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BE: W THHFEWMEASHGEERNS, HEH T EXFERE, HAARBEAMLRT ZE
MEESEMAE RN KE. AEREFRFOENTRPERFEZATHREREREF,
KAHENENERFITF AN E T EZNEBENE, AW T EARMEE, X
BARENS, #F—FRALEAEFRMERERR A LR EEELE, 7 RN EH
o AHEHATTIFN. £RExr, O NERBEFFEIH L SHITF X RLE 135
WEGE R A AR, @ BEERMKE ﬁoﬂwﬂdﬂr%%%ﬁﬁlmwmd
RN 25°C, KA BE 75 min B, 78 F &£ B R 3k 94.56%+1.24%; WEE £ R4
&4 1.0 pg/mL, KRR % Bk Z 0.92 U/mL, ﬁﬁ&FZVC,ﬁfﬁﬁ%mmﬁ,%%
& B BCR O 98.28%+0.84% . (3K IR B A ok N T SE IR R B N E A, AR A AT
FERE Z A B H (265.09420.35)mg/kg, WAAKEFHFENAEH (21759.36£90.19) mg/kg.
KT BE Tk R E L 4Bk B AR SC/T 3053-2019 Fr GB/T 31520—2015 5 B ## 3% #
THE, 4205 % (260.42+11.57) F1 (21752.54+100.00) mg/kg, 152 H/NTF 10 %; # —
SEANEFGERF R 2R RN FEEZRERRG T AH#TTRIE, BRBITFHEELF
ZE Y ZE H 9524 %, RSD 3 2.03 %; WA IREFHEITETZ I E H 98.56 %, RSD
HO0T5%, R FERBHELINEREREEETURETNFEZWRNEHTE. AXEW,
RN RN AR, RO TREI R FERA MR, &AM HESHE
R B u,ﬁm%ﬂﬁﬁ¢%%%%%@%W*
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55%~64%", UG & A AR LR FEE, K
BT DAAE MR R B 58 ARt i o

TR AR RER 2 hn i B =, B
R E ARSI E R TR E AT, Tk
B RO B S A A BRI . HATE R
A 1T A W A v IR AT i OK B R . B AR
IR G RENE RO S, A YR A AR
SRR R (EP Y o3 B u R o o | AW A 1 L
BRI MR,

LA L, SRR E M A, K R
A 285 Tl ot B B S T AR VT R TN IR, g
RE 8 B AR AE Wi 1 1 O DR, DAL LBl A 55
P, B A TRE 28 0 IR 75 2 R A R A s B 2
Al DU [RE S UG R HEf e . Bk, &
T 5T 43 9305 DA T 0 Al A v 5 5 S O R R
WUREAE Ay S YRR AR A i, I T e g A A Fb 37
PRI BT . IR R BV BE . SO It R RN SR s
(1) 25 PR 22 % Ui 5 MR 7 2R ISR A 52 e, Pl o OE
TR ARG AW T4, @i I s £
B 0 R 7, IR R R 2R A R R R
2R

1 MESTHE

1.1 SEIREA)

AR 0T H 2T 2018 4F 12 A A K%k
TR AR A F] OK 7 & it 82.3%+1.9%), 22
HeigHn, U 1 kg Z2 A FEM AT T80 °C IR AT
FEF s P AN A Ity P DR P v v 4 AT % ) i 4
AR ZEBREERY B DI KR i . IR R AR
i (26 E 95.8%+0.5%) W B 1% [E Dr. Ehrenstorfer
o], NHEEEEEE (500 U/mg) Iy A R A4
PHEA R A E . HEE . BUT HEHEE . PR SE A5
a4 H € Merck A, HAh 5444
FEar Al
1.2 UFE5E&

Q Exactive iR AH (35 - 73 BB B HIAY
6 [E FE B RBHE: (PR ABRA A Agilent
1100 /=5 8508 AR (A (BC 2 Ml 2% ), L 24
ERHEAPRAF]; CR22G H#A RE LML, HA
Hitachi /A &) ; N-EVAP112 & WY, 2&[E Organo-
mation 23 Al 3 XW-80A EIRIR A #w, i KA
#%); IS-RDS3 &= tH kR 4%, £ ERSILE
PR PR Milli-Q HaizkIL, 3E[ Millipore 23 H] .
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1.3 MEFRZE

