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ABSTRACT: Objective To prepare Thunnus dark meat antioxidant peptide, and develop a functional peptide drink
based on this antioxidant peptide. Methods The Thunnus dark meat was hydrolyzed with 5 kinds of proteases,
namely, complex protease, alkaline protease, neutral protease, flavor protease and trypsin. Screening of suitable

proteases by hydrolysis degree and analysis of antioxidant activity of the enzyme product with the highest degree of
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hydrolysis. The Thunnus enzymatic solution was flavored with reducing sugar, citric acid, ethyl maltol, and
p-cyclodextrin to preparation a Thunnus peptide beverage with high antioxidant activity, and the formula was
optimized by orthogonal method. Results The highest hydrolysis degree of the complex protease enzymolysis was
16.73%, and the hydrolytic solution had good antioxidant activity. The best formulation of Thunnus peptide drink was
determined by orthogonal test: 10% reducing sugar addition, 0.6% citric acid addition, 0.5 mg/mL f-cyclodextrin
addition, 0.06% of ethyl maltol addition. The beverage physical, chemical and microbiological indicators in line with
national standerds, the total amino acid content of the beverage was 5.264 g/100 g. Both the essential amino
acids/total amino acids and essential amino acids/non-essential amino acids were close to the ideal pattern of protein,
and the antioxidant amino acids accounted for 50.03% of the total amino acid content, indicating that the product had
good antioxidant ability. Conclution In this study, antioxidant peptides from Thunnus dark meat have been obtained
by enzymolysis of complex protease, and an antioxidant functional peptide drink has been developed from this
material, which can provide references for the preparation of Thunnus dark meat functional peptides and the
development of functional peptide products.

KEY WORDS: Thunnus dark meat; fish protein hydrolysate; antioxidant activity; peptide beverage; orthogonal

optimization
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=98%). i L7 pEEE (dithiothreitol, DTT). + % 5Laf
1% 4 (sodium dodecyl sulfate, SDS) . 22 52 % (4l & 99%)( I
IR Y RHCA RA A, S =R (EZy



308 B il 2 A iR A I A 4

F 145

R ERRA R A HDD; A R4 . DPPH H 3
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6-sulfonic acid) ammonium salt, ABTS]EEH MR & (FF 52
LAY TSR, R JEHE . AR . B-IRIREINE . &
FEZEm (B MK, MEEHERRARAHA).
1.2 UFE5E%

ATY224 7 RECRFE 0.1 mg, EiS & TA
PR A]); HH-4 8 K 8 (18 BV IA S A5 FRA & );
FP3010 £ St PEHL (T I 23 ¥l ); DHG-9053 A f8 i T8
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JERTAL 2 45 BN 7 ); SpectraMax-M2 £ 3 g A4 ( 1626
B FALESAT PR T]); H1750R 6 2 3 B O AL OB
IERA R W
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1.3.1  4tb &40 W B AR R 49 H) &

FRAR N AL P LUERE L 1:1.5 (gmL)mA4lik
Je S FERL T8 50 GO AT 0K, #6021 A ST 3R I BE AR A
95°ClHIR AR PZE4 0.5 h FRHEEE, #HRKE
FIFG . BRI . ZAE AN, P R
XTI AR SRR (R D) XS AL AR 4 h, V5K
J&, VKIS HRIRER 95°C, K 15 min, XHI, FB.O
HLEL 10000 r/min, 49°CHYZHFES.0> 10 min, WEE W, 15
F| S o E AR, 4°CTF 25 .

*1 EQHBEBEEM

Table 1 Enzymatic conditions of proteases

A L
E

R EE/PC pH

U R 1Tl 55 7.0
P 1 55 9.0
EEEAN 55 7.0
PR T 55 7.0
JoR AR 1 il 37 7.0

1.3.2  JKAREME

KA E BRI 5 SR OPA 125, Ay ¥k 22 5 s )
BT Rk 4% 160 mg OPA % T- 4 mL Jo/k L FEHh,
Hi145 . OPA-Z. WL, 4 OPA-Z TN 176 mg DTT %%
TE 7.620 g MIESFI 200 mg SDS B HI A 150 mL i,
IS 2 200 mL 132 OPA R, s GARAF4 F BL 400 pL
SHMAEHTES 3 mL OPA il{FIRA), B8 2 min J5, #
340 nm A0 5 I Y BE(EL o FH IRIRE A O 10 2 22 SRR b o i
MIWOGEE, 25 SRR 68 T KO B R, B2 3

