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Isoflavone and Quality Improvement of Soymilk
by using Germinated Soybean

Hye-yeon Lee, Joo-sook Kim, Young-Su Kim', and Woo-Jung Kim*
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Isoflavone content of soymilk prepared with germinated soybean significantly increased. Soymilk prepared with
Shinpaldal-2 germinated for 12 hr showed maximum 5.552 mg/g isoflavone. Solid content in soymilk increased
from 5.68 to 6.02% for Shinpaldal-2 and from 5.30 to 6.10% for Seomoktae with 24 hr germination. ‘L’ values
of soymilk increased, whereas ‘a’ and ‘b’ values decreased. Viscosity of soymilk decreased, while stability
increased as germination time increased up to 24 hr. Organoleptic flavor properties of soymilk improved,
showing decrease in beany and increase in savory flavors. Acceptance test showed soymilk prepared with 12 hr
germinated Shinpaldal-2 showed highest acceptance, while Seomoktae soymilk showed least.
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A8tz ARE-3tSITh Isoflavone?] & HAo] AMGE HFE Al
©FO & genistin, genistein, daidzin, daidzein> SigmaA}(Sigma
Chemical Co., St. Louis, MO, USA)?IA, glycitind} glycitein2-
FujiccoAHFujicco Chemical Co., Japan)oll Al F8tdtt. 22|
29l sucrose, raffinose, stachyose= Sigma*}h(Sigma Chemical
Co., St. Louis, MO, USA)IIA Flate] AR8-aH1tt.

Ro| Wot U FRF M=

Fo] ol o 609 FL A FFstd 20 AHI} o
& Whe 2o 7ol oy A Sle FAEE71(30emX 12
empll E 2ol gE 20°Ce] 27104 8AIZmlT} RS}
A} FoajF L)

290 ol ol 98T DEF 1EoE 1009 E
& 7kl EA) BEAEE st 100°CellA 587 2 o
€ Waring blender(34BL97, Waring Products Division Dynamics
Corporation, USA)E. vkA3led 4,000 pmellA] 1087+ 4Ee] 8t
Aok A8 3o AFsdS 121°CY autoclavedlA] 1587+ 7}
gsted TR Azl on Lol ¥ FE 20°CAAM
A7 FAE Az F$HE BF T9-F(control)E ST

JTRe NYE ¥ chE &3

Z9o-8o THEL FHE 80T 2FA=RINAM oM A
Z % 105°Colx gl 23 247 AR Fo] FAE &4
atolct. ©lE 242 AOACY micro-Kjeldahl (15)f ©l}ed
ALFES 24sPo GMFS Nx5718k ALtstct
244 e 8D 2g0 FFHF SOmLE NG F A
oM A7 S 100 ipme-E shaking3 F Aol g2
TEEY AAFe o 284 dF FFE ARt
T, o8 AL 7.5% trichloroacetic acid® W28 A7)
% oAsla o FRo] e HAES ARAA Y HAa¥
NN 84 STNEg ALtstgct. vlehl el E S (non-protein
nitrogen)3t &S ekl d oA 843 B84 oohiE
TS WA AT

B9Rel pH ¥ 8E] WT £H

289 pHe pH metenOrion 520A, Japan)2 Z78351S
] FetHo] o4 L (suspension stabilityys T 10mLE Al
ool Hall aocolA 247 AR H € FF F
Holo] Bulg 243y Ry digt 359 H&g A
oA = ALEIIHTH16).

BeRe T, BE # M &3

T2 89 HE(cp)= Brookfield viscometer(Brookfield Engi-
neering Labs. Inc. USA)YS AME-3td spindle No. 22 50 rppmel]
A 20£0.1°Co] F9-F-E 6027 FAXNA FASAT F+F
o} =¥ spectrophotometer(Bechman, Instruments Inc. Fuller-
ton, DU650, USAYE ARE-3ta] 7RAISHA #9]ollA] scanningdt
F F949 Ao g3g d worA Al F4x A
olZ 7H¥ A Uehie 600 melA el FEEE xR &%
. ge33e 9% AsE FFE 1008 FAsted ARE-st
Ak 2949 MEE= Color Difference Calculating Meter(CR-
200, Minolta Inc., Japan)& 3% 3ttt

Isoflavone 4
Feo] wolzd F isoflavone ¥4 $13 T Alg A

£ 30mesh AE 5343 FEL 1g0] 80% ethanol 20mLE
o] yltrasonicatordl]A] 50°CE 6087+ &3 ol I&Y4E
2] 7](HMR-2201V, Hanil centrifuge Co., Inchon, Korea)=
12,000X ol 1587+ QR8I &85} 354 syringe
filter(0.22 pm, Waters Co., Milford, MA, USA)Z & #} 3}
HPLC(Waters Co., Milford, MA, USA)l 20 uL F<43t3oh.

