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1 VR P AR AT O B R - Alcalase Bl 25 1 1
AN 1 A 5 WA 7 3, AJGOK LD $ L
FIBEICIR 2, R A 1F T U R 3R Ry
90. 42% . MRESEHURIRIRIER L, I5 5L/ HA
Wy AR A A A v, EL AR R FE B N ) R I B
CO, M —PhER (0 2 A W A U B 05 18, Bl
T AL R0 7 B /T 500 /946 & 9 i 4
I, 2 L T el 2 T R AR AL B
i s ZEMA TR R SE I & W1 CO, iy
VAR E , I 7R — P e RIS RS S5 A LI )
WRF 2RI 1 T D 596. 84, TR I A fd 1 I 5
CO, IETR AR, 3 208 AR A HLIR AR O ety
HR I ELAE A $ O B A R T B o B B B v ik
1o [ FER SR 45 AR, R — SE % B ) 2
R 7 B 288 PAL RIS, 3t T 35t R X B A8 45 1
I HAAR 5 IS B e, SO A S B %
GEYE A A 5, D™ AL AT — B g

ARSCH A ML TR B 4 ok B U ER YR A (e
A AT PLAA T oF R SR 78 o R 7 3R, LUK 3 R
RIEARIF T2 T HYERTE RO, JF il 1E
SRR IG A T A A B A 5 H R 7 3R R MY e
T2 [, X3 FdR2UR7E AR T R AL
Ve L T oA, LAIUI O SR 5 8 5 ) 19 2545 A
PEHEARTE

U RPRS ik

1.1 #R5MEE

B ECTH AT PLGN 0 X R, W F b 965 T3 ¥R AR B
DB AR B T 3 5 A AR R 3T KGR
ol A A 2w B4t ¥ R O 2 B 5L 9 % R AE
=50 °C pKAE I R R b fE A (L =
98% ) W F L i A A R R AU e
ToK O LR TR ¥R oy B 2t , W T [ 25 4
il

FEALAS : ME1I04AE g 7 K, |1 Mg 5F
e R 2 A B A UV-1800PC 5840 AT WL 43
SR, b SRR A A R | s DHG-9023
TR0 e PR RS T A, B = R B2 AR A PR
3] 3 W2-100SP RUJe e 28 BAN, bifg W AR A
RN 7] s HWS-24 TUTEJRK I 4, b i 24 A8 36l
1A BRZA 7] 5 FTIR-650 % { BL 027 A S 4%, K
G ARHL R R AR A

1.2 tREMERLT

HERRFRIL 2.5 mg R RARAERE G, FH &
FA e ik I SO BE 430 R 2146 .8 1 10 pg/
mL RS BARER W, g 1 ~5 & . LZ2&
e R 25 1, B 15060 BE SRV AE 200 ~ 800 nm
AN LIRS BE B 5 e RSO 4 486 nm, 7
S RIS, 43 S0 8 %A X R YR 114 %
JEEE(A M) o DIMFE R AR DR AAR A (E R
PALRR , FIVEARAERT 2R
1.3 AEEEX RS ERENEN N

W 2 BT IR T AR U B L4 5 Xof W R 57 )
BEEARERTFHD TR, A 50 C R
BT B TR 52 A T REAS HEAL R 1, I
it 100 HE M, 25 EAH A S AR, F -20 C
RIS o
1.3.1  HHLEFIFEXIRE Z BRI

Sy BIFREL 0.5 ¢ B EG TR U | g A o R 22 MM
FEXTHRERSEAS T 50 mL B0, ) b 2 5im
A 10 mL PR JG/K 2B Ak, — 5 e
FETF 30 CoKVE & Ti42 3 h JElEfk 7k, —&
HBe e 25 5] 50 mL J5#F 486 nm Kb W &
(B, PHR ST PR R AR UK, LR R 3 4l
FA7 o
1.3.2 RHE LT IR ZRBCR A 5

Sy RIFREL 0.5 ¢ B FCYRHE | g AR Mol AR K FLAA
WEXTHRERFE Ry 15 £y F 50 mL B0, 47 IR
1:10.1:20.1:30 ,1: 40 . 1: 50 @k b (g/mL) 43
FIINA G e, T 30 COKIB &M TFIRE 3
h JETEFE 7% , A i 255 50 mL J5 1 486
nm A0 A I BE AL, SRR A R B A AR R
1.3.3  $RICEEE X IR 2 4R BRI 52