AT HARIREE BT E A (OFR:
DH=/hyo, x 100%=(N-No)/C x 1/l x 100% (1)

K, DH ARRAKIBEE, %; h IR I5 B vi 8 2R 1Y
k22 BE /R B, mmol/g; CARFRIKWIEE AW ik, g/L;
N Ny FRF KRR B IR MR B, mmol/mL; AR 2244
FRARERT AT 3, Do AR 158 27K R BRI IR BRE 55 3t
2 {EHL 8.8 mmol/g!'™,
1.3.3  ARIMRLARAE AN

(1) DPPH H H1 2 A TH BRIG

SRR AR I ER IS . W RRZE 1 mL 4
MR A 1 mL 80%H IR & 14); 25 F4HH 1 mL
80% HI WM A 1 mL 0.1 mmol/L DPPH AR &145;
FEMEHEL | mL A0 A EF#EOINA 1 mL 0.1 mmol/L DPPH #
WIRE 5 % 3 AR NS T B AE 25°C F /R 1V 30 min, R
WA VA 4000 r/min B0 5 min, FEIMMEEEETE 517 nm

AEIE AW, H 80%H B RIAE, A 3 4F
17, DPPH H i EFRRITE AKX Q)FR:
S1=1—A2A%A0x100% )

1

A, §, L3k DPPH A HEEERE, %; 4o 3% IRA AR
SR, A, RS OARNBOERE; 4, RS ANTE
JEH

(2)¥% A 7 B R

¥ A H I R AE DM R B eh S s ) R AT S
5. FHIF ST e BE A BUIR MR A BRI X B ¥ B 3Ly
BRI A 3) s

s2=1—ﬁx100% (3)

Ko, S, FER A B ETERRE, %; A4 URFEM MO
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JPTEARTE EI E AR  B T AR AR RE T I iR ]
ABTS #EFTIE . HAE R Trolox X3RN,

(4B J5 3 5

S2 TSP RIER G, K 2 mL #ERE:
LM ((pH 6.6)5 2.5 mL R IE 1.0%4k T AL BB
F% 1 mL S0 EHRalE N, B S S0°CKIR R
20 min, SN ZEHFRFRE AN, QkSEINA 2.5 mL B
WRER 10.0% M =R LRIFEW, IRSEE T &0 L
3000 r/min 0> 10 min, GO JE B 2.5 mL IHIMALR
IRFZRIRAIRS), AR 0.1% =54k 0.5 mL
FIS 10 min, FHEEM 0 EETHAE 700 nm 504
1.3.4 A& i ki fie s %5k

(DR

G B T AR VR AE A R I AR 0 390 1 15 50 ok 4 19
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PR T 200k, BE R TR INE 15% . Argmasm
7 0.6% . S-FRRHIAS A INR 0.3% . 23 BRI 0.06%,
L% 20 mL GORHARAE, PRI R BT 4350 0 i R
(5%. 10%. 15%. 20%. 25%). FFiE#R(0.2% . 0.4%. 0.6%.
0.8%. 1.0%). -FRRMIKE (0.1, 0.2, 0.3, 0.4, 0.5 mg/mL).
L HEFEZEW(0.02% ., 0.04%. 0.06%. 0.08%. 0.1%) 4 Fhis
TR 4 R R ) B BT BT R4 1 5

(IEAE =R

R Hh A 0 IR OB AR R 9230 45 R 1 4 IR 2 7K
Lo(3HIEASHLG, LA E St i IR ACRH A e T 25y - 5
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Table 2 Beverage formulation orthogonal factor levels

HZE
K CpHIK DT
AIBJGHE/%  BFPEERR/%
’ O MK (mg/mL) F %
1 5 0.4 0.3 0.06
2 10 0.6 0.4 0.08
3 15 0.8 0.5 0.10

1.3.5 RVEIRN

BEHL 20 2%l A BB EERE /N, ok ikl A5 At e R
PRI 4 AT EIEE, 49 GB 7101—2022
(ERZ2ERE OB PEEER, I Yk
PR, HE AR ORI bR, TR 3.

