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WE: TffmTEaelRE, EEEABT IR R L. H T EEFREITH
MIARFTEZLE. SHRAANE IO TAER, RASRRMEEEENTTE R
EEMIMBENEEREMT, T FRAEL IR EOTALEZR, STHFE
MG hERNEAE. ERER, MRATERTIEEZSEN 1106 mgkg, HH 4
RALEMITF F & 90.7%, 13- R AFF R A0 9- X IF & & & b 7l 4 4.7% Fo 4.6%, 2
WEAEMTRE, THEXLEQA N 887 1 52.1 mghkg, 2R A FHE & ha il A 76.2%
Fa72.2%, 13- RAFFE 5 o Bl 19.9% 2 21.9%, 9-J X 4T F & 5t 4 4 3.9% fo
5.9%. B R R P AR £ 3S,3'S, 35,3 RF3R,IR=ZFAXLEZMELELF A
16.8. 17.9 f2 72.1 mg/kg, %X & B4 5| H 12.0. 25.5 F1 553 mg/kg, T 544 % 2.8, 8.1
Fn12.4 mg/kg, %M IFHRER DPPH B mt e B FRT Ve, BRI B BAFRE
T, REFMTRENNEZMEANE BT ENPHTE R, ZEFRAPHE THLRE LH

NHERNIAAMEEREEZZNE, CFRMETERXAETENE, A0 TaITEY,
REEMTHRENNTEZNAMGE AR KRAXTHAERBIR NI T ZMHARTFZ
REBA FIREEZBREREASE

KB MALBEAT; W EE; mABURMEE; 44 mAhKE

HPESES: TS 254 kPR S A

AW WA (Euphausia superba) &= — Fh A= 15 7E
AR B R O IR, HA R R &%
W8 = SR o FR T e A T R R 1 A A it B
BT, 15w I B AR R D BB R . R
BEIMAN E S EA . ANMuFAETiRR . fFE R
LWt REFELZRERBy, HPhiFE R TRA
NSRRI R S e N2 0

i HEA: 2022-01-08  &EIHHEA: 2022-02-26
#HEIE : B R E AR (2018YFC1406804)

https://www.china-fishery.cn

Il e AP B i, MR A S R N T
HATE NI T T A RBR EEaAEREE . 25.
THE R A, 5. TR RV L B b B,
XN 2R A PO RO AR K, B S A R fg
SHER,

ISR 3,3-TFRH-B.B - N ZFE-4,4- "
B BR—FEHE MR, T CupHs0,, BFA
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PR 7 56 s B 2H B 7S 0 B I3 a4 S X
SREE RN A, L AE Y0 DU ) AR i A7 AE AN
T 0 L AR YRR R 1 1 2 2 A A A
BiAEaE, SR EA 2R s A JLH
H2E)e WL LAY R e R IR E E L 1340
HMFF R S 9-MIFE 2R . BB IR A R &=
FEUA RS, BEG, . R,
LB EFRNT 5w, 77 2 R
R AE LA A 9 v 7 OGP A R AR A A T
Hhuls, DAZETE S 8 e R B U7 e, =ik =
TSN FAR . SMETE R A E (3S,3'S) . AMEBER Ay
Ti€ (3R,3'R) FL WK HERL (38,3'R) . FI AR A R T
AR R 2GR A AN R] e B A
IR E FEAAEIERN 3R3RY, KIGVEE (Salmo
salar) F T A= 21 Bk 358 ®(Haematococcus pluvialis)
IRE R BB R 38,3'S, I PR LT b
(Phaffia rhodozyma) H () 5F 75 2 £ BAFAEIE XN
3R,3'R. AN[A) AR 2R S Al R 22 ) 47 76 D RE 176 1

S HFEOC TR 3R A5 e 1k LA B AN [ R
H R AR Z P E G R R B2, B
KFUBy in Tk 2 v PR AR B T XTUR 2% &
SEAE R AT AR AR AR ST 0 A WLARGE . AR S
D) R Al i AR A RS 42, A H PN R i SRR 7 2R
¥ HI HPLC 4R E 2 & | M it 404, JF
XS AN T B AR 2 A b A e o
n] Ay J S A AR W SR I T TS AR AR LA R R R
FERCRIA R AL ES R AR AR S