Sy BIFREL 0.5 g B EC TR U | g A AR 2 ML4A
EEXTHRIR 2R 15 40 F 50 m L .04 9, A 10
mL & B 554 BB T 10 .20 .30 .40 .50 °C 7k
IR 3 h 5 A BE 48] 50 mL J5 T 486
nm A0 W AL, AR ST R R R
1.3.4  $EIUR R ER S AR IOCR 1 R

BURERITFTALER ] F, i A 10 mL — & )5
BT 30 CxkpH, i 1.52.02.53.03.5
h JE£BUH 3 IR, TR RIREUCR .
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L4 SRR L
HFEEESH RS TRk

_axVxN (1)

M

U WORRE RARIR, we/gs 0 N HRF R B
W, wg/mL VIR RMBUA T, mL; N N
BEAAEE A B T oy 105 M W ER5E TR .
1.5 EXRWMRML

R A B LA 23R 1 45 SR, DA R AR i R IR 2R
PR R FZ LA bR, #EAT =R =K IEsE ik
G, PEBCRHA L (1:20,1:30 1:40) , 2 U (8]
(1.5.2.0.2.5 h) DA S 42 BUE & (25 30 35 °C)
JE AR IR AR R PRI i LSO R
1.6 HRERLIIMNRULSETE RN E

S g Ik  BUD B KB Bk T
R e W SR TR R R, R 40 s
KAy SR AGER o U R BCE AT 0. 1 mg/
mlL (RHR 7 2R B 4 VA A0 TR T IR AL B
B BETLAMGESCR RN R A AR
R CIN R S e S = RS AR DA B S
HEFTXF S 5T o
1.7 MERMEUENTAR

HEURTT RIS A 45 R A 3 Rl
IFFER A L AR I T A %M. I T2 4%
TR 2IRE R P B O, 48 lie % 7%
K IETOK CBEE R E , AU 2308 10
20,40 .60 .80 pg/mL HFH 2 TC/K SBEATR, 5 H o
1.7.1 J&kx DPPH [ fyEERE )y Byl

SEIG SR FH B I 2 MR R 3 Bk DPPH
HHEERRE S o 23RS I 1 mL A [] v B2 1) R 4
FIRWT 20 mL i, A 1 mL 0.2 mmol/L
i) DPPH Y, 78 704k 3 48 51, 2l T 3 [ b
30 min JEEA @ L, 7R 517 nm R
SEWOCEEIFICRWOEIE R Ao B 1 mL JoK
CPET 20 mL A AR R T R VR, 0 1RO
BE(EM Ao LA 1 mL Jo/K Z AR DPPH 3R,
MEMRICREE A Ao SEHBLT 3 P47, TH R A
IR TR

W :(1 _AZA;IA") x 100 2)

s Wi 0 DPPH [R5 BR A, % 3 A, HTCK B
SHRE RTE S17 nm ZERYOGEE A, S TEK LB
5 DPPH VIR AE 517 nm ZERYWROGRE s A, N IR
# 5 DPPH {#WAE 517 nm ZERYWOGEE

w
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1.7.2 3L A LG RREE S ril 2

R 3 & 45 O M AR B . 4 S EL
10,20.,40 .60 .80 pg / mL RS E OB 1 mL
Tl AR IMA 1 mL 9 mmol/L 1)
R RV, 1 mL 9 mmol/L (/KA R £ BV L,
JE A 8.8 mmol/L [ H,0,, F4rR 5] 5 Tkt
ot 37 CHEEKIE N 20 min, 7E 510 nm AL
WER IR (A,) 5 H BB TR RIER
WERICEE(A) 5 FHEE T RREL A a7
WEBOCEE (Ay) o LI E 3 HF1T, iHE
N

A, -A
Wana = (1= 7] 100 (3)

A W e WFEEE B IRV BR A, % 54, 2
BT R i A SO E RO B S AL AR
TR IR R EWOCEE A, HIFE RS
BRER R KA R i AL S AE 510 nm AL IO
B
1.7.3  BRE TR EE S 0

