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Study on the Hydrolyzation of Soybean Isoflavone Aglycones in Soymilk by Bitter Almond 3—glucosidase
GUO Tian—ci'?, ZHAO Shi-lei'?, LIU Shi—sheng"*"

(1. College of Food Science, Hainan University, Haikou 570228, Hainan, China; 2. Key Laboratory of Tropical
Biological Resources of Ministry of Education, Hainan University, Haikou 570228, Hainan, China)
Abstract: The physiological activity of soy isoflavones mainly depends on isoflavone aglycones, and the study
explored the increasing of soybean isoflavone aglycones in soymilk by adding bitter almond B—glucosidase. The
results of surface optimization test showed the best combination of hydrolytic technology were enzymic addition
of 1.4 U/5 mL, reactive time of 40 min and reactive temperature of 46.0 “C by high performance liquid
chromatography (HPLC) detection method, and the concentration of genistein, glycitein and daidzein were

(38.643+2.03), (5.119+0.275), (36.954+1.67) pg/ml..
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Table 1 The condition of gradient elutiom
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1.3.2 K5 b th 2 i gt ar

R i FREUK A7 (D) K R 45 96 (De ) | 8 8T
(GD) . #E H 2 (Cle) YRR (G) Heb AR ZE (Ge )b
FE4 5.0 mg, INA 80 %I HI B, MEFE 51 S 22
ZVEE BV RARERS $U o AEHENIBUR R AR AR it
PR, LTS R B (R B PR R, ) 0.45 um A7
HLZR H DR D8, DR ke A TR SR e, 8 0B A e
1% (high performance liquid chromatography, HPLC) 43
BT 05 45 AL A U TR o K 7 S R 5 20 g 06
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1.3.4 A= B A i H IR A 1 45 0 v
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HEATINE

MASHRAERZE N - Y=17.071X-0.000 9, R>=0.999 8.,
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F 25 mL HLEERE P AIIA 5 mL G2, B AGE &
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W T 10 mL A FIMA 2 mL SR 80 % H
VS, 50 CHEA 30 min R EIZE 25 °C, H 80 %M i
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3.5 U/5 mL) . fife it 18] (0,0.25.0.5.0.75.1,1.25.1.5h) .
it 7L (30,35 .45 .55 .65..75 °C)
1.3.7.2 W Ak i
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Table 2 The factors and levels of response surface analysis

%
A - : :
A fitFE/(U/5 mL) B W [al/h CiRErC
-1 05 0.25 35
0 1 0.5 45
1 15 0.75 55

138 HlRgeitorti

IR B A5 R HL 3 YOPAT I E 45 2R X+SD IR .
K% H Excel 2016 .DPS £ #E 40 FH 2 4 .OriginPro9.2 M
Design—expert 7.0.0 XJ &4 #4740 B S AEEIAL B,

Design—expert 7.0.0 X {FIET 3 22 575307, P<0.01 5&
IRZESFIE S, P<0.05 SR 3, P>0.05 NESA
BE,

2 ZER5HH
2.1 KGR AL bRifE 28 1 ST
DR 5 B ) B A R A B, HPLC. JIr ] g i AR
PPEE AR, IR Y 5 R E X (pg/ml)
PEAT IR A3 Hr A BN M R . [R5 R L3 3.
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Table 3 Standard curve of six soy isoflavone standards

D 13.83 Y=23.81X-9.214 8 0.999 9 1~125
Gl 14.61 Y=40.305X-32.695 1.000 0 1~125
G 20.36 Y=40.708X-3.507 8 0.997 9 1~125
De 32.28 Y=47.716X-9.435 9 0.999 9 1~125
Gle 33.59 Y=47.211X-4.530 3 0.997 5 1~125
Ge 43.34 Y=58.567X+2.746 3 0.997 1 1~125

2.2 K5 g

X} 6 PR 52 S B IR AR AR IEA T 5 AT, AR R
P 1) (4 B BsF )0 S A Uk 8 06l R G4 (D) VB R BT
(GD) G BAT (G) KT 7 (De)  #5 FH K (Gle)
YRR 2K (Ge ), X0 HY GRS R] 23 1) 2 13.844 14,618
20.350.32.293.33.616.43.319 min,,
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Fig.1 The chromatograms of six soy isoflavone in standards substance
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Fig.2 The effect of enzyme addition on soybean isoflavone

hydrolysis
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B LT R, IS I K S S B 45 2 43 B e R 2R
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5 B AR AT KRN K o Ry T BRI AR 7 AR
I3 2 BAR R A AR, JLse ity 1 U/5 mL,
2.3.2 TRl S 1] 6T DR 7 S T 7K S P 5 i
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Fig.3 The effect of time on soybean isoflavone hydrolysis
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KT SR AL 1) & AN AR . R R A o
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2.3.3 iR I N R R S AL K S
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Fig.4 The effect of temperature on soybean isoflavone hydrolysis
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Ge Gle) & REBEIRAE T & B R R X2l
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S EEIEH (D G .G 2 BN, K 55 5
HIL(De Ge Gle) 5B M N RE . R AR
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M 7 T X
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Table 4 The response surface design and experimental result

De WJE/ Gle ¥eJ¥/ Ge WS/

RIS A MR B C R
KIS A e BAER C R (pgfml) (pgfml) (pfmL.)