F$H9 isoflavone 8- F-+f 20mLell 100% ethanol
80mLE H713kd HZE ethanol =7t 80%7t HAl & ohe
ultrasonicator(3210R-DTH, Branson ultrasonics Co., Danbury,
CT, USA)E 50°CllA 6087+ F&8hal 1404 #2)71(HMR-
2201V, Hanil centrifuge Co., Inchon, Korea)Z 12,000 X gol 4]
1587 daEalstd Relgt A5HE syringe filter(0.22 pm,
Waters Co.,, Milford, MA, USA)E {3}t § HPLCO 20puL
£ FYsle] E4E) IsoflavoneA-g 913 HPLCEA 231
& Kim (179 3ol s AAEH & Waters 486
absorbance Detector?} WatersAt2]l XTerra™ RP,y column(5 um,
4.6X250 mm, Waters Co., Milford, Massachusetts. USA)S A}
2393, o]BAS acetic acid 0.1%E 7 &H3 33 FF
F(& A} acetonitrile(ETB) AMESIA LW, gradient= &7HA
- gulB=85:152 A8l 958 & 72 HEE upgth o]
549 42 1.0mL/minZ 3tk #2l3 isoflavone genis-
tin, genistein, daidzin, daidzein, glycitin, glyciten®® 3*&
isoflavone®} F=o] thE peak®H 9] HFH FFA(standard
calibration curve)ZF-E] A&t Isoflavoned] Adbe 7
E% 7| F(mgg)e2 FAteton 33 e ZAHAFANM R
THAE AlLtsach

220 2o

Fo| wolaly F LT ¥AE Y% Fo AR AHAE
£ 30mesh AE E343 FEZD 1g9l 10% ethanol 10 mLE
¥oj ultrasonicatoro| A 60%-7F &3 thy A&AHEE 7
(HMR-2201V, Hanil centrifuge Co., Inchon. Korea)=2 12,000
gollA 2087 R4 s 4Ed 05mLE HI FF
4= 0.5 mL9} 10% lead acetate® ZH7F 0.5mL¥ F7i) =34
AR 7IZ 12,000X gl A 57 A4lEe] S, oAl &
Zoll& 3l syringe filter(0.22 um, Waters Co., Milford,
MA, USAYE F3AA rIMEAS AASE ©]2E& HPLC
(Waters Co., Milford, MA, USApll 20 uLE FUske] &g
& BA3H.

F2ogo gyad B4 F9% 10mLol ethanol 40 mLE
A7V3ld ultrasonicatordl| Al 6087 &3 g 1&UHEE
71(HMR-2201V, Hanil centrifuge Co., Inchon, Korea)E 12000
X goll A 2087 Q42 ek 4E 0.5 mLl FFHT 05
mL3} 10% lead acetate 0.5 mLE H7lekal 244872
12000X gollA] SE7F YA Ee] ot ohd 4EAS syringe filter
(022 um, Waters Co., Milford, MA, USAYE E3A1A PIHE
AL AAsT o|AL HPLC(Waters Co., Milford, MA, USA)
o 20uLE FU3AT 21T BAE #% HPLC #4%
AL 5 F(18) Wl o AAET & FA4A ARRE
column-carbohydrate analysis column(3.9X300 mm, Waters Co.,
Milford, MA, USA)°I9oH, o]F5 32 715t 65% acetonitrile
£ AMEE T §45E 1.3 mL/minolAth. Sucrose, raffinose 3
stachyose®] &2 HPLC £4 ZAE #F A% JAd A&
dfo] A& SelaFe] Ade NEF 7EmggeE
AEg o 33 JHE A AdolxN FFRAE ALE o
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HeAtel Ade] sle AEF3 Ay 108es ¥
< B3 HhPY 9 HrEAd I5AAES sy A%
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odorys HAM et T Sh(beany taste), A% B(savory taste),
< Shsweety taste) 5 & H7} on 9@ BHogE A
£ BrIEAh AlEe WolATIAl e F9R9) 12, 18, 244]
7h o7l Wolgo 2 AEF T Jon, AEY exE
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SAS(SAS Institute, Cary, NC, USA) £ packageE AF&3}cd
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A Az THF T 7P Hide Ag 1E ke 99
(ranking tes) O 2 HARSINTE AIE HAMEL 239e|gon
2 Ade A8Y F94 AFEAHE AR
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W2 By cHiE wa)

