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Optimization on enzymatic hydrolysis process of soybean protein

by grey correlation analysis
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WEAEREXRBESN EELSABRAT I L 2RI
AERILRBERFTHORESKRTR, RALE LT XEL
RARBMEHFTRLITGHBYH 0, FA A RE XK
WMEEIFEGHmMTARER, A A Alcalase sk % & G B
447 U/ ReKRBZHETHMR. MNEREL LK, &
HREXFESA HH AR EAZ pH AL, R B R E R 6
8] . K 2 BLRE 2484 m = v B Alcalase # & G B m = 8
XKAEHREERERFRX DA pHAL> B E > KRR
B> B > AF ), 22 IR R RS TR K AR AR
—HCERARBER RO LR TE, ARGETZHAHAL AR
wEZEPHAL 9.0, R i E 55 C, R A A 3 h, K 2 BLAg &
MR A F 5% (m/V), Alcalase # & & B 09 K i %
1500 U/g.iZ &4 FRMEH 13.53%.
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Abstract ; Single factor experiments were conducted to explore the in-
fluence of different effects on soybean protein enzymolysis. Based on
this, the model of proteolytic digestion process was built according to
the grey correlation analysis method to expand application of grey
correlation analysis method in food field and provide quality soybean
polypeptide resources for the food industry. Alcalase alkaline prote-
ase (4.4X10* U/g) was used to enzymatic hydrolysis soybean defat-
ted soybean meal to preparate soybean peptides. The correlation co-

efficient of reaction pH, reaction temperature, reaction time, soybean
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defatted soybean meal addition and Alcalase alkaline protease addition
were calculated by grey correlation analysis method. Significant size of va-
rious factors; pH > temperature > concentration of substrate > addi-
tion of enzyme > reaction time. Degree of hydrolysis was basic consistent
with degree of prediction hydrolysis by experimental verification. The ex-
perimental conclusion proves reliable. The optimum technological parame-
ters were determined as follows: the reaction pH value was 9. 0, the reac-
tion temperature was 55 “C, the reaction time was 3h, the addition of de-
fatted soybean meal was 5% (m/V) . and the addition of Alcalase alkaline
protease was 1 500 U/g. Under those conditions, degree of hydrolysis
(DH) was 13.53%.

Keywords: soybean protein; enzymatic hydrolysis; model; grey cor-

relation analysis
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FPPAL R LR G AR AR TR 0 A | ORI ) 12
Wiss e FEX A R G AT AT DL B R S
AT BB A3 BT IR K B SR Ay BT 1 5 Z M L A B TR
T R AE SR I3 BT I e R TR e AN 43 B s TR I X AR AR A £
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W/ G R G e I g R LW . H R 6O HE 4
BT 6 B W J7 T8 0 7 A 0 o R (2 DR 34543 B 1 Bk il 8 2
AT R P M Ak P
TR R AR R IR Y R R B A OR SR AR 7 A
A B R SR KA B ARAT B v A R R SR R
AR R TR, MR R 53 T S I e B A
it 7K it SRR A R 2 BRI L2 R M AT AL . AW 52 LR
F Alcalase i1 25 Bl 7K A% X SRR SR 005 AR VR 2K Hh i
HE TR KR BE L 8 T 0, DG 3Bk 43 BT ek X K LA 1 i A o AR
HEAT T2 Ak 57 AN ) S 44 7F K it il & K LR I K A S
VA FHAZ A R 7 — 5 0 Bl A 000 OR S48 1 B R
L MRS Jik
1.1 #8557
LI MUY < R A S A B 7
Alcalase (2. 4LFG) g : B 1% 4. 4 J7 U/g, JFE W 4 {5
NG
LA TS A BT Al R T R R A2 R
R A BT AL VAP Ak DA BRA ]
TR o3 BT 26 REDCE R R A RA A .
L2 EHEE
AT R YB-10002 B, 13 6 0E B YT AL 88 A BRA ) 5
B F BT KT se-10d Y, 38 2 R RL 2= A0S (AL 50O A R

