H3THE 2 AR KB K FEZH A AFE= MO Vol. 37 No. 2
2009 4 2 H Journal of Northwest A&F University(Nat. Sci. Ed.) Feb. 2009

T Bk M AR R T A
KA I, KB

(PEAERAMBI B B2 5 T 2 BE . BRVY #% 712100)

[ ZE] [BHMY XEE A S W% E AR Alcalase B A /K ff 78 4 HUEE A ) & A4 9 76 PR IR T2 24718
A s S AR A e T P R AR 2 IR A ROR Bk B AR R AR o K07 Y LUK R B R M AR R O HE AR
WESE T 7R 0o ) LT T L RRR VL I & pH R A TRLRE 6 R IR 3R X R SN RS A, E L AE BRI T 3 IR
Chn g £ pH RIS MR IR 2D 3 KT 09w 1 TS . (45 2R B4R (B 5 08 M: 2R M B8 Alcalase SURE /K i 800y B8R 09 5%
PR 25 00y - B AR TA] 120 min, BTG LG 1+ 1ORR L 1+ 3, NG 23. 41 mg/g.pH 8. 77, B ff IR EE 53. 41 C, [45
WY e Ak XU 7K A 251 A5 (0 1% 40 F 22 BK B9 7K f B8 i o 21, 61 %6, BR U TR IKAS- %l 92.09% .

CRBIR ] BOM S 1 5 UG 6 7 5 el L TR V% 5 AR 00 PRI T2k

[(hESES] TS201.4 [x##riRas] A [XEHS] 1671-9387(2009)02-0165-08

Study on preparation technique optimization of bioactive peptides from
bienzyme-hydrolyzed Yellow mealworm protein
by response surface method

ZHANG Li-sha,ZHANG Jian-xin

(College of Food Science and Engineering s Northwest A& F University Yangling »Shaanxi 712100, China)

Abstract: [Objective) In order to obtain the bioactive peptides,the Yellow mealworm protein was hy-
drolyzed by the mixture of Trypsin and Alkaline Protease and the conditions of enzymatic reaction were de-
termined and optimized. [Method) By measuring the degree of hydrolysis (DH)and the yield of acid-soluble
peptide (YASP) , time, the effects of ratio of protease energy, ratio of solid to liquid, dosage of protease,
pH.and temperature on DH and YASP were studied in single factor test. On this basis,three factors (dos-
age of protease,pH,and temperature) and three levels test by response surface method (RSM) were de-
signed. [Result] The optimum conditions were:time 120 min,ratio of protease energy 1 ¢ 1,ratio of solid
to liquid 1 : 3, dosage of protease 23. 41 mg/g,pH 8. 77,and temperature 53. 41 ‘C. [Conclusion) Under
these conditions, DH was 21. 61% ,and YASP 92. 09%.
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Table 1 Coding table of factors and levels on hydrolyzed action of Yellow mealworm protein
X X, X3 X X X3
i 1 ; - i 1 ; ~
B R/ (mgeg ) pH MARE/C | O mg (mgeg ) pH BRI/ C
Code ; Code iy
Dosage of protease Temperature Dosage of protease Temperature
+1.682 23.41 9.34 63.41 —1 10 7.00 50
+1 20 9. 00 60 —1.682 6.59 7.66 46. 59
0 15 8. 50 55 Aj 5 0.5 5
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Fig.1 Effect of time on hydrolyzed action of

Yellow mealworm protein
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Fig. 2 Effect of ratio of protease on hydrolyzed action of

Yellow mealworm protein
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Fig. 3 Effect of ratio of solid to liquid on hydrolyzed action

of Yellow mealworm protein
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Fig. 5 Effect of pH on hydrolyzed action of

Yellow mealworm protein
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Fig. 4 Effect of dosage of protease on hydrolyzed action

of Yellow mealworm protein
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Fig. 6 Effect of temperature on hydrolyzed

action of Yellow mealworm protein
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Table 2 Designs and results of response surface method

