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Abstract: In this experiment, a multi-enzyme method was used to prepare rapeseed peptides by stepwise
hydrolysis of rapeseed proteins. Based on four single-factor experiments of hydrolysis temperature,
hydrolysis time, pH value and enzyme addition, the response surface methodology was used to optimize the
hydrolysis conditions of rapeseed proteins. The results showed that the optimal experimental conditions were
55.5 °C of temperature, 90 min of hydrolysis time, 10.5 of pH, and 10 400 U/g of enzyme addition. The

hydrolysis degree was 31.64% under these conditions. The second hydrolysis was carried out by using
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compound flavor protease. The debittering effect of rapeseed peptide was remarkable, and the hydrolysis

degree reached more than 38% after 120 min of hydrolysis time. This experiment improved the extraction

rate of rapeseed peptides and obtained rapeseed peptides with good debittering effect.

Key words: rapeseed polypeptide; complex protease; secondary hydrolysis; rapeseed protein; degree of

hydrolysis
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Pl PR 5 e TR I I ) SR B B 0
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TR

IOpH—pK

o= 111 0PHPK

Hrbr, pH Ko A% b S B Y pH A ;
pK F/R NH> (% B3 4k
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BB . 15200 L3 W i RBEE] 0.15,
0.075. 0.038 1 0.019 mg/mL, 7E 4 mL A8 1K
HUIA 20 uL 19 ANS, W@ 2058 A, & HHEH
RSG50 390 nm F1 470 nm, PIZEG
SR O B VR BE AR 4, B IR T LR R
SR RIS IR i 1) 2 TT B /K 1 S
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TR IEAT R 7 200, SRR E:
bruEfRZE (SD) #£7~, Ll Duncan £33 K550 X} 5
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Tablel Main components of rapeseed protein powder
Liki{=y
%(N%6.25)
SR HOB 6.50 65.50 0.45 6.45

it H KT 1% HUIENI /% KM%

MR 1 AJH, RS AR 1 Al
65.50%, HHETEKE, Kk, HEHEEG S
VR Tl 25 SRR F BRI J50R
22 EAMKERE

VERCICPE B TR . PR R . B A AR
% NI = S A U 5 DS I S S Bl B o
filt, VIOK AR BE Ry 25 2846 bn , WO 2 1 it T A R
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Table2 Comparison of hydrolysis effects of four proteases
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Fig.1 Effect of different damp heat pretreatment on
hydrolysis degree of rapeseed protein
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Fig.2 Effect of reaction temperature on the hydrolysis effect
of rapeseed protein hydrolyzed by alkaline protease
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Fig.3 Effect of reaction pH on the hydrolysis effect of
rapeseed protein hydrolyzed by alkaline protease
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Fig4 Effect of enzyme dosage on the hydrolysis effect of
rapeseed protein hydrolyzed by alkaline protease

mEl 4 Fros, FEEMEEREIE A, KA RS T
FHE#TiE . TEEE 4 000~10 000 U/g B,
IR BEDGEIG A, B B 0 4k S N K A
T RE, B, EEUNEE 0.05% (LK%
WERETTE ) #7F—ik.

2.4.4  JJOE ()X A B EA R K R SRR Y
Al

S SR Ry, IRBLRBE 55 °C, K pH 10.5,
JNEGE 10 000 U/g, #BA5RIE 1.0 W/em®, #E# 5
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PRI it 12 % it e A SR 2 10 7K A S8R B S el
ZERILE S,

WK 5 s, 78 30~150 min S IFIA] Y, 7K
fiff B Wi 2 B[R] 3 0 S KRG #a TRE . 78 30~
60 min W, KA B BE A I A] 3 bR O, 7R
60~90 min ', 7K fiff B A 7 B (] 35 n el sk 1 K, I
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Fig.5 Effect of reaction time on the hydrolysis effect of
rapeseed protein hydrolyzed by alkaline protease
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25 WEEAMKBEFEAIZEGMMAK

L RS 5Ll 1, ARYE Box-Behnken
SEE TR, XGOSR AR Y 3
A FEZ I R R BE . RN pH ORIl iR
FH 3 R 3 ZKF- A 1y T8 43 B 7 vk, S RT3 K
V-Gt UL 3% 3,

% 3 Box-Behnken LIEEERKTFHILR
Table3 Box Behnken test factors and level codes

K&
HIT A R/ °C B pH  CfinEEE/(U/g)
-1 53 103 9 000
0 55 10.5 10 000
1 57 10.7 11 000

% H Design-Expert 8.0.6 Box-Behnken 5256 1%
T EXT ROSREE . O pH A & 3 A
HEAT 3 IR 3 K- R mal W T80 23 B 7 s, DASRORFAR
P 7S B2 (Y) 2y M 1 AL 24 7 i 7 T 53 AT S 30 81«
AT 5 IREIKFSC8, 417 AL, miE S A
FEK ek B AL T2 5 R ULk 4,
AL [E 3 2 B WL 5
%4 WEEABARZEES TZRU BED XRIZHBLR

Table4 BBD experimental design and results of optimization
of rapeseed protein hydrolysis process by alkaline protease