A MBI ITFH R . WEF 4 B e dR Lk
S I GAFN Tk,

¥ REEHFH ERBM 69 52
BT AH €835 - 2 20 BT (A 7 e TR S

G A gAY SEALGSEN

wIREEME R 1E 1.0 mL BEASHRE BRER
o, A5 A 2 mL HER AN 2 mL Tris-HC1 2% h i
(5 6.06 g Tris I&f#(E 750 mL /K, FH 1 mol/L () HCI
WY pH F| 7.0, SRIEH/KEZE] 1000 mL, ), #
A1, THIRCE 2 min, 0 AE S5 A [ P A A T
(4 U/mL), TEHIRYRGZKM, SRIEIA 1 g TOKERER
BIA 2.0 mL A B, WRIEYRS 2 1 min, #fE
2, KL RamB R, T EEWEmA
2.0 mL 7t A HRE 2 Wk, AIFAhEEAT, A
WZE, M ImL NEIEZE, i 045 pm JERS,
K HPLC #4700 5E o

BT fem A sk E PITE RSO P
R DRI E Ji 53557 SC/T 3053—2019"
1 GB/T 31520—2015", 7K fif 5 20 % FH A Sc 96
ST

wIREEM AR R A R BRI
REg e g5 i R ICR R R E2A . K
WP . KRR . AR N R, #EfT
RIS, AN TR 3 R, BOFIME.

O KR M EEE . K . BUERIEITHG B,
JEHE />R 0.1, 0.2, 0.5, 1.0 F 2.0 pg/mL,
WE A R E K 0.67 U/mL, B f# R 25 °C,
SCREAT[E] 45 min, FZRE 1.3 PE4T RSN o

@ TR R B W FE . EREEMIRE R 0.5
pg/mL, XUHEEHRE S M 1.0 pg/mL, i ¥k B2 9k
0.36. 0.67. 0.92. 1.14F1 1.33 U/mL, [ fi% I )&
25°C, S WVAt[E] 45 min, 08 1.3 PEFTHEEAR SN .

@ J Ny B R R . R EE SR E N 0.5
ng/mL, REWE N 1.14 UmL; XEEFE S K 1.0
pg/mL, FEHRIE R 0.67 U/mL; KV IR0 4.
15, 20, 25 f137°C, [ NiAJ[H] 45 min, 8 I
W AT R S

@ [l it Bof o) B B 9% o PRERAE SRR 0.5
pg/mL, MW E N 1.14 UmL; BB RE &8 1.0
pg/mL, [ Mk B K 0.67 U/mL; i fif T & 25 °C,
T e B 18] 23 51 8 30 45, 60, 75 190 min, T
R T A T R RN

F R B R B LI

RAF

7 B PR R )
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46 &

b b, B RN R 4 IR 3 KFEiET, LUEY
WIE (A, KRB E (B). KR (C) K fi
BFE (D) VE NS H R, #7IR Ly(3Y) IEAC R AT
IEAZIRE:, EACBEIT A RIE 1 E 2, &N
SAEEATINGE 3 R, BRI,

B I F R A

AR R EICR (%) =

WEIFE RS &

B A AT IR 7 R A S
1.4 TS

K H SPSS 23.0 %31 4 & 3 K FIEAS L5,

F1 BEETRBEZRRKE

Tab.1 Code and level of independent variables used for

x 100%

orthogonal array design in monoester astaxanthin

[X % factor
K AJEVIREE B A REEKSE/
level (ug/mL) (U/mL) CiRBE/°C D F[A]/min

substrat@ system enzyme temperature time
concentration concentration
1 0.5 0.67 20 60
2 1.0 0.92 25 75
3 2.0 1.14 37 90

