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of in Buseoktae(Yeongju bean) Cheonggukjang for Business
Use from Yeongju Bean

Eun-Young Choi” - Jin-Hyeon Yu? - Hui-Jeong A"
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Abstract

This study performed quantitative analysis of isoflavone glycoside contents on Buseoktae, Daewon, Wooram
beans and cheonggukjang made of Buseoktae beans from the LC/MS/MS. Also, the experiment carried out by
means of RSM(response surface methodology), which included 10 experimental points for the two independent
variables addition(40, 55, 70 g) and time(2, 3, 4 min) from the beginning point to boil of cheonggukjang.
These were optimized using a Face-centered central composite design. Daidzein contents were 212.16 #g/mL
in Buseoktae, 212.21 g g/mL in daewon, 158.54 xg/mL in wooram beans. Genistein contents were 318.84
g/mL in Buseoktae, 310.50 zg/mL in daewon, 262.71 ¢ g/mL in wooram beans. Total isoflavone contents
were 532.50 pg/mL in Buseoktae, 524.19 £g/mL in Daewon, 422.71 £ g/mL in Wooram beans. Isoflavone
contents of Buseoktae and Daewon were quite similar, relatively contents of Wooram beans were low. Total
isoflavone contents of Buseoktae cheonggukjang (for business use) was 430.10 zg/mL in A (327TC, 96 h
fermentation), 460.09 £ g/mL in B (36~407TC, 30 h fermentation), 417.46 xg/mL in C cheonggukjang(36~38
C, 72 h fermentation), B cheonggukjang was just a bit more than A, C cheonggukjang. The estimated response
surfaces confirmed that the amount and time had significant effects on taste. The optimum condition of
Buseoktae cheonggukjang taste was predicted to be 55.20 g addition at 2.92 min.

Key words: isoflavone, liquid chromatography mass spectrometry, response surface methodology, bean, ch-
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1. O|aZEet2

QAo Walter ED (1941)& 32| F2 iso-
flavone®! daidzein & genistein®} ©]E2] aglyco-
neS H2J382H, Ohta N 5(1979), Kudou S 5
(1991)°l] &3l acetyl F=2]<}F malonyl 5= 7}
22|, $HEAY. F AFol A9 isoflavone> &
FH|~HES W32, A% 2, 20y
oidek Bt ofa}, #77] o] ] 7 &
= hsletar, el AR, Gk o
= ROt Messina M 1994). Naim M
5(1996)-2 genistein®| 3} estrogen B4 U3
sto] Q13 /g o] a5 WA ol E Z3A o]
gl st o, eitslgaiel Add Ad 9 A
FHo A9 genistein®] T84S HESATE &
3k, genistein< estrogen receptor2} ¢FsHAl AEs
o] estrogen A4S Q2 Sh= FHt Mol W
M-S A g} 3193 thBames S 1990 ; Peterson
G 1991).
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©] Fibrin =3f Alde] &2l 3 543 Lee DG &
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2004) 0.2 dHA Utk
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N Adz 223 FARE B R del A
= o] A~ZgHE w A9l daidzein¥} genistein, bio-
chanin A(4'-O-methylgenistein), formononetin(4'-
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B A AL 2o 2014 AujE Fo=,
FAHZS ZE 974 B @A LA 74
39, de gy $EFE A A2 Bl
A FhsITh olEs 27 et AT B
< 50 mesh Aol B2AA ARl AT A
42 ZF JAA] FAHE dEE sto] Al
2l W o g Azd AoR, JFAdA o5