FT& oA AxE FHe L¥E T, pH, AE, F
A, derle] Mg, A 2 il wsle tisle o))
ZPEE v wE Ade Table 13} 7t} g9 o}l Aj7ke g
o] Aol 9l isoflavones] o] F7HPY 24417 o]
HAR 3. T 1BE I Age 259 MEH

Table 1. Effects of germination on physical characteristics of

soymilk (dry basis)
Germination time (hr)
0 12 18 24
Shinpaldal-2

Protein (%) 41.62 38.75 38.00 37.25
Non protein N (%) 544 588 950 438
Total solids (%) 568 574 583 602
pH 654 655 649 647

Viscosity (cp) 13.6 12.8 12.0 112
Absorption (X 100) 0.51 0.61 0.61 0.63
Stability 017 016 014 0.3
Color L 68.89 69.51 70.02 71.89
a -1.14 073 073 -0.71
b 1008 11.10 11.01 1047

Seomoktae

Protein (%) 44,56 4237 4093 3943
Non protein N (%) 2.94 844 1243 8.75
Total solids (%) 530 545 599  6.10
pH 647 645 640 632

Viscosity (cp) 12.8 11.2 9.6 8.8
Absorption (X 100) 046 051 053 054
Stability 01s 017 018 0.18
Color L 4787 4736 4821 4993

187 177 171 16l
581 537 601  6.00
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7t 25 dolstEA FU1 dl9eH, pHE ANkHoZ o)}
Y HAEM o7h it g 259 AL o} oA
o] pH 6.54%14 24717} delAZ] F9-7-& pH 6472 743}
AL MEE|e] AeoME 2447} Wo} AIZ1 F-9-8 pH 647
oA pH 6322 Zradden Aoz Awd 28 o of
EARE I ) q= .

F7d Hxe wold 8 Bishe AYe BRa gy
25 0AMZH] 13.6cpollA Wol24r 7t Folls 112c0pE, A B
e 128 cpollA 880 cp2 ZA3tch E98S 100w 348
FHEAME 7B FEL BoFo] 24A7F wolAz] 2
S AgE 289 A$ 051904 0632, B = 046004
0542 F713lHh 459 Z7hs ol & 48437 gy
o ®a7t 9L Fof AAFHoR 7184 HEY 2y} 9
A7 HELE Az 3R vLE A degde] of
AEodMe NEd 239 HE 97t 7l welAlF)R) ¢
< FRY 017914 24A7F Wol TR0 0.130.8 A
Qe MEHOME 238 F F78he AEge BYo)

F9-9] Ale A8 23 L 3ol 68.89404] 71.892 A&
B 4787904 499322 oF7H Zrbale] gholAS Bt
ol2|¥ Aite EWHOE A3 Ao S0 os) Bio] &
of Hoj7] Mo E AztE) vt HAFA MEHE L3t
o] 4o on gl Aud 25 70HdE Ly 2
zto]7h o] Boe] AAMo] gL F3 USS ¢ S U™
o} agte] Wislke AgdE 28 MEE 2% Zgasigon #A
R MEHE ANFoR (+) aghd B FHAo] Yot v
H =3F AEE 23 & () agke Ho m40] At agk
< 2 dugte] wolA Az =Ale]l dojFe Btk 34
EE YehiE bl e =889 Agd 252 9E 294
7b AAERJN MEEED o E 32 YEhiFe] go] o =
ke Lol oM = & o] it

Wolr|ZhE A2t F9-79 2oz nighieale] &
I¥E S FFL Table 17 7o) Zehilla Frere Agd 2
o AEY 2R pAdke S B Fo ABG 23 0
A7k} 41.62%0041 24417 FollE 3725%2 9F 4% 7HAEA
o MEEl= 0A17F9] 44.56%0A 24A17F ¥ 3943%=2 <}
5% Zrasich vde] Ak gEge dutgow Zr) dy
O} 24A|7F Holgt Fo g ARF TFolM tha Zade
A% By FAu