F2 WEEENAEERKKTE
Tab.2 Code and level of independent variables used for

orthogonal array design in diester astaxanthin

K& factor

KT A SRR/ e
B K REHKE/(UML) o o
level  (ng/mL) %}ifnfii%z;mem ) CEELC D I l/min

substrate d temperature time
. concentration
concentration
1 0.5 0.36 20 60
2 1.0 0.67 25 75
3 2.0 0.92 37 90

1 Excel #AF— 2 PEAT Rt Ab P, I X IE A 5
JI A B 64T J7 22 73 A il Tukey LA 36 E4T 22 5+
BEMEE

2 4

2.1 B, WEEHIEEL

R FH 2 B0 15 - 55 43 BE S, SR Full
MS/dd MS2 #E AR AR S, LA B R P 0K i 43
T R EA R DL MR 2 R R B T
B SRR AR X R4 A IR SRR B TS
T 1 T R Tl S T B AR U TP S 8 R
HRPMR, 7EREREZI 4 13 FoB (36 3
3k 4),

22 BRESBERS S

JRA R R B N B R 2R Dl
FEAL, 0.1 pg/mL BFHUR R (B 1) B XUig
Wit TV W B T TN, U8 S R 3R 1 [T i R Sl
SV, EREEVKEE N 0.5 pg/mL . XJE A 1.0 pg/mL
I S IR 2R ORI B, HITE 95% L L,
(ERUESY il b7 3 FUN N I = | N i [
BRI/, R B RV O 0.5 pg/mL, AR
h 1.0 pg/mL Sy il ) Spcad IS AR

R ZBERE AR R T A B U &
MIUSCRGIVE I, B U R B B i 1, PR
THURUTRE B4 Ui 125 0 7 25 [l Wi 0 2 e 44 n s BRI
XFFEAEE, CYANEEE N 1.14 U/mL I, sgiRd &
]l 55 B K (94.07%); X T WUl , Ik
0.92 if, IKF|H KM (87.68%). 1E 0.92~1.14 U/mL
KRR KT, 2RI Z iR T
12% (&1 2),

®3 MBS RABRERBEEREESER

Tab.3 Mass spectrometry fragmentation information and identification results of astaxanthin monoesters in krill

