermented extract
. Intra-day Inter-day
Concentration
Sample (ug/mL) Mean+SD Recovery RSD Mean+SD Recovery RSD
(ng/g) (%) (%) (ng/g) (%) (%)
Non-fermented 3.125 3.43+0.08 109.62 2.22 3.29+0.05 105.15 1.46
Uram 25 27.55+0.43 110.21 1.56 26.79+0.69 107.15 2.59
Daidzin 50 51.30+1.24 102.60 2.41 50.71+1.23 101.43 243
z 3.125 3.27+0.03 104.63 0.78 3.30+0.03 105.49 0.78
Fermented Uram 25 25.96+0.48 103.84 1.84 26.07+0.49 104.28 1.87
50 50.27+0.67 100.55 1.32 50.57+0.73 101.13 1.44
Non-fermented 3.125 3.514+0.02 112.35 0.60 3.50+0.05 111.96 143
Ufame ente 25 26.61+0.42 106.42 1.58 26.14+0.38 104.57 1.44
Glveiti 50 51.12+1.49 102.23 2.92 50.55+1.59 101.10 3.15
yetn 3.125 3.46£0.08 11057  2.19 3374006 107.86 171
Fermented Uram 25 25.67+0.34 102.69 1.33 25.70+£0.29 102.80 1.12
50 50.13+0.47 100.26 0.94 50.49+0.59 100.97 1.16
Non-fermented 3.125 3.05+0.11 97.67 3.56 3.20+0.07 102.34 2.13
Urar;1 25 28.80+0.28 115.18 0.98 27.97+0.99 111.89 3.54
Genistin 50 52.55+0.73 105.09 1.39 52.03+0.95 104.05 1.83
3.125 3.38+0.02 108.09 0.65 3.35+0.03 107.10 0.77
Fermented Uram 25 26.12+0.48 104.50 1.85 26.14+0.43 104.54 1.65
50 50.88+0.98 101.75 1.92 50.84+0.88 101.69 1.73
Non-fermented 3.125 3.324+0.04 106.22 1.25 3.34+0.03 106.99 0.93
Uf me ente 25 26.40+0.57 105.61 2.17 25.97+0.17 103.89 0.64
Daidzein a 50 50.56+0.87 101.11 1.71 50.48+0.80 100.95 1.59
z 3.125 3.454+0.10 110.43 3.03 3.57+0.09 114.23 2.56
Fermented Uram 25 26.92+0.84 107.68 3.14 27.03+£0.86 108.13 3.18
50 51.36+£1.08 102.73 2.10 51.62+1.13 103.23 2.19
Non-fermented 3.125 3.17+0.02 101.35 0.52 3.08+0.06 98.56 1.79
Uraril 25 26.14+0.48 104.58 1.84 25.75+0.13 103.02 0.52
Glveitein 50 50.25+0.74 100.49 1.47 50.11+0.69 100.22 1.37
Y 3.125 3.23+£0.12 105.33 3.58 3.31+0.14 106.02 4.37
Fermented Uram 25 25.88+0.52 103.54 2.01 26.09+0.73 104.38 2.79
50 50.78+0.80 101.57 1.58 51.06+0.86 102.12 1.69
Non-fermented 3.125 3.26+0.05 104.27 1.60 3.20+0.08 102.43 2.60
Uram 25 26.42+0.53 105.68 2.01 26.08+0.06 104.31 0.24
Genistein 50 50.74+0.80 101.48 1.57 50.65+0.73 101.29 1.44
3.125 3.45+0.11 110.25 3.06 3.43+0.10 109.66 2.83
Fermented Uram 25 26.85+0.70 107.39 2.59 27.01+0.83 108.05 3.06
50 51.68+1.11 103.36 2.14 51.86+1.14 103.72 2.20
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Fig. 4. Total phenol contents of non-fermented soybean extract
and fermented soybean extract. Each value represents mean+
SD (n=3). Means (bar value) not sharing a common letter (a-f)
are significantly different (P<0.05).
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Table 6. Antioxidant activity of non-fermented soybean extracts and fermented soybean extracts

Sample No.

FRAP (O.D. 593 nm)

ORAC (uM TE"/g)

NS? Fs” NS FS
S-1 0.1620.00%Y 0.20+0.00™ 350.2517.12? 498.69+5.62°
S-2 0.180. oo°d 0.22+0.01° 378.743.18° 753.79+6.95" .
S-3 0.170.00° 0.200.00" 331.9342.30 693.97+16.89
S-4 0.19+0.01% 0.18+0.01° 352.90+2.19° 510.83120.2}150
S-5 0.15+0.00° 0.19£0.01* 195.24+3.08° 290.89+1.08

])Data are expressed as pM Trolox equivalents (TE).
Non fermented soybean. ?Fermented soybean.

“Means with the different letters are significantly different (P<0.05) by Duncan's multiple range test.

Table 7. Correlation coefficients among total phenol content
(TPC), FRAP, ORAC value, and isoflavone content of soybean
extracts

TPC FRAP ORAC Isoflavone
value

TPC 1

FRAP 0.3878 1

ORAC value 0.0758 0.6356 1

Isoflavone 0.0657 0.2796 0.7749 1
isoflavone 6F2 g3} $-2H(S-3) vty L ¥y
=59 retention time°o] YX3}= AS st o,
spectrum ¥4 A= & spectrums Ho] EolA
S el A el A3} isoflavone 659 AHEA
o] AAG e 0.9998~1.00000. 7 YERY $-5231 2] A

AE BT AAA 54 A3 Al A=A 0.22~
0.88%, 47t AU zolA 0.34~1.00%% =2 AHLUEE Y
ettt 38 54 A¥ daidzine 100.55~110.21%,
glycitin= 100.26~112.35%, genistin= 97.67~111.89
%, daidzein2 100.95~110.43%, glycitein2 98.56~
106.02%, genistein 101.29~110.25%<] 3]5-&2 e}
WAt} Daidzin, glycitin, genistin®] #H&3A= 22 0.14,
0.16, 0.20 pg/mL= &A%Y 21, daidzein, glycitein,
=A== 2447+ 0.25, 0.29, 0.20 yg/mLE Y
B}ttt Daidzin, glycitin, genistin® A#EF3AE= 22}
0.44, 0.48, 0.60 pg/mLE YEFW I daidzein, glycitein,
genistein® 2+7} 0.75, 0.89, 0.61 pug/mLE vrebgo A
B8] ok ol WA Al wlEAIQ] daidzin, glycitin,
genistein®] =5 B8l ZAQ] daidzein, glycitein, genis—
teino. &2 A3ES g 4 JAut}. 77+ isoflavoneS
3H3k 39l total isoflavone &2 tlF $-3H(S-3) Ha &
]/\1 2,074.6 ug/go &2 7V =& EFE vER o v
E T AEWS-5)dA 7+ Ee 119.8 ug/gd total
isoflavone %<& UeEldth s %S W3 (6S-4)
HjE g 5o] 44,96 mg GAE/go 2 71 & FHs g5
Bt} 3ksls 3 A3 FRAPE t£2(S-2) “LE%Oﬂ
A 0.22% 7V =2 7S JERe ] Ajdel(S-5) Bl
EolA 0.16%2 7H¢ w2 3% YeEhglth ORAC XH
FRAPS} 5-AFSHAl A ehull(S-5) HlWtg Sof A 195.24+3.08

genistein® 7

uM TE/go.& 714 &
ol A 753.79+£6.95 pM TE/ge & 71 =&
=

B ATE 20159 % FHFMAER 1
AP (FA M E 314076-3)0) 23l o] Fox

e B3len fF2S-2) as
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