B/
57

7 oo X i ! I
T IR/ (e - ) o B i/ KA /% AL IR /%
Dosage of protease Temperature DH YASP
1 1 1 1 16. 268 66.997 9
2 1 1 —1 19.289 2 87.537 2
3 1 —1 1 17.894 8 76.330 4
4 1 —1 —1 16.035 6 65.172 2
5 —1 1 1 11.852 4 59.151 2
6 —1 1 —1 15.803 2 64. 366 2
7 —1 —1 1 11.62 57.587 7
8 —1 —1 —1 11.736 2 58.859 9
9 —1.682 0 0 12.549 6 61.258 6
10 1. 682 0 0 21.380 8 92.033 5
11 0 —1.682 0 15.106 61.802 4
12 0 1. 682 0 16.732 8 68.959 6
13 0 0 —1.682 15.338 4 62.016 1
14 0 0 1. 682 11.62 58.238 4
15 0 0 0 17.43 73.135 4
16 0 0 0 16.965 2 69. 688
17 0 0 0 17.616 75.427 3
18 0 0 0 17.755 4 76.01
19 0 0 0 17.546 2 74.009 5
20 0 0 0 17.43 72.727 6
F3 KBERRKRBNTENN
Table 3 Analysis of variance (ANOVA ) for DH
B3 R 05 # ¥or p HHKLRR
Source DF Sum of squares Mean square R-square
i #l Model 9 141. 84 15.76 <Z0. 000 1 0.986 3
%% 7% Error 5 0.37 0.073
4
EL:,J(‘)irFl:ected total 19 143. 80
F4 KBERNARDNAFBEEUHRBERKID)
Table 4 Test of significance for DH (z-Test)
RO e R T PR [ B
Parameter DF Estimate Standard error
K IE Intercept 1 17. 47 0.18
X 1 2.44 0.12 20. 36 <20.000 1
X, 1 0.63 0.12 5.29 0. 000 4
X 1 —0.84 0.12 —7.01 <20.000 1
X2 1 —0.23 0.12 —1.98 0.0759
X2 1 —0. 60 0.12 —5.15 0. 000 4
X;? 1 —1.46 0.12 —12.54 <20.000 1
X1 X, 1 —0.33 0.16 —2.13 0.058 8
X1 X3 1 0. 36 0.16 2.32 0.042 9
X2 X; 1 —1.09 0.16 —6.95 <20.000 1

(2 TRV JIR AT 3% [l VA A 180 A9 485 K 5 22 70 #

N T 7B 5 DN ZR IR U P IR A R A R W L LA YASP
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(Y.) M d645  FIFH Design-expert7. 55 4 b 3 2 {1
Xt 2 0K B 25 A AT A, T A 3 I S R i
JHR A 2% 22 [ 1y [ 05 )y 8 (R Oy
Y,=73.50+7.90X,+2.35X,—1.63X,+
1.11X,2—2.87X,2—4.73X," +
0.75X,X,—0.36X, X; —4. 46X, X, (2)
XA ALY (2) #6475 22 40 B, 25 R L3 5, H
R AR EERRE RN E 6, HES TR
i1 PR A I R A 2 m] 9 5 R (BEAY) ) P 2 0,000 2,

P IIZ AR s AR 9 B A OC R BN 0. 918 7,
Vi HIIZ A5 B0 Bk A B 91, 87 %6 i I A1 1 28 4k , 484 i
B R R G R 220N L 1T DL R R X R i kAR R
HEAT AT R TSO . p 36 6 FIEN L 2R Y b — Yk 35 m
ifg 15 (X)) Je pH (X)) % R Vs 1 KA 238 1) 52 i) 32K 1) b
B KO L A R (X)) B R 3, R IR
ZHI LG X,E L XE X, X, % R VP KA R 1 B
i) 5 A% Gk 3 7K OF-Ah R BN 2 X B % [l
T5 R CBERD SR AR .

RO BAMRGEREARENATESN

Table 5 Analysis of variance (ANOVA ) for YASP
KR i oA R - ; PREET:
Source DF Sum of squares Mean square R-square
A Model 9 1 581. 40 175.71 12. 56 0.000 2 0.918 7
5% % Error 5 25.54 5. 11
J Al Corrected total 19 1721.35
®6 BRAMKGENAREZYEZHLBERCET)
Table 6 Test of significance for YASP (z-Test)
FHOR i R R Z -
Parameter DF Estimate Standard error
#IE Intercept 1 73.50 1.53
X 1 7.90 1.01 7.80 <0. 000 1
X 1 2.35 1.01 2.32 0.042 4
X3 1 —1.63 1.01 —1.61 0.139 1
X,? 1 1.11 0.99 1.13 0.286 5
X,? 1 —2.87 0.99 —2.92 0.015 4
X;? 1 —4.73 0.99 —4. 80 0. 000 7
X1 X, 1 0.75 0.32 0. 56 0.585 5
X1 X; 1 —0. 36 0.32 —0.27 0.790 0
X2 X; 1 —4, 46 0.32 —3.37 0.007 1
2.2.2 MEEKMBARFY AR ZHRLNR S PR R 7K R T 15 T s o el A L B R A O