e REN/min BigH(nz) LHEmz) TR

peak ret;ntion theoretical measured  molecular ife;fi{nilc?: Mg//[]\s/[/lsv[fsr fﬁfi Eﬁ fi on ; den%ﬁi tion
time value value formula
1 10.56 779.56090  779.560547 CsH74,05  —0.45 761.542664. 579.380737. 183.17482 Asta-C12:0
2 11.91 807.59220  807.591553 CsHs05  —0.80 211.205505. 579.391663. 789.582581 Asta-C14:0
3 13.44 835.62350 835.62306 Cs¢Hg,05  —0.53 817.60852. 579.38025. 239.17990 Asta-C16:0
4 11.89 833.60785  833.606506 CscHgoOs  —1.61 815.600891. 579.382141. 561.36731. Asta-C16:1
5 13.33 861.63915  861.638123 CsgHgsOs  —1.19 843.622742. 579.380615. 561.374573 Asta-C18:1
6 11.12 857.60785  857.607605 CsgHgoOs  —0.27 839.601196. 579.383789. 561.368469. 261.220184  Asta-C18:3
7 10.39 855.59220 855.58990 CsHigO5  —2.69 579.38385. 147.11746 Asta-C18:4
8 10.64 881.60785 881.60577 CgHgoOs  —2.36 863.59375. 579.38074. 561.36938. 285.22128 Asta-C20:5
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Tab. 4 Mass spectrometry fragmentation information and identification results of astaxanthin diesters in krill
BA s H SN S0 I\ .
Ik ﬁ% 52) ET_/mm fimﬁ/{m/z) kIJ\ME/(m/Z) /}“ T ﬁ i%%/l()’ﬁ MS/MS%%@:—)# %%i
retention theoretical measured molecular T . . ! .
peak time value value formula devition MS/MS fragmentation identification
1 16.9 961.72797 961.725083 Cg4HoOpg -3.00 761.54657. 561.366089 Asta-C12:0/C12:0
2 18.15 989.75927 989.754944  CgsH 19906 —4.37 789.575073. 761.549622. 561.368652 Asta-C12:0/C14:0
3 19.54 1043.80622  1043.80481 C;0H1060¢ -1.35 843.618408. 761.545715. 561.372559 Asta-C12:0/C18:1
4 19.64 1017.79057 1017.788025 CggH 0406 —2.50 999.792236. 789.583496. 561.371887 Asta-C14:0/C14:0
5 21.37 1045.82187  1045.820923  C;0H;30¢ —0.90 817.609375. 789.589661. 561.373291 Asta-C14:0/C16:0
6 23.52 1073.85317 1073.85510 C;,H; 1,04 1.80 817.61682. 579.38440. 561.37292 Asta-C16:0/C16:0
7 21.29 1071.83752  1071.83728 C5,H; 1006 —0.22 843.631836. 789.588318. 561.370422 Asta-C16:0/C16:1
8 23.36 1099.86882  1099.868896 C,4H; 14,04 0.07 843.629028. 817.611023. 561.370667 Asta-C16:0/C18:1
9 19.21 1093.83752  1093.83139 C;4H;030¢ —4.69 817.61627. 147.11669. 173.13256 Asta-C16:0/C18:4
10 19.73 1119.83752  1119.833862 Cy6H;100¢ -3.27 863.598267. 817.608398. 561.368469 Asta-C16:0/C20:5
11 23.18 1125.88447  1125.882568 C;6H; 1606 -1.69 843.626953. 561.371704 Asta-C18:1/C18:1
12 17.03 1139.80622  1139.80359 CogH1060¢ —2.30 147.11708. 173.13312 Asta-C18:4/C20:5
13 16.69 1165.82187  1165.82091 CgoH1030¢ -0.87 147.11667. 173.13297 Asta-C20:5/C20:5
110 - 100
100 + °
o o
5 2 S 90 |
=g Or =&
E —— R E £ S
g 'Fa 80 + monoester % g %0 monoester
Y L
fr § —o— XU ﬁg g —o— X
E g 70 L diester Eﬁ %- diester
<
= 3 =8
T & 60 - < 70 |
50 . . . . 1 1 1 1 1 1
0 0.5 1.0 15 2.0 0.4 0.6 0.8 1.0 1.2 1.4
N N =S
substrate concentration system enzyme concentration
B 1 RYRRE AT S R R 2 AARBIRE A RE RO

Fig. 1 Effect of substrate concentration on

recovery of free astaxanthin

BORL O I P ) 240 it ik S 11 T
BEPRER o A WFGE I A A [ R T 1% 325 B P A L Ry
37°CM, (HEFAEMNIRET, HESIEESRERES K
AR SR A . A T ORIEE R ER, T ERE
IR SR L, ASSEEIREE S5 4~37 °C (1 3),
SRR, HARRTERARIREE T, AR R AR AR
PR, AE4°CHE, JFEIRE R BICE A IL 95%, bl
HiEER TR, RN R SCRAWE I, 7E
25°C i}, KFNEKAA (99.14%), {HIE SN i
i 25°C 5, HFEZBEICRD, 37 °C BHRAK;
XL TG F14 52 7 L B AE 4~20 °C Rl , R 2 )ik
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Fig.2 Effect of system enzyme concentration on

recovery of free astaxanthin

FARWT . 7625 °CHE, A2 KAH (88.10%),
37 °C I IR AL, L, BEFE25 °CYE N L
U 1 22 T A I 45

Bl AL B 18] T i I ), A T 240 it e 2 7 1)
WK ZE ., 78 30~75 min I, B SUESHS LR 5
J 7 R [RS8 Il 43931
ik F] 96.45% F1 99.00%, {H J2 filf fif Bsf [B] #8 i 75
min J&, FMCEIFRIEAS (8 4). Bk, TR 75 min
VERBA . RGeS o e AR

