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Abstract: [Objective] To realize the high-value utilization of tuna by-products and prepare antioxidant peptides from them. [ Methods]
Antioxidant protein peptides were prepared from the dark meat of yellowfin tuna by stepwise enzymatic hydrolysis using protease. The
degree of hydrolysis and DPPH radical scavenging rate were used as evaluation indexes. The preparation process was optimized through
one-way and response surface experiments, and the antioxidant activities, amino acid composition, and relative molecular mass distributions
of the peptides were analyzed. [ Results] The optimal preparation process for the antioxidant peptides was enzymatic hydrolysis with flavor
protease at 50 °C, pH 7.00, enzyme concentration of 6 000 U/g, and digestion time of 4.00 h. In the two-step enzymatic digestion, pepsin was
used at 55.69 ‘C, pH 1.41, enzyme concentration of 3 200 U/g, and digestion time of 5.16 h. Under these conditions, the degree of hydrolysis
of the protein peptide and the DPPH radical scavenging rate were the highest, reaching 21.55% and 85.89%, respectively. The semi-
inhibition concentration (ICs,) for DPPH radical scavenging by the tuna dark meat flavor protease-pepsin protein peptide was 1.613 mg/mL.
Additionally, the peptide contained eight essential amino acids, accounting for approximately 39.60%, and hydrophobic amino acids,

accounting for about 35.13%. Its relative molecular mass was mainly concentrated below 3 000, comprising approximately 63.86%.
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[Conclusion] Protein peptides obtained from tuna by-products through stepwise enzymatic digestion possess excellent antioxidant activity

and high nutritional value.

Keywords: yellowfin tuna; dark meat; stepwise enzymatic digestion; protein peptide; antioxidant
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Figure 1 Effect of different proteases on the preparation of

protein peptides from tuna meat
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Table 2 Response surface test factors and levels

KT AT B AR C AN/ D W
BE/C pH (U-g™H [&] /h
—1 50 1.0 2000 4
0 55 1.4 4000 5
1 60 1.8 6 000 6

#*& 3 Box-Behnken M i H X 1§ 45 R

Table 3 Box-Behnken response surface test results

N Y, IK fit Y, DPPH EREE]
M A i ¢ B FEIERRR%
1 -1 —1 0 0 1537 76.69
2 1 —1 0 0 17.09 77.05
3 —1 1 0 0 1723 68.32
4 1 1 0 0 1753 73.57
5 0 0 —1 —1 1941 80.95
6 0 0 1 —1 19.80 69.71
7 0 0 —1 1 21.60 76.06
8 0 0 1 1 1912 72.66
9 —1 0 0 —1 1496 70.93
10 1 0 0 —1 1714 73.50
11 —1 0 0 1 16.82 74.73
12 1 0 0 1 1859 78.83
13 0o —1 —1 0 1787 80.45
14 0 1 —1 0 2283 76.04
15 0o —1 1 0  20.19 76.60
16 0 1 1 0 19.64 71.42
17 —1 0o —1 0 15.89 77.50
18 1 0 —1 0 1891 80.09
19 —1 0 1 0  16.06 73.09
20 1 0 1 0 1581 79.94
21 0o —1 0 —1 1949 73.97
22 0 1 0 —1 1995 68.91
23 0o —1 0 1 2008 77.86
24 0 1 0 1 2098 71.92
25 0 0 0 0 2201 85.49
26 0 0 0 0 2255 84.64
27 0 0 0 0 2146 85.99
28 0 0 0 0 2025 86.89
29 0 0 0 0 19.89 86.14
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Table 4 Hydrolysis degree regression analysis results
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Figure 7 Response surface plots and contour plots of the interaction of factors of hydrolysis degree
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Figure 8 Response surface plots and contour plots of the interaction of factors of DPPH free radical scavenging rate
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Xt G i 5 0, P AUV 2R T — B R R R
B IR HEAT M, 2 6 AT B Ak S A 8 A A
IR TR, B F A E T 4.173 mg/g, 5 AL B A

B 39.60% ; B 4 5 iR & i 53k 10.536 mg/g, HA 5 & iR
RAG IR &R . WA, B AR & A T Bk
PRSI , 0 202 A R T 2R 4 B K ME 2 Bk IR 1Y
o7 BV IE R 19 35.13% o VIE BREIE OB g R T K M
P FLA B3 i Bl S AL RE 7 o RO, T3k 6 i o S 0 2R
FIIK LA 30 i B AT g o
26 EHMEAZARENSTRESH

2R 7 AT RV B T — 1 AR AR KA X A
SR A EEAERLE3 000 AT, 40 & HAA R 63.86% , 14
BT R KA S AL L X 5 Ren 25RO BF 98 456
AT o AHXF 4 F BN 1 .000~<C3 000 (9 BE B 5 He 2 0
31.69% ; HA AT 43 7 <71 000 By K, 5l 200 32.17%.



F&M | Vol.41, No.l

_ . be ab a
lgg d (;’/l,/o———:
L i
#_ . sof e/./
EES 70t '
SEE o0 d/.
=y -
'E':L% 'gn S0r :/
mz £ 40
X E 30t
ax 3
E a F >0l —- V.
1ol —u— A 00 i ARSI
0 . . .

10 20 40 60 80
Jo et i
Mass concentration/(mg * mL™)
TR RN A 35 22 57 (P<0.05)
B9 R F) R JEH 4 DPPH B R ik 5
Figure 9 DPPH radical scavenging of samples at different

concentrations

*6 NGEOH—SEOBEARNEERARREE
Table 6 Amino acid composition and content of flavor

protease pepsin protein peptide

Ak Fht/(mgeg ") FUIES & /(mg-g ")
il R 0.158 T R 0.208
KA 1.040 SALER 0.544
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22 5 R 0.461 it 2 2 0.372
XN 1.587 SISE=N i 0.439
EEA7 0.475 G 0.675
AR 0.673 0,54 1R * 0.058
2 bk = R 0.063 i R 0.953
G A R+ 0.594 K& @ 0.675
T
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Table 7 Relative molecular mass distribution of flavor

protease pepsin protein peptide
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