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: 1.2.2 . Folin- (
( pH ) , 1994); : (GB5009.5-85);

(Kristinsson et al, 2000; Chabanon et al, X (Suthasinee et al, 2005);

2007) , (DH) = ( /
, )><100%
(RSM) , 6mol/L HCI ,110°C 12h,
, 25ml ,
, , Iml 10ml ,
1 ,12h | 0.02mol/L HCI
1.1 , 30min, 0.45um ,
( (Ovissipour et al, 2008);

) : :

-20°C 10% , , 1000r/min
(Alacalase) (Flavou- 10min, 0.45pm ,

zryme) (Neutrase) ( , 2009)Y;
(Protamex) ( ) ; L-8900 :

(Papain) ; 20ul, : 32MPa; pumpl 4.0ml/min,

: H , Wako, ; 8.0MPa; pump2 3.5ml/min, 0.8MPa;
507C, 135C
VELP UDK132 ; 1.3
L-8900 : - pH211 Design Expert 7.0 Excel
1.2 2
1.2.1 - - - 2.1
- . - 5 , ()
, : 1 pH
, 0.2mol/L NaOH HCI pH, : 4h, 1:2,
250ml , , ( a/g, ) 0.1% 0.5% 1.0%
, 95C 5min 1.5% 2.0% 25% 3.0%, ,
(Guerard et al, 2002), , 4000r/min (DH) , , 1
' 1 , 01% ,5

*1 ZUMEAEABREEMER

Tab.1 Proteases and their properties in this study

(><10"U/g)
(Neutrase 1.5MG) 10.02 Novozymes
(Protamex) + 9.15 Novozymes
(Flavourzyme 500MG) + 2.03 Novozymes
(Alcalase 2.4L) 42.11 Novozymes
(Papain) 12.34

1) , 2009. . : ,1—35



1 (Oreochromis niloticus) 29
10% , , )
1:1 1:2 , )
, 3.0% , 1:2
19.80% 17.46% 17.09%, , 1:2
, 2.2.2
, 3.0% 1.0%, 0.5%, 1:2,
28.22% 24.01%, 10 60 120 180 240 300min,
, Guerard (2002) 3 , :
Benjakul  (1997) , Kristinsson  (2000)
2.2 180min , 180min
2.2.1 1.0%, ,
0.5%, 4h, ) )
1:1 1:2 1:3 1:4 180min
’ % 3 BRERTE A BEERRIUR AV R0
Tab.3 The influence of hydrolysis time on the enzymatic hy-
’ ' drolysis effects
DH(%
; (min) (%)
, ’ , 10 6.80=+0.83 8.35+0.32
’ ( , ) ) , 60 13.90=+0.65 11.39+0.54
' 120 17.05=+0.38 15.07%0.65
30r1 180 22.244-0.06 17.0140.23
25k 240 23.13+0.56 18.46=0.67
300 25.00=0.37 19.50=0.66
20
8
E 15} 2.2.3 pH
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ERNE% pH , pH
1 1
Fig.1 Comparison of the enzymatic hydrolysis effects of dif-
ferent proteases ’
F2 [EREAEERR I ,
Tab.2 The influence of solid-liquid ratio on the enzymatic hy-
drolysis effects ) pH )
DH(%) pH 4 ,
pH 1
1:1 19.11+0.35 16.28=+0.34 7.0 6.0
1:2 23.130.46 17.80=0.68 2.2.4 1.0%,
1:3 22.10=+0.19 16.11+0.45 pH 7.0, 0.5%, pH 6.0,
1:4 22.00=%0.23 16.1040.20 1:2, 180min, ,
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Tab.4 The influence of original pH on the enzymatic hydrolysis

effects
DH(%
oH (%)
5 20.45+0.32 15.5540.29
6 20.73+0.45 16.7640.23
7 22.75+0.65 16.0540.59
8 19.83+0.38 15.61+0.10

%5 BREENESRIRMZME
Tab.5 The influence of hydrolysis temperature on the enzy-
matic hydrolysis effects

. DH(%)
()
30 12.98+0.22 12.714:0.32
40 19.530.45 13.69=0.33
50 23.360.72 21.824-0.42
60 18.940.65 18.152-0.12
70 13.270.33 14.370.34
2.3
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Fig.2 Comparison of enzymatic hydrolysis effects of compound
enzymes and single enzyme
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Fig.3 Enzymatic process curves of compound enzymatic hy-
drolysis
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2.4 P , :
2.4.1 8
(RSM)
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Tab.8 Variance analysis of the regression equation

