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Optimization Process Condition Using Response Surface Methodology for Two-step Enzymatic

Hydrolysis of Crab Protein
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230036, China)
Abstract: The aim of the current study was to use response surface methodology to optimize process conditions for the
sequential hydrolysis of crab protein with papain followed by flavourzyme to achieve maximum hydrolysis degree. On the basis
of one-factor-at-a-time experiments, a four-factor, three-level quadratic general rotary unitization design was employed to
establish a quadratic polynomial mathematical model that describes hydrolysis degree as a function of four process conditions,
and the established model was analyzed by drawing response surface and contour plots. The optimal hydrolysis conditions were
hydrolysis with 5500 U/g papain at pH 5 and 55 “C for 1.5 h followed by 4.5 h with 2 LAPU flavourzyme. Under these conditions,
the DH of crab protein was predicted to 31.19% and observed to 30.08% with a relative error of 3.69%. Further, a seafood
seasoning was formulated with the obtained hydrolysate. Therefore, this enzymatic hydrolysis method can be used to prepare
seafood seasonings with strong flavor, bright yellow color and convenient cooking.
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Table 1 Optimal hydrolysis conditions of neutral protease, papain
and flavourzyme

e pH % IC I 1] /h I
PR I 6.5 55 6 5 X 10°AU/g
S MUK 8.0 55 4 2LAPU/g
AR 6.0 55 5 4500U/g
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Fig.1 Effect of protease type on DH of crab protein
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Fig.2 Effect of hydrolysis time on DH of crab protein
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Fig.5 Effect of papain amount on DH of crab protein
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Table 2 Factors and levels in response surface analysis

7K X1 pH Xe W% 1°C Xa B /U Xa 1A /h
-2 45 45 3500 3
-1 5.0 50 4000 4

0 55 55 4500 5

1 6.0 60 5000 6

2 6.5 65 5500 7

3 “REAREAARRBIIRER
Table 3 Experimental design for response surface analysis and
corresponding results

(e R X1 X2 Xs Xa Y DH/%
1 1 1 1 1 20.87
2 1 1 1 -1 24.12
3 1 1 -1 1 24.28
4 1 1 -1 -1 28.15
5 1 -1 1 1 17.57
6 1 -1 1 -1 19.59
7 1 -1 -1 1 26.02
8 1 -1 -1 -1 23.18
9 -1 1 1 1 19.50
10 -1 1 1 -1 20.09
11 —1 1 —1 1 15.21
12 -1 1 —1 —1 16.95
13 —1 —1 1 1 14.14
14 -1 -1 1 -1 16.58
15 -1 -1 -1 1 17.13
16 -1 -1 -1 -1 17.46
17 2 0 0 0 25.90
18 -2 0 0 0 13.87
19 0 2 0 0 20.91
20 0 -2 0 0 18.21
21 0 0 2 0 23.50
22 0 0 -2 0 29.92
23 0 0 0 2 20.20
24 0 0 0 -2 24.90
25 0 0 0 0 22.57
26 0 0 0 0 22.26
27 0 0 0 0 2457
28 0 0 0 0 24.88
29 0 0 0 0 23.57
30 0 0 0 0 23.58
31 0 0 0 0 22.59
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Table 4 Regression coefficient and significance of each term in the
fitted regression model for DH estimation

i EVEES

REbRAE D T4 Pt
Xi — 2.9492 0.3512 —8.3973 0.0001**
Xz — 0.9542 0.3512 — 2.7169 0.01524*
Xs 1.1983 0.3512 3.4121 0.003568**
Xa 0.8667 0.3512 2.4677 0.02526*
x: — 1.2406 0.3217 — 3.8557 0.001398**
XiXe 0.2888 0.4301 0.6713 0.5116
XiXs — 1.4400 0.4301 —3.3478 0.0041%*
XiXa —0.075 0.4301 —0.1744 0.8638
X3 —1.3218 0.3217 — 4.1083 0.0008**
XaXa 0.9938 0.4301 2.3103 0.0345*
XaXa —0.4688 0.4301 —1.0898 0.2920
X3 0.4657 0.3217 1.4473 0.1671
XaXa —0.3250 0.4301 —0.7556 0.4609
X3 —0.5743 0.3217 —1.7850 0.0932

W *.P<0.05, EREFH; ~.P<0.01, EHWMEE.

£5 X DH A HFELSW
Table 5 Variance analysis of the fitted DH model

PR 2RI A HE ST BT F{H P {i

EIPE| 14 4429327  31.63805 10.6876 0.0001
IR 4 283.0832  70.7708  23.9070 0.0001
IR 4 104.2417  26.0604 8.8035 0.00059
A I 6 55.6079 9.2680 3.1308 0.03170
AT 10 41.1057 4.1106 3.9409 0.05345

gz 6 6.2583 1.0430
ok 30 490.2967
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Fig.6 Response surface and contour plots for the effect of cross-
interaction between pH and papain amount on DH of crab protein
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Fig.7 Response surface and contour plots for the effect of cross-
interaction between hydrolysis temperature and papain amount on DH
of crab protein
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