Isoflavoneg| H3|

Dolrizh g AZE T84 isoflavone o] Table 29}
2tk wolslR] @ Fog AZRF F-9-fo et olst
Fo 2 Az F979 isoflavoned AW 23 MEY TF
A3 Trehs AYE RAFUT TR 12, 18, 2447
dolAl7)l Fo Az ol Fe Fo Az
& F-9-foll vl8l isoflavone TFL AN 25 2z} 349,
18%, 7% F718Ien; MEee] F9-fe 2 15%, 2%, 8%
F7FHRE B3] 1287 dolgt Fo g AR ZHM 7t
B 378 BHo FUuh 9879 isoflavone FEHAITE
25 1612mgg, M EH 1.000mge)d HZY W FLHeo
isoflavone ol <F 2.0-2.54 A AHE AL T/ A=
G ARadt B84 ild F uix|e AAYL 4L ¥
g 7FdAE] A4 isoflavone?] ZF7171 Utk AzZbEch
53] 97 AE A9 7 #A o) acetyl”19} malonyl7} 7} 2
+ isoflavone isomer’} ¥l o] 3G isoflavone L& A= S
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(mg/g, dry basis)

Table 2. Changes in isoflavone content in soymilk at different germination time

Germination time (hr)

Soybean
0 12 18 24
Shinpaldal-2
Daidzin 0.364£0.020 1.626+0.010 2.136+£0.120 1.897£0.010 1.677+0.170
Genistin 1.093£0.010 2.104 £0.040 28130210 2.497+0.020 2.308£0.430
Daidzein 0.006 £0.001 0.037£0.010 0.120£0.050 0.039+0.010 0.03910.010
Genistein 0.015£0.001 0.036+£0.010 0.052£0.010 0.076 £0.020 0.079£0.020
Subtotal 1.478 £0.100 3.803 £0.030 5.121£0.250 4.50940.010 4.103 £0.590
Glycitin 0.109+0.010 0.307£0.030 0.393+0.010 0.359+0.020 0.323£0.010
Glycitein 0.025 +0.001 0.009+0.010 0.038+0.010 0.018+0.010 0.019+0.010
Total 1.61210.100 4.11910.010 555240230 4.886+0.010 4.445 £0.600
Seomoktae
Daidzin 0228 £0.018 0.765+0.020 0.928£0.010 0.763 £0.020 0.847 +0.020
Genistin 0.624£0.011 1.109£0.050 1.296+£0.100 1.125+0.040 1213£0.190
Daidzein 0.088 +0.009 0.038+£0.010 0.041+£0.200 0.048+0.110 0.022 £0.160
Genistein 0.023 £0.002 0.020+0.010 0.02010.010 0.010£0.010 0.013+0.010
Subtotal 0.963 £0.091 1.932+0.090 2.285+0.100 1.946 £0.030 2.095+0.170
Glycitin 0.031 £0.001 0.085£0.010 0.101£0.010 0.089+0.010 0.088£0.010
Glycitein 0.006 £0.001 0.027£0.010 0.019+0.010 0.056+£0.010 0.031£0.010
Total 1.000 1 0.087 2.044 0.090 2.40510.090 2.09240.040 2.21410.150
3
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Fig. 1. HPLC chromatogram of isoflavone in soybean and soymilk of Shinpaldal-2 without germination.
1: daidzin, 2: glycitin, 3: genistin, 4: 6"-o-malonyldaidzin, 5: 6"-o-malonylglycitin, 6: 6"-o-acetyldaidzin, 7: 6"-o-acetylglycitin, 8: 6"-o-
malonylgenistin, 9: daidzein, 10: glycitein, 11: 6"-o-acetylgenistin, 12: genistein.

7] Qo= Aztdct. olgldt 5L Fig 19 B nie} 72
o] isomer 59| peak T o] A3
BojFa ot

Isoflavone®] /1 Wil A¥d 289 79 daidzin, genis-
tin, genisteino] Ztzt 31, 33, M%E 7MY B 78 B F
glom, A EEE= daidzin, genistin®] ZH7F 21, 16%= 7P ¥
& Z7HE Ro] F Agd aglyconeF 9] isoftavone
12417400 0210 mg/gS 2 0r17+2] 0.082 mg/gell Wik oF 2.6

vl Z7} 819.0™ glycosideE el 2] isoflavone: 4.037 mg/gell Al
5342 mg/gC. &2 oF 1.3u] F713le] aglycon FENS] isoflavone®]
71 we 2718 Bo F9th IsoflavoneS 71 Bol F718t
A" 1247 dol F9/E AEY 237 AEF VELE
0.555%2 AMEE]9) 0.236% Rt} isoflavoneo] oF 28] o) =
gttt ol gk wolATIR] gk FeRE VIEeE E 9 A
e 25 347%7) AEEHE 156%7 S718t] dote] &3t
£ A3 BAFh ole 2F W isoflavone tHH-E gly-
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Table 3. Changes in oligosaccharide content in soymilk at different germination time (mg/g, dry basis)
Germination time (hr)
Soybean
0 12 18 24
Shinpaldal-2
Sucrose 71.3+0.09 110.5+0.25 88.81+0.20 85.61£0.13 79.81+0.11
Raffinose 52+0.12 4.0%0.04 3.240.01 3.0%0.01 2.1£0.01
Stachyose 44.510.04 39.7+0.11 3231041 29.8+0.22 20.5+£0.31
Total 121.01+0.98 154.2+£2.58 124.3+1.94 11841222 102.4+2.01
Seomoktae
Sucrose 64.01£0.01 81.8+0.10 784+0.14 73.3+0.18 71.5+0.10
Raffinose 10.3+0.02 3.5+0.01 3.1+0.01 3.1+0.01 29+0.01
Stachyose 62.110.01 46.910.10 40.9+0.18 36.5+0.11 34.7£0.14
Total 136.4£0.01 1322+1.97 122.412.01 1129+£1.55 - 109.1+1.46