1 -1 -1 0 28.218 3.010 23.605
2 1 -1 0 32.996 4.429 35.539
3 -1 1 0 32.663 4.424 31.747
4 1 1 0 37.273 5.707 42.049
5 -1 0 -1 28.290 2.183 22.097
6 1 0 -1 32.986 4.742 37.601
7 -1 0 1 27.557 3.235 25.734
8 1 0 1 32513 4.345 39.023
9 0 -1 -1 28.128 2.524 24.467
10 0 1 -1 33.388 4.596 32514
11 0 -1 1 28.523 3.067 21.322
12 0 1 1 34.611 5.148 39.372
13 0 0 0 37.674 5.654 42.272
14 0 0 0 36.365 5.433 41.598
15 0 0 0 38.690 5.517 42.674
16 0 0 0 36.807 5.408 40.256
17 0 0 0 37.012 5.856 41.895

F ] Design—expert 7.0.0 A s PR AT B0 4y
Br A2 R R 5 KEHIC(De WRE Y, HIH LR

Y ,=37.3142.384+2.38B+0.18C-0.0424 B+0.065A C—
0.043BC-2.84°-1.72B°-4.17C*, De [nl AR R )5 22507
W3S,

XRS5 De mEAEBFESE

Table 5 The variance analysis of regression model of De

HE  FHM HmE By F A Pr>F o ENE
B 22175 9 2464 3171 <0.0001  **
45.32 1 4532 5832 0.000 1 ok
45.46 1 4546 5851  0.000 1 ok
C 0.25 1 0.25 032 0.0388 *
AB  0.007 06 1 0.007 06 0.009 08 0.926 8
AC 0.017 1 0.017 0022 0.8869
BC  0.007 04 1 0.007 04 0.00952 0.925
A? 32.99 1 3299 4246 00003 =
B 125 1 12,5 16.09  0.005 1 o
c? 73.36 1 7336 9442 <0.0001 =
i 5.44 7 0.78
I 2,17 3 0.72 0.88 05215
iRz 3.27 4 0.82
BE2E 227.19 16
R? 0.976 1
R’y 0.945 3

H:P<0.05, 257 3 P<0.01, Z R % .

H 3R 5 F7R ATAL, 5 BRI 2 1) (P<0.01),
AT B E (P=0.521 550.05), UiHZBEMLE R
-, AT LAFH T 53 B RSB0 25 851 B 4 W /K i K
(D) AR 55 o A —RI Y A B, R
TR A2 B2 C* X A A B~ A BT K A A
M5, ZRIH) AB BC AC 28 HAE X1
B — ) 2 W A A (1) S M AN B 2, — IR C X 7K fi
SN )5 i 2, B TR PR A OC R %K R2=0.976 1, B
IR 22N T R%0,=0.945 3, Ud B i) {5 BE A g . i b 4%
RATLUE A b 3 AR RS2 R S U0 (De )
FERIRIT N B>A>C.

F ] Design—expert 7.0.0 AR R R AT B 4y
M 934 R 5 E B R (Gle) WRIE Y, MIATTFE N «

Y,=5.57 +0.84 +0.86B +0.22C —0.034A B —0.36AC +
2.25x10°BC-0.694>-0.49B°~1.25C2, Gle [ AR )y 2%
ML 6,

R 6 Gle MAEMTESMR

Table 6 The variance analysis of regression model of Gle

W& Forf [AmE By F A P>k Y
(e 22.39 9 2.49 3199 <0.000 1
A 5.07 1 5.07 6523 <0.0001 =
5.86 1 5.86 7529  <0.000 1 =
C 0.38 1 0.38 492 00462 *
AB 000462 1 000462 0059 08144
AC 0.52 1 0.52 675 00355 *
BC 0.0000203 1 0.000 0203 0.000 204 0.987 6
A? 2.03 1 2.03 26.09  0.0014 =
B 1 1 1 1283 0009 =
o 6.61 1 6.61 84.99  <0.000 1
B2 0.54 7 0.078
KA 041 3 0.14 398 01076
iRz 0.14 4 0.034
MBS 2294 16
R’ 0.976 3
R’y 0.945 7