5
I

F 2 T 4. DZF-6020 B, |- — 6 Bl % U 28 A R

5
all

e HPE JE K T8 B - DK-98-TIA #, K 28 1 45 AN 28 4 B

5
I

ST 722 B, B RHMUER IR A IR A

AR B OHL TDL80-2B B, | g% 2 Rl 24 U A8 5

pH 1. PHS-3C 1, It ff 5 1 WL 5

J7 ML DL-1 AL, 3650 O B B 7 s A IR A 5

B4R HC-TP11-5 B, RS R F .
L3 Fi&
1.3.1 KRGHEAMMM  HEFFRI Alcalase (2. 4LFG) i
0.340 9 g, JHZE MK EAR T 100 mL, MEFBE 1 mL, I8
KA A E 100 mL, FRIRBLIR 01 10 g K FEAL 5% (m/V)
() 48 1L ¥ $3EHE 43 # A 1. 0 mol/L HCL 34 pH W 4. 5,
45 CYEME 60 min, 7541 5 » A {4y T UCBE P I A G AK
5% Gm/V) [ B . i 1. 0 mol/L HCl ¥/ pH {5 W 4. 5,
45 CYEME 30 min, -4 5 » A {9y 00T UCCBE P A I AK
596 G/ V) 958 W B3 A T T 506 NaOH ¥ i 4k 15 &
4 pH fHIEE (£0. 10) . N EE 1 mL, 7+ & 55 C 4415 i
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3 h g F W W B TR E 100 °C R IR K EF 10 min, ¥ A
Ja R PR VO A TR BIR EE KR
1.3.2 EEWEMIE R AmARE LN,
1.3.3  REE BRI R IR

(1) pH {EDA B s SR B A 19 52 W - [ 5 B Rl 3 ha |
£k 55 °C LA 1500 U/g. JEYMRIE N 3% (n/V) 53
BIAE pHH > 8.0,8.5.9.0,9.5,10. 0 M 444 T - M 5E K fif S5
I I B A RO B

(2) iR Bt B0 BR 5K 6 f (9 R mA . B S B R R 3 b,
pHAEN 9.0, NG E K 1 500 U/g, IR U E Ry 356 (m/ V),
4y IAEIR Bl 45.50,55,60,65 C 4 4F T W E K G L
T VR PP AR R e K A

(3) b [va) XeF JE i o K T Ak 10 52 ) . [ B TR R 55 °C
pH{HN 9.0, &K 1 500 U/g, IRYHE Ry 3% (m/ V),
Oy SIAERE ] 1,2,3,4,5 h B0 T L 00 5 K i 5 B 3
H 28 T A K A B

CA) e e %ot JE M R R A 7 R D - T E SRR Ry 55 °C
pH {H# 9. 0,85 (8] % 3 h R K 3% Gm/V) . 43 I 7E
fiti it 4 500,1 000,1 500,2 000,2 500 U/g By &4 T , il & 7k
fifp 5 L5 VR 1 A R e ROK R R

(5) Ji ¥ e JE XF B B SOKA A 1 B . [ E R A
55 ‘C.pH {E>4 9. 0. B 8] 7 3 h &2 1 500 U/g, 43 HI7E
R BE (m/ VDR 3%, 4% 5% 6% . 7% (W 45 2F F . I 5 7K
fiff e b 5 VR A B A A e RTOK i
1.3.4 s L EREZRG LSRN, ®
TGCIR B g pH iR IR Mk 5 A # L R A DPS
B b B R €8 R B O R G R B A M T AR R R AT R
O3 GRBETE  FERE AR R AT A T AL B

(D RO AE . th FREPSEHEN
AT REAS [, BU0ME A9 250 % th B] B A 22 B TR AR U BTk
Freee . B, A5 56 R B (B 10 A8 6, S 40 0ok &5 A4S 7
0 (4 3508, B S 948 25 Bk X 0 4 R Y 45 A DR A 00
JUTAS B B L B AT 5 . LA SR R —
HAERF 0.3 HRFAEF 1. BF & B AR . &5
WA BB B ESE MY (O ) FEINHE N (X (0T,

(2) I FR BT HT - IR R BRI W 7 A 4 L 45 0T 4 A
— B 220 P AR L OGRS 0<TL<C1. S BdAE
e BEEINIE Y (O b FEINE X (O ) AR Z] 1=k
AHEEESIY (R)) 5 FEH{X, (b)) Y LB R HL Lo, (k) %
H(DHHA .