=
mﬂ’,

|
& A2 A A3, 96413 H), B =7
(36~40C, 30A13F ¥R, C A=74(36~38C, 72
Al ER)S] ZF el TR F, A WEARL
AFS T8t A3 AP A5
o} v dd Ayl B =70l isoflavone o]
A5t A= Agste] #5HARE AT Alse
B A=7de A9, We Bytsim Aol A
Btttk FERFFS AFsTE 57%71(MB45, Oha-
us Korea, Seoul, Korea)Z 105 CollA =43} ch
7t Jae] A= FF= N Bacillus subtilis

subsp. subtilis©| AT}

2. |soflavone T==

¥TF daidzein?} biochanin A analytical st-
andard(Sigma-Fluka Chemical Co., St. Louis, Mo,
USA) &2 AF8-3199 a1, genisteine % 98.0 %,
formononetin &% 99.0% Sigma-Aldrich (Mil-
waukee, Wisconsin, USA) #| &S A}&-319it) &
FE] FEE 0.1~100 ug/mL7} H == 243}
EEgIOR A, /714 53T 5 9
30 SRS ek 5 Qe A 2
SH|(S/N)= 32 AZ3A(Limit of detection), 10
< % #3A(Limit of quantification) 2 3}1 = u]
o] FEE F3INTE BE AL 33] wHES|]
Boad 2FUAE T

L

3. LC-MS/MS 2AMFA

4 F30l A8 cHEYEZ Y vghe&
HPLCH 1% 272 Merck KGaA(Darmstadt,
Germany)ol| A 9438te] ARESFAATE A REA &
%+ LC-MS/MS+ Ultimate 3000 LC System(Dio-
nex, San Francisco, CA, USA)$} & 354 7](API-
3200, AB SCIEX, Framingham, MA, USA)Z
e A& ARSI LC-MS/MSE 27119] MS7F
FEAtAA o FEetn AEst B4 Q8 &
AES A 2 1fe 54
(Flow Injection Analysis)® &2
2 EATE BAEth =3 542 Q1 Q2, Q3
E SHPHA B2 & duUA] AR F
5o o|3ten, 27} EAtol e F2l, mz X
A, 7= dolepHo] 2~ &g o7 Kol ZofA]
S3lE o] B E = Bolg AAlste] e
A 2S4S 5 Uth LC-MS/MSE] 241 %
74L& (Table 1~3>3} 721, isoflavone
9] compound optimazation - % X273
A tHFig. 1, 2). Isoflavone2] & 2492 Jung
JB ‘5(2012)¢] el w2t Al 0.5 goll IN HCl 7.5

= H7kstaL, 100CelA 90% 7HEal ot
aglycon© 2 HZAIZ § F-2ol|A] WZhA| 7|2
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{Table 1> Experimented conditions of LC and LC-MS/MS

LC condition

®

HPLC Ultimate~ 3000 Rapid Separation LC

Column YMC-Ultra HT hydrosphere C18, 12 nm, 2 pm(75x2.0 mm ID)
Column oven 25T

Flow rate 0.2 mL/min or 0.4 mL/min

Injection 5 pL

A: 0.1% acetic acid in water, B: 0.1% acetic acid in acetonitrile

Daidzein, Genistein, Formononetin gradient: B (35%)

Mobile phase
A: water, B: acetonitrile

Biochanin A gradient: B (80%), refer to <Table 2>

MS/MS condition

MS/MS APl Curtai (psi) 20
ain gas (psi
3200 g P
Ion source ESI Collision gas (psi) 5
. Positive N
Detection mode ) Ion spray voltage (V) 5,500 —3,500
negative

Source temperature (C) 400 Declustering potential (V)

Dwell time (ms) 200 Entrance potential (V) refer to
Ion source gas(GS1) (psi) 50 Collision energy (V) <Table 2>
Ion source gas(GS2) (psi) 50 Collision cell exit potential (V)

" Positive ion 1,500 to 5,500 V, Negative ion is —1,500 to —3,500 V.

{Table 2> Optimized parameters of LC-MS/MS

Flow rate Gradient . . . .
Compound . DP EP CE CXP
(mL/min) B(%)
Daidzein 04 35 56 4.5 49 4
Genistein 0.4 35 =75 -6 —38 0
Biochanin A 04 80 91 4 95 4
Formononetin 0.2 35 -50 -5 —18 -2

"DP : declustering potential, EP : entrance potential, CE : collision energy, CXP : collision cell exit potential.

