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AIRECEXEEEEHEY 1 ku EBIBHTRY
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W, R,

AW,

(T ARMEFER A R 2BE, TR HET 524025)

WE: AR ARG LEOBEMY 1 ku BRA2EINARE ) . BHEFRES AR

HDBENTAR T W RE, AT 1 ku AR A 00— R A

BERARE LT ELMN,

A —F B b KA KBRS KL RET, LkuBEASEEE HE,
#E1 B Fn DPPH # 4 69 9% P 0% M I IR J 09 3% A 77 39 5%, 1Cs0 2051 4 1.38, 0.73 5 0.93
mg/mL, ¥R A A BOR A 3 e T B ok, FEIRJE S 125 mg/mL By 0.763; KA 4R E R
HE 30 mg/kg 1 ku # R4 LR 42 d, D-F AR /D BT AL S o A A (LA B 1 B
(SOD) V& P | JF 41 24 fm it v B9 24 Bt Ik 3t 4 b 4 B (GSH-Px) v 1t B % 2 7 (P<0.05), /& 7
ZEH(MDA) & E B #F 1K (P<0.01); B oM &R E R, LkuiRA(THEINEAEREEN
96.40%, i i 0.11%, &% 4.86%, HiAKMEZ FE & 2 L# & 21 35.8%, Eh4AL) s FEE

1802~2 519 u Fr 422~922 u,

KER: KReme,; &k BEY, MK HANKERE

FE 4K S: TS 254.1

FARPUAACIK B Bt i Bt S8 Ak 8 M S AR
4k, R . B 2GRV Flk p 2R 0
P, AR R [ N M ST BT . AR H
A P2 00 T R A 2 7% o K™ i DA B 7= o
T AR R AR A AR K, ARz
RIS, Jia 20 PP fe v IR 21 BLAT AR A f PR A
W A I R R AE T OB IK, VRDRBE 2P
it K fife fie £ A A 312 A Pl R PR R AR LA AL
JIK, Jun 25T B o5 0T R L BT e S A —
SRR AR RIPT AR TE AR = 2 K X A
IR T K AR R S R RR T T .
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FOEESK, 77 it R BN H AFIGSE T 7Em 15
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W Z R A YIEEY . BETE b, KR <
fe £ Sk 3 B T RS 63.3%, 2 RAFRYE
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1 MBS HE
1.1 #HEERHA

KHR 44 f4 (Thunnus obesus) k| 43) ik
il A A RS WAL Alcalase 2.4 L(2.4 AU/g)
W A A A AL BRSO R L A
JL(DPPH) . #IJIk/i#F(6500 u). FF#iik(1450 u). L-
i% 24 12 (181 u) 25 [ Sigma 23wl 8 ALY 1k i
(SOD) i J7 i 72 a5 &% . A e T K 2k 4 Ak 4 iy
(GSH-Px) i Jyil s ik &5 . 79 [ (MDA) 7% &l
RE ) 6 K 2 T 7 N 3 ) G 0 e e A
FHA R W] D-2FFL0E, 3EE MBCHEM 2 F) 4
7T RBAERR A B AR e . HAhaR 3
Mrali

SPFZ KM /NER 40 H, Mk, W ABTHA BT
22~29 9. M ARE BRSO, T
AR5 0076537,
1.2 FENHEER

CR22G i k& O HL(H A Hitachi 24 F]),
UV-2102 285bh-1] WA 0GR TH( Bt R BH AR
J7), FDU-1100 & R TR HL(H A4 st BRAK & ik
x 2r#k), Mini pellicon &y #% 5 Bt {0 (3%
Minipore ZA¥]),
1.3 £RELEAHRY L kuBERASHH &

S CHR[6]M /%, R Alcalase 2.4L Jifjfif
Stk RS EARRY), REHKUGE
TN 8.5, 3. 1 ku BYMEIER, 53] 1ku
HPELL Sy, LLUFRIAR THPH-1, ARk TR
THPH-1 T — e alt 5343t Ko/ INER o8 7 S .
1.4 THPH-1 BB SRS

—MEDMWE Koy EHEETHEA(GBT5009.
3-2010); JK43: 550 ‘C 1%k (GB 5009.4-2010); &
FBT: 2 Bl E AU (GB/T 5009.5-2010); fig
;2 FC 9% (GB/T 5009.6-2003).

