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( BBl A ) s BREE T PHS-3E (3R
ML ARAL 2 B 55 A R A W) 5 A a3 ot it
UV-2000 (b 538 By i AL S A BRSTAE A ) 52
H AL BILON-WXO08 (I i Lt B A 45 il 15 A BR 2
A ) 5 i Y (154 TBE20A/300B (1A [A] HH AR
WEARA R ) 5 R AR 351X Agilent 1260
(CZFERFHA R A ) ; SO RESOURCE RPC
(%[ GE),
1.2 LEHHE
1.2.1 Rt wEER IR 22 Ik il 25

TRV VR IR AR T T TR SR AR AR R, Y2 IR iR
TG G ARV VR TR A3 MR by o 23] e AR N
FT G e 1 R O TR A KA I, 7E B
IEIRBERT pH ZF R, FORHR BT B AR L 1010
(g/mL) i A 50 mmol/L Tris-Hel 2% i 7K 14 Bl fft
4 h, kA K 15 min, BLOICETEROS R
T T R T B AR B R SR B At e 85 1Y
W Ry S 3 K fp i o e A BV TR R o B S
FFH <1 kul ~3 ka3 ~5ku.5~10 ku I >
10 ku 5 M EFEEN Z K, £ H AU TR
S e AR B M 22 R A o
1.2.2 FtRBEIR IR0 2 BRI IR ST A AL S 50

PUBA BT RS 1 A H ARG R A RSk A v
B3 DPPH [ HILTEBR 2RI Fe* " B A 3R MTER
VA A W98 A AR A 22 IR ) AR S0 AR T .
SABTE T B H T BR R IR AU BT B 7R
U B AT E (185 A052) , DPPH A 4k
T R AR A e 1 25 S0 ik . R
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1.2.3
iy

Iy 5 S ~ 10 ku Z2JRAY e OO R A

I = SO .38 H AR (HPLC) X # 5 647
T, T DAY SR S £ 0 (0 52 R R AR
VEF C18 SRR B35 A, ZE T3 ) 1 mL/min i K
JEJ174 3 000 psi, EAEHREEN 4 mg/mL, EAERY
20 pL A 214 nm AR 20 CHY &M T
PEATRRBEVRI . T SlAH A 3£ 2% R FIOK (%
F0.1% =5 LIR) , i shAH B 3% ] 80% & i Fi
KOEH 0.1% =) , B EEVENLAAF R 1,

%1 HPLC #hE %IRRT LE
Tab.1 HPLC gradient elution mobile phase ratio

1] L A A B
Time/min Mobile phase A/% Mobile phase B/%

1~10 100 0

10 ~25 80 20

25 ~40 50 50

40 ~50 30 70

50 ~60 0 100

12,4 500K 28 10 08 A 2R 4800 I 2R B i

fiddis HPLC A5 0 HB 1) 22 B Ak 1, 2 % iE 47
HSCCC 73 B I AIA R  JEXT &R R #4770 i
FECKAE) I E o K B2 3K 3 43 B 4 15 A
vt T P A AN AR B R0 o ) T B (A R TR
FE) Z B, R HPLC HEA7E
1.2.5 HSCCC iy &84

[ 7 AH ) OR B R 5 0 B ROR A ARG
A, PR AL o K T R R 3 2l A O 3 A
M) PRI 25 1 2 5502 DA 1 7 A 09 ) B 38 H A B
VEA B8 AE ] 45 A HSCCC L, P4 20 mL/min 193
TORE [ 5 AH S 06 AL, 15 DA S Y i A B
AH TR A0 WS4 i1 A, 25 HE 1T A A 3 2l AH O
EE N 22 B [ 5 AH A S AR AR R e A IR B T 3
VA [ E AR OREE 3

W=(V,=V,)/(V,=V,) x100% (1)
Ao WO AV, S EVUREAS RS R,
mL; V, A HE IR S AR R, mL; Vy Sy HERE IR R
L, mL,
1.2.6  Hdsibrs

SEESHPER ] Origin 9. 1 FI SPSS 21. 0 444
HEATAEHL
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2.1 3IMEOENEBERKEENNE

