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Abstract: Two-step enzymatic hydrolysis reactions were investigated to prepare peptides from sunflower protein isolaes. In order to

maximize content of peptides and optimal degree of hydrolysis (DH), crucial hydrolysis parameters were optimized. Results showed that the

maximum content of peptides of 4.249 mg/mL was obtained under the following conditions inthe first enzy matic step: Alcalase 2.4 Ldosage 1.0
x102g/g , hydrolysis time 104 min, temperaure 55 ‘C, pH 8.5, and substrate concentration 5x102 g/mL. In the second enzymatic step, the

optimum conditions were,: Flavourzyme dosage 0.44x107 g/g, reaction time 120 min and pH 7.5. Unde the optimum condition, the DH was

30.97%. In addition, much higher peptide contents than using single enzy me method was found whenusingthis two-step enzymatic method.
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Table 1 Factors and levels of orthogonal design for Alcalase 2.4

L hydrolysis optimization

£ A B ClR#WAEK D
GRAEIC) (pH) (10%2gmL)  (E/SI%)

1 50 8.0 45 1.0

55 8.5 5.0 15

3 60 9.0 5.5 2.0

% 2 Flavourzyme IE3ZIRIGFEZKFER
Table 2 Factors and levels of orthogonal array design for

Flavourzyme hydrolysis optimization

K A B ClR#BAEK D
CREIC) (pH)  E(10%gmL)] = (E/S/%)

1 50 7.0 55 0.3

2 55 75.0 6.0 0.4

3 60 8.0 6.5 05

%3 Alcalase 2.4 LIEXIXIEERK
Table 3 Orthogonal designand resultsfor optimizing Alcalase
2.4 L-catalyzed hydrolysis of SPI
PE sy A B C D DH/%

1 1 20.92
2 22.72
3 14.91
3 22.25
1
2
2
3

25.03
16.05
17.74
23.33
3 3 2 1 16.16
ki 19.517 20.303 20.100 20.703

ka 21.110 23.693 20.377 18.837

ks 19.077 15.707 19.227 20.163
R 2.033 7987 1150 1.867
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Table 4 Analysis of Variance of the results of Alcalase 2.4L
hEF AW . FO.05 2%
T Aa % wRE M
BT 6.867 2 3.176  19.000
pH 96.406 2 44,592 19.000 *
JRA K EI%  2.162 2 1.000  19.000
Bk A% | 5.536 2 2.561 ~19.000
RE 2.160 2
Flavourzyme 1EAZ A6 4% R 5 22 74T R Wk 5.
#® 6, HEREW N BAD>C, HLRMLHAEN
AoB3CsD3, # 6 Il pH 7 0.05 7KF X Alcalase 2.4L
SOMANE, #. FZIRHER H S TR, g
DH=15.12% /N FHHBIZH I 15.20%,  Ft DL I HUFH A ZH.
AoBsCiD: A Flavourzyme H A 136 214
% 5 Flavourzyme IE3ZIRIGZERE

Table 5 Orthogonal design and results for optimizing

B &

Flavourzyme-catalyzed hydrolysis of SPI

LN B c D  DHM%
5

1 1 1 1 1 6.63
2 1 2 2 2 1141
3 1 3 3 3 1302
4 2 1 2 3 1217
5 2 2 3 1 1498
6 2 3 1 2 1520
7 3 1 3 2 9.20
8 3 2 1 3 1259
9 3 3 2 1 17
ki 10353 9333 11473 11110

ke 14117 12.993 11.767 11.937

ks 11170 13313 12400 12593

R 3764 3980 0927 1.483

AR5 DAL H B e 45 5 TR, pH X PR K A
RIS AR 3% (p<0.05), H.FFE & H: pH AH 2%
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Table 6 Analysisof variance of the results of optimization test

for Flavourzyme-catalyzed hydrolysis

0 %‘i’é*?— aw , FO.05 1 2%
75 Fa FE 3
BAEIC 23512 2 17.468 19.000
pH 29.338 2 21.796 19.000 *
JRA K EI%  1.346 2 1.000 19.000
BeljkA41%  3.315 2 2.463  19.000
2

