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Technology Investigation of Extracting Fish Oil by
Enzymolysising Ocean Wild Fish
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Abstract: Compared with cultured fish, the fish oil of ocean wild fish contains much more Eicosapntemacnioc acid (EPA),
Docosahexenoic acid (DHA), fat-soluble vitamin. To improve the utility value of oacean wild fish, small hairtail was used as raw
material to investigate the technology of extracting fish oil with enzyme. The variables to affect the efficiency of extraction,
extracting and centrifugation were selected as temperature, reaction time and pH value. Optimal technology conditions were
determined by the response surface method: The liquid/solid ratio is 6, pH 7.3, enzyme amount of 1000 u/g raw material, agitation
speed of 200 r/min, enzymolysis under 45°C for 90 min. The optimum extraction conditions were as follows: 100 mL extractant
(every 20 g surimi), pH4.0, extracted under 40°C for 25 min. The optimal centrifuge conditions were: centrifuge speed of 3000 r/min
(1865 g), centrifuged for 10 min. The oil extraction efficiency was 79.9%. This study developed the traditional technology of fish oil
extraction, and improved the protection of the active components.
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Fig. 1 Effects of L/S on rate of extraction fish oil
(Enzymatic quantity is 400 u/g material, 45°C, pH7.0, 60 min,
stirring speed is 200 r/min)
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Fig. 2 Effect of amount of enzyme on rate of extraction
fish oil

(L/S is 6, 45°C, pH7.0, 60 min, stirring speed is 200 r/min)
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Fig. 3 Effect of pH on rate of extraction fish oil
(Enzymatic quantity is 1000u/g material, L/S is 6, 45°C, 60 min,
and stirring speed is 200 r/min)
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Fig. 4 Effect of temperature on rate of extraction fish oil
(pH7.5, enzymatic quantity is 1000u/g material, L/S is 6, 60 min,
and stirring speed is 200 r/min)
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Fig. 5 Effects of time on rate of extraction fish oil
(45°C, pH7.5, enzymatic quantity is 1000u/g material, L/S is 6,
stirring speed is 200 r/min)
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Fig. 6 Effect of stirring speed on rate of fish oil extraction
(90 min, 45°C, pH7.5, enzymatic quantity is
1000u/g material, L/S is 6)
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Table 1 Experimental design and result of M=12
Plackett-Burma design

A B C D E F G H 1 y%

—_

+1 +1 41 -1 +1 +1 -1 +1 -1 57.69

2 +1 -1 +1 41 -1 +1 -1 -1 -1 2577
3 4+ 4+ -1 +#1 -1 -1 -1 +1 +1 7692
4 -1 +1 +1 +1 -1 +1 +1 -1 +1 6923
S5 +1 +1 -1 +1 +1 -1 +1 -1 -1 5141
6 -1 +1 + -1 +1 -1 -1 -1 +1 3192
7 -1 +1 -1 -1 -1 +1 +1 +1 -1 7833
8 -1 -1 -1 +1 +1 +1 -1 +1 +1 41.54
9 -1 -1 +1 +1 +1 -1 +1 +1 -1 2833
M0 +1 -1 -1 -1 +1 +1 +1 -1 +1 23.59
1nm +1 -1 +1 -1 -1 -1 +1 +1 +1 2821
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 2923

HIE 2 A, XA (y%) A R E R (AT {5
>90%) MR E A pH. BEE . W, DLk 3 AMEER
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RIS NP U T 2, 15 Xi= —0.4066; Xo=
—0.0599; X5=—0.0300, BJ pH7.3. f&H 990 u/g Uk}

44.8°C, LA FHISHEIMEN 79.38%, ME TLK

P, ¥EMfE pH7.3. BN 1000 w/g kL. 45°C,

LA T T PRIROA TS50, I3 R 78.66%
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Table 2 Effects of each factor, level on the fish oil extraction

