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Abstract: The soybean was hydrolyzed by the Aspergillus niger f-glucosidase to convert the bound soy isoflavone glycosides into a free
aglycone. Using soybean as the raw material, the influence of three factors (enzyme dose for addition, reaction time, reaction temperature) on the
hydrolysis of soybean isoflavone glycosides in soy milk was first investigated in single factor experiments. According to the Box-Behnken
center-united experimental design principles, three factors and three levels were adopted based on the combinations of different enzyme doses,
reaction times and reaction temperatures to establish polynomial regression prediction models for the isoflavone aglycone content in soy milk
and determine the optimal process parameters. The results showed that optimal hydrolysis conditions were as follows: the enzyme dose, 0.028
U/5 mL; reaction time, 1.64 h; reaction temperature, 53.82 “C. Under these conditions, the content of isoflavone aglycone in soy milk was
significantly improved, with the concentrations of daidzein (De), glycitein (Gle) and genistein (Ge) being 39.434+1.410, 4.626+0.462,
45.851+2.098 pg/mL, respectively. The response surface prediction values of De, Gle and Ge were 40.905, 4.263, and 48.441 pg/mL,
respectively, indicating that the measured values were close to the predicted values. The optimized process conditions are reasonable and
feasible, and can allow a significant increase in the contents of isoflavone aglycones in soy milk.
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Table 1 Elution program of mobile phase

A 4] /min FEhAR AI% A B/%
0 12 88
10 18 82
23 24 76
30 30 70
50 30 70
55 80 20
56 12 88
60 12 88

. Agilent TC-C18 #F (250 mmx4.6 mm, 5
um); PRYHEE: ZORBAX Eclipse Plus, (12.5 mmx4.6

mm, 5pm); KK 260 nm; AR 30 C; HEEE
10 ul; JahtH: A, BERR/KER (pH=3); B, ZMi;
JEIBATRF ] 5 min; YEBLFEF LK 1.
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BT (XD AREARNR, KI5 B R 2520 3 (1 W THI AR
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FREAEEL
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LRSS IR CFAREED, JERTE, BETRK,
BEI, 4 CAIEH.
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55 CH}, JRMEFTESA 1.5 h B2 B8N ] N2
0. 0.0064. 0.0096. 0.016+ 0.024. 0.032. 0.004. 0.048.
0.064. 0.08 U/5 mL X K57 5 2 H B /K g A 520
AR ELE 3 K.

SIS TR AR R MR s EJINEE2: 2 0.024 U/5
mL, RPGRFEA 55 CHRIZAEN, BRI EA 0.
0.25. 0.5, 0.75. 1. 1.5, 2. 2.5, 3 h X} KG 75
PEE KRR, RIS EE 3 K.

SN FERT K AR 2 . (E NG &4 0.024 U/S
mL, RIEFEA 1.5 h B, 7350755 R SR BE 35, 45,
55. 65+ 75 CXERE miafipE K nssm, R
IE 3K,
1.3.5.2 M B Ak G

2 FEFKkER

Table 2 Table of factors and levels

KFE ABE/(USmL)  BAEE/M  CIERE/T
-1 0.012 1 45
0 0.024 15 55
1 0.036 2 65

) L AT TR WA R R b NS b N L i e ke
Ft—0A, DRI 2R KT R o, R
FIKTPRINE 2.

13.6 #IBELGIT T

TRIGHHE 25 RHL 3 YOPATIE SR X+SD Foe
KH Excel 2016, DPS ##fi4b¥E £ 4t. OriginPro 9.2
J% Design-expert 7.0.0 X B 3E4T 4041 B A B AL 2R .
Design-expert 7.0.0 AT & Z 70, p<0.01 3
TR, p<0.05 RZEFRE, p>0.05 NEFA

.

2 HR59Mh

21 KEFREWLSLA0TEN L

HPLC 73 A AN IR R A i . LUK
L SRR S TR R AR AR, BT T AR
FEME AR, PUBTEIRE X (pg/mL) S
Y AT R, AR R, BT 3 B
o

3 6 MR ERAENTERIARERLZE

Table 3 Standard curve of soy isoflavone standard

285 AR 4 94 B} 1] /min EIEEE:] R’ &M 58 B /(ug/mL)
D 13.83 Y=23.81X-9.2148 0.9999 1~125
Gl 14.61 Y=40.305X-32.695 1.0000 1~125
G 20.36 Y=40.708X-3.5078 0.9979 1~125
De 32.28 Y=47.716X-9.4359 0.9999 1~125
Gle 33.59 Y=47.211X-4.5303 0.9975 1~125
Ge 43.34 Y=58.567X+2.7463 0.9971 1~125
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Fig.1 Effect of enzyme amount on hydrolysis of glycosides
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e, R FERE ORI S K S S B AR K A
TERREMAAN K . T BRARAEF= A, 20620 H sk
HfST I, DRI PSR &4 0.024 U/5 mL.
222 REEFRIAT K E F7 R K AR 69 %R