IR SR B S 4 b ok 35 BUK A it , 755 7F EL 35K
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P 2 1 il 1) e 3 BN A 2 500 U/ g K FE A
3| 31. 34% ; AN 1 B 1) sk B VS 42 ok 2 200
U/ g, KA BETR 3 33. 26% ; 52 45 Tl 1Y) S5 3 il 45
R 2000 U/g, /KARREIREN 37.75% (& 1),
I, A AE B A K A5 T K B B, D
KA 578 53, FEUIE A IR 1 il R0 o P 2 1
R R A B 4% T b PR 2R B R BE K
fEAL S TCRH SR B, SURHE T R NER (il Y
B, AR K AR R B R, R R 2 A
it/ oA S 36 K il PG, iy 2 000 Ur/g,,
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2.2 BRESBEESKERELENNE

2 2 7T, 2 TR/ T 10 ku 5 B ST
AR, HOuH R 4 B B 7 DPPH JR 3 [ ply 3
TERRFRAN Fe? BB A RNt 2 38 fin . 38 1 B
(B 25 AT, T LS 4 TR I S ~
10 ku (9 Z BT AALIGME B8 T HAL Y. 4
ZHRUTE 9 10 mg/mL i, 8 4 B 25 7 A i 2
W %k B 21. 28% , DPPH [ i 5675 B R N
86.52% , Xf ¥ Ak A i BE I R R Gk # 53. 49%
Fe’ " 4 3N 85.35% . 3KIGIGEE i F AR
T R IR 3 R AR B A £ K, BF 50 45 SR e W 43
TAH/ANT S ku Z IR EA BT TR AR T, HL
TEZ KU FEE g 20 mg/mL I8 S BH 5 7 1 by L3
% 19. 62% , DPPH A H BB HR R N
74.33% LA R PR TADISE. J5 PR AT AR 2
WS [R) 2 i e 15 30 1) 22 Bk e R 1) ek HI T
KT ZRRH TR , X o] fe & R A e H
HHAmAG R,
2.3 HFES5~10 ku SRS RE L

2 KRR i W) 52 2 A B R A P /N m] LAl o
HPLC AW T . MK 2 AT LUE i, 7 20
min BF R TR 2 K4 43 O 2 BEVRIBE 1 SF , AR 6
FE R IBE Y S 1, FE T3 620 432 1 & /N T 20%
() LG R 1, DT BT AT 22 A o D
bk, DRI AE HSCCC H 7 SR JF M 1 B v 25 A% Atk

Fig.1 Effect of the amount of three proteases VEHA B — e
added on the degree of hydrolysis
R2 SRHOFEMNRENENNEIL
Tab.2 Effect of molecular mass on antioxidant capacity %
I3 T H AR T B RS ER R DPPH [ dy B B3 FoAE B R P2 Mol
Molecular Superoxide anion free DPPH free radical Hydroxyl free radical =

weight range radical scavenging rate

scavenging rate

. Fe?* chelation
S(’,avenglng rate

<1 ku 2.97 £0.31° 61.76 £0.31° 20.82 £0.31° 65.03 £0.12°
1~3ku 8.42 +0.16" 68.42 £0.38° 41.13 +0.81° 79.56 +0.38"
3~5ku 13.59 +0. 66° 80.50 £0.1.02¢ 50.91 £0.23¢ 84.41 +0.41°
5~10 ku 21.28 £0.27° 86.52 £0.51¢ 53.49 £0.42° 85.35 +0.38¢
>10 ku 14.98 +0.19¢ 64.30 £0.47" 30.63 +0.39" 85.78 +0.21¢

T : RS bR ARG PR R LR B2 VEZE 5 (P <0.05) b FlE/NG R 8] 6 B VE 22 5 (P > 0. 05)

Notes ; Different lowercase letters in the same column indicate significant differences between the groups (P <0.05), marking with the same

lowercase letters indicating no significant difference between the groups (P >0.05)

2.4 HSCCC EH Bt &GRIERE
2.4.1 MR RMER

ml_l_{/m@ T e N R 5 LI GNP 7 N 2
Ji BRI B 4 5 0 o 1Y) 43 T 2R 028 S 1 ) o
. 2R3 GlL.G2.G3 A EEREFIAR, G4,

G5.G6 WML FIR R, X 6 A Ak RAF4&
DI ER: BT AN JE I I AE 30 s 4, K
0.5 ~2.0, &A1 HSCCC 43 1 7 A Bt
ZIRIFRGE " o Xk 6 AR R AT HSCCC
KB, A AOTANIE T BEA PR A1 R T A R
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WG PR K A 43 B, B G6 1A 2245 41 45 1 43 B 4 200