1 MRS IE

1.1 SCIg# Rt

B BRI 30T I il A PR |, 2020
AE S AR TRt 48.1 X, KK 3~4 cm,
SFRAREHZ ISR, T-20 °C WA R .
1.2 NE5RF

2695 ¥ AH 3 A (BC 254 R 2% ), 35 E
Waters /A 7 ; SpectraMax i3 Z W) REEE AR, 5[
ER/RTALER AT ; LC-DCY BUEEAL, W5
JRAESBHE A BR A Fl 5 GTR16-2 @ 5 008 7R
AL, JEE BRI RO PG FRA F] ;. MA150 2
KATMEAL, TEEFEZRFIHER; BPG-96A HUNE
BT, g —EREE IR AR A

DI, R . AEALEN . TTK OB, ToKER
FREE S 4 o vl , WIBE N (gl al, (B 254 Hlfk
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FIRAABRA R HERCT Sl ks, il
GRS R A A FRA R AR iR (200-
300 H). GF254 B2 EAT bR, 7 8k
T @ aUIFE ZhadES, {EE Dr. Ehrenstor-
fer 24 H]

1.3 LA

BTG Y& VR B W W IR SR (2045) °C
MK R 30 min, FRESEfdRE T, FHuE4R
W RZZRK; FRURIFRER 285 78 1R 8 &
4 min, ZEARSE (100£2) °C, WHIZEHE, i,
EEGHIFEEE T 105 °)C R T 1R 48 b T
3h EEE, Kt 40 Hif, £F0,

S EFERI HERRARIBOR RN T 5 B i
WHIRREE S g, A 10 g Jok MgSO,, FHIIA 25 mL
PR, FE4r iR e, 15 °C DL T8 A $2H 15 min,
8 000 r/min &[> 5 min, YC4E B, FREHIMA
PR A BRI 3 Wk, A IR BOR, TR,

AL MERIAREL 2 mL FE S SR EBUR
T 10 mL B &, A 2.9 mL 0.02 mol/L
NaOH H VW, WG, RAEE, £ 4°C
VKA ISR 16 he FEEEIER P INA 0.1 mL 0.6
mol/L B2 H BER W, FHINA 100 mg N-NH L —
e (PSA) LR g b, WiEIR G, #E S min, i
0.2 pum fHAFLUERR, FEm©,

1.4 IBEZENSENERAEILAIEEPEE

BADEIEEM Gy (M (250 mmx4.6
mm, 5um); . 25°C; #EFERE. 20 uL; PR
M. 1 mL/min; JishiAH A: HEE, JoiMHB: L
THRFEE, VB C: 1% BERRISW . ZRVERSE L
JI AR DL 3 10T,

x®1 HERRE

Tab. 1 Gradient elution %

M A)/min - AR BT 2 H o 1% R TR

time  methanol methyl tert-butyl ether 1% phosphoric acid solution

0 81 15 4
15 66 30 4
23 16 80 4
27 16 80 4
30 81 15 4
35 81 15 4

15 MERAFRUELETE

AR &S Chiralpak IC £ (250 mmx
4.6mm, 5pum); PEMFEHE: 0.6 mL/min; A .
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20 uLs HEIR: 25 °C: VEBHH: AL T R k-
(50 250, Vv, TKBLH), RFISREVER .

L6 ZMXRMNESSEUE

G B0 FR IBCHR 77 22 Am o S 3 o, FH DR TR i
T 8 100 mg/L s fE St At 250 o 1 FH PR TR RS B i
0.05. 0.1, 0.5, 1. 2. 57H1 10 mg/L ¥ B A EFE
W, FEI . SEEG bl A IR R AR AE S A 4 X
AL, ERE S B AL R o — 8o 4 s IR
REAL N 13- M=RHRF R - =Cip s &, L
AR ARIER 7. 2T R (4) K
ERTFH 1, 13-RERE R (4) RIEF T8 1.3,
9 =HR T R (A IEH 728 1.1, SZFREFE &R
s (w) IEA