21R, Hanil Corp., Seoul, Korea)d}] Apaelg  mingham, MA, USA)S & =733t

0.45 yxm membrane filter2 ©J3}3}11, isoflavone
o] gtake- A2RA7] API-3200(AB SCIEX, Fra- 4. HISHUHEME M7
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<Fig. 1> Total ion current of +MS2 tune from isoflavone final product[x-axis is m/z(Da) and y-axis is
intensity(cps)].

{Table 3> MS/MS parameters for detection of isoflavone

Compound Ton ) Parent ions Fragment ions Retentic?n time
fragment (m/z) (m/z) (min)
Daidzein [M+H" 255.136 917/199/65 1.45
Genistein [M—H" 269.086 133/65/63 2.66
Biochanin A [M+H"] 285.226 89/213/152 0.9
Formononetin [M—H"] 267.139 251/223/194 1.11

" Ton fragmentation monitored using electro-spray ionization mode and optimized by multiple raction monitoring(MRM)
by fluid infusion analysis.
? Bold number corresponds to the most intense and most stable fragmented ion and used for quantification of residual

concentration.
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<Fig. 2> +Q2 tune from isoflavone final product|[x-axis is m/z(Da) and y-axis is intensity(cps)].

3k, & 500 mL, @74 1/2 Ts, Al
B AL, 20188 7Fo R dto] H2e] HA
stE flgk A= Fol7] g AAE &
BAR S deste] H=7 v A= 3
ol At AP ARttt T3, BH
o7 A=A H7FEH40, 55, 70 g A=

#7] ANZAHFE L AIZH2, 3, 4 min)S 2 29,
3 FeoR Aiste zh elEe] FEE -,
0, 18] 3EAIZ Faslete] 1009 A0S
<Table 4, 5>¢} o] HAAgt] A3

{Table 4> Levels of independent variables in experimental design of Buseoktae cheonggukjang

Independent variable”

Coded-variables level

-1 0 1
X, Amount of cheonggukjang (g) 40 55 70
X, Time of boiling cheonggukjang (min) 2 3 4

"X: Amount of cheonggukjang (g), Xo: Time of boiling cheonggukjang (min).
Base is water 500 mL, Doenjang 1/2 Ts, Use high heat, 2 servings.
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{Table 5> Experimental design by two factors and three level used for Buseoktae cheonggukjang

Preparation conditions

Experimental

- X Xa

Amount of cheonggukjang (g) Time of boiling cheonggukjang (min)
1 40 (1) 2 (-1
2 70 (1) 2 (-1
3 40 (—1) 4 (1)
4 70 (1) 4 (1)
5 40 (1) 3 (0)
6 70 (1) 30
7 55 (0) 2(-D
8 55 (0) 4 (1)
9 55 (0) 3 (0)
10 55 (0) 30

“The number of experimental conditions by Face-centered central composite design.

A37ge) A422 A9 BAAE 0F 34
Aol AASE o, TAALE SR 4 EGF

z2)3} 2099 S S %%61 FANAN o|F
Zol 10 BE Wt adow Agasch ¥
492 F24 342 ~xw HE A7) A&
o Az, o, A, 227 P71, AAHQ Ao
e 2=l ekl 78 AEyom 35
9L /152t 1355 T4l ke A4S F
o] F47l wesE Nawsl £ oz Hr}
sick e, mE A3e 38 U Ak

6. SH=EM

=% 3k-S Statistical Analysis System(ver. 9.3,
SAS Inc., Cary, NC, USA)E ©]-&3l] ANOVA
AR L sl o, Fi7te] {24 ¥ aE Dun-
can®] THEH| Y (p<0.05) 2 FolAE At
St FsHAF A= SASS) Design exporte] T
T AEA T A, AEEA, TR EA
ot whEEH g Zol Fadee] &
3% (stationary point)= E3o] & th3 (maximum

point), Z 43 (minimum point), $F3(saddle po-

= °l8

int), 54 (rising ridge) & A3} 0™, De-
sign exportE AFE-5le] A S =3 1,
% wgew AAZAL AN,