7 E 1.350
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Table 7 Effect of substrate concentraion on DH and

concentration of peptides
J& A K g I(gImL) K 3 & DHI% Jk 42 /(mg/mL)
5.0x1072 30.85 4.19
6.0x1072 30.83 4,03
ERATUESR]: [S]9009 5.0%F 6.0%IH, DH
AAI &, (B[S 4 5.0%IH, kS &AL 6,090 1
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DH L S 2 MR il . 45 Rl 3. 4541 3a Al
Kl 3b AT LAE BIRG | KR 1.5 h)g, JREEEEMRAAE, I
NG 1R BKfE 2.0 h, TREEIXE] [ ioNME, (HEE

IR AE K, DH B35, K& =N 58 . K,
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Fig.3 Combined effect of Alcalase 2.4 Land Flavourzyme
hydrolysistime on DH (a) and concentration of peptides (b) of

SPI (n=3)
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Fig.4 Effect of ratio of Flavourzyme to substrate on DH of SPI
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TR E 4. IREE 535 C, M | 1A 105
min, 1. B 1 3EFEVEATI (A] 125 min, B 1 dnE
0.444%, Ik & &4 4.25 mg/mL, DH A 31.15%.
FEM SR N AT IR, HUR AL 53 C, | A I [H]
105 min, [ 1. A 1 EREE IS R] 125 min, #1137
i 0.444%, KRIBKEEH 426 mg/mL, DH A
30.97 %, SERTIEMAZEARE . X—4RE8T
T, e T Ike R, — R RN TR, X
LA HA IR ORI AR .

3 i
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(225, TP TG, JRE AN R S T iR
FE. B | VEFIIE AL, B OANEE 1 3L EVE A AL,
RIS IR S0 R I RS, R RS
J (IR ST AR, 15 BUOUREE il 45 ZEAEFFIIR (1)
T2 S5 A PRSI0l SRR 3 T AR B
U ] £ S5 A0 IR I A L 26 AR FE
5.0x102 g/mL, ¥R 535 °C, Alcalase 2.4L fifi# pH
9 8.5, MHIE N 1.0x102 glg, VEFHISIE]Jy 104 min;
Flavourzyme E&fi# pH N 7.5, B/ H 4 0.44x1072 g/g,
YEFHISHE] A 120 min. Sk AREE AR K& &0 4.249
mg/mL, DH >4 30.97%.

7 8 MR phE AL EE AR NI e 45 R
Table 8 Experimental design and results for response surface
analysis
XI5 A B, C D

kA& /(mgmL) DH/%

1 5 10 25/ 04 3.49 26.92
2 60 15 20 05 2.55 21.68
3 50 10 20 04 2.76 22.12
4 5 10 20 03 3.86 27.76
5 60 20 20 04 2.77 22.81
6 60 15 15 04 2.59 22.06
7 5 15 20 04 4.20 30.97
8 5 10 15 04 3.98 28.83
9 60 15 25 04 2.61 21.16
10 5 15 20 04 4.28 30.03
11 5 15 20 04 4.18 29.99
12 55 20 25 04 3.95 31.12
13 5 20 20 03 3.97 29.87
14 60 15 20 03 3.27 24.19
15 55 15 15 05 3.87 28.37
16 5 15 15 03 3.67 27.27
17 50 20 20 04 3.70 25.15
18 55 15 25 05 4.20 30.97
19 5 15 20 04 4.02 31.02
20 5 15 25 03 3.99 31.09
21 50 15 20 05 3.71 27.92
22 60 10 20 04 2.85 21.81
23 50 15 25 04 3.44 26.01
24 55 20 20 05 3.83 31.15
25 5 15 20 04 4.20 29.98
26 5 20 15 04 3.98 27.71
27 55 10 20 05 3.79 28.17
28 5 15 15 04 3.64 25.97
29 50 15 20 03 3.39 24.09
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Fig.5 Response surface and contour plots for the factors on

stimulation index
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