2Nl E N 0.024 U/5S mL i, 7E55 C/K4RT
SSANRITE], )45 BE, HPLC Al K5 525450 6
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Fig.2 Effect of time on hydrolysis of glycosides
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Fig.3 Effect of temperature on hydrolysis of glycosides
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# oy B E R

HR¥E Box-Behnken HCo i1 R HH, 78RR 2560
(Al b, DABE NS - AR A R (AD R
MIFE] (B)y JMAERFE (C) 3 RIZRMEAMNIAE,
PIKEH TG (Do) B HHE R (Gle) MGEIAE (Ge)
(R BEAE A AR A TR, IR 4 RNk 4.

SXof W . TR S 285 AT 77 20 b, T i S
EHEERNE 5, HEHASHRSKEH T

(De) W Y, FIEE AR

Y =40.14+2.35A+1.87B-0.92C+0.34AB-0.79AC-3.
85A-1.98B*-4.24C*

HH# 5 AT LU Y, RADTIAN R 2 (p=0.8282>0.05),
AR ) 2 AR T (p<0.0001), FAHHAHL
(1 2 B B0 260 W K A DR A B A R S B 13
A BT AT UG & R R &5 R 7 72
BT MR ATATI. BT FTS MRS R %5 R>=0.9921,
TR 5 FE TR 1 25 3R SR o AU S PR . M
R%\q=0.9821, LHIRT{E R, WA [EA B A
B. C. A’ B’ C XM % MR K g5
W% (p<0.01), AB. AC. BC AZH.HZEIN A
TG (De) HIRERIFARE (p>0.05). @it
SEERAT DA W, R 3 ANFEE K T T (De)
W IKIT N A>B>C.
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x4 MR EIRIE R RER
Table 4 Program and experimental results of Box-Behnken experimental

RKIE%S ABEE/(USmL) BEE/M CIRE/C DeRE/ug/mL) GleRE/(ugmL) Ge KE/(ng/ml)
1 -1 -1 0 29.838 1.799 29.206
2 1 -1 0 35.353 4.203 39.513
3 -1 1 0 33.951 3.319 34.579
4 1 1 0 38.102 3.341 46.459
5 -1 0 -1 29.759 2.048 32.018
6 1 0 -1 35.904 2918 43.190
7 -1 0 1 29.759 1.942 29.456
8 1 0 1 32.761 3.024 37.898
9 0 -1 -1 32.945 2.665 40.848
10 0 1 -1 36.993 2.877 43.701
11 0 -1 1 30.849 2.241 32.725
12 0 1 1 34.897 2.665 39.433
13 0 0 0 40.673 4214 46.697
14 0 0 0 40.895 4.288 46.955
15 0 0 0 39.981 4.225 47.166
16 0 0 0 39.325 4.164 45.732
17 0 0 0 39.838 4.109 46.317

7 5 De EI)IRBFESHR
Table 5 De regression model analysis of variance
SES P75 An A HAE H7 F 14 p>F B
AR 252.82 9 28.09 98.5 <0.0001 *x
A 44.24 1 44.24 155.13 <0.0001 **
B 27.97 1 2797 98.07 <0.0001 **
C 6.73 1 6.73 23.58 0.0018 **
AB 0.47 1 0.47 1.63 0.2423
AC 2.47 1 247 8.66 0.0216
BC 0 1 0 0 1
A’ 62.52 1 62.52 219.21 <0.0001 *x
B 16.47 1 16.47 57.77 0.0001 ok
(o3 75.81 1 75.81 265.83 <0.0001 *x
KA 2 7 0.29
% AR 0.36 3 0.12 0.29 0.8282
ik £ 1.63 4 0.41
BB E 254.81 16
R? 0.9921
Ry 0.9821

E: p<0.05, EFRF; p<00l, EFMEF; FFR.

Xof W . TR A 25 TR AT 7 ZE W, 5 b B
EHBEERNEK 6, HEHASHRSETHER
(Gle) [IREE Y, FlEl= 5 2

Y,=4.2+3.90A+0.55B-0.08C-0.6AB+0.053AC+0.0
53BC-0.58A%-0.45B%1.14C7,
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HH# 6 AT LU H, RADIIANE 2 (p=0.0615>0.05),
HARIA AR () 25 B (p<0.0001), BB
(1) 2 it 25 B ) W I 7K A D A B AT AR AR S A 0,
PAE FERAF o FHIL AT Ee & TR 3 4 SR I 7 72
BT MR AT BT BT HADE 2% R™=0.9923,
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EEMIFRE (p<0.05), AC. BC &2 H KR
HHER (Glo) HEIEMELZAREE (p>0.05). i@
B. AB. A\ B’ C*xtEihEE g e K sk AITRREE R LA N, % 3 MR R TR
MRt 2% (p<0.01), FFE C XWETHE (Gle) (Gle) WKEZIIRFF ) A>B>C.