ST ARNIEEE/C B R pH C R /% Y KIREE/%

1 53 10.3 0.05 25.1
2 57 10.3 0.05 26.3
3 53 10.7 0.05 22.7
4 57 10.7 0.05 23.8
5 53 10.5 0.04 21.4
6 57 10.5 0.04 222
7 53 10.5 0.06 26.2
8 57 10.5 0.06 28.2
9 55 10.3 0.04 21.9
10 55 10.7 0.04 20.3
11 55 10.3 0.06 27.7
12 55 10.7 0.06 253
13 55 10.5 0.05 29.4
14 55 10.5 0.05 31.3
15 55 10.5 0.05 30.6
16 55 10.5 0.05 313
17 55 10.5 0.05 31.9

®5 MAABRFESHE

Table5 Analysisof variance of regression equation

3 FIr 9 F {4 Prob>F N
(el 255.985 6 9 28.442 84 36.836 24 <0.000 1 o
A-JURE 7.22 1 7.22 9.350 601 0.018 4 %
B-JZ v, pH 8.82 1 8.82 11.422 76 0.0118 ok
C-Jnt it 63.845 1 63.845 82.685 48 <0.000 1 o
AB 0.09 1 0.09 0.116 559 0.742 8
AC 0.01 1 0.01 0.012 951 09126
BC 0.16 1 0.16 0.207 216 0.662 7
A2 45.160 53 1 45.160 53 58.487 27 0.000 1 o
B 58.423 68 1 58.423 68 75.664 35 <0.000 1 o
c 53.813 16 1 53.813 16 69.693 27 <0.000 1 o
B2 5.405 7 0.772 143
Sy 0.145 3 0.048 333 0.036 755 0.989 2 NTES
2 5.26 4 1.315
B 261.390 6 16

. RN EE (P<005), *2% 5% (P>0.05),

Note: **very significant difference (P<0.05), *significant difference (P>0.05).
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MR S WIEHAFRTZESP R, KA
P<0.01 (JEH W3 ), KW P=0.989 2>0.05 (A~
B3, UHHIZAE R IR, AR, %
BT ) TN A 5 5L PR E BRI AR AT W) & . th P 1E
A, —WKI A, B, C UK TKIL 4°, B>, C
Xof M) o (b 7o P Al B A B I R R Y
(P<0.01), A& ARG B FREUNF .

Y=13 377.21494.234+1 981B+0.083C-0.384B+
0.000 034C-0.003BC-0.824°-93.13B°-0.000 003 58C*

TEFT R 25 R ACHE RN, ARAEER 6
FHNERE F-value W48 XFEI/INAT DL H Sy
MR . ROV pH IR fE X — A PR 3 R0 41 4
F G IK AT R FVROR B s R B N
Nt > b pH> 5 b I B

i Design Expert 8.0.6b #{4:4b #1521 1Y 45 [
RAHAEH RN R, AR R,
NG M RIS KB R KEE, HEHRER
3R, RS A AN B S BRI N s FEAS L
THUT B P T K SRR AR 1 R e A 6~8
Fr7s

0
5. -0.5
4%}141

6 REERESKMEpH XEERMHEE
E BB KT E B KBIREZI

Fig.6 Effect of interaction between reaction temperature and
reaction pH on the hydrolysis effect of rapeseed protein
hydrolyzed by alkaline protease
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Fig.7 Effect of theinteraction between reaction temperature

and enzyme dosage on the hydrolysis effect of rapeseed
protein hydrolyzed by alkaline protease

Y: KIBBE %
NNRRBESE
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Fig.8 Effect of theinteraction between reaction pH and

enzyme dosage on the hydrolysis effect of rapeseed protein
hydrolyzed by alkaline protease

3 3 0 1 T [ U3 438, A5 e A R AR A
KW BER 55.30 °C, v pH Ry 10.47, finf &
10 400.97 Ulg, TEMARALAMET, SEFFE K
ff P BRI AE N 31.82%, 5 R 2h i hy
— 3, RXCITE T WU R L R S PR
ES &0 s, M L2ZKMHEITBIE, AR
Ji 55.5 °C J i pH A 10.5 i~ 10 400 U/g.
FEABIE 25/ F AT IRAE, FAR S0 3 K, Bk
SERTER I F YK B 31.64%, 3% 55 B il i)
R EEAY) G, Xt —B R T BIEER Y
AR
26 EARNKEABIKKEEIFER

SRR A gt b — B Bt 2 A K R 2
J& , B g S IO 90 °C, K 10 min,
BB R HI 2 55 °C, T pH A 6.2, S
O 1200 Ulg, I & XK A BT T —Br
BOKf#, Ak wIg 9o, ik 9 fros, K
B 5 B B 38 o S 1 K B T AR L 76 0~90 min A,

IKARE %%

28 1 1 J
0 50 100 150
fis}[E]/min

9 EERKE BRI EOERRMN%
Fig.9 Curve of rapeseed hydrolysate hydrolyzed
by complex flavor protease
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BE A I TE] 3G oK i BE R 2R 3G R, 25 B A I [R] 4%
SEREMUK i B AR A28 . A5 SRRB, [ ZEK
fiff BEAT RO N SEAT B KRB, KR Pl G Bsf
(1) 30.56%H K F] 38%LL I, TE/KA#ETE] 90 min
J&i . ARSI K A B () K i B AR AR B 2 R,
PEHEAE G R 3R I /K A 1] 90 min, IR, F)
A R E H R AMITRGVE A et AL T
JOR B i B A K MR ZR IR AR AL VDT, T A R Ik
/INSRRF R AR AR A 1 R
2.7 EFFRREKERNE

T o 7K it SR B 1 B SR IR 22 A
W, MAKE S KNRE B, VIWr1 NIk
B, R R IREE . Horh B — i s K Z A
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