THPH-1 WREBEAR 5 22 6 mol/L
HCI /Kfifm, R H 7 835-50 AU & SR
AT 17 FhEIER & S o 5 BURE b 48 5 mol/L
NaOH 7K fi#, [RIFLINE (0 2R & it o

THPH-1 WD TES gy F AR
Sephadex G-25(1.6 cmx72 cm)Z» e, LLz&18 K
VERPERER, Vet A 0.8 mL/min, 4FRAniE
At AT KT | FF R ORT L 2R, AR H 0 ] AR

I3 i KN R o F- B AR L e [al )5 5 78y
Lg Mr=—0.0097x+4.7107(R?=0.9968), £\ 143+
SRR A LR LT R AR v i 2ok 15 .
15 THPH-1BiE/E S

%2 Oyaizu® )57 % 2 mL FESINE] 2 mL
0.2 mol/L W& Eh %% v (pH=6.6)F1 2 mL 1%7)
BRAAIE R IR A W . BHIRA, REY
#£ 50 ‘CARIE 20 min, R 7E R N IR A i A
2 mL 10%(1) TCA, 1&4 5 LA 3000 r/min .0 10
min, B EIE% 2 mL 5 2 mL 28487k A 2 0.4 mL
0.1% b AE A ROV, 10 min J5 il 5 HiAe
700 nm b AW GIE
1.6 THPH-1xEEBBRENFREE

K Fenton {4 22 945
1.7 THPH-1 X B EREFEBRERNBRIESE

SR AR A = B [ 4 Ak A 2R 000
1.8 THPH-1 %t DPPH B B EHEREM

%% Shimada 2™ 3, ¥ 1.5 mL ARl
JERE SR ASNE] 1.5 mL £ 0.1 mmol/L DPPH (¥
BN LI, HRiFHIRS), TE% M T & 30 min,
SRIGTEP K 517 nm ABAGI  TH RN

15 BR 2 (%) =[(Ac—Ai)/Ac]x100
A, Ac o 1.5 mL DPPH &N L 1.5 mL Z&1%

JKAE 517 nm Ab B WE SG{E
A~ 1.5 mL FE 5RO 1.5 mL DPPH %%
1E 517 nm Ak iz AR

1.9 THPH-1 X} D-#ZHEE=E/NRATREF MF
SOD, GSH-Px i&#1 MDA & 2#)#

40 HEre/NUBEHL I 4 21, FE41 10 H
O RRZH B H 308 30 KR G AR R K — K,
AR HH D-2PRLE IR 400 mo/kg 45 & 50
[R5 S E - eV S 0 - A [ /2 P25 =11 £ 391
4% 0.2 mL/10g {455 H 120 A1 30 mg /kg 1)
THPH-1, IF & X FE 2H 1o 2250 50 20 v il 55 et 1) A
PRERIK, MLk 42d. RIRGZYIG, 1520858 1d, fil
BRORBRECI, 4325 My, SR 5 sk B Ik F
IR VKA TR AE RN . SOD . GSH-Px i 1 #11 MDA
Tt e BN G Ul B O A TR, R A
K 2% 5y s VR 5 o
1.10 #HiEAIE

4555 1 mean + SD %7 . K] SPSS 13.0 i
XPEAE AT R Ty 20 T I 2 . 255 B

o5 o
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JK3E R P<0.05, g & 7Kk P<0.01,
2 ZER5ihHe
2.1 THPH-1 py3R{k 4R

— R X THPH-1 A9— A b4 743
Mr@E 1), mZFEalH, THPH-1 MEARS ERE,
THiTH 96.40%, JENI S EAUN 0.11%, KAFE
4 4.86%.