K = KB P A AL Ge ) R DK R &
(FRAR 7% ) #4748k B 30 I 8 J7 /9 2 55 56
SRR T 3 4LOFAT, AR A R R L R B
(FRAP {f) DLk 2| [RIAE O B s B FeSO, (1)
WP (mmol/L) &7, FRAP {f 1 R ) 4 340 Ji7 fig
71785 .
1.8 O

K H SPSS 24. 0 AR FIERC R I AT IESS
W5, 76 5 2 U7 2253 Hr (ANOVA) 1y BE Al TR
FH Duncan [RZH LA L P <0.05 225504,
iz ] Origin 9. 1 FRHAEEL

2 R 500

2.1 HERIRAEH&KE
FE A Bt KIS K: 486 nm L0145 4R
TR AR AR R I OB AR, 75 s v it e 0 e
H
y =0.140 5x +0.064 6 (R*=0.9995) (4)
e IR R BRI, pg/mLs y IR
JE Ao Stk [l A 5 R Bt 25, R IIR T R AE
0 ~10 pg/mL Frg i BN R ALK AR,
2.2 HEREMNBRARIBRER
2.2.1 A HLEERIFER R R SRR A
HIPE 1 a] 1, AN R HLIE SRR 3 Fof R e Hh
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TR ISR CSCRATAE 22 57, T AN [R5 550 %) FL A 5
X IRAR R 28 AR R A S W B RS o (0 A
Mt SRR TE R RN, FLAN BT HF i R 7 2K 4
HESTE NI N4 R {8 [P
172.21,103. 96 ,42. 40 pg/g. 7EA a4 HL% 7

250 B Al Petroleum ether

[1F/KZ B Anhydrous ethanol
B¥ M8 2.l Fthyl acetate

X & F%t Methylene chloride
200} (] #®% Methanol

— —_
(=] (S
(=) (=)

IR RRIE
Astaxanthin extraction quantity/(ug/g)
[$1]
o

AR IR i T R A A R 2 R T R R SR A 2
ARRTT 2R SR BOCR WL & T ok S8 H I LR
CPRFATIhBE . F3 Ak, dr B 1 R, R A W A
JUAATEEXS SR A 7E o g R 7 R A R CR B35 & T
2 EIR AR IR R AR IR o

X

RRRRRXRRXANA

<

X
]
o

QRRXRRXRKR

JUERERTIR

1 AR BRIR
Macrobrachium rosenbergii Euphausia superba Litopenaeus vannamei

HF55 25 Shrimp shell types

ORI _ET5 & ARRVNG FRAGRAN 2257 B35, ARIKSE FRHMURH R 22 7 B3

Different lowercase letters on the top of the bar represent significant differences within groups, while different uppercase letters represent

significant differences between groups.

B1 AHEFFHENIERRINER I

Fig.1 Influence of organic solvent types on extraction yield of astaxanthin

2.2.2  BHE X IRE R IR 0

& 2 AT & AN (] B ] R bE X IR 2%
FRIBUSCR A W . RN o 1530 ¢/mL
sF A AR A L 4 T X6 R A 4R BBOCR GA 31 T ek
{8, 435024 234,72 F1172.21 pg/g; 1 24BHE R
1:20 g/mL [ %7 [QIRBRIR G R HR BOR IR B ok
{H 88.69 pg/g. KM, #i%E 130 g/mL 2y pa bl
W R FLAN T X R Y e s B L, 12 20 g/mL S %
QTR IR B e i B L
2.2.3  JRBEXTERE RSB 1)

HI L 3 Al 0, AN [m] S BB B X6 3 R Se iR
RIRBCRY R B, P A 4 BOR R
FhiEr,3 FFST IR E RIEHCREY % EAE T
ey s, HIYTERRBUR B Ry 30 C R, i85
BG4 H) 0 97. 01 232,28 F1172.07 we/
go B, #f5E 30 °C o % QTR AR ma Al i MR A2 ML
YR XT IR Y B IS W T AR R IO