Factors Level
Code Parameter High(+1)  Low(-1) P
A L/S 8 6 0.550
B pH 7.5 6 0.013
C Blank - - 0.109
D Time(min) 90 60 0.175
Enzymatic
E quantity(u/g 1000 800 0.076
material)
F Blank - - 0.146
G sp:;(iir(rri/‘r‘fm) 200 150 0537
H Temperature(°C) 45 35 0.065
I Blank - - 0.983

&3 MAMNEZ=EER=KEREIRIT
Table 3 The experimental design of 3 factors and 3 levels
of response surface method

Level
Factor

+1 0 -1

X; pH 8.0 75 7.0
Enzymatic

X, quantity(u/g 1200 1000 800
material)

X; Temperature(°C) 50 45 40

x4 MEEBSHEERER
Table 4 The experimental design and results of response
surface method

No. Factors
Xi Xa X3 Y%

1 0 0 0 78.33
2 0 1 1 58.08
3 0 -1 -1 62.44
4 1 1 0 50.64
5 1 0 -1 58.97
6 0 1 -1 57.31
7 0 -1 1 61.03
8 -1 -1 0 65.64
9 -1 0 1 69.62
10 1 -1 0 56.54
11 0 0 0 78.72
12 1 0 1 57.56
13 -1 0 -1 70.77
14 0 0 0 77.31
15 -1 1 0 64.62
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y=78.1200—5.8675X,—1.8750X,—0.4000X5—7.122
5X,°=11.6375X,°=6.7675X5°—1.2200X,X,—0.0650X | X5+
0.5450 X,X; (3-1)

®5 MEFEASRER

Table 5 Regression results

Term Coef SE Coef T P

Constant 78.1200 0.3431 227.722 0.000
X, -5.8675 0.2101 -27.931 0.000
X2 —1.8750 0.2101 -8.925 0.000
X3 —-0.4000 0.2101 -1.904 0.115
X2 —7.1225 0.3092 -23.034 0.000
Xo? —-11.6375 0.3092 -37.635 0.000
X5 -6.7675 0.3092 -21.886 0.000
Xy Xz -1.2200 0.2971 —4.106 0.009
X1 X3 —0.0650 0.2971 -0.219 0.835
X5 X3 0.5450 0.2971 1.834 0.126

#6 [MEVEASMER

Table 6 Regression results

S R-Sq
0.5942 99.8%

R-Sq (adj)
99.5%

RT AESWER

Table 7 Analysis of standard deviation

Source DF SeqSS Adj SS

1066.05  1066.052

AdiMS T P
9 118450 33551 0.000
3 30483 304825 101608 287.80  0.000
3 75407 754068 251356 711.96  0.000
Interaction 3 7.16 754068 238 676  0.033
5
3
2

Regression
Linear
Square
R- Error 1.77 7.159 0.353
Lack-of-Fit 0.71 1.765 0.235 0.44 0.748
Pure Error 1.06 0.705 0.530

Total 14 1067.82 1.060
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Fig. 7 Response surface graph of enzyme amount and pH
versus oil extraction degree
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Fig. 8 Response surface graph of temperature and pH
versus oil extraction degree
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Fig. 9 Response surface graph of temperature and enzyme
amount versus oil extraction degree
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Fig. 10 Effects of extraction time on rate of

extraction fish oil
(40°C, 50 mL extraction solution, pH7.5)
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Fig. 11 Effects of impregnant dosage on rate of
extraction fish oil
(15 min, 40°C, pH7.5)
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Fig. 12 Effect of temperature on rate of extraction fish oil
(75 mL Extraction solution, 15 min, pH7.5)
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Fig. 13  Effect of pH on rate of extraction fish oil
(40°C, 75 mL extraction solution, 15 min)
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Fig. 14 Effects of centrifugal speed on rate of
extraction fish oil
(centrifuged for10 min)
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Fig. 15 Effect of centrifugal time on rate of

extraction fish oil
(Centrifugal speed: 3000 r/min)
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