%=1 THPH-1 B9—fRRRS

Tab.1 Common nutrition component of THPH-1

D% %
component content
HEHF  crude protein 88.02+0.29
K4 moisture 8.69+0.01
MR  crude fat 0.10+0.01
K4y ash 4.44+0.01
SEBRAK TR o i 45 R B

THPH-1 HriiiE B8 23 & it i 8.07%, RRIEf77E
) 2 B o 24 HE PR S Y 91.93%, UiH] THPH-1
FEMKAMRER 2), £BZHERT, Glu, Gly,
Ala. Lys fil Leu &fEfm, Gk EEm (Pro.
Ala, Val, lle. Leu. Tyr. Phe, Trp)& 1k 35.8%,

#2 THPH-1MEERERMENESSE
Tab. 2 Composition and relative content of

amino acid of THPH-1 %
AHER Ui e HE R R
amino acid free amino acid total amino acid
KIVZHR Asp 2.38 7.95
Jha R Thr 4.48 4.22
2253 R Ser 3.58 3.49
A Glu 8.66 14.46
%4 Pro 0.15 3.98
H2 M Gly 3.13 8.67
MR Ala 9.55 8.43
a2 Cys 5.82 /
R Val 11.04 5.30
F iR Met 5.22 3.98
S5E R e 6.57 4.34
S Leu 5.37 8.19
it 24 2 Tyr 0.30 3.37
HRINHM Phe 0.45 458
#1542 Lys 1.79 8.31
415 His 26.87 3.86
K4 Arg 2.54 6.63
{624 Trp 1.04 0.75

THPH-1 MWD FED R &0 KB EX 2
EEBHENBEREN THPH-1 % Sephadex
G-25 B ik 43 B A5 3 U (18] 1), 2k 3 T,
1% 1 A T4 7E 1 802~2 519 u, #Ji 15.8%; W4 11
TN T 422~922 u, 2915 36.8%; WEIISr¥
FHE 152~422 u, i 47.4%; WIV Al fE & —Su e i
AR WRERTT 3 N4y, LS WR AR I 454
IYHIRIE A LT, A 1Cs. HiF 3 Al I,
ANTR) 5350 1 45 2L 4 X FR 3 B Pl 1 3 B T 1 A
], 5 THPH-1 AHEL, 04 T Fnig X338 At JE
BRig A B 0 AT ids, H 1Cs A
0.527 mg/mL, F&FEH i IEIERRTE RS T 61.8%,
X AT B T S TR R SR I TTTTG P4 AIR,
HED AT R 5 A A B R 2 A K

20

11

04+
L
U L 1 1 L L 5
42 84 126 168 210 252 294 336 278 420
PEIRIE] / min - elution time

1 THPH-1 BRI G-25 HBEE
Fig. 1 Sephadex G-25 size-exclusion chromatography
of THPH-1

MEWFRC KI BRI 2 SRR A B . AH
X o F B PR TR A — B AR Hsu 4501
MR T B4 8] 3 A E % Glu, Ala, Asp
PIBTAATE PERR, AEXT 45T i R 437k 584,938
11305 u., Mendis 28\ £ f7 Hr 43 B i B 4L AR K
His-Gly-Pro-Leu-Gly-Pro-Leu(797 u), Hgi /KM%
SR IR R o AT IR 2 A B £ 2 11 v 43 s
KM IR b7 B A SRR L 50% BT ALK,
HAHR > T Bl 966.3 u, ABFFEAE R ER 1 ku
B A S B s 96.40%(T2E), AR
1k 91.93%, Glu. Gly. Ala, Lys fl Leu &5,
H & &Gk 2R . I REEEI G-25 A1 24
REIR, THPH-1 BYARXS /3 FHE7E 2 520 u LLF, i
P 4 A B 4> TR E 1802~2 519 U, 422~ 922 U,
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Tab. 3 The MW distribution of THPH-1 and 1Cs, of Hydroxyl radical scavenging activity
of gel chromatography fractions

@y £ 53 L 111% Gyl FEIE IR TE 1Cso/(mg/mL)
fractions ratio molecular weight 1C5o of Hydroxyl radical scavenging activity
I 15.8 2519~1802 0.929
I 36.8 922~422 0.527
I 47.4 422~154 1.65
THPH-1 — — 1.38