2.2.4 IR R R AL BOCR A0

& 4 AT IR AR IR0 3 FhlRFE iR &R
ERBCR A W5, YRR FLT 2 h
B, MR H R 2R A AL T Al e ) A
ARAEIRBALUT A R, TR IR 7 R AR R 8K
Ko BEE P EUT ] B E 4, R 58l 7 22 SR O
Bl Z 3G, 76 2 h IR SR ARBOR IR B 55, B IR
VAU P AR B AR L L 90U 6 AR S ) R 97. 01
234.48F1 172. 21 pg/g. ZJa, BEA R AR [E] 1)
Bm IS RS EEHE TR, SR N
MG R B RE EYEE T RN R BT K
2.3 EXRE

i3 A 5 DA P AR R A R R AR R
NSHREAME T 2200 0T, 3R 1 R BRI 4
ST R4 U [ % e A Wl A 1) IR 7 R AR BOR
HA BEZW (P <0.05) , & HRZWA WS4
FEPRIY FIROCFR : COPRIURTE]) > ACEREEL) > B
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Fig.2 Effect of material to liquid ratio on extraction yield of astaxanthin
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B3 REUREXIRE RRIMENZT

Fig.3 Influence of extraction temperature on the extraction yield of astaxanthin

X IEASAER A5 R AT R, FERHR L 130
(g/mL) SEHURE D 30 C JEHUFE O 2.5 h 1
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FRAN 245. 01 pg/go PG, AL 551 N B
(ES =N
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WA A AR, #E UK 3 400 ~3 600 em ™' b i
TR AV 4 P 2l R S, T B i By 5 A Rk O
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Different letters above the bars indicate significant differences( P <0.05).
4 IRERATE RS RIRENE R #

Fig.4 Influence of extraction time on extraction yield of astaxanthin

F1 BERBMRINTEREZXRER

Tab.1 Orthogonal test results of astaxanthin extraction from Antarctic Krill

. AR B GG C S oo R CR
Serial number ‘solid —to—. Extraction temperature/  Extraction time/ Null columns Yield of astaxanthin/
liquid ratio C h (pg/sg)
1 1(1:20) 1(25) 1(1.5) 1 196.52
2 1 2(30) 2(2.0) 2 211.91
3 1 3(35) 3(2.5) 3 220.24
4 2(1:30) 1 2 3 219.75
5 2 2 3 1 246.99
6 2 3 1 2 206.75
7 3(1:40) 1 3 2 228.03
8 3 2 1 3 212.78
9 3 3 2 1 209.94
K, 628.67 644.30 616.05
K, 673.49 671.68 641.60
K, 650.75 636.93 695.26
R 44.82 34.75 79.21

T K FOR& R AR THRPRE AR FR-il2E.

Notes: K represents the sum of indicators at each factor and level ; R stands for range.
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R2 FENMR(EBLE MFERRIME)
Tab.2 ANOVA table( dependent variable: extraction yield)
FERAUE w2175 EEE] 3 P34 2 B
Differences between Deviation Degrees of Deviation from F P Significance
the source square freedom the mean level
FEIEAR A Correction model 1 647.907 6 274.651 59.639 0.017 *
FRIE Intercept 423 759.294 1 423 759.294 92 017.623 0. 000 * %
A 334.954 2 167.477 36.367 0.027 *
B 223.557 2 111.779 24.272 0.040 ®
C 1 089.396 2 544. 698 118.279 0.008 * ok
=2 Error 9.210 2 4.605
IR 2% Total error 425 416.411 9
K IE Bk 2% Corrected total error 1 657.118 8

TR = FORBE (P <0.05), + + FoRHBE (P <0.01),

Notes: * means significant (P <0.05), #* * means extremely significant (P <0.01).

Z RIRUF

Macrobrachium rosenbergii

AR

Euphausia superba

JUARERTHR
4000 3500 3000 2500 2000 1500 1000

BK Wavelength/cm

LN 3

Astaxanthin standard reagent
4000 3500 3000 2500 2000 1500 1000

Bk Wavelength/cm™

E S5 #ERFERLIMIFEE
Fig.5 Infrared scanning spectra

of astaxanthin samples

2.5 MERMELERFAR
2.5.1 iFFk DPPH A thFEAE S Y E
ARSZEG LA Ve g B XA [ e B2 B R R
MV kR DPPH [ fi 268 147 T HAHT 9T
WA RN 6 o, B Ve FIERE R/
Thim, Hoxr DPPH [ H 3 1) 15 BR BE 1 2 7 1
£ 10 ~80 wg/mL HHBETE I, 2 [RIRIF (R )
AR LA EE XS UR Sz Ve Xt DPPH (35 R 2 53 531
M 23. 5% . 15. 2% . 23. 4% . 26. 6% Ft & 3

http: //www. shhydxxb. com

95.30% .90.00% .92. 67% .95.90% ., 4 1 #h
JET Ve 193 HESE R R0 & THRE R, X4
LER SPGB, K6 B E
L, W IRTE AR HR B BR 55 R 1 DPPH 15 BR 2 0%
T LGIEXT IR H R A B 225, mw &Y
35 = T AR B TR R R 1) DPPH VSR 7)o