4%2] ®F A EEZ 3k ion chromato-
grams= <Fig. 3>°] YepIT) & A3 A=
A(LOD)E 0.06~0.64 pg/mLo]al, % 37|
(LOQ):= 0.99~6.42 pg/mL FFo =2 JERITH
Daidzein®] 7} ¥ (0.916, 5.84, 10.5, 14.6, 19.8
1g), genistein® Z+ ¥ (1.0, 11.8, 21.8, 30.7,
38.2 £g), biochanin A2] Z} FI= (0.143, 0.993,
2.02, 2.82, 413 pg), formononetin® Zt F=
(0.463, 1.59, 2.52, 3.99, 498 pg)S =43t &
FHHAAA 12} 34 AL RS 0.9989,
0.9951, 0.9934, 0.9956 0.2 <F& &t 2 44S e}
YA THTable 6).

2. Buseoktae, Daewon, Wooram@| Iso-
flavone Sl
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<Fig. 3> LC-MS/MS chromatogram of isoflavone [x-axis is time(min) and y-axis is intensity(cps)].

{Table 6> LOD and LOQ for component detection of isoflavone

Compound LOD" (zg/mL) LOQ” (rg/mL) R
Daidzein 0.59 5.21 0.9989
Genistein 0.64 6.42 0.9951
Biochanin A 0.06 0.99 0.9934
Formononetin 0.07 1.00 0.9956

Y Limit of detection at signal to noise ratio of 3 (n=3).

? Limit of quantification at signal to noise ratio of 10 (n=3).
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A

Isoflavone-& 2] &A o]
A=A shghEelth. & 92 o] ddEAo|H,
ZoE 0.6~3.1 mg% F= E°] AtHHan YH et
al 2008)1L sl =Hl, & A daidzein®] T
(Table 7)& FAEj7} 216.16 pg/g, thdFo]
21221 pglg, 93] 158.54 1 g/go] AL, geni-

BAef7) 318.84 pglg, thelFo]
310.50 pg/g, 3] 262.71 1 g/g, biochanin A
o gk T 093 pg/g, AT 091 pglg,

w

stein HaFe

T2 092 1g/gel?al, formononetin®]
F4E7F 057 pglg, EH-rJve,— 0.57 rglg
0.54 pg/gl 2 YEPGTE 3 isoflavone2]

A E7} 532,50 pg/g, YT 524.19 ng/g,
T2 42271 pg/ge®E eIt FAES g
Fo FFe AL, AR e R EEe
isoflavone &F&Fo] wrkt} whaba] biochanin A<}
formononetin®] &2 EFo w2 FAZ4 20|

7F §l= Ao Z YEl o, daidzein} genistein

fo ot rlo

o u
o o ol o

4
™



Q7 $A6) AR olaBelE WgA B el FA 2z 21

<Table 7> Comparison of isoflavone contents” by soybean variety

Amount (/g/g)

Compound
Buseoktae Daewon Wooram
Daidzein 216.16£1.057 2122141.02° 158.54+1.39°
Genistein 318.84+3.46" 310.50+3.87" 262.714£3.50°
Biochanin A 0.93+0.07" 0.91+0.11° 0.92+0.10"
Formononetin 0.57+0.09" 0.57+0.04" 0.5440.03"
Total isoflavone 532.50 524.19 422.71

" Based on dried sample.
? Meantstandard deviation (n=3).

? Mean separation within column by Duncan's multiple range test at p<0.05.

344.57, 234.94, 178.09 mg/100 g2 LFERK(Lee
S et al 2013), & A ZAyjel= Aol F KA

Wang H®} Murphy PA(1994)= 9] isoflavone
kol FF Auishdol wet B JEFE W
7] w2l Aol weta zolE Helttn
Fach & Aoz 2 F5e] 5203
1387 o] th2 x}o|7} isoflavone ol 2 3
S HOl(Kitamura K et al 1991 ; Eldrige AC
1983) Ao AlgE ) 3, Foke] o g sde]
2 93 2719 2ol 4 e H2 E71ERed

clover: Triflolium pratense L., Fabaceae)°ll = for-

i

O

N

[e2

mononetin, biochanin A, daidzein, genistein®] ¥t
o] 5.46%, 1.97%, 0.43%, 0.11%(Beck V et al
2005)% YERY formononetin, biochanin A2 FHaF
o] Bo| Huude=t, & A FAH, e,
FHZol= Fo F8 iR daidzein, genistein
o] geko] @A O ©kal, O-demethylation® for-
mononetin, biochanin A2] a2 n|ak ZE2)35}%

o}

>.