w=A4A9g+13x4;+1.1x4,

1.7 mELHEDH

B s RN IR BUR 2 e 7% %, FJKZ
B, A BN 400028 100 20, 40, 60 F1 80
mg/L BIFE R CEEH W

AR DPPH A At AnE  SHRXpweE"
W FHd, T o6 fLARH A 100 pL 0.2 mmol/L
() DPPH SR, 43 5N A [R]Hk BE iR R
VW 100 pL, FEAMIRGEES), =i RO 20
min, FEP I 517 nm T E W CIEH A 4,5 T E
100 pL JG7K Z, FE+100 uL DPPH ¥ W 7 517 nm 4k
WG R Ay TUAE 100 pL Fo/K ZEE+100 pL A [
W R IR WAL 517 nm A WOGAE R Age W IR
Fou HRAK:

u(%) = (1 -

FhEAGGARANET SHEEHEN
e Jr ikt et . F 96 FLAR H 2 I A )k g
HRE AW S0 uL, FIA 50 uL 9 mmol/L AU ER
AR WA 50 uL 9 mmol/L (1K /K 4% R -2 B VA R
B J5 A 100 pL 8.8 mmol/L /Y H,0, & , T
37 °C fEIRAE H W 20 min, 7E 510 nm &b 5 1%
JEEEAE R Ags FH BT ARARE AR5 1 I WG
HHR Ao WEBRZFE vITRARK:

V(%) = (1 _A2—4o
1
B TR A ) M K HEHS BBTA AL
e 77 (FRAP &) A6 il 28 7] & #4746 25+ 30 i fig )
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Ar— A,

1

> x 100%

> x 100%

DN o A il Bk B 3 T T 3k 81 [ A 0 O B 1Y)
FeSO, WK Rtk y=1.2416x10.013 4,
R>=0.999 6.,

1.8 BB

IR Excel #458it, AR 3
ZHEAT, SR SPSS 22.0 Ff x4 BykA T i bk 24
ST, P<0.05 HESEE, P>0.05 NERANLE,

2 4

2.1 MIZREPREARBITITEERSETN
i C30-HPLC EXTHRE 2 & b e . LA
ANTR) e BE R T R bR S I B AL bR, MR R
W by, 2ibrEthk GR 2), RBFER
FRyE S A R E TR . 9=238.630 0x—6.1613, R=
0.999 8, A A 6 MR 2R 2 0 A o it
& (K Do fERRBEIRE R, IFE R & &R
110.6 mg/kg, L7 EMTIRMI)E, TFER550R
88.7 M1 52.1 mg/kg, FuE FRFEH (P<0.05) (151 2),

3000 238.630 0x—6.161 3
y=238. X—6.
2500 R=0.999 8
= § 2000
w8
= w1500
¥ 5 1000
2
500
0 " " " " " ;
0 2 4 6 8 10 12
WS /(mg/L)
concentration

El1 MERSEREHL

Fig. 1 Astaxanthin content standard curve
22 MIEEPEIFR/LASHETL

LA NEY S N SIR O R E S Ao i
X, H L 90.7%, 13- 9 X iR E & 5 kb
HE, A3 R 4.7% 1 4.6%(K 3), ZzEE T 1
AbH, 4RI R G AR (P<0.05), 47
TR 2 76.2% F1 72.2%. 13- AR 75 & 78 ik
PR R AR AL 3 (P<0.05), 5B T
B, GIRBEMTIIG 5 51 19.9% F1 21.9%,
Iy HERER T 15.2% F1 2%, 9-iCIRT K464 M
TS5 5 A 3.9% 1 5.9%, 283G i L
AREAL, TG SRS T 2% (B 4), BFRgs R
XKW, IFERAIUT M EE R A EENEL,
TR BE R A A R AR, &g E T

R E K224 F 7/ sponsored by China Society of Fisheries
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a
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LT

processing procedure
El2 FtRBHrALEIETIIERSENTL
LERE, 2288, 3.7, B3AMESH., AENEFERRRER
B3 (P<0.05)
Fig. 2 Change trend of astaxanthin content in
E. superba during heat treatment