S I HSCCC M AT 3 Bm , S L o

7~ GO KRR A e e, AL Go kR T 140

Pt ) FH A, B 0 U VIR RARFR LE o S50 1E _ 120

T HER: K =4:0.75:3:2(GT) , (il 41 ) e

FE& S mg, T AHME & A0, EARMOR sh A, s, 60

FEH 1 700 o/min, FishAH IR N 0.5 ml/min, 40

214 nm FHEATURML. ARG 4 TRUA ), GT 1k L .
A TR EIEE o BB i i 8, v DR S 0 10 20 30 40 50 60
A4y, 30k P1 P2 P3 P4 P5, J5% HPLC JI%E f1F] Time/min
FMAR R K EILER 3, 2 HFELES~10 ku ZHEBRRAEEIEE

Fig.2 High performance liquid chromatogram

of molecular mass range 5-10 ku polypeptide

®3 BANRFHHEER K ENE
Tab.3 Screening of solvent system and determination of K value

G BHRG PRBLL Ay | K&
Number Solvent system Volume ratio Stratification time/s K value
Gl IEC bE-BEIR L BE-HY B /K 1:1:11 13.55 0.689
G2 T k- i -7K 2:2:3 18.88 0.842
G3 SNi-H K 4:3:2 22.76 0.864
G4 TR 2 E- T - F -k 4:1:0.5:6 26.66 0.998
G5 BEPR L E- T FE-K 4:1:5 28.33 1.112
G6 AT T - K 4:0.5:3:2 23.12 1.223
G7 M- T - K 4:0.75:3:2 26.39 1.432
35
100 P4
30 ‘
\ |
80 \ 25 \
z 60 ‘\ . 20 Pif |
15 Pz//’]
40 \ |
\ 10 Pl P{
20 >744¥,‘«ﬂ \ 5 \
0 ! N~ 0 J 4
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0 10 20 30 40 50 60
1A Time/min

4 GTHRETHFES~10 ku ZHKH
443 HSCCC

Ff1E Time/min

B3 G6ERTHFES~10 ku TR
43 #7 2 HSCCC B

Fig.3 Analytical HSCCC map of molecular mass
5-10 ku polypeptide under G6 system
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Fig.4 Analytical HSCCC map of molecular mass
5-10 ku polypeptide under G7 system
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2.4.2 FHLER O[5 E AR B R AR 80 N
TE(H ] HSCCC 43 B A i 1 2o 72 o, 7 36 - !// \
I I DR O AR B L S I /
WL SN 900 o/min B BEAEE ORI 5 7 /
A 5 B2 SR 3k D i 4 ol —
(A SRR AT 32 S 1 1 0 3 2 o
I, 50 A 5 A MR A 5 ek n

FR A3, AT 2 e 261 2 R A 1 B o éii?l_m?
950 r/min I, [& & FHE PR B R R N R, HJR
TE P AR R e R S N R ZUR A FEET{%?%"J?L
RIS, v A s M i e o R, ZE A
FZ R 2R 900 v/ min 1Y ML I TS5
75 b
70 v

65
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55 Z/
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5 FEHEEXEEEREZRNZM
Fig.5 Effect of host speed on

JKfRRE Hydrolysis degree/%
AN

stationary phase retention

2.4.3 R [ AR B 200 5
M6 AT LLE H, 2515 i K 0 /D T
25 C o, [ 2 AH A P B8 28 Bl I E 7Y v i
o REHTIRETE G, AP B R RGN
G JZ S RIAR R, VN T 90 1 A o L g 1 S 30 ]
FEARORER R . MR B IR B 25 C A, HiAR
R E R K, Y m T 25 Cla, i E A
8 T i 1 2 R 1 R B SRR R B, X2 R TR
JEE T AR A R A R B R A A Ak ) et B A
ik MR R 7B 7 o R B T 2 77 A AR ) PR A, DA
T AT 11 7 A ) A B 3R R R A 0 e A w7 A
W, B 2R T 25 C R E R K TR R EE .
2.4.4  RBNAH G HEON [ EAE R R 2R A0
TLAN AR TR 1 K /N2 5 M E1] HSCCC B2 g
DAL AR A B8 ST A R, DT G 2R 380 1] 7 A IR
BRI RN e — B U, UL S0 A 1) 9 1 5 [ 5 A
PIPRER R b, B 7 AT DL Y ik /s