Amin + Amax

Loy = @D)
oree Doicry +(0Amax

R

Lo (b)——RER R4

Aoy CRY——Fk I 20 W LL 288 e 91 B4 2 %oF 22 B Ao (R) =
[Y(R)—X: (D] 5

Avin —FT A LUETF 51 45 A I 220 24 368 22 v ) B/ IME 5

Ao — BT LUEL T 51 45 A I 220 248 368 22 v A B3 K AH 5
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1.3.5 ZJokIH4H R SPSS 19. 0 {4 v = [\l 5 43 477
R T 43 B 0 W B NG i IR EE L pH B LB R R H O R
1.3.6 FEAHBESTEMME RANKEZE".
1.3.7 JKMEEMME  SRAFEREED Y,
2 HRS500r
2.1 XEEABMMERZARER
2.1.1 pH {EX K CAIEG A R L WAL
pH Y 38 K . K B3R K i BE S BLJGR S T R
fb#a#t. pH fH 4 9. 0 B, K & H K iRk 5 13, 31%,
pH {H >} 8.0~9. 0 W} 4k T 19 5535 pH, WG J1 3K, bl pH
(B 0K e B0 kA 9. 0 S B EOR AR L H pH S5
TS 10 Ui B RS A8 2 5% WAL G T 0 M 7 A 56 3 A Y i
2 0 T 5 e S I 5 A S AL K R AR Ak TR
RO R K AR BE PR BE 2% 1 AR R e 7 S B ) ik
B 9.0 1 by IR HE Al MR BE 1) pH (L.

—
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Figure 1 Effect of pH on the degree of hydrolysis

2.1.2  JREEXMIRIR SO R 0 by 1B 2 a) g JRLBE
45 CHERF) 55 C B, K G E K i B8 L 303 4 8 345 0 B
955 CHy, KRG AKMEXR 12.68% 85 55 CZ)5,
KA E KR RE 5 IR AR A 3. X2 i T 7E R IR B B i
T JIEE /N o Bl 7K S 3 B AR FE S B T A R TR B 4
HOET e BB TR 5 5 RGN 6 o T /K R 3 B PR o B TR B 4k 25
T B (AR G S BOK R R R BT K IR BE
IBE S0 LA B 700 4 X 7 B R, R 55 CAE Dy s Ak
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Figure 2 Effect of temperature on the degree of hydrolysis
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Figure 3 Effect of time on the degree of hydrolysis

2014 iR RE SR B AR 0 e b 1A 4 AT
fEH 500 U/g #5 R 2 000 U/g B, R 08 H K i 2 38 i 4
KGRy 2 000 U/g I, KL H Kk #14. 610,
ZJE ORI K R R L e . X T
Alcalase 3 1 il A fig 0 397« iy o 2 B0 A% L IR W id 4L i S5 IR 9
SERGE KM B R KREEZ 20 AR 7
TNAE LR F] 2 000 U/ g I 7L IS 4 2 1 B9 1 1 2 08 2R A
53 75 WG W) A BE T 43 452 fh 10 VG 4 mT B e U0 0 A9 2 5 AT
B 22t 1 Al AS R A i 9 bl 1R RS TR K i B s T T
A7 S W AR UK 11 i 345 L R, AU 7 R L AR 5 R G T
R HEHE 2 000 U/ g A Sy dr 2 1 A 21 552 19 Jon i ik
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Figure 5 Effect of substrate concentration on the

degree of hydrolysis

JE W BE 3G K R SR KR R LR KR B W TP
Far s i s, W IE R 5% Gn/V)O I, K 585 11K iR i
KE] 10.66% . 3 S B FE — 8 M0 B kR R IS vk
V1 0 2 5 B A 1) KR G L (A5 T A () B T LA AE R —
A )V B F IR 5 BOK % B R W7 T 240l o RS 4 A
LV A B 3 B T AR 109 e R AR L T B RS R B L A A%
JLT-ARAE T EOK AR 3 38 AR A R A28 AR, AU K fife
BE VR BT A Lh B a3 F  Xe PE S B, e B 5260 G/ VO AR
o S R T R B 0 R W) VR
2.2 IREBXBESW
2.2.1 JRIRBUEA A DPS B b 51 4 hK &
G Jy W RHR B A T AR T A B R R SR A S R AR 1,
2.2.2 SRBCRBOIHT B RGBS 3 (H AL 45 R AT B I A L
BEF B 454 e 20 240 5%k 2% vh B /N 25 Amin B K25 {H Amax
439k 0 A1 0. 481 65, Fl DPS U5 4b #LK 1F v “ K 8 R 4t
7 Bk IR B A MR T AR N A AR R A% TR B SR B AR B
HRAEAS R R 3 1 S Bk R B (3 2)  HED S BRI 2= 8 38 1k R
pH > I B2 = 5 W Rk B > 0 > B i), PR R S & IR
HIVE L2 S50, pH {52 0 B f 2 - B I f) 5% o e S I 3%
2.3 SrxBAZH

Kl SPSS 19. 0 5 fF #E47 1T 43 87 o LK fif B2 g BRI A%
e, pH H VIR BEE A VR 0 R IR R B AR ST £ 0T