(K i BE 20 I 32 W 52 AR T, AR 7 al DL, pH
AN o A T 0 38 O KA R R G s o g
AAZ L BEF pH RN, oK A Bl 2 5 {E 8 n
W RERR /N o DATRL 8 T AL o T Al HE AN 7AE L Bt o g o

&7 g A pH XK A B Y
22 FAF R N it T
Fig. 7 Response surface of interaction
to DH by dosage of

protease and pH

PRI 8 o 4ok D A IR PR X A S B Y
52 HA R T

Fig. 8 Response surface of interaction Fig. 9

to DH by dosage of protease

JBER S K g B e R 5 R R . AL 9 WL pH
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B 5 TR L N AR L BE A pHL A I AR S BE
.

19.712

&9 pH 0t figk it B T K fige B 1Y
22 HAT F e i T
Response surface of interaction

to DH by pH and temperature

and temperature
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Fig. 10 Response surface of interaction

to YASP by dosage of

Fig. 11

protease and pH
2.3 NEKBEHFHNRAUSHAEGREIE
F| FH Design-expert7. 55 g &b B AE X | iR
[l A A A AT AR B LA 5 20 T 228 4= IRt T
LSBT R A R R T, AR T L 2R

to YASP by dosage of protease
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IR v il I 0 2 R /0 5 o Al L B pHL Y
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Fig. 12 Response surface of interaction

to YASP by pH and temperature

and temperature

G 7% K BRI IR W MR R AT R AE N g A 23, 41
mg/g,pH 8. 77, i fif L BE 53. 41 C B il e 20 2 A
U FEMCAAE T KM EE T IAE) 21, 6106, FR VA 1 Ik
AR E] 92.09%

R7T WHKFEOEHEBEELH S AT ZSHNRIESLER
Table 7 Verified results of hydrolyzed by double-protease combinations of optimum three groups from regression equation

fig 2% Variance

[ 28 5 (X) Variable i )% { (Y) Response value

N i it/ ‘ B KRB/ % DH i 7 IR 3/ 6 YASP v
No. (mg =g ) pH FERRIREE/C sy g O (i 2 mOE ORI ey

Dosage of Temperature Actual Predicted Actual Predicted DH YASP

protease value value value value

1 23.41 8. 77 53.35 20. 98 20.892 9 92.08 92.032 9 0.415 1 0.051 2

2 23.41 8. 77 53.41 21.61 20.892 3 92.09 92.032 9 3.3211 0. 062

3 23.41 8.77 53.44 21.09 20.891 5 92.10 92.033 2 0.941 2 0.072 5
4 24. 38 8.78 53.31 20.74 20.877 1 91. 96 92.032 9 —0.6610 —0.079 3
5 23.41 8.93 52.41 20.53 20. 747 4 92.58 92.768 1 —1.059 0 —0.203 2

w25 = (LI — TR /520 {H < 100 %5
Note: Variance= (Actual value— Predicted value) /Actual value X 100%.

3 45 i

(D) g 28 6 AR M 2 1 B Alcalase XU ZH &
K it B Ry AR A SR A B — A . LKA 1R AR
FAERT 60 min,

(2 2R JH o0 T B 28 45 1k 0 82 3 0 o 10 T 7
DU - A5 2 1 XU /K fift 20k R A e (Tl A 2%
B Pl fige FF 18] 2 120 min. B8R A B -5 BV 2R 1 AL
calase BTG L 1+ LORRR LN 1+ 3. il &
23.41 mg/g,pH Ky 8. 77, B IR &}y 53. 41 C, K
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st B, K EIL 21, 61%, BRI KB R K
92.09%.
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