0 5 10 15 20 25 30
#5FE Temperature/C

6 KBEREMEEBEREZRHZM
Fig. 6 Effect of water bath temperature
on retention of stationary phase

(e 2 RO B 8 A, A et R 2 S L] o A 1Y
PR, T /N 2 A A3 B R] AT
MHED B, 555 % AL h il s £
1.5 mL/min, JHH 5 22 AR A PR B 50 80%

90
85 SN
80 N

75 N

{EE % Retention/%
/

70 h

65
0.5 1.0 1.5 2.0 2.5

& Flow rate/ (mL/min)
7 FENEREX EEE R B ENEN

Fig.7 Effect of mobile phase flow rate
on stationary phase retention

2.4.5  LRRREEXT S BRI R0

it VA5 AR Y1) T 25 107 A 22 ] 1 3 285
P (A [ AR A — 5 I 2R, PR O E A
FEHe A 73 B P WA AR K e . AT 58 i 3)
AHVE R C 5T 5 Wk 2 53 1 2 510,20 F1 30 mg/
mL AL, 78 EIR B AR, B FHLEL 3
4900 r/min fE IR AHEIE A 25 °C A s A Y
By 1.5 mL/min I JERE, ERE RO S mL, HUAR
fa M MR Y 5T B R Ol 20 mg/mL I A BE
HAB SR E R, XA iﬂﬁuﬁ'zéﬂﬁﬂﬁﬁ%,
Sy S LI 8, 45 R BN IR SR AR RAEAE N
I TR P 35 SR AF 10  , DR ab32t ) o 12 1 3 9 Jo
HREZ 20 mg/mL,
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Fig.8 Preparative HSCCC map of molecular mass
5-10 ku polypeptide under G7 system

2.5 HSCCC HBEREMBEMMEIMLIEMLE

HSCCC 1) W8I 7 5 4 0 B W 1) K A
XK, 43 E F BN B Sk v B Ok 4 TiE R BRI
TSR R 3k, B P1 ~ PS 44 EIZK &b K 1
BRIIERI . 4 HSCCC A B sE 30 5 4

AT RSN R AL SE 5, 45 22 K2 43 1) JoT o Tk
JEY R S mg/mL, 855 WL 4, Z5RFW] . P3 455
BB A E T H L EE S A Fe* BABE N
W THR 4 445 (P <0.05), 5351
37.18% F1192.33% ;P2 2431 DPPH H i 3&15 %
I E, N 90.33% ; PS 410 1y 3 [ i 50 5
Fiem, N 70.11% , 5F 2 HSCCC 4355 (1) % |
HAH L, PUE LTS AR B B B3GR . 7EAH IR 2
JRHE TR, E 4k 22 %o e AR A ik k4T HSCCC
SEAATR R T A KA 5, U E AR SR R
W, HfBR 5L . DPPH | i B A A 2 1 H i
RS 61.35% 27.43% Fi170.98% . X
FEAHF 45 2010 PS 410 W 2 ik, oL A i &
TR H gk 2 i BE ST A R 14, 289
DPPH [l 535 FRa Mt 2. 21 £%, X 1T g & AR R
1Tl e A 5 A L, R OK 22 K ORS 2R L
RIRFIR N PRI B o, I BRI Sk il 5 & L-
BIERIIKEE . BT R, B H IR
FERR TR BL I 2 KA B bt B A RICR

%4 HSCCC HBRESHMMMELFHE

Tab.4 Antioxidant activity of peptides after separation by HSCCC %
. HEE BT T B B AEERR A DPPH [ dy JEi R 2 Fodk B B R A 24 e A
2057 . . . . Fe* * #& 4R
y Superoxide anion free DPPH free radical Hydroxyl radical ) )
Groups . . . . Fe* chelation rate
radical scavenging rate scavenging rate scavenging rate
P1 3.42 £0.22° 33.12 +0.87" 18.12 +0. 16" 31.22 +0.32°
P2 9.22 +0.20" 90.33 £0.67° 60.95 £0.24¢ 44.86 +0.30°
P3 37.18 £0.50° 60.53 +£0.48° 40.11 £0.71°¢ 92.33 £0.71°
P4 11.52 £0.69° 31.22 £0.47° 20.06 £0.35" 42.19 £0.26"
P5 17.18 £0.24" 88.19 x0.42* 70.11=1.21° 88.15 x0.51"

T [P AR AT A /NG TR R LR B3 PR 225 (P < 0. 05)  FnAT IR /NG 7 BE R IR 0 W 3k 22 5 (P > 0..05)