®3 EHBERRNBRERERE
Table 3 Thunnus peptide beverage sensory
evaluation standards

$5FR(100) PRI R 855
Iy s), KUEMIYZE 15~20
HYURES
205 FHYS), R4 UIRERI G2 8~14
AR A), KETTE RS2 0~7
HRGEER, JCRE A SRR 19~25
BN
R EER, BN 13~18
(2571) o
TJoifgtetng, PEMEE HA S 0~12

FURAN, FHvRIE o, IR RS E®  25~35
& PSR, FRIRIR o Im A, 4/ IsRA

(354 VLR R -
FUBCHLRE, FHOREM, BARARESIRE  0~13
IR H A 14~20
fiikes ) i
IRE L, S 7~13
(2047)
WA EIE G, AR 0~6

1.3.6 &6 & BRAKH & iR

XiF 4 M 0 2T R IR OB EA T BE Bl i BT AR ARl . R
B B E RIS GB 5009.5—2016 £ 44
FhrifE BREPERABAME ). GB 5009.124—2016 & &
LAEEFhE &5 PSRRI E Y I T, B & =
H4l GB 5009.6—2016 { &L e FEEbrE IR
R ) AT AE; K& R RIS GB 5009.4—2016 { & fh %
A FARME B TPORAINE ) HEF TN, SR PR ARAR
#% GB 7101—2015 ( & L2 EZARE OB ) Fiy skl
FHE .
14 HIELIE

RSP T 3 WEE, 45 R EAR R 2R
No ORGSR Excel 2019 #EAT4HT4L3E, R SPSS
Statistics 23 XA HEAT WML T, P>0.05 FREH BE
5, P<0.05 £ A B 25, (i Origin 2019 JF1 T2 .
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2.1 ZEBENITIE

5 FE O ROK SR ILE 1, ARIE O
Tif e A E 2T PR (R K A 22 5 0 3, AR 2 1 R A 7K A
B, A 16.73%, FLUOER R (BRI B U, A
A 13.25%  11.17%, KURER 1 B0 7K B i A 8.13%.
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Fig.1 Effects of different proteases on the hydrolysis degree of
Thunnus dark meat enzymatic hydrolysates
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T ERE SR, SRR, S LT BRI —
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Fig.2 In vitro antioxidant activity of Thunnus dark meat enzymatic hydrolysates
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BRAORE B IR T P43 B 0 TR I A s, 20
HnJE BRI S . EIRTERRRINE N 10%E, BYE T
IR F R, h 82.4 4, BVERUREAF. FEAMIHh, &
TR P 8 2 ORI R (1 RS R R, M SRR I
I AP, ERECIR, BRUORE TG Y Ak S b
PR I B, JREAORE 8 3 348 T 3 BOTORE 1 J8ORY R TR R,
AN 2 (0038 SO 2 S IR e ARG 15 o [, 7638 OB
TINEA 10%EPORLER RS B, iR .
232 FPREBATRAR T YA

Py A TR 2 — 55 R 1k VS D, 3 24 AT LS
YORHABR, RE M — i PEIR, $RFHUORE DR, AT IR
Wit 2, Ry pH & & A A8k, DTS i B0k
Fase tEPY, FefBfEry i el BE S R P AR e . ik
YORHEE PR3 BB PR BR 2 M A3 N, 2 5T 05 R AY
B UHEREINE A 0.6%, JREEMEX B 5,
N 78.5 4r, Attt IRORE KU SR AE . AkSe g e,
FLBE VT B AR B O st 44 i IR ORE LA B 8 Y R VL
B R, 0.6% T RR I R A U N
233 B-IRRMAE AR 69 %R

B-IARMIAE HA AL SR VR, P SBRAE MR .
R RRORH B TS B B- IR 8 i (4 346 i
B, 24 B-MRRMIAE AN AN, St ROkl R
I A EAH MR, Y IRRBIR AN 0.5 mg/mL i,
TIPS T B, N 82.1 4%, HEZRE N -
FEACE] T LR | SRR AR, IR ORI R 3T XU
A GB 2760—2014 1§ &4 FE K bRt £ S iRl
FAARUE) |, B-FRRMIRS 2R (8 PR R B 55 0.5 mg/mL,
LEAIRE AT, B-IROMIRS 7R RORE T g A VR i
0.5 mg/mL,
234 T EFBIARABE G H A