1. raw material, 2. steaming, 3. drying, the same as Fig.3 and Fig.5. Val-

ues with different lowercases mean significant difference

[ 13-cis
100 - [ trans
< B 9-cis
cDSO- L
58 i
0og
@560 -
5&
B
& S 40 +
=& L b c
a b ’—' a ’—, C
0 1, e | B
1 2 3
MLTF

processing procedure
B3 mRBE AL IEH
NS R/LMARAER T
13-cis. 13-Ifiz0, 9-cis. 9-Mi0, trans. &R A . ARG FERR
2H 1A 2 5 3 (P<0.05), T
Fig.3 Compositional changes of the geometrical
configuration of astaxanthin in E. superba during
the heat treatment

Values with different lowercases mean significant difference between

groups, the same below

W5, B AR AR R R LA B L 4 s sk
I, HYOh 13020, e 9-Mist  He e 16%.

23 MILEPRERAFZZEEL
RN N LN e R T

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

0.015 -
trans
2 0010
i 2
RO
2> 0,005
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[ [B]/min
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(@)
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2 0010
i 2
[a]
20> 0,005
0
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= 0010 | trans
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<
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time
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B 4 ARMIIFERBERIESE
JL{a 438! HPLC [&iE

(a) LBL, (b) #, (o T TR
Fig. 4 HPLC chromatograms of the geometrical
configuration of astaxanthin in E. superba in
different processing procedures

(a) raw material, (b) steaming, (c) drying, the same below

38,3'S. 3S3'R. 3R,3'R =Fh. Tt iR Uk} A iR
HE 353'S. 3S,3'R. 3R3'R &N 168, 17.9
M 72.1 mg/kg, FEAEJG 5N 12.0, 25.5 F1 55.3
mg/kg, THEJGZ9 0 2.8, 8.1 Fl 12.4 mg/kg; 7
P IR JFURE T 3R,3R RS & BT T 35.3°S
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M 3S3'R(E5), ZZEEMTIRG, 3R3IR G ED
F TR (P<0.05), ZEE )G NI T 16.8 mg/kg, T
JG TR T 429 mg/kg. B AR BEUFJEORL T 35,37 SHI
3SIRIFE RS mELL, Hi 353'SERN 16.8
mgkg, LRBEM TG, TEETRERBER (P<
0.05), 435I NFE T 4.8 F19.2 mg/kg; 3S,3'R & i
H17.9 mg/kg, ZFEBEMTMHIE, B LS TH
s, ZEEEGEN25.5mgke, LHHT 7.6 mg/kg;
THEE &N 8.1 mgkg, FFET 17.4 mg/kg (K 6),
oS R i B E R AR TR B, 2%
I BOR AR AT

24 NI FEFP RIS &% DPPH BH
B EREE

P Ve HZ M, S BE 50 T T % X dR
% DPPH H B0 BRRCR . Kl 7 AT, 4R
F X} DPPH H HZEEBRBCRILT Ve, BEE WM
T, HRFEZE M Ve X DPPH [ &L 19775 558 R A Wt
WM, W 10~20 mg/L i, ZEE AT IR

gm
58 %7 c 1383
<2 g0 | [C13S.3R
23 B 3R 3R
=2 60
g &
41 .E 50
&£
T g 40
<
ﬂi]iﬁ 30
RS 20
ik 2
v 8 10
% 8
= S O
(5]
S 1 2 3
MLILF

processing procedure
5 RIS REFIRER
HFEFMENEEEN
Fig. 5 Changes in the content of optical isomers of

astaxanthin in E. superba during heat treatment

2 WMMERMERNEEASTE
Tab.2 Regression equation of astaxanthin

standard product

R 2R L A A [EVEpsyE:
structures of astaxanthin regression r
stereoisomers equation
38,3'S y=404859x-24 135 0.999
35,3'R y=405005x-55192 0.999
3R3'R y=404803x-25360 0.999
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S 2

