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Optimization of the enzymatic extraction process of fish oil
from silver carp viscera, preparation of microcapsules and
its in vitro digestion characteristics

ZHOU Yongjie, LI Mengyang, LUO Yongkang, HONG Hui, TAN Yuging"
(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract To address the issue of efficient extraction of fish oil from silver carp viscera and the digestion
characteristics of its microcapsules, the single-factor test and Box-Behnken response surface analysis were
used to study the protease dosage addition, enzyme hydrolysis time, and solid-to-liquid ratio to investigate
the preparation of gelatin-sodium hexametaphosphate complex coacervation microcapsules and their
behavior in a simulated digestion system. The results revealed that: 1) The extraction rate of fish oil from
silver carp viscera could reach 81.09% when 7 000 U protease (Protamex® 1.6) was added per 1 g of
sample protein, an enzyme hydrolysis time of 1. 3 h, and an solid-liquid (viscera to water) ratio of 5 g:2 mL;
2) The gelatin-sodium hexametaphosphate complex coacervation reaction system at pH 4.0 resulted in
90. 95% encapsulation rate of fish oil; 3) The retention rate of fish oil microcapsules was maintained above

99% after storage at 30 C for 10 days; 4) In the in vitro simulated digestion experiment, the total release
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rate of the gastric phase was 10. 69% and the total release rate of the intestinal phase was 46.40%, which

showed a certain sustained-release and controlled-release characteristics. This study optimized the

extraction process of fish oil from silver carp viscera and effectively improved the extraction rate,

successfully prepared fish oil microcapsules with significant protection, sustained-release and controlled-

release capabilities by finely adjusting the complex concertation system. This study provided the scientific

basis and technical support for the application of fish oil in food and nutritional supplements.

Keywords silver carp viscera; fish oil; complex coacervation; microcapsules; gastrointestinal simulation

digestion; silver carp by-product utilization
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Table 1 The optimum reaction conditions and enzyme activity of different proteases

fitf i /C fit
Enzymes pH Temperature Enzyme activity
Neutrase®O0. 8L 7.0 50 26 000 U/mL
Protamex®1. 6 7.0 60 46 000 U/g
Novozym®11039 7.5 60 113 000 U/g
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Table 2 Factors and levels of response surface methodology

% Factor

T X mEME/U WA h X
Amount of enzyme added Time Solid-liquid ratio
-1 4000 0.5 X B CRBS kO
0 6 000 1.0 l1g:1mL
1 8000 1.5 1g:2mL
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Fig. 1 Effect of protease dosage addition (a), enzyme hydrolysis time (b), and solid-liquid ratio (¢) on the fish oil extraction rate
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Table 3 Box-Behnken experimental protocol and experimental results

e K 2 7K F- Factor level ey AR TR R/ %
Number x E s Fish oil extraction rate
1 —1 0 —1 65.02
2 0 —1 —1 67.52
3 0 1 —1 77.30
4 1 0 —1 81.32
5 —1 —1 0 66.45
6 —1 1 0 70. 34
7 0 0 0 78.12
8 0 0 0 77.44
9 0 0 0 79.52
10 0 0 0 74.12
11 0 0 0 80. 36
12 1 —1 0 75.11
13 1 1 0 72.75
14 —1 0 1 44.78
15 0 —1 1 56.99
16 0 1 1 52.91
17 1 0 1 50. 86

T 2y vy vy 5300 0 R 1 I S 0 I ) ORRAR L A K S
Note:x,, a,, and x4 are the horizontal values of protease addition, time, and solid-

liquid ratio, respectively.

R4 BHERNEEERNNFTESN

Table 4 Analysis of variance of the regression model for fish oil extraction

J7 %K T A fr g 7 - .

Source of variation ~ Sum of squares  Degree of freedom Mean square

BT Model 1 946.76 9 218.31 21.07 <0.017
X, 139. 86 1 139. 86 13.50 0. 05
X, 6.53 1 6.53 0. 64 0.45
X, 916. 35 1 916. 35 88. 46 <0.017
XX, 9.77 1 9.77 0.94 0. 36
X\ X; 26.11 1 26.11 2.52 0.16
X, X, 48.02 1 48.02 4.64 0.07
X 103. 89 1 103. 89 10. 03 <0. 05
X’ 13.37 1 13.37 1.29 0.29
X, 652. 62 1 652. 62 63.00 <0.01™

5% % Residual 72.51 7 10. 36

R AT Lack of fit 49. 29 3 16. 43 2.83 0.17

4li 1% 2% Pure error 23.22 4 5.81

S5 2% Cor total 2 037.28 16

RE R B R 0.96

FE R 3R 35 (P<20. 05) FIl 8.3 (P<0. 01D
Note: * and ** indicate significant (P<<0. 05) and extremely significant (P<C0. 01), respectively.
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X, : protease dosage addition, Us; X,: enzyme hydrolysis time, h; Xj: solid-liquid ratio, g: mL; Y, fish oil extraction rate, %.
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Fig. 2 Response surface maps of different factor interactions on fish oil extraction rate.
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Fig. 3 Appearances of fish oil before and after refining
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Fig. 4 Effect of pH on fish oil encapsulation rate
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Fig. 5 Appearance (a) and microstructure (b) of fish oil microcapsules
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