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W OE: BRI BB AK, DLiE BT A E Ve S A i IR AT KBSy o ik SRAIBENG . AR
VRS T Bl o5 ma ik B AR I ALK, LA DPPH A i ZETEBR 3 . ABTS H HiSE0EBRE . HLA LA T 985 3 ML
F AL FE R B S ALY I3 1k B (superoxide dismutase, SOD)., i AL & M (catalase, CAT){ 1 2 /NEENE S8 45 AT
rdabr, Pk P AT P I AT i rE B R IR 40 35T G-25 B Z T AR B B Ak T 1 o g 17 T A
P oA 4B alifh, JE— 3T o i 3R (electron paramagnetic resonance, EPR) 1 & Vet J5 45 04 1)
DPPH H HiLi5 R, 15300 RIS MR A m e IR P Bk 4L 5y . SR W b b, 1
i 3~10 KDa AYJKAY DPPH A i RT5 R0, 5(30.10£1.10)%, #FE/T < 3 KDa BB HBEIT KA ABTS
T bR BE 1 MPT A A8 BT, W 1Cso fH4(0.74+0.08) mg/mL ., A Ak A HFEW I RE /1 (oxygen radical absorbance
capacity, ORAC){H} 6.39+0.21; if it ffE 118 hR e, #ER 71 < 3 KDa (KA SOD i J Fl CAT i J) 5t
439k (45.740.13) U/mg F1(17.1£0.19) U/mg B 1T, X 4> T <3 KDa 1 3~10 KDa Yt B4R KA T
G-25 Zr i aifl ), WIE & 415019 DPPH A HIBEVERR A, AR 7014t 3~10 KDa 1 F2-2 WEIE BRI AF,
(51.55£1.54)%. &5 JLTF EPR Jy kil 43 71k 3~10 KDa HIRGH IR KA F2-2 41430 DPPH A 5%
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ABSTRACT: Objective To prepare antarctic krill antioxidant peptide and select the Antarctic krill peptide
components with the best antioxidant activity. Methods The antioxidant peptides of Antarctic krill were prepared

by means of degrease, enzymatic hydrolysis, and ultrafiltration. DPPH radical scavenging capacity, ABTS radical
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scavenging capacity, oxygen radical absorbance capacity, superoxide dismutase (SOD) activity and catalase (CAT)
activity were used as evaluation indicators to select Antarctic krill peptide components with the best antioxidant
activity. Based on G-25 gel chromatography, the Antarctic krill peptides were further separated and purified. The
DPPH free radical removal rate of the elution peaks was determined by using the electron paramagnetic resonance
(EPR) method, and the Antarctic krill antioxidant peptide component with the maximal antioxidant activity was
obtained. Results From the results of antioxidant indicators, the Antarctic krill peptides with the molecular weight
of 3-10 KDa peptide have the best DPPH radical scavenging capacity (30.10%=1.10%); the Antarctic krill peptides
with the molecular weight of <3 KDa have the best ABTS radical scavenging capacity (0.74 mg/mL+0.08 mg/mL)
and antioxidant index (6.394+0.21). From the results of enzymatic activity, the Antarctic krill peptides with the
molecular weight of <3 KDa produced higher SOD and CAT activity than other components. After the purification by
G-25 gel chromatography, the F2-2 peak of Antarctic krill peptides with the molecular weight of 3-10 KDa generated
the maximal DPPH radical scavenging capacity (51.5+1.54 %) measured by the EPR method. Conclusion Based on
the EPR method, the highest DPPH free radical scavenging capacity is derived from the F2-2 component of Antarctic

81

krill peptides with the molecular weight of 3-10 KDa.
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2.1 #RI5IE