==

- =
o W
T 1

3R, 3'R

g AR/ Au
value
o
[}
>

38,3'S3S, 3'R

0
0 5 10 15
FJ 18] /min
time
(@)
= 0.010
<
~ O
Z 2 0.005
= =
= 0
0 5 10 15
F5} 8] /min
time
(b)
5 0.004
<,
g % 0.002
SIS
= 0
0 5 10 15
I} [8] /min
time
(©

6 AEMITFEaRBEPINE R
K F 4K HPLC B3
Fig. 6 HPLC chromatograms of optical isomers of
astaxanthin in E. superba in different

processing procedures

e Bl AF v R 7 Z 5F DPPH H Hi 3538 488 R0 T
BHREIRE 2R, i m EMRIR OO T > 78 8> 50k
W Hy 40~100 mg/L i, JRURE . ZEE AT )5 8
T e AR R Z 6 T DPPH [ i 5 19 15 KR BE 1 %
EERTE T
25 MIdREFERBITMISENREEHE
HIE R BE

PL Ve SR, XRE I T T i R iR A
IR R BRI [ th SE M BE AT I, Rl TR
BERFFER, WRFF 2R Ve PR 5L [ i B IR e
EORWE R (B 8), HFF RIGFREIE A
MIRE I IR 248 T Ve, WRIEH 10~60 mg/L B, T
P55 ) A R AR R RV PR R AR F B R e )
FT2EE; WEN 80 mg/L i, 2K 5 1Y
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100

—a— ]
0 | 32
% o 80 F —w—4
j&% 3 70
ar O
I~ 60 -
Wy
E%SO-
4]:31 T 40 |
=530}
2 gt
10 C 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100110
W FE/(mg/L)
concentration
7 ARIMILIFEEES Ve 3 DPPH
BEEERYR

LERE 2788, 3.7, 4.ve, EI8AME9 .
Fig. 7 Scavenging effects of astaxanthin in different
processing procedures and Vc on DPPH free radicals

1. raw material, 2. steaming, 3. drying, 4. V¢, the same as Fig.8 and Fig.9

90 ¢ .
8 F e 2
80 - ——3
75_+4
70 +
65
60 ~
55 F
50 F

N
()]
T

]

Fadk H HEE R R /%
hydroxyl radical scavenging rate

0 10 20 30 40 50 60 70 80 90 100110
W E /(mg/L)
concentration
E8 ARMIILFITERS Ve MERE
BHEENEBRYR

Fig. 8 Scavenging effects of astaxanthin in different

N
S

processing procedures and Vc on hydroxyl radicals

RS RIEPR AR A MR S TG W
FER 100 mg/L B, 7% 2 F 48 e 10 T AR e AR A
Rk A A EE L (P>0.05). 25657
Mrla &80, Xt A i3 TEBRAE 7 f s 2R R
R E>ZE B> E> Ve,

2.6 MILTFEFERBITITEENHETFHE
[ &8

FRAP {8 L4 ik 2] [F]#£ WO B BT 75 1) FeSO, ¥
& (mmol/L) k£~ , FRAP {H#K, VB EAE
JriE . MEEWBE TS, INE R Ve X E T
PR RE Sy 5t B TR H, =R f IR s R ik
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JRHE FI BT Ve (B 9). W N 10~60 mg/Li,
BB TR R BE 1 e BRAR UOh T RS2 E >TR
Bl>Ve; HJE K 80~100 mg/L B, #kE T4 JFAE
FH = BRI Ry 25 B> T 1> B> Ve,

1.5 ¢
—=— ]
——2
—_~ —a—3
d —v—4
2 o 1.0 |
T
£%
a5
E =05 |
8
0 1 1 1 1 1 1 1 1 1 1 I
0 10 20 30 40 50 60 70 80 90 100110
W% /(mg/L)
concentration