VC
100+ —e— ZIKUF Macrobrachium rosenbergii

—A— FitEBEIF Euphausia superba A
—v— FLORIERNIF Litopenaeus vannamei —_—_— A
80 gy

60 P )
T A
40 N
2 4
20 o
0

DPPHHE H13iE K% DPPH clearance rate/%

0 10 20 30 40 50 60 70 80 90
WE Concentration/( ng/mL)
E6 FREUFTIREERES Ve Xt
DPPH H B ER)FRIR
Fig.6 DPPH free radical scavenging effects of

astaxanthin and V. in different shrimp shells

2.5.2 FIA MG REE T B E

B L7 W, 3 AR Fe th IRl R X R A
H S BT AR (0 T BRASCR , HL R B 5 i
Ve E A ) BN K R o EAS R BE SR E R IR
TR A B IENEREN B ERT Voo
bifi 5 e S TRV B I 3 v, 2 LRI I L R AR i A
FLANEXTARER 52 AR 7 28 S V. 1 FRSE B B 2
W Ry B 53. 62% . 55. 08% . 54. 84% |
45.15% 34 1 5| 84. 88% . 86. 75% . 83. 73% .
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71.50% o HHEAT WL, 3 FPdRse R R AL Ve
BIRets A A0 8 BTG BR R AL B AR B .
TR R & Ve IR EE (1CS, ) AT %0
3 B 5E HR T 2R A 2 40k B2 E 3 0 9. 41,
9.12.8.21 pg/mL,V, ¥ ICy,fEHH 18.53 pg/mL,
ATLAE 1,3 MERse g R 095 A S R
RV, 91.96.2.03 2.25 %,

—m—V
= 90 P [R¥BUF Macrobrachium rosenbergii
N —A— WiARBEER Euphausia superba

—v— JLYIEXHIF Litopenaeus vannamei ~

-
80 //,////
A
/,// i
=

70 T
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(////:/ff;j// -

6 _F

50 /JF////
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Fig.7 Scavenging effects of astaxanthin and V.

BEE HEERE

Hydroxyl radical scavenging rate,

on hydroxyl radicals in different shrimp shells

2.5.3  BRE§TIRIRRE S I E

H [ 8 A4, B R V. A% A o ity 2 [ 051 )y A =X
gy = 0.942 65 —0.004 2,R* = 0.999 7, it
T PR 7. s 9 Hly 4R B30 0 3 ot 7R A 1R &R
H) FRAR (K (& 31 HL A J5 g 7 58 55 , FRAR
(EDBR R UL E A S RE 7B . AR O Wl 484k
F S S RE Ty Bl A BT 48U A 700 e SR %) 38 o i 4
5o HPUAATIUSENR T 60 pg/mL i, 3 Fhihre
HERE R FRAR (H 5T Voo TS9N 80
g/ mL i, 2 TG MR | p A% W AR S JLA e P R
=5 V. 1y FRAP {E43 %] 1. 08 mmol/L 0. 99
mmol/L . 1.03 mmol/L. 1. 00 mmol/L, % [V HFHF
FCHIRE R IR B 38 SR SR, Ho oy FLAN I
XTHRERFEH AERF 2o H AT, Bl R AR i AT
JEARTE M Ve R BE R BGIn, P& 1 S8 JELRE
(R 22 BEAC/IN , BIVE e W B2 25471 T A Wt R R 5 v
ERE R B EIRJERE T S Ve A