ToK (Ll =99.7%, RETTE Fhdifb TA R
Fl); WHBE(AEEE =99.5%, KEniRHE R84 BRA F);
UK FR(LIE =99.5%) . Wi 0. BiE (=
99.0%, KT R EIRAF ), A ILHI(E & =96.0%,
RETTARW X K KAL), DPPHAMr4E, 35 Sigma
25 H)); HepG2( A SO A BRZ  F]); DMEM KigRdk | L-
A AT (R R BHE (h EDA R T, 10% 64 i3
(BT MR R A, TR R IR AW Mk
AW ARAT B B ), LA A A Tt i 3R
T 4T S I 2 X5 (R i AR ) RIS )
22 UEEERE

DF-1018 7K (LT TARALERA R ITEA FD); 1I-1
S 7 s L B0 R AR (N R AU AR T A PR A ]); PB-10
pH I FEZ R 22U A B A F]); SCIENTZ-10ND 2%
FREALCT BB 2 A DR By B2 |l ); CR22N 8
RS DHLCH S TALBR 2 4E); UV-5200 540 A] L6t
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(FEBR MR BHA B2 H]); Bruker EMXnano 520 EPR i
e b BHEA IRA D

23 XWHE
2.3.1 @A 6 AL 2

RPN 2 0, KBRS KE 5%
FRUFEFF, 100 °CF AN 5 min 5451, 78 14000 t/min 2
> 10 min, 7€ 50 °CHE BT P HET Z 5K E 2%~7%,
By 553 40 B BRI FIABENRRS
232 @RI A LG

1 FE AL BE LR B T ReAR T, A 3:1(m: V)R IE L e/
CEERA WG, R ARk 5 1E O be/ & BEIR G W K
LR 1:2(7:7), 50 °CHiFE 6 h, Bl FiFsw, BOldE, &
BOMA 3:1(m: VRIIE C e/ LB, 50 °CHiEHl 6 h, g,
FrAHUE S B AR T . MR TR 2] 60 H B RE MR AT
JIE# o
233 HMARTR R E N, Bafg

FRUL 31.45 g mtl AT AR ¥y FRedrrh, Ik 2Ky
BAMWEE R 2% 15 Wi = N 2000 mL, FHEZ 90 °C,
PR¥F 10 min, )54 26 AR AR PR, JRCA BERTE, H
1000 U/g JI4 26 1114 L A1) i) o AR AR S 1 8 PP i AR 2R, 1
B AT AR SO, VR AR SN pH 2 7.5, IR ER 37 °C,
JZ W 3 h; 90 °C7Kfiff 10 min, 1000 r/min B5.[> 20 min, ##5&,
WA FIE TR, A5 R AR B R
23.4 @M R 0 A

PR BEAREEAE Y, 3 1 mol/L E:FRVAMH pH % 7.0,
PEAT IR, K TAER 1 0.1~0.15 MPa, 153K |-
VO A Ao ) RS Vo O P B Y e TR DR IS R 1, s 18
T4, 13I8 31935 4>30, 10~30, 3~10, <3 kDa
B R AR T SR AR RS
2.3.5 DPPH A w13 A M6 A&

ST AIFREL 0.1 g 3 AN A A RAAR BEUFARAS, N 1 mL
Zli/KALAE 1| mg/mL BRI T 2 mL &.08 T, Ak
B 1.6, 0.8, 0.4, 0.2, 0.1 mg/mL HIEEM IR FREL
0.00237 g DPPH /il A 10 mL H EEEC AL DPPH ¥ I GRE G 14
18), EWT, m 96 FLAR A EEAFLH RN A 100 pL FEK
100 uL HEE K 100 uL DPPH i, FE4MR5T, #E5E 30 min,
F 515 nm AP ERE (4); 100 uL B K ERER, 1E s
FIXT R (A )0

DPPH A GRS 00 (1)
2.3.6 ABTS B Wi &R H Mz

FREL 0.1920 g ABTS [E{AHES, il 50 mL 4K,
i1 0.03311 g AR ERHNAC A ABTS 857, EIEAME 12h, F
734 nm AN, TUE (K F) 0.7+0.02 BF, [ 96 FLAR FFMA
50 pL FEMAT 100 pL ABTS 351, 734 nm Ab 0K 6 BE(E (4S),
HBAKAEZ H4L(AB),