Sk A 5 R . d8 ] SPSS 19. 0 Fk AT [T £k
PERL T 45 0 (3 5 R

Y = —32. 041 + 2. 372X, + 0. 177X, + 1. 335X, +
1. 221X, +0.001X; (2)

AR 1103 75 A (2) W BB B W M & pH A8~ 10,
IR 45~65 C WA 1~5 h KPR N 3% ~7% (m/
VO LA B il £ 24 500~2 500 U/g WY Alcalase 5% ¥4 2 [ il
it ik K AR T M B K T

Rl BERBEHELER

The average of the results of the original data

XURy  Xohmhgt/ Y K
W/ % (UegH  E/%

Table 1

Xo g/ XsHsffal/
B X pH i gc)‘ h/

1 0.9455 1.1360

—_

L0910 1.0140 1.0187 0.7588

2 1.0056 1.0240 1.0230 1.0140 1.0844 1.1070
3 1.0286 1.0140 1.0240 1.0590 1.0787 1.2124
4 1.1239 1.0426 1.0230 1.0590 1.0253 1.214 5
5 1.1417 1.0370 1.0600 1.0910 1.0803 1.2701
6 1.0637 1.0140 0.3637 1.0240 1.0284 0.6984
7 1.0647 1.0230 0.7220 1.0830 1.0243 1.0558
8§ 1.0286 0.9672 1.0600 1.0600 1.0844 1.207 2
9 1.0637 1.0660 1.4120 1.0240 1.0243 1.3233
10 1.0185 1.0590 1.7650 1.0910 1.0880 1.2728
11 1.0637 1.0140 1.0240 0.6396 1.0844 0.5201

12 1.0878 1.0140 1.0910 0.8184 .078 6  0.8675
L9515  1.0356
L0604 0.997 5

L1229 1.0705

13 1.064 7 1.0910
14 1.070 8 1.024 0

—

L0830 1.0240
L0370 1.244 4
L0140 1.527 4

—
— o

15 1.063 7 1.066 0

—
Ju—

16 1.0276 1.0600 1.0230 1.0240 0.3535 0.8619
17 0.946 4 1.0590 1.0230 1.0240 0.7005 0.938 2
18 1.0708 1.0830 1.0600 1.0140 1.0383 1.2160
19  1.0286 1.0600 1.0230 1.0230 1.3537 1.1626
20 0.9054 1.0397 1.0830 1.0230 1.6459 1.1324
21 1.0416 0.8370 1.0370 1.0370 1.0383 0.7941
22 1.0185 0.9636 1.0370 1.0590 1.0383 1.0099
23 1.0637 1.0633 1.0230 1.0660 1.0646 1.1448
24 1.2176 1.116 0 1.0600 1.0660 1.0674 1.1617
25 1.0959 1.2894 1.0240 1.0370 1.0674 1.1707

K2 REGEPEREXBERHY
Table 2 Correlation coefficient of various factors

in the reaction system

Xol B/ XaBPl)/ Xy P/ Xsinmga/
X, pH A N
C h % (U-gH
0.732 2 0.688 2 0.654 7 0.665 0 0.655 0

2.4 WUESEI

T B8 AIE £ T IR A 43 BT 46 1 [ U3 O R 1 R E L B ML
15 3 2 Alcalase P 25 1§ A R S AR 001 A9 RN 451
5 5 A T 4 7K A E R S B K S BE AT PO ER L A5 R LR 3.
P2 3 AT, T A 7K iR BE AN S 0 A K SR R AR B AN
WO AE 5 B 52 H Z R ARG i 304 1 o BRI K 5 5 Bk 43
Br 5 43 B W AL T2 S Bk 6 ol 5, B S .

R3 HWVEBEGFRIESRE

Table 3 Random degrading conditions of validation experiments

Fedh pH{E  WE/T WEE /o RAMREE/ Y /(U - g BUMDKIBEE/ Y SEIUKAREE /%
1 8.5 47 3.5 4.0 800 6.79 7.01
2 9.5 53 2.5 5.0 1 100 10. 42 10. 32
3 8.0 59 4.5 4.5 1400 10. 28 10.15
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AR FR pH A 9.0, B EE 55 °C, K BIATE] 3 h, K&
BN SRIGS I 5% (Gn/V) , Alcalase B 14 5 11 B 19 ¥ &%
2000 U/g, iz 4 FAKMIE N 13.53% . AREHE K& &
F K R BE AR B T BOR R T — 25 X K LR K% =
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