2.2 THPH-189iER A

T, YeiERae 1 5hiALhe
T 5L TE A SR iy 2 e A 0 4 SRR R
i 3F A A T ) R T R R S R A A R ROKE
Fe*ifJ5 ol Fe* Bl I ARHII IS, 7E 700 nm AbAR
oL AR A A Ak AT LAAS A Fe? o By A8 (1M 7
T 169 38 T 5 I (B KN 56, RO (B A KA
JEbEE . I 2 Af 0L, THPH-1 AYif R 1Bl &
F e RE 38 I 3 K, AR B R R (R=
0.9973), 7EEMHWE R 5 mg/mL B, )5 TN
0.313, 5[]k B 440 0 Sk B FI BRI A 1L, I8 D
71 0.437VG i R, ARSI gy Rt fa N
fitf# % . Klompong M58 4 421 Alcalase
T ) 3 B AT sk, 35 BRK g B Y as I
B X GASLIGSE AL, [HIE, Moure 250 I7E A
9% K 05 Tl A R D 4 o PR B SR A PR B R BRIK
Boblie, HAR)5 58 . Klompong ZEM8IF 5t 4
E2 () Flavourzyme B YIARIE Tt 1530 7K B
XA TCe A5 3 o DRI, 85 PR AR 40 1 30 i
Ty | RBEC A LR R R e
121
10 F
08

0.6

absorbance

04r

WS AR 7 (700nm)

02F

0k . . . . . .

)0 25 5.0 7.5 10 12.5 15
e /(mg/mL) concentration

2 THPH-1HEES

Fig. 2 Reducing power of THPH-1

23 THPH-1WBEHEBRIEMHE
THPH-1 Xf#£5E A i3 . #%BH &+ f1 DPPH
A LT RIS PE L3R 4, 45 0T I, THPH-1 X%

LA, BEME TR DPPH A H LA FRR
Yot 2 1 o B R B T B, ELA A 2R ¢
Z, FEZRB N 0.9697, 0.9886 J% 0.9995. X
5 S SRR 45 SR — 2202 Gt g Sk 2K
Ytk g L . WA E TR DPPH B s
BRZH 1Cs 43510 2.84 | 1.20, 1.34 mg/mL,
THPH-1 |43 %1% 1.38. 0.73 5 0.93 mg/mL,
THPH-1 X} 3 Fl [ 1 L8 bR IG5 & TR & g
(AR, b DL L B vl B3 R T 4 v 4
JER K, 1k 51.4%, BB THPH-1 &4 T l#Y
BT AR AL TE PR R o IR S0 2 A 43 B Sl AR E PE IR A
MFB, H#E 2 9250 UE 52K 2 50T A A0 R ) A X
ST/ 3 kuo Kim ZE225% 51t B 402 1 il
ff i 1~3 ku A REIELL 431 B R SEIE BR TS M,
FEHR R 0.5 mg/mL B, Xf¥23E [ H1 55 DPPH H
LI bR %R 84.93% 5 83.39%, 7EVKE R 1.0
mg/mL B X B 2 B i IETERR R 28.97%;
AT 18 R 23 5 ] K 0 B2 e DR U RK P 1 ku
1530 A BT BRIE M s s, X R [ SRR
DPPH [ i B35 B % A 1Cs N 0.373 5 2.4837
mg/mL, 7EHREE 4 50 mg/mL i X 1 H
FLE RN 53.79%.
2.4 THPH-1 3} D-¥Z#E8 =& /NRAFHELF M
i5& SOD. GSH-PX i& 4% MDA 22/
RERIZH /N U421 SOD 1 145 1F 3 %) B 40
I B FEAR(P<0.05); SHEEAIZHAH ML, . k5
/N L SOD fltETm, HoErlmas
25 5 (P<0.05) (% 5). AL /N ZHE!
GSH-Px JEHPEREAR, 5H1EH X AH LA W% 225
(P<0.05); . fKHIEA/NEUFA L GSH-Px I
P % TR ZH (P<0.05) . 5 1F 5 % BEZHAH 1,
BRI | AR BUF4L 2% MDA f 53
BEAL, (HARAT B2 I, #EH THPH-1
AR R DRI S /N R A2
SOD %15 GSH-Py ifit: .

http: //www.scxuebao.cn
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&4 THPH-1WREBMRE. BFMBEF. DPPH BHEBRE
Tab. 4 Scavenging effect of THPH-1 on hydroxyl/superoxide/1,1-diphenyl-2-pycrylhydrazyl (DPPH) radical