. AB— AS
ABTS H L% R= o

2.3.7 A /54 (antioxidant capacity index, ORAC)

e

FREL 2.9 g SR A _4ME T 81 mL #B4li/k 5 0.296 g
PR — S T 19 mL BAUKIR-ARR 100 mL #FHBUS,
B 25 mL, R0 25 mL 8 4lK e o R £h 22 v i i
(phosphate buffer solution, PBS); #RHL 0.1883 g % HE
(fluorescein, FL)[E AL T 10 mL PBS AW ; FREL
2.712 g & 5] &7 (azo initiator, AAPH)E {AFE A T
25 mL PBS %W 19 96 FLARHINA 50 pL #fk . 150 mL
AAPH ¥ . 50 pL FL ¥ T REARACT M, A5 B BT
M, BIPEAR AAPH WO AR, 25 A Ak,
BAFLEES 2 min.

ORAC {E=[(AUCsampie=AUC g opi)/(AUCryg10x—

AUC, papn)]*(Trolox F¥E BE/FE i iy e i U1 ) A3)
Hep: AUC M ue e iR a4 T M AL, Sample 5 #: i,
+AAPH 8RNI INHTEALFIRFE 5, Trolox FEARMERS R
2.3.8 HepG2 #mftLiE &

FEAE 37 CCoRIE I R VA e 1) 2 G B &8 B 0V
TAHTEE B A0S 35 (DMEM 3532 56+ 10% 062 M35 +1%
HHERRIRA W1 %L-AAMN), 1215 1000 t/min Z54F
TEL S ming FF R, MA 4 mL 5350, WARBA
BRI, CEAE 37 °C, 5% _E LA FREE P T
.
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PBS Gz i vk 2 ¥k, SRS A | mL JBEEE, 00 A bk
BSR4 TIEAL S min. WAEEER)E, A5 U TS 09 40 M ST
BUINA 5 mL 582832l 1L TH Ak, SRER0RFT (o 4 il 4= 350
W%, BEREREELE P, 1000 r/min B0 5 min, FF
s A 6.5 mL SEAREEFR, WHL 15 uL AR kAT
AR, KT A AN AR S R R T TR AN A LR, AL
1.5 mL, 4% 1x1004L, Bfesm s Bk, s es
BT, 37 CCURLLRE T
2.3.9 A A B (superoxide dismutase, SOD)7# 7
M

K 1 E A B A R & AT I e, TR
550 nm AT E W
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2.3.10 it A AL A B (catalase, CAT)& /7 2

KM F AL E R & T E, T 240 nm A
S EE TN O EE (A (OD)

CAT% 7] 0D, | 2303
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i PRA R I 50 S 2 11 VR B (gprot/mL) 5)
Hdr: 0D, 4 240 nm AbZ IR G R

OD, J3 240 nm 4 1 min FHEOGHEE
2311 G-25 BREAE RS B itk

43 5L 20 mg/mL K B2 431t <3 kDa i iR B AR HT
FALBRI . 40 mg/mL #5843 T~ 3~10 KDa A9 Fd #R B R
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2.3.12 @ F IR A 3k 4k (electron paramagnetic resonance,
EPR)7 i M2 DPPH A &y k& k%
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12.3 mL B S 4N IR & 5B pHO.6. 0.1 mol/L
(9 PBS ¥ ¥; FREX 0.0039432 ¢ DPPH ¥ T 50 mL Z /¢
A% 200 pmol/L ) DPPH I . 4] 1.5 mL B0 AR I
A 100 pL PBS, 100 pL DPPH, 10 pL #:7(0.2 mg/mL), &
5], #EFE 30 min, 2000xg Z5F T L 10 min, B & WG
TR (Ao LA FRABHRES AX A 2)0

i A% -4
k=11

T

x100%
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HE L AT G RER, #4145 %F DPPH H H
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GRS, H(30.10£1.10)%; I H A B Sk 45 H7,
o B A H 3~10 kDa RS AL BE IR0 404k BB o
DPPH H H ZE 15 R AT -