: (Shankar - 5
etal, 2008) , 3h,
A 2.99 1 2.99 39.34  0.0015%*
3.0%, 2.1,
B 0.46 1 0.46 6.06  0.057
Box-Behnken
’ c 32.76 1 32.76 43123 < 0.0001%*
' P 6 AB 2.56 1 2.56 3369  0.0021**
' ; ' ' AC 0.22 1 0.22 2.85  0.1524
BC 0.012 1 0.012 0.16  0.7063
*z6 MEmREEZEKTE AZ 0.56 1 0.56 738 0.042*
Tab.6 Design form of response surface methodology B? 21.22 1 21.22 27924 < 0.0001**
Al ) BC . ©)  cC  pH) c 8.08 1 808 10639  0.0001**
1 1:2 40 70-50 66.5 9 7.39 97.25 <0.0001%*
0 1:1 50 7.0-6.0 0.38 . 0,076
1 2:1 60 7.0-7.0 0.36 3 0.12 1305 0072
. : 9.233%<107*
%7 WEELKLE 0018 2 *
Tab.7 Experimental results using response surface methodology 66.88 14
A B c DH(%) D x (P<0.05), ** (P<0.01)
1 1 1 0 28.63
2 1 1 0 28.65 ' '
3 1 1 0 30.57
4 1 1 0 2739 , P <0.0001,
5 1 0 1 28.46 , P =0.072 > 0.05, ,
6 0 1 27.13 )
7 0 1 31.86 R? = 0.9944 (>0.85),
8 1 0 1 31.46 , 1.59%
9 0 1 1 25.35 (Ragi® = 0.9841),
10 0 1 1 25.86 (Shankar et al, 2008; Chen et al, 2010;
11 0 1 1 29.47 , 2011)
12 0 1 1 30.20
13 0 0 0 31.51 ,
14 0 0 0 31.58 (Ovissipour et al, 2010)
15 0 0 0 31.86
7 3
2.4.2 Design 4 5 5
Expert 7.0 3 , ’ ’
) pH
Y (A)
(B) pH(C) : H '
DH = 31.60-0.61A + 0.24B + 2.02C—0.80AB + P
0.23AC + 0.055BC—0.39A%-2.40B%-1.48C? ’ RSM 3

F : 0.6:1, 56.16C,
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zymatic hydrolysis temperature on the degree of hydrolysis
: DH(%)
1
W s 59.14%
L nrssessente, '0";’0’0’0'0‘0"‘:::‘:‘\“\“ . 1
RN
32.84mg/g
SLRRREKKS
o:o}:o:o‘:‘:"
25.43%,
0.00
B:IRE
5 pH '
Fig.5 Contour plots and response surface describing the interactive effects of original pH and 18.48%,
enzymatic hydrolysis temperature on the degree of hydrolysis 0
. 0
: DH(%)
AN ’
= SRR
[=) WA AMARRARARANA
T
Q
1
1.00 2:1,
_ 0.00 . . 3h,
C:pH -1.00 -1.00 A:BYELE A:BYEILE 06:1 56°C
6 pH pH 7.0 6.2
Fig.6 Contour plots and response surface describing the interactive effects of original pH and 32.49%

hydrolysis time ratio on the degree of hydrolysis

DH(%)
pH7.0 6.7, 32.49% 32.84mglg
, : 18.48%, ,
0.6:1 56°C pH 7.0 6.2, ,
, (DH)  (33.45=+



1 : (Oreochromis niloticus) 33
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Tab.9 Contents of total amino acids in tilapia frames and free amino acids in enzymatic hydrolyzates

(mg) (mg) (mg) (mg)
Asp* 12.45 0.12 lle** 4.87 2.17
Thr** 6.11 0.38 Leu** 9.61 6.59
Ser* 5.76 0.14 Tyr 1.8 0.37
Glu* 19.87 111 Phe** 4.95 3.93
Gly* 13.33 1.55 Lys** 10.70 4.62
Ala* 10.40 2.43 His 2.76 0.97
Cys 0.90 0.20 Arg 9.18 2.90
Val** 5.41 2.61 Pro* 7.81 0.72
Met** 3.21 2.02 129.12 32.84
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OPTIMIZATION OF THE ENZYMATIC HYDROLYSIS OF TILAPIA (OREOCHROMIS
NILOTICUS) FRAMES PROTEIN USING RESPONSE SURFACE METHOD
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CHEN Zi-Han®,
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MA Ying',
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Abstract

The enzymatic hydrolysis of tilapia frames protein by different protease was studied, and the degree of hy-

drolysis (DH) was assayed during the hydrolyzing. Based on the single-factor test, the surface analysis methodology (RSM)
was used to optimize the enzymatic reaction parameters. Results showed that the enzymatic effects of two proteases, fla-
vourzyme and papain proteases were the best when added to the reaction system sequentially. The total enzyme dosage was
3.0%; the ratio of flavourzyme and papain proteases was 2 : 1. The total enzymatic time lasted for 3h, and time ratio for the
two proteases was 0.6 : 1. The enzymatic reaction was under the temperature of 56°C, and pH first 7.0 and then 6.2. The

DH of 32.49% was achieved under the optimized conditions. The concentration of free amino acids in the hydrolysates is
32.84mglg, accounting for 25.43% of the total amino acids in Tilapia frames. The flavor amino acids and essential amino
acids occupied up to 18.48% and 67.96% of the free amino acids respectively.

Key words Tilapia frames, Enzymatic hydrolysis, Surface analysis methodology, Hydrolysis
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