3 ik

URE FoE— MR LS AL 5 W, AR AT
ARUR R S B L 3585 A0 A1 9 79— 58 PP e o ) 9 i
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A BILIE TR S R 7 R, 2235 T % B R
FE AR IO BE K AR IBCIRE 8] X0 9F 55 2 B ORI 2
Wil o A ERIGHLBE RORHR FL AR, SR 7e 5 S ke
TR Al AN e, SR IO 58 4 5 B L E 19 T
RS ZR VA A BE 3G, TR R M AN AR E
i 5y 52 BN, e F 30 C M IRE R
AEPRIGE K o A — 5 e 19 T BE AR
39.9 C, 2 FRIUIRBE T oy 23 (8 — 5 ot 75 FR
NI RERRA L , P 2 S B BOR T . IR
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~ 1.0
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Fig.9 Reduction ability comparison of astaxanthin
and V. iron in different shrimp shells
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IR IR 23 1 P B A 2 rp T 5 B0 1 (R Y
/D 3 S 5 I A DR /0N BIVRT LA it ) A
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TR 400 545 K i L BT 22 B AR T A S B Y
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2 A~ -3 IER S TCER, T 6] DPPH [ by B % 6
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i T TR AR AL B XS BE, AT RAREF 75 R
E 2R IR i IR SR AL 1 R A W R AR
HRERERE T Z A RR L 1230 (¢/
mL) FEHGEED 30 C FEEURTE] 2 2.5 h, iR
PRBRIE IR R P HCRIAF) 245. 01 pg/g, W12
FT 2 IR ARAY 88. 69 pg/g I YA X IR Y
172.21 ng/g. kX 3 FiF7e IR K YA
YRR R BE, 3 PR SE Fp iR R X A il 2R AA
TRGFBIG BRAE ST, HA FCTH UF b JLAN € X IR A7
HR BRI O TR BT S A T P et g T e A
U, 3X AT RE 5 IR T 3R A 45 0 S LA %, i ik
— 2.
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Optimization of extraction process and comparison of antioxidant activities of
astaxanthin from three kinds of shrimp shells

LI Nian,CHEN Luzhu, AN Xin, WANG Zhihe
(College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to effectively improve the extraction rate of astaxanthin from shrimp shell waste,
Macrobrachium rosenbergii, FEuphausia superba and Litopenaeus vannamei are used as raw materials, and
organic solvent extraction is utilized to compare the three types of shrimp shells through single factor
experiments. The extraction effect, and the orthogonal optimization of the extraction process parameters of
astaxanthin from Euphausia superba shrimp shells; the use of infrared spectroscopy to compare the astaxanthin
standard with the samples from three kinds of shrimp shells, and to verify the shrimp in the sample purity;
with V. as a control, the antioxidant capacity of astaxanthin in three kinds of shrimp shells was explored. The
results showed that from Macrobrachium rosenbergii, Euphausia superba and Litopenaeus vannamei , astaxanthin
was extracted with dichloromethane, the extraction temperature was 30 °C, and the extraction time was 2 h.
The maximum extraction volume could be obtained. The extraction amount from E. superba is significantly
higher than the astaxanthin in the shells of Litopenaeus vannamei and Macrobrachium rosenbergii. The
material-to-liquid ratio has different effects on the extraction amount from E. superba astaxanthin among the
three. The extraction volume of Euphausia superba and Litopenaeus vannamei under the condition of 1:30 g/
mL material-liquid ratio reached the maximum value of 234.72 pg/g and 172. 21 wg/g, while Macrobrachium
rosenbergii has a maximum extraction volume of 88. 69 pg/g under the condition of a material-liquid ratio of
1:20 g/ml. The optimal conditions for extracting astaxanthin from Antarctic krill shrimp shells are as follows
material-to-liquid ratio 1: 30 g/mL, extraction temperature 30 °C, and extraction time 2.5 h. Under these
conditions, the amount of astaxanthin is significantly increased to 245.01 wg/g. Infrared spectroscopy proved
that the purity of the astaxanthin obtained in the experiment was high, and the vibration absorption peak of the
functional group was very similar to the standard astaxanthin. Through antioxidant experiments, it is found
that the astaxanthin in the three kinds of shrimp shells has good antioxidant activity, and the astaxanthin in
Macrobrachium rosenbergii shell has the hight antioxidant activity.

Key words: Macrobrachium rosenbergii; Litopenaeus vannamei; Euphausia superba ; astaxanthin; antioxidant;

extraction
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