32F —a=<3kDa

sl —*—3~10kDa
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TFBR /%
>
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B 1 AN Ay M AR IR T AR IR Y DPPH [ H BRI R
(n=3)
Fig.l DPPH radical scavenging capacity of Antarctic krill
antioxidant peptides with different molecular weights (n=3)
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Fig.2 ICsyvalue of Antarctic krill antioxidant peptides with
different molecular weights (n=3)

3.1.3 RERG » T & MBI 3 ALK 89 3 AL B
F8 Hon)

&l 3 AT DL 1.6 mg/mL WM, T AAPH fY
FEL Y ORAC H 1B 2 & TN I AAPH R fh( P<0.05 ); TG
WIE+AAPH iR J&-AAPH, #R/EH TN < 3 KDa KR
WBEAFHT S ALK ORAC 1B, 2r910 6.39+0.21,
5.14+0.01, RIZ4lsrmia ki e R k. Eda, b,
c. d #nF—FRAM TR ENZS . RETFLEHEFFAE
EEER

7z +1.6 mg/mL
E25 1.6 mg/mL

73 ¥ it /kDa

K3 OR[E B 4 s 1 p IR BRI T AL IR ORAC . (n=3)
Fig.3 ORAC values of Antarctic krill antioxidant peptides with
different molecular weights (n=3)
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3.2 ET HepG2 NEmMRBEIIEBRKARITE L
JETEIR R
32,1 RERE @ RBRIT L ALK 69 SOD & A &
HE 4 AT, FER BRI AL ARIR EE 5 pg/mL B,
BB 4> F K 3~10 KDa ¥ SOD if 1 K T /3 Fi <3
KDa 1Y SOD & J7; TIRKWEHy 10, 15, 20 pg/mL B,
B 7N <3 KDa [ SOD % KR F#E A T& 3~10
KDa ) SOD {if /5, Jf HUkJE# K, SOD i& K, 274
GHr, R4 T N < 3 KDa £ SOD I J1 554
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Control
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P 4 AN [R) i JBE A0 g AR AR TR 0 46 fL JIR B SOD 1 3 (n=3)
Fig.4 SOD activity of Antarctic krill antioxidant peptides with
different concentrations (n=3)

322 RRERESMBRTIRAINIRE CAT & /M E

th B S WAL, Bl R A R AR Ak RO B Y 3,
CAT & Jjtb b 4, I AR 2>+t < 3 KDa [#) CAT i
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Fig.5 CAT activity of Antarctic krill antioxidant peptides with
different concentrations (n=3)
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“Ak,

H1& 6 FI%1<3 KDa 43t i e B SR SR A0 IR 1 ok
JBE IS Fy Al 3 A, Forh s 3 A6 F1-1 i AR BH
B, WO K,
332 BB T EH 3~10 KDa MBI EMKYG 5 B
#ifk,

H1 & 7 AT 1 3~10 KDa 435 1 R e i iR 2 AR R 1
VRIS F2 A4 3 AW, 55 1 AN F2-1 RIS 2 i
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Fig.6 Elution of Antarctic krill antioxidant peptides with the
molecular weight of <3 KDa (n=3)
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Fig.7 Elution of Antarctic krill antioxidant peptides with the
molecular weight of 3-10 KDa (n=3)

333 A TFEPRFEMZE N B 4GS DPPH A &
At
M 8., 9 A, #EF N 3~10 KDa BYRI M AR



194 B dn 2 4 R R I A 4R

81

BUAAA RS B alifb J5 15 3 1Y F2-2 W40 43 1Y DPPH [ H 437
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Fig.8 DPPH radical scavenging capacity of each component
obtained by purification (n=3)
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Fig.9 Electron paramagnetic resonance spectra for each component
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