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Optimization of Hydrolysis Conditions for Mussel (Mytilus edulis) Protein by Response Surface Methodology

LU Zhen-leit, LIU Zhao-long*, WANG Yu-sheng*2, CHEN Hai-hua®*
(1. College of Food Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China;
2. Editorial Department of Journal of Qingdao Agricultural University, Qingdao 266109, China)

Abstract : The mussel protein from Mytilus eduli was hydrolyzed by neutral protease, alkaline protease, acidic protease,
protamex, papain, trypsin and flavourzyme. According to the degree of hydrolysis and sensory evaluation, neutral protease,
protamex, papain and flavourzyme were the appropriate exogenous enzymes for the hydrolysis of mussel protein. Meanwhile,
the compound enzyme for the hydrolysis of mussel protein was the mixture of protamex and neutral protease at the ratio of
1:1. The optimum hydrolysis conditions of compound enzyme were explored by response surface methodology. The results
showed that the optimal hydrolysis conditions were hydrolysis time of 2 h, hydrolysis pH of 7, hydrolysis temperature of 50 ‘C,
and enzyme addition amount of 0.4%. Under the optimal hydrolysis conditions, the degree of hydrolysis was up to 70.25%.
Moreover, the free amino acids in the hydrolysates revealed an increase by 388.46%.
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Table 1 Hydrolysis conditions of different proteases
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Table 2 Factors and levels of the response surface tests

7K
B% —1.6818 —1 0 1 1.6818
XipH 6 6.6271 7 7.3729 8
Xo Ui J&E 45 48.1356 50 51.8644 55
Xa¥is il i 0.2159 0.3 0.35 0.4 0.4841
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Table 3 Basic compositions in mussel meat
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Fig.4 Effect of enzyme addition amount on DH
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Table 4 Effects of different proteases on DH and sensory evaluation of
mussel hydrolysate

RAB  WEMA pH  WE/C FIEM KB UK S

hHEAE 25 7 50 0.3 386106 70+02 75+04
MEEAR 30 8 45 0.4 455+08 25+01 20+0.
WHEAR 20 4 50 0.3 386+06 35+01 45+02
HAEEAl 20 7 50 0.4 486+08 45+02 45+01
AREAR 20 6 50 0.3 365+03 70+£03 65+02
MEAK 20 8 40 0.3 311403 65+03 60+02
NREARE 15 5 50 0.3 304+£08 80+04 85403
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Table 5 Effects of different enzyme mixtures on the sensory evaluation
of mussel hydrolysate
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Table 6 Effects of different ratios between protamex and neutral
protease on the sensory evaluation of mussel hydrolysate

MCEL (B4 /i) KA 1% RVESY BRIE VS
11 63.7 = 0.9 75+0.2 75+0.1
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1:3 519+ 0.7 85102 9.1+03
1:4 485+ 0.4 85+ 0.1 9.0+ 0.4
2:1 65.5 + 0.9 6.0+ 0.3 6.5+ 0.2
31 68.1 +0.8 52102 5.0+ 0.2
4:1 725+ 0.9 51+01 45401
2:3 554+ 0.6 8.0+0.3 85+0.2
3:4 56.4 + 0.4 82+04 82+03
4:3 62.7 £ 0.6 7.0+£0.2 71+0.1
3:2 64.2+0.8 70+01 7.0+0.2
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Table 7 Design and results of response surface tests

RS Xi Xa Xs KA 1%
1 —1 —1 —1 56.036
2 1 —1 —1 54.624
3 —1 1 —1 54.076
4 1 1 —1 60.756
5 —1 —1 1 63.7
6 1 —1 1 66.444
7 —1 1 1 59.644
8 1 1 1 70.07
9 —1.682 0 0 54.54
10 1.682 0 0 61.976
1 0 —1.682 0 60.976
12 0 1.682 0 63.582
13 0 0 —1.682 53.42
14 0 0 1.682 68.96
15 0 0 0 66.504
16 0 0 0 66.7
17 0 0 0 66.7
18 0 0 0 66.19
19 0 0 0 66.504
20 0 0 0 66.896
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Table 8 Variance analysis of regression equation

EES T iR Al By F{H Pt
i 550.05 9 61.12 365.58 < 0.0001
X1 70.11 1 70.11 419.39 < 0.0001
Xz 4.83 1 4.83 28.91 0.0003
X3 268.02 1 268.02 1603.22 < 0.0001
XiXe 31.10 1 31.10 186.04 < 0.0001
XiXs 7.81 1 7.81 46.69 < 0.0001
X2X3 2.65 1 2.65 15.84 0.0026
X2 116.77 1 116.77 698.49 < 0.0001
X2 29.26 1 29.26 175.03 < 0.0001
Xa? 47.21 1 47.21 282.39 < 0.0001
k7 1.67 10 0.17
JAUAH 1.38 5 0.28 4,72 0.0569
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& 8 nT LA, LAY P < 0.0001, MW [
[ VS 70 s B4 S 2 K AHOC R R?2 = 0.9970, i
005 75 R PR LR U, 99.7% 14 vl LA X
ANTTFERERE; R%aq =0.9942, ULHIAI{E)Em. & HE
W= R ORI, AT HOIAR A B R S (P < 0.01),
Tt 25 DR 35 S TG AH L 1R] (1) A2 EAE FH R 7K At A A k35 1)
SO o PRI TUECHE 7 AT R WA LR AU 2,
B 0] 5 75 R B A G P AUl SCSE (R e N T o Jd ek B3R 7
o — ORI AR B4 T RN, m LA B B8] 5% (1) 32 0K
PR, AR B H R S e K AR R S i Bk, HEIR
JEpH A, Bn e WA
252 AL T ESHIR KRR

220 Ny AT AR 3 AN R R I AL A N
pH7. MRS 50.22°C. BRI 0.4%, T K1 7K fiF
FEIEF70.14% o S TS0 AR IR PUIN (1 ME AR 1, AR SR
B 4 F pH7 . BEPE S 50°C . B INE 0.4% £&1F
HEAT 5286, DT AIKARIE Ny 70.25% , L5 TRIAE FE A%
T, 3 B T AR RN B SEAE 2 IR AT AR BF LA 1, JE—
ISR T BRI A SE
2.6 TR Ui S A AR R A ) BT

SR FH 28 FE R 73 BT A4S0 T g R 1 e A g A 45 1 ¥
A3 B I REARBOAT T o AR o 2 SE TR 1) A R 5 o
w9 fror.



66 2012, Vol. 33, No. 10

=sSt3

Bo

oiltl =

X TLEHA

®9 WHIAERAS T

Table 9 Profile analysis of free amino acids before and after enzymatic
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2258 0.117 22 R 0.751
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JEa IR 0.027 N 0.027
A * 0.120 AR * 0.729
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FrLA R * 0.053 SR * 0.590
ER* 0.091 SRR * 0.861
it 2 R 0.059 it 2 12 0.499
RNER * 0.056 KNEAR * 0.455
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