JEH(PFTZ2) E=2H9| [soflavone

e
0 41
o ]

<Table 8>9] daidzein®] o] A H=4(327,
96417 BHE) S 168.22 pg/g, B AZH(36~40T,
3041 EE)2 179.63 1g/g, C BA=7H(36~38C,
72A17F B )L 16891 1 g/g, genistein TS A
g=7de] 260.61 pgg, B AT7de] 279.17 pglg,
C #=7o] 24729 1g/g, biochanin A2] ke
A =70 082 rg/g, B A=740] 0.83 ng/g, C
A=7o] 0.81 pg/g, formononetin®] e A %
=7l 045 pg/g, B A=70] 046 pg/g C A=
7ro] 0.45 1 g/gol L, % isoflavone®] FHFHS A
Zd7go] 430.10 pg/g, B A=7d0] 460.09 1 gg,
C A7l 41746 pggo = Uetsrh FAZE
W= H2Ao] F isoflavone TS HEF A 7ho]
302t B B Aol AR 25 =
Al ERSiT.

Jung JB 5(2012)1 &J3FH 42°C, 48717 &g
T, 15TCollA 2417t F5 IS AR ol
7ol Al ol 36A17F Xl o] ' 9 &
0, 24, 48, 72A|17F Fol| A % isoflavone T2
F 273T0] 839.86 pglg O& 7HE EkoH,
o} 0, 12, 244|3F A2l Alelell= 2 Apol7} 131
tha sk, £ A s 36~40T, 30413t
g A7l BY A9 isoflavone 3FeFo] 713 o}
ThA x}o] S HSIth Jeong PH 5(2008)S 24417t
wolgl Fo 7 Az A % isoflavone}

genistein gFFo] W& 12A1771A] AAsA Tt

o,

-

g

LI
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<Table 8> Comparison of isoflavone contents” of Buseoktae cheonggukjang

Buseoktae Cheonggukjang ( 1£g/g)

Compound " " "
A B C
Daidzein 168.22+2.167™ 179.63+1.49° 168.91+2.54°
Genistein 260.61£5.39" 279.17+2.11° 247.294+6.29°
Biochanin A 0.82+0.03" 0.83+0.02" 0.81+0.02°
Formononetin 0.45+0.05" 0.46+0.06" 0.45+0.05"
Total isoflavone 430.10 460.09 417.46

"A, B, C Buseoktac Cheonggukjang is for business use
" Based on dried sample.
? Meantstandard deviation (n=3).

of Yeongju region.

? Mean separation within column by Duncan's multiple range test at p<0.05.

Tol Zrlste] @ 4847t 7 E=3dth
139 B Ade] H=7de] = isoflavone
gFo] ]l wel g2 A4S Hol= AL
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{Table 9> Sensory properties of Buseoktae cheonggukjang prepared with different cheonggukjang amount and

time
Experiment Amount Time Sensory characteristics
number (@ (min) Taste Color Texture Flavor Overall’
1 40 2 4.51 4.25 5.35 6.52 4.25
2 70 2 4.53 6.24 4.35 3.35 5.32
3 40 4 5.24 5.23 5.35 6.36 5.11
4 70 4 4.31 6.52 393 4.34 5.24
5 40 3 5.37 4.35 5.27 6.15 4.35
6 70 3 4.76 6.53 4.11 4.86 5.36
7 55 2 5.89 6.58 5.69 5.36 6.21
8 55 4 5.94 6.27 5.58 5.35 6.55
9 55 3 6.31 6.54 6.25 5.39 6.36
10 55 3 6.26 6.59 6.23 5.48 6.65

"Overall quality.