9 TEIMILFINERS Ve KB FIILIRRE
Fig. 9 Reduction ability of astaxanthin and Vc to

iron ions in different processing procedures
3 i

3.1 FERBIMIEREFIERSENTN

WG R BT, RS A KA
MRSV 2 52 3% L Ot &)@ B 1 A SRR e 55 5
e 1] 2 A= B A ARG b, G282 AT Ab 3
JE RIS R SRR T 21.9 M1 36.6 mg/kg, Al
DLIAAE B TR R & AR R KRR
DA [v]) i 2 D 58 e B R O SR IBUIR 58 Hh IR R
FOOR B AR A IR T R A, HLZE MR Z A
b AR b DO R R AT Ak, 4R s RS s
Ui BN 2 A I, SR SR 257 B L
X HR (Litopenaeus vannamei), TEALFE 0~3 min
WIS RS & LT, 3min FEEFH TR, RE
E 1Y 308 3k 0 N7 P A B AR ity e R R AR A [ e A
TF T RSN 1%, BFGEER TS R 78 o IR a5
TFT RGO, S5 R RN S, IR R
MR R, 25 b, IMERRRERE, 5
ZE IS TR, A T 282, TR TIRE
ESa s ALy AT NP NI PERE R &
ey, Ko E REA —ENRER,
TR, Ko &R EAW NG, IF
T 2R T i AR S R A A5 T, BRI R A T Dy
JEER,
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3.2 RN TEETAER/LAREEN

HRMTEERARE, ERRAFT,
ekt by A As, B Z R L Rk, &L
A R RIRF R 13RS Z M 9-i=X iR
20 AR WR ST b R A B AR R 4 SRR
13- R F R B 9-M AR 2 7 F 4318 90.7%
4.7% F 4.6%, ZFEEMTIE, 2RIFTEK
i FEUs /b, 13- 9 R 28 o e, i
M2 A FR S, 50 IR R T REFE AL il T
AR & A& R LTt B2 LT S A s Ak
B, ULHAERE N Ta AR rh R R LA S
BLRAEAEZRAE B, X AT RESE R 2822 M & (iR
B Ko SRS WA TS B R . HRFSE
T, W RS AR i BE AR [R] Y A K
MAEA L, Hop 13- R R A i
FEIMAR 6 h 2Z 5 45 5 4 4R o 1 AR Ak TP 2P
Zhao PV BFIE LI, ARG AT A B TR E £ 5
MR, B AGR S5 R0ERTE . D) F 2 EAH
Ky HW, mFIFEREAE KLY R R,
W LA R, ALK 2 s R 2k, W
VLIRS Z R b R, B (AR 4y
PN R AR TE Y S SN 5 ) N N
[F] 1) D' Y8 IR X IR R AR Mt 2 A AN R Y
SO FER IR I Tk AR, Tk,
ZE 5, WRH RS A As , h R AR IR
WAL T 2, R RELERR IR Z IR L

3.3 RO IERETIERLFRETN

B AR RS E h 3R R AR 35378,
38,3'R. 3R3'R Fir (& LLB 4300 10%~20% . 10%~
20% . 60%~70%", SAHFFE X pg W Bl R JEURE 3
Tl 7 A S5 ) 5 B T I S 2 SRR EOHE I) L 15 B Rk
IR E DL 3R,3'R N R EA AL . Rt dR
WRF 28 3T 90% #B 42 LUMR 75 & g 1 1B R AE e,
DN 2 B ) Sl 3 4 B R AR i R R 7 2R AR L OOUER
N EIrE R, KRB FOER AR 2 3R,3'R
o7 LLHRAE 70% DA L, 7EUF ARG =9 3R3'R (5 Lk
H65%, LFEEIG, 38,3'RGHEMKHNE 3R3R
WD A RBOHA , LR 5 I ) S i A L,
S S (] () 28 B AL B T 3 Aot S A AR [ A 5
W /N FET R RE T, 3 Rl A R AR & A4
RPN, ULARS RSl EE R A
TR EL, ZEMB AR D, nTRES2EEM
TR GRE . K& &, BhE) A6, Bk
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JE R A itk — 2 00T
3.4 FERBIMIERERIERNENEEN