12 P<0.05, 225 58 3 5 P<0.01, 22 74 b 3

H1 2 6 PR A, FERAUITOAR i & I Hirde T, 1551
B [l 01 5 A L 4 5 i SRR A SR AR AL 1Y
Dy PR E AR Y . S A DG R L R2=0.976 3, U]
Dy T I ) 45 R 5 g A5 R AU SRR, T Ry
0.945 7, VLHI AT BE i o W bz ) [l S ABE AR rf A (B (A2,
B2.C*(P<0.01 )X A5~ B~ 4 W 177 Tl ot S5 1y 1 52
Ml Sk 2, C A C WA~ B~ 4 W it K A 1) 52 i)
3. AB BC(P>0.05)3¢ BN Z X} 5 5. #5 E (Gle )1
WA 3, g R IE L, Al 3
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AR ZE R R (Gle) MR IIRIT N B>A>C.
FIH] Design—expert 7.0.0 FA: XS Bl 47 101 )3 73
Br 15380 KR SURIRER (Ge ) HREE Y, IR
Y;=41.74+6.38A4 +4.84B+1.35C -0.41A B-0.55A C +
2BC-3.654-4.85B°-6.97C*, Ge [Bl 1551 J5 22 43 #r UL
%7,

x7 Ge @PAEEFESMFE

Table 7 The variance analysis of regression model of Ge

HE  Forf almE Bs FAH P>F o WEN

FERY 94379 9 104.87 36.74  <0.000 1  #*
325.49 1 32549 11403 <0.000 1  #*
187.69 1 187.69 6575 <0.000 1  **
C 145 1 14.5 508  0.058 8
AB 0.67 1 0.67 023 0.643 8
AC 1.23 1 1.23 043 05331
BC 16.01 1 16.01 561 00497 =
A? 56.23 1 56.23 19.7 0.003 =%
B 99.02 1 99.02 3469 00006
los 204.6 1 204.6 7168 <0.000 1
B 22 19.98 7 2.85
AU 16.58 3 5.53 6.5 0.051 2
aliies 3.4 4 0.85
MBS 963.77 16
R 0.979 3
R’y 0.952 6

H:P<0.05, 25 5% P<0.01, 25 W 3%

H128 7 FT7R il 0 ZE R BIBUR B2 R4 T, 15 2
(4 T P L B 25 o 2 SRR I SR AR )
FEARLE AR o TSI E R A R=0.979 3, UL T
J5 R T A 45 R S0 45 AU A MR . T RPyy=
0.952 6, VLA FEE R . AR A B .C XYk AR E
(Ge)MREEMEMKTE ,A B A B> .C* W52 M 35 S i
W2 (P<0.01),BC M HAERIXT Ge MWL Z A I 2
(P<0.05). i C 5 AB.AC K58 HAE I ekt A %
(Ge) MYk BERE A .35 . Iy R v LG Y ik
v 3 IR B s RS e Pk R EUEAFK) T N :A>B>Cs
TR KT Z T R B AR S5 YRR E (Ce)
WHEZ R XRE IR,

Ak 3 EEmaR 2 AR AR - IR 1.28 U/
5 mlL , B f# IS ] 0.66 h, IRy 45.6 °C, T K G
TG R YRR R 7301 38.561.6.135 .
45.255 pg/mLo FEIRER AR NEGEN 1.4 U/SmL,
I IF ] 40 min, 2 I BE 46.0 °C, A5 K &7 5 8 R 1
JC(De Gle .Ge ) B iz 5371 47 (36.954+1.67) . (5.119+
0.275).(38.643+2.03) wg/mL, 5158 HAE (A 22 A

R, UL AERAN ) BOR R AT 5 B

3 it

VA B AR A TS I 2 5 b A T RN
300 3 A A AR AR AR R i P ) AT B P R
5o DASARIZ Bt A 7w g A Ak, 153 3 4>
SO R 2R B S A RS N R 1.4 U/SmL, SO
] 40 min, FZRPRJE 46.0 °C, 5K T 5 B ET T
(De .Gle .Ge) MIVREESF5IR (36.954+1.67).(5.119+
0.275) .(38.643+2.03) pg/mL.

CA WS B R G JEWE G AR E R AT
A It R B A, T UK R R
AT IF D LA T E A S5 R R
A AR Y @ — ) 2 T LA ok U ) FAVER S
B, SR K A R SN e K RO B, HLE
1k B-HIZFE M A HL 2 T TR A R, Ot
PR 4l . HETF ) 2 K iR o S s R 1 Y
it A2 B — i 2 T T , LU U R, DB L
PR 28, B K A R 7 S B, B 22 K i K R S T 1
1A PR .
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