Table 4. Effects of germination of Shinpaldal-2 soybean on
sensory qualities of soymilk"

Table S. Effects of germination of Seomoktae soybean on sensory
qualities of soymilk?

Germination time (hr)

Germination time (hr)

0 12 18 24 0 12 18 24
Odor Odor
Beany 5.00° 3.55° 3.44° 3.22° Beany 5.00° 4.44% 422° 4,11°
Savory 5.00 5.66> 6.22 5.55% Savory 4.77° 5.55M 5.44% 5.88°
Taste Taste
Savory 5.00¢ 5.88™ 6.44° 5.33% Savory 5.00° 5,88 5.66 6.11*
Beany 5.00° 4.88" 5.88° 5.55° Beany 5.00° 533 5110 5.66*
Sweety 5.00° 4.22° 4.22° 5110 Sweety 5.00° 6.33* 5.66™ 6.33%
Color Color
Brown 5.22¢ 4.88* 5.1 5.22% Black 5.1 5.22% 5.55° 4.66°
Acceptance 86° 41° 58° 45° Acceptance 59° 547 60° 57

"Mean value within a column followed by the different letters are
significantly different (p <0.05, Duncan’s multiple range test).

coside FEAE FHREO] 1o A o] 8L &) o Ao
3= B-glucosidased] &3 glucosideZ Fro] E-a)= o] agly-
coneFEE FrEvhe Ao wWoldt Foz wiE 989
aglycon FEje] F7l= isoflavone?] &+ ZHoA Ego) g
= UL B F=3 9ot

we| gl Hat

o]z Az F9Fo &ude] F§FL Table 33
Z}, golA )R] ke Fo 2 AR Fofo) H)Ee wol
FToE e TR 28aT e AuY 259 AMEy
B Zads 2o U A8Y 289 3¢ F glude
0rZHe] 1542 mg/gell A 2441 74R)l 1024 mg/gS & 33% ZtA
AL A BEe] A9 1322me/eolA 1091 mgglE 17%
st SEu% $HE Wl FEE ok g8 A%
& HojFo] AW 23 = maffinose’t X171 4.0 mg/gol Al 24
A7l 21 mg/gl 2 47%E 7Y Bol AadPou HEHE
°F 17% A= 7A&t). Stachyose®] 7oy Aldg 239
73% 0N 39.7 mg/gll Al 24X]7ke] 205 mg/go B 4T%E 7
& UL AEEHE 0NZHY 469 mg/gollA 2447490 34.7 mg/
g2 Zadint. WolA7|R] ¢k Y8 F e vy FaF
I Hlag o AEg 289 FFE Wol AR © &
PR M EHE MR oz wgit) o9} zre wole] o
£33 #AE o-galactosidaseSt 7HrEE Lo 93

"Mean value within a column followed by the different letters are
significantly different (p <0.05, Duncan’s multiple range test).

stachyose”} raffinose$} sucrose® #3=E 2ol 71AVTH20).
Eele 93ie Fol wolsldA AL 918 A4l 4

FHoz o) &FHAUh

2Hm s J|Ajo| Wst

o] AN isoflavone kol BIwA Bl 12-24A]7F
Hele] wolAzHE R AR F9H9 BEE B4 JAl,
A, 9g HHPod vwdt dake Table 4, 59 72t Agg
239 F9-f9 FHY YAle ol Eeaot A 7
SFAT g WA gk 1241703} 18X 7F WelAIR] Ao
2 RE F9Rel $93Q Z771 ATk 2 99 #ujg g
3 dutat 2o FoH zlo|7t gich MEEe AS
g 259 Aok o] FHY YA A, 14 JAe}
gkl 7P A s wste] A AEejolA] @ate] g
o] ATt o] Aih= Fo wol FF F Im| ¥ Wy}
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