TR AR R 7 A I T R P B = AN B B
s R AT AALBE T) . M TR R, 2
AR T IR URE ZPUALRE IR, & siX
T B 52 1) AT 8 D PR I =R 95 38 A bt AL g T ik
FRAIFEFFE, X5 ITHED 525 LAWY
A, KSEK R A DPPH [ M 2R3 BRIE B8 = Ff L
] SEA R BT EALRE S, R ITEBREE 1 s EIE
RNy 9-IF = MR Z>13- IR MR 2 >4 i R AR
o AR ARSI S R, W5
TEAR R P RE R, Rt TR E RS, Bt
DPPH [ H 2 17 [k 25 i A BT Y 48.5% 34 fin 2]
68.0%", A B R HIK B FLANEEXTIR , K ITE
IKFEWIE] 0~720 s N, MR ZX TR H h3EATH
BrfE ) RIS KGR, Wik, w2
S DRI 7% 28 T 08 2 A T S B R R 25
A LR R R R PR RE T .

i LTk, mtR BRI Tl AR, Pk T
TR R & M ARA BRI, =S5
IR RIS, JL A R G2 S A R TE 4%
TN B e 4 A R AR A, R R A LA
S FERAEERENE, ¥R EELAEE
THEBY B o FEARSMU SR TR I S, A
TR B R RMEPLAE 2R, HXF
WEARJEURE, & 28 TG IR R ILRE T
o ASAIESE T Oh R AR B AR R R I T T 2 A SRR
T R PEBON AR LSRG fn s R 2%

(3 7 WA A SUTC 52 B s A2 B Al 25 8 )
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Astaxanthin content, structure and antioxidant activity in
the processing of Antarctic krill (Euphausia superba) meal

OUYANG Jie "**,  ZHAO Xinyuan ¥, MA Tiantian "

(1. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China;
2. Collaborative Innovation Center of Seafood Deep Processing, Dalian Polytechnic University, Dalian 116034, China;
3. Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China;

4. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306 China)

Abstract: Euphausia superba is rich in astaxanthin, which is a good source of natural astaxanthin. Shrimp meal is
one of the most important processed products of E. superba. In the shrimp meal processing, the cooking and dry-
ing processes involve heat treatment. Astaxanthin is a heat-sensitive substance with poor structural stability, and it
is easy to be degraded and isomerized at high temperature, which results in the changes of astaxanthin content and
antioxidant capacity. In order to understand the changes of astaxanthin content, structure and antioxidation ability
during the processing of E. superba meal, the content and structure of astaxanthin in each stage were determined
by high-performance liquid chromatography, the antioxidant activity of astaxanthin in different processing stages
was compared, and the correlation between astaxanthin structure and its functional activity was analyzed. The res-
ults showed that the content of astaxanthin in E. superba was 110.6 mg/kg, of which the content of all-trans
astaxanthin was 90.7% , the content of 13-cis astaxanthin and 9-cis astaxanthin were 4.7% and 4.6% respect-
ively, and after cooking and drying, the content of astaxanthin was 88.7 and 52.1 mg/kg, the proportion of
trans astaxanthin was 76.2% and 72.2% , the proportion of 13-cis astaxanthin was 19.9% and 21.9%, and the
proportion of 9-cis astaxanthin was 3.9% and 5.9%. The content of three optical isomers such as 3S, 3’S, 38§, 3’
R, 3R, 3’R in astaxanthin of E. superba were 16.8, 17.9 and 72.1 mg/kg respectively, the content were 12.0, 25.5
and 55.3 mg/kg after cooking, and were 2.8, 8.1 and 12.4 mg/kg after drying. The scavenging capacity of astax-
anthin to DPPH free radical was stronger than Vc. In the scavenging experiment of hydroxyl free radical, the anti-
oxidation ability of astaxanthin after cooking and drying was better than krill material. In FRAP iron reduction
experiment, the antioxidation after cooking and drying also showed greater reduction ability. The results showed
that the geometric isomerization of astaxanthin mainly took place in the cooking stage, and the optical isomeriza-
tion mainly took place in the drying stage. This study can provide a theoretical basis and technical reference for the
optimization of the processing technology of E. superba meal and the extraction and utilization of astaxanthin.

Key words: Euphausia superba; astaxanthin; HPLC; structure; anti-oxidation
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