CIEF L E—Fh e 4 | RS | SUR B ARk
Rl CHEZZFMITYE p-IRRBIR KD RIER, Wik
YORH A, 50385 40 R ORI XU . IRPRCRE ) B B 1T

R

OYBEE A ZF U B 2, Bk ETHE TR A,

M IEE RIS N 0.08%, BE M E k) K,
7 86.6 41, VLHT KRR AR IR I HA —EMER; M2
HIZEMRME KT 0.08%0F, PEBRYE 2 558 2Emy o8
o, FAAL, LR T S AR OR IR, L, 23
F IR N BEPE 0.08% KH. .
24 EHEEBKIREL S ERZ LR

2 4 AT, SR G P AR IR ORI E T R Y
R EWINT R A>C>B>D, BIiE [T EE 5 BT
B, TR B R SRR iz R 32 2 R s 7],

=]
H

X

H
H

5 F

DO B S I 23 5  ORER R BRR, 1d 2 80 D s ins
TR 2 SRR AR SR ) - MRS R B E,
HIFHETET B-PRR MRS HAA SRR 1) o F 25 REIS A0 45/ Noy
FHERPERERY DY, 35 Y AN RT DL R AR HE 6 St fa
T DA 1 IR R 400 S5 A R A Tl i 22 S 7 2 1) LAt A2 P 4
BRI E R R, L3 W05 /N . AR IE 38 58
Wi B A A AL, B 4,B,C3D,, T & {553 Hr 7
PN AEH G N A.B,C3D5. 8 3 X W AP BL 7 $E 4T I LE,
A>,B,CiDy HA TR ETESY (86.3) 5 T A2B,C3D3 4H A HYIRE
TE43(80.9), Ji IR B8R 2 3L 32 2F B A Ry VS 5 LG 3 &
FRRAFE P, (84 25622 2R U IR 0.1%H0), 446
i RYCRAR B AREF R DA E %, B0 T AR B
USRS . DRI $E 4,B,C5D A& EAE Tl %, Bk
BE7 e AN 10%, FrEEmRIsinie 0.6%, S-FRik
WIS AN 0.5 mg/mL, ZIEZE ZEBHRANE 0.06%.

R4 EXIUERRBIEDH
Table 4 Orthogonal test results and data analysis

S

IS

A% B/% C/mg/mL DI% 134

1 1 1 1 1 447

2 1 2 2 2 514

3 1 3 3 3 552

4 2 1 2 3 79.9

5 2 2 3 1 86.3

6 2 3 1 2 742

7 3 1 3 2 52.1

8 3 2 1 3 489

9 3 3 2 1 415
K, 15130  176.70 167.80 172.50
K, 240.40  186.60 172.80 177.70
Ks 142,50 170.90 193.60 184.00
k 5043 58.90 55.93 57.50
ks 80.13  62.20 57.60 59.23
ks 4750 5697 64.53 61.33
e 22 32.63 523 8.60 3.83

It A, B, Cs D;

25 eaRKIRBRERS T

DUIRARTC Ty R E Y A fa IR ORE A S X 42, 43 #r
B AL AEIAE 3 MRS, BB ITAE RN 5 PR
EHRAKYEEBEIRE G, OFEE, T, ik
5402, TRWRARIR SR, TR, FE T, T
TR R IR P R R S 5.1 /100 mL . SRS
1R 10 g/100 mL . JEAG & HEM 0.036 g/100 mL, K4 F it
0.17 g/100 mL; ok i B 75 B 80 20 CFU/mL,
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KB HBE<0.5 CFU/mL, Y1) FC R Fl 4 5 (0 8 2 Bk 34
KK, BALIER S MY SS B R R GB
7101—2015,

x5 eRBERIBRERSTER
Table 5 Thunnus peptide drink quality analysis results

5 EsA 5 45 5 P R B
1 EHEE®E 5.1 /100 mL -
2 SR 10 g/100 mL -
3 JEWi & 0.036 g/100 mL -
4 KAER 017 g/100 mL -
5 & ML 20 CFU/mL 100 CFU/mL
6 KIGwife <0.5 CFU/mL 1 CFU/mL
7 I TRTE A REFHG
é%f; U e i

TE: -RIR IO

SRR LR A AN 3R 6 iR, Atk
PR IERE Y 16 FIEZERR, BAFEIR S EH 5.264 g/100 g,
T FE R I R & bR, M 0.553 g/100 g, HIRAE
HIRAEHN 0.508 /100 g, BRI A fAE N LTHHE
FERR AN E ) AR, B R R AR R E A AT 2
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