YA 1 /= [ =
i% H EEO% — ﬁj‘“mﬁjﬁ DPPH [ phi 57
concentration hydroxyl radical concentration superoxide anion concentration DPPH scaveng-
scavenging activ- scavenging ac- . av
) 2 ing activity
ity tivity
0.5 10.73£0.72 0.1 21.54+0.76 0.25 18.13+0.07
1.0 15.87+0.92 0.5 37.47+0.67 0.5 29.19+0.26
1.5 40.73+0.88 1.0 48.15+0.23 0.75 40.93+0.47
2.0 60.22+0.43 1.5 59.65+0.48 1.0 51.90+0.22
2.5 72.03+0.36 2.0 77.34£0.42 1.25 62.17+0.59

#=5 THPH-1 /MR AFLEL SOD. GSH-Py SEMEF MDA & 2 /Y2201 (n=10)
Tab.5 Effects of THPH-1 on SOD,GSH-Px and MDA in liver of mice

2051 SOD i 71/(U/mg prot) GSH-Py i 71/(U/mg prot) MDA % &/(nmol/mg prot)
group SOD activity GSH-Py activity MDA content
1E X R4 control 128.6+13.2° 0.93+0.17? 1.54+0.24
TERIRIZ aged model 112.9+10.2° 0.77+0.09° 1.48+0.33
4 high dose 116.7+£13.6® 0.90+0.013" 1.43+0.24
IG5 &2 low dose 129.1+12.1¢ 0.89+0.08* 1.37+0.19

e RE_EARING FREFOR 22 57 8 3 (P<0.05), AR _EFRKE TR 22 50 B 2 (P<0.01),
Notes: Column values with different lower_case indicate significant difference (P<0. 05), values with different capital indicate significant

difference (P<0.01).

H e 6 W, BERIAL . L IR AN Bt i
Hh SOD i P34 FE 1E 7 % IR 2 8 2% T (P<0.05), H:
Hh e R S A A I 25 57 (P<0.01) . AERLZH /N BRI
THH GSH - Px TEPEREAL, 55 EH X B A LA 2
7% 5 (P<0.05), = IR i 2H /N BRIl 3 GSH-Px
TG PR L TR A4 (P<0.05), Horb sl 4 A Wy
#2257 (P<0.01). FHAIA/NR I MDA it
FLIEF X IARIAC, HRREES, & KR =
/NI MDA 5 it % B IR AR R 2H (P<0.01)
FIE % X HEZH (P<0.01), AT, #EH THPH-1 n] LA
RS D-FIA S /NI ) GSH-Px
TR, B FEARINTE Y MDA &,

SOD & —FAAE T4 h P A Ak ilg, &
FIE i B3 1R P % ook 4504k 1 FER SR B 5 - 1 fR 3
AT X A 0 I 0 L A ] s A A 8345, X LR £
AAL SRR RS EEAER], ERE S
RIS e T HLAATE B 4 F f 21968 1 . GSH-Px
S Bl UK DY — R B 0 i b A SRR ) A 1
I R A A AL ) AR A e AR AR 845 1
YERT, BRI S LA 32 380 S8 Ab 0L 3 Ao gl 2 ke A v

Ak, T AT AR SR Wb A RE ) I B8 A
MDA Z—Fifig it ik, wl a4 i we th ML N
(BB T 3k SR A K- o D= ZLBE 5 5 350 2 /) U 7Y
PR EG 3 ) B R £ T I i T AR R 4
Wk RS SR, D-2 RIS, B
PTG, FT0E T S Tt I M ™
A S HBRA PR, B SRR . AR &
PUHEE THPH-1(120. 30 mg/kg A Fitd)iks: 42 d
Jii, D-FFUMHA S5/ NRUMLTE i) MDA F i %
IR TFHEAIZ (P<0.01), FFLHLIANMKER GSH-PX 1%
PEYY e T4 (P<0.05), H GSH-Px & HEMK
R I H X IRZH K, #EH 30mg /kg 4/
JHZHZ 1 SOD i 2 i T8 A1 4H (P<0.05) . 1 W1 1
THPH-1, B AR 1E A F 3% 4 2288 5 A9 AL A
AR R REIR, A SO B A P HER B 2, i
RN A IR IR RN IIRES TR, BT
THPH-1 (A ARG . ARk 5 il fa e
2 5 R 1 K SR R T SR AT PR, At UE S A AR S
HAT R R A B 7 5 B Pl R R 2
2 ku #BUELL Sy, FTLMES D-2fRdA 8o/
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36 &