6 Gle @ISR FESHFR
Table 6 Gle regression model analysis of variance

MR E MR
TV B 7 FE T 45 B 506 4 SR AL A e i o T
R%7=0.9824, UtHHRI{5 . Wi 7 [ A5 e AL

A& 75 Fn f A H7 F{4 p>F B M
AR 12.53 9 1.39 100.65 <0.0001 ok
A 24 1 24 173.17 <0.0001 o
B 0.21 1 0.21 15.13 0.006 o
C 0.051 1 0.051 3.65 0.0475 *
AB 1.42 1 1.42 102.52 <0.0001 o
AC 0.011 1 0.011 0.81 0.3974
BC 0.011 1 0.011 0.81 0.3974
A? 1.42 1 1.42 102.99 <0.0001 ok
B’ 0.86 1 0.86 62.38 <0.0001 o
c 543 1 543 39221 <0.0001 ok
KRE 0.097 7 0.014
KR 0.079 3 0.026 5.78 0.0615
4R £ 0.018 4 4.54E-003
B E 12.63 16
R? 0.9923
R’ 0.9824
7 Ge @URBIFESR
Table 7 Ge regression model analysis of variance
A& 5 An ER:0ER B F & p>F BEM
ARA 656.49 9 72.94 90.58 <0.0001 %
A 218.42 1 218.42 271.22 <0.0001 o
B 59.84 1 59.84 7431 <0.0001 o
C 51.23 1 51.23 63.62 <0.0001 o
AB 0.62 1 0.62 0.77 0.4099
AC 1.86 1 1.86 231 0.172
BC 3.72 1 3.72 4.61 0.0688
A’ 168.99 1 168.99 209.84 <0.0001 i
B’ 32.99 1 32.99 40.96 0.0004 o
(on 89.01 1 89.01 110.52 <0.0001 i
KRE 5.64 7 0.81
KIAR 435 3 1.45 451 0.0898
iR £ 1.29 4 0.32
B E 662.12 16
R? 0.9914
Ry 0.9805

X S T AR 45 R IEAT T3 22 A, TT 0T I
FUEREER IR 7. HFRAER R SYRBIAR

(Ge) Y3 W57

Y3=46.57+5.23A+2.74B-2.53C+0.39AB-0.68AC+

0.96BC-6.34A%-2.8B-4.6C>

H2% 7 0T DU, J R 5 2 (p=0.0898>0.05),
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HARIGART () 2 R (p<0.0001), FHIHAFAEL
(17 22 B3 B-H6 2 LT K AR O A AR B B A R S B e
PIA BT FHIC YRR & R 45 R 7 72
AT MR TTATI . BT RIS R4 R™=0.9914,
TR 7 RE TN 45 3R 50 o AU S PR . M
R’xq=0.9805, LTI AR, L [m] AL A
B. C. A%, B*, C* X/K 46t 3% (p<0.01),
AB. AC. BC & H A Z IR AR E (p>0.05).
TG R AT UE H, R 3 ANFE R AT R
WHAE TR R (Ge) WRERIT N A>B>C.
[FIEF, X 3 AR RTINS, 330 EE
HAEN: INEEE 0.028 U/S mL, [MEFE] 1.64 h, &
iR 53.82 °C, KEHI G (De). HHHE (Gle)
PRIRER (Ge) WIRFEERITIINAE 5314 40.905 png/mL.
4263 pg/mL. 48.441 pg/mL. A7 A& AL TR v
Wit fEffEH S, RUnEgE 0.03 U/5S mL, SN [A]
1.5h, RIGREE 54.0 CRIZMA T, R[S
It (De) EEHEZR (Gle). YRIARER (Ge) Mk
JER IR 39.434+1.410 pg/mL. 4.626+0.462 pg/mL.
45.851+2.098 ug/mL. 45RFKHH, R8I & -5 A
PIRHME T, AR, AR AL v SE Y

3 Zig

TG FH i B AL T RN T 2R AR S R
HoogESnigE. RNE. RERE=ANRERZ
[ EEREARL, BIEA S M p-H AP K A
K TR T 240, K G o
JU AR S G e S AR B IK AR R
N iR EEZH A A & 0.028 U/S mL,  [3iR (A 1.64
h, RFGRE 53.82 C. fEMAM T, KEEH G (De).
WHHE (Gle). JebARE (Ge) WEEMMIEME S
PR HME AR T B, E— P IR TSR m] S bk
RIS SRAT I A e L 2 R Re B RIREE R M PR
G CHIREE, S T SR E FRAME.
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