Notes ; Different lowercase letters in the same column indicate significant differences between the groups (P <0.05), marking with the same

lowercase letters indicating no significant difference between the groups (P >0.05)

3 45

VEEL 25 & P A AL M 8 e i 9 2 K i AT
HSCCC 43 B3 7144 43 8515 ) 1Y 20 43 347 [ AE i Bt
AT BE LL A, DA B Bt A8 b M g A B o 4
9% o AT LUK EE I Fa bR, Lo T iR
P AN AR 1 R0 A Tl ) 7K A IR, B 2ok
FH 5 Tl it v pe A B AR B o R T 20 Il
2000 U/g, BHE L 1: 10, BE# IR 50 °C ,pH 7.5,
B AR E] 4 D, 32 45 44T e A B AR R A B 1 K A
FER 37.75% o SR)GF B8 7 2 o W 2 BR kA 7
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LA . BIFFE 3% W - 52 5 TG e ik 125 ol 45 1) 2
YIS PE IR LA — 2 W BB A B 7 . DPPH
P RO [ R A P IRE S R LA T
HAES ~ 10 ku AL BT AT M fe i o

K FH HSCCC X i JE 15 2 1) 43 F 15 ~ 10 ku
Z Koy B alife, 153 T AL RCR AT
AT 2 MK, HIR AR RIRFL L &G T
fisi: FH G gK =4:0.75:3: 2, EPLEE 53 900 1/
min JEEZKIREE 25 C s RE# L. 5 mL/
min, FEREHREE 20 mg/mL, FEZR R T 48 4L15
25 ALy, LI5E 4R 5 mg/mL [+, P3 4]
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SRR T R RE D R P B A R
I W T A 4 AN, 0B 37.18%
92.33%; P2 41 4r iy DPPH [ fy & 3 BR R
90.33% ; P5 41 7y #) 2 A i HE W BR RO
70.11% . 5ARZ HSCCC 7 Xt IR A LE , HT
AT PRI 15 2 R 5 . A SEIR O R B i AR
JUR 473 15 Al A 3 40T 1 O 5 S 1 S A (]
P D0 S A i R Tl A 7 i 1) A R P B S
fiti o D HLR ML TR BT RE T 5 2 KA A B 56
A, Ja it — 5%} P2 (P31 PS 21 oy Ay
PR (1 2 BT HE Y 2387 o

S 3Lk -
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Separation and preparation of Euphausia superba antioxidant peptides by
high speed countercurrent chromatography

LI Furong', SHI Wenzheng'**, LI Yan'?’

(1. College of Food Science, Shanghai Ocean University, Shanghai 201306, China; 2. FEngineering Research Center for
Processing and Storage of Shanghai Seawater Products, Shanghai 201306, China; 3. National Freshwater Aquatic Products
Processing Technology R&D Center, Shanghai 201306, China)

Abstract; The compound peptide was used to digest the Euphausia superba to obtain the shrimp powder
polypeptide, which was separated and purified by ultrafiltration separation and high-speed countercurrent
chromatography to test its antioxidant activity in wvitro. The results showed that the peptides isolated by
ultrafiltration had the best antioxidant activity when the molecular weight ranged from 5 to 10 ku. When the
concentration was 10 mg/mL, the superoxide anion radical scavenging rate reached 21.28% , and the DPPH
free radical scavenging rate was 86.52% , the hydroxyl radical scavenging rate was 53.49% , and the Fe’"
chelation rate was 85.35% . High-speed countercurrent chromatography was carried out on peptides with a
molecular weight ranging from 5 to 10 ku, using chloroform-butanol-methanol-water = 4:0.75:3:2 as the
two-phase solvent system, the lower phase as the stationary phase and the upper phase as the mobile phase;
As for inversion, the speed was 900 r/min, the constant temperature water bath temperature was 25 °C, the
flow rate of the mobile phase was 1.5 mL/min, and the five components were separated under the injection
concentration of 20 mg/mL. It was determined that when the concentration was 5 mg/mL, the ability of P3
component to scavenge superoxide anion radicals and Fe’" chelation ability were significantly higher than the
other four components, which were 37.18% and 92.33% , respectively. The free radical scavenging rate of
P2 was the highest, which was 90.33% , and the PS5 component had the highest hydroxyl radical scavenging
rate of 70. 11% . Antioxidant activity was significantly enhanced compared to the control group not isolated by
HSCCC.

Key words: Euphausia superba; peptide; enzymatic hydrolysis; high-speed countercurrent chromatography;

antioxidant
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