UM T K2 2 ik SOD 1 GSH-Px 193& J1, &A%

MDA &t
%6 THPH-1xl/MRINE SOD. GSH-Py 5EMFI MDA & 2 HISME(n=10)
Tab. 6 Effects of THPH-1 on SOD, GSH-Px and MDA in serum of mice

21 51 SOD i J1/ (U/mg prot) GSH-Py iifi 71/(U/mg prot) MDA & /(nmol/L)
group SOD activity GSH-Px activity MDA content
IE# % R4 control 127.2+18.3" 12.7+3.6° 5.40£1.15"
BRI aged model 145.9+19.0° 9.9£2,0% 5.14+0.60°*
Fi 4 high dose 150.3+14.4 14.5+3.8% 3.8620.74"®
fICF) 40 low dose 152.6+22.0° 15.1+4.6° 4.06+0.61"®

T AR EARNG T EERoR 22 57 B35 (P<0.05), AR EAR KRS 7 B3R 22 Al B 3% (P<0.01).
Notes: Column values with different lower_case indicate significant difference (P<0. 05), values with different capital indicate significant

difference (P<0.01).

3 e

KHR 446 0 S 28 IR 1 ku @ BRZH AR Sh
HA—@ 05y, XA H I a7
DPPH [ A7 87 iV PR s M RN B 42
D-FBHA S/ NRITFH S SOD fhtE, 8%
PR RN 1 GSH-Py 1G1E, 5 8 WA 1L 17
) MDA & . 1 ku #4430 86 (1 & e T
ik 96.40%, Rk HEGA 91.93%, & & 5PrAfbintt:
AR, AW R4 5. il 1 ku
BV L 4 A T KR A £ 3k 2R 1 AR 00 Hh Bt
AAIK, A EE— 2P 4 B Al A0 A5 20 1 M T A R
—Hr AR

S 230k
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Antioxidant activity and physicochemical properties of 1 ku fraction
by ultrafiltration of bigeye tuna (Thunnus obesus) head protein hydrolysate

YANG Ping, KE Hong-giao, ZHANG Chao-hua’, HONG Peng-zhi
(College of Food Science & Technology, Guangdong Ocean University, Zhanjiang 524025, China)

Abstract: To produce bioactive peptides from the by-products of fish processing, bigeye tuna (Thunnus
obesus) head was hydrolyzed by alcalase, and the tuna head protein hydrolysate (THPH) was fractionated
through ultrafiltration membranes with a range of molecular weight cutoffs (MWCO) of 8, 5, 3 and 1 ku,
respectively, to yield the fraction THPH-1 with MW distribution<1 ku. The antioxidant activities of
THPH-1were evaluated using reducing power, free radical scavenging and aged model mice induced by
D-galactose. The physicochemical properties of THPH-1 were analysed also. THPH-1 showed evident
radical scavenging activity in a dose-dependent manner with the 1Csq values for hydroxyl radical, superox-
ide radical and 1,1-diphenyl-2-pycrylhydrazyl (DPPH) radical being 1.38, 0.73 and 0.93 mg/mL respec-
tively. The reducing power of THPH-1 was 0.763 at 12.5 mg /mL. The activities of superoxide dismutase
(SOD) of liver and the activities of glutathione peroxidase (GSH-Px) of liver and serum in aged model
mice were significantly increased (P<0.05) compared with that of the normal control group mice after 42
days administrated orally at a dose of 30 mg/kg THPH-1, and the content of malondialdehyde (MDA) of
serum in aged model mice was significantly decreased (P<0.01).The physicochemical properties showed
that THPH-1contained 96.40% of protein(on dry basis), 0.11% of fat and 4.86% of ash. The total hydro-
phobic amino acids content of THPH-1was 35.8% of the total amino acids content. The molecular weight
distribution of the higher activity fractions of THPH-1were located at 1 802-2 519 u and 422-922 u.These
results indicate that THPH-1from tuna head hydrolysate would be very fairly helpful in the preparation of
antioxidative peptides and a beneficial ingredient for functional food.
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