>

[} Ls
ASH R werde] HAxds Asi L A
R

CH(Table 11~13). <Table 12>} <Fig. S>ollA] gk A H7FFT folido] e A= eyt &

{Table 10> Polynomial equations calculated by RSM program (SAS) for Buseoktae cheonggukjang according
to kind of experimental conditions

Respones Polynomial equations Model RV P-value
=6.298—0.253X,”+0.093X,” — ) .
Taste 1.247X,2—0.237X, X0 — 0.397X, Quadratic 0.9953 <.0001
=6.490+0.410X,+0.158X,— .
Color 476X 20 175X‘X o ooéx s Quadratic 0.9378 0.0159
B 1 — U 102 . 2
=6.051—0.596X;—0.088X, — -
Texture s ' ., Quadratic 0.9586 0.0072
1.172X,°—0.105X; X, —0.227X;
=5.515—1.080X,+0.136X,— , .
Fl L 0.9183 0.0268
avor 0.091X240.287X,X:X> — 0.241X,2 mnear
Overall =6.433+0.368X;+0.186X,— , -
drat 0.9802 0.0017
quality 1.507X,2—0.235X,X,40.017X,> Quadratic

Y R is cofficient of determination, > X; : amount of cheonggukjang.
? X, : time of boiling cheonggukjang, ‘p<0.05, ~p<0.01.
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{Table 11> Predicted equations of Buseoktae cheonggukjang from Face-centered central composite design

Source Predicted equation P-value Lack of fit
Taste ¥=6.30—0.25A+0.093B —0.24AB — 1.25A>—0.40B° <0.0001 0.2848
Color y=6.49+0.41A+0.16B —0.18AB—1.48A%+8.57° "B’ <0.05 0.0685
Texture y=6.05—0.60A—0.088B—0.10AB—1.17A%+0.238B° <0.01 0.0358
Flavor y=5.52—1.08A+0.14B+0.29AB—0.091A”—0.24B’ <0.05 0.0983
Overall quality y=6.43+0.37A+0.19B—0.24AB —1.51A%+0.018B" <0.01 0.6726

{Table 12> Significance of regression equations (F-value) of Buseoktae cheonggukjang from Face-centered
central composite design

F-value
Source
Taste Color Texture Flavor Overall quality
Model 168.45™ 12.05° 18.53" 9.00" 39.66"
A-amount 62.72" 935" 33.73" 41.32" 24.19™

B-time 8.51" 1.39 0.74 0.66 6.21

AB 36.75" 1.14 0.70 1.95 6.56

A’ 591.17" 47.14" 50.69™ 0.12 157.47"

B’ 59.95™ 1557 191 0.80 0.022

"p<0.05, “p<0.01.

{Table 13> Numerical optimization of Buseoktae cheonggukjang from Face-centered central composite design

Source Constraint Optimization
Amount in range 55.20
Factor
Time in range 292
Taste maximize 6.29
Color in range 6.48
Predicted
rediete Texture in range 6.05
responces
Flavor in range 5.49
Overall quality in range 6.42
e HAgANoR eht MU 9B F4  ZHAOR dSHI R (Table 13), o8 HH2
23le Ao 2 Hrh o2 AAEATE Seo BC2001)= $& FF7F

[0

A AR vhs A HY 2oz S FARQ AFer W] feiMe EEstd
o] AAgkS dEsie] Bk 6.29, A2 648, Z AR AN HE S FUHAA oA B
H7HE 6.05, F& 549, ANEARQ] 7|55 642 & Y T USFS o] dasia itk ¥
2 A= A7V 5520 g2 Az 292 mine] HZA 2 AFolA H=7de] 7]%5%d(Sohn BH - Oh KH
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<Fig. 4> Response surface (SAS) for sensory evaluation of Buseoktae cheonggukjang.
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<Fig. 5> Contour map response surface for the effect of addition and time on Buseoktae cheonggukjang.
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