23 EXRFWERSHF
PEEER KR HAFRIERYE T, Rpy>Re>
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434 KoOPE ¥ R 46 %
100 ~ 105 -
o & 95 L
9 \ = 5 100 |
¥ 8 —=— Hifig i3
X 90 - monoester = o
m .g —o— XUk & o 95 |
ﬁﬁ' *"‘:-'g 85 diester e é
T < =] —=— g
X T < H
= s 80 - i? E 90 | monoester
oS z% . WU
=o 5r =8 diester
=) =2 85 L
70 1 1 1 1 1 1 1 I
0O S5 10 15 20 25 30 35 40 L . . L L L .
2R ELE foC 30 40 50 ‘60 70 80 90
temperature S BB [ /min
time

3 REGREX RIS R E USRI
Fig. 3 Effect of reaction temperature on

recovery of free astaxanthin

Re>Ry, DRI A% DR 3R 5% e i 25 08 95 3R IR 1 32
WAEH A D (B 5 [8))>B (14 2 Bl vk 2 )>C (]
WE>A (RPIHEE), w464 A B;CyD;,
BRI Bk 0.5 pg/mL, SN AR BB N 1.14
U/mL, VIR 25°C, KA 75 min (55 5).
VA 2 Bt e 8 RS2 7 s ) S i 5 R 7 2R [0SR B4 A
Y 2520 (P<0.01) (3% 6)-

REEER KR WERIERERS, Rg>Ry>
Rp>Re, DR IL A% PR 28 5% ey i 25 AR 75 3R Tl iy 2
WY A B (1R R Bk )>A (IRPIHEE)>D (it
B ED)>C (N EE), SfEK 458 ABsC\D,,

4 R RIRE) XA R B R R0
Fig. 4 Effect of reaction time on recovery of

free astaxanthin

RO 0 1.0 pg/mL, SO AR FR K 4 0.92
U/mL, SRR 25°C, [V 75 min (3 7).
1A 28 il v B X MR 7 2R ISR A A A I 355 T (P<
0.01), JIRHHBEXTURE 22 MISCRA W& 520 (P<0.05)
(# 8),
24 HEIZHRHRIE

X S v B XU A S O Y B AR T2 AR
P, #EAT 3 R UESE S, FAER AT 25 R 2R Ml
R 94.56%+1.24%,  WUER I 25 R 28 DR
98.28%+0.84%, 5 IEAZIAI 45 RANSF, TEFRfE

®5 BERERTHAER

Tab.5 Orthogonal experimental results of monoester

# factor

Fs — Tip BSURT R AR %
serial number A JRPIIRE/(ng/mL) B & REFIKREE/(U/mL) C P E/C D = R[] /min free astaxanthin yield
substrate concentration System enzyme concenraton temperature time
1 0.5 0.67 20 60 67.85
2 0.5 0.92 25 75 91.64
3 0.5 1.14 37 90 90.92
4 1.0 0.67 25 90 78.97
5 1.0 0.92 37 60 77.11
6 1.0 1.14 20 75 90.23
7 2.0 0.67 37 75 79.1
8 2.0 0.92 20 90 87.9
9 2.0 1.14 25 60 80.59
K1 250.41 225.92 245.98 225.55
K2 246.31 256.65 251.2 269.77
K3 247.59 261.74 247.13 257.79
R 1.37 11.94 1.74 14.74

LKF  result

AB;G,D;,
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®6 BERIEXIUHFESERIN

Tab. 6 Analysis of variance results of

monoester orthogonal experiment

I % RETHA 1 ¥y v Pl

fator deviation sum of squares degree of freedom mean square P value
A JRYIMIE  substrate concentration 0.001 2 0.000 0.218 0.806
B R REFKE  system enzyme concenraton 0.075 2 0.038 18.535 <0.01
C RPLFE  temperature 0.002 2 0.001 0.370 0.696
D JMIIA]  time 0.077 2 0.038 18.939 <0.01
WR#E  error 0.036 18 0.002

#7 WEEEXLWRITRE

Tab.7 Orthogonal experimental design and results of diester

[ 2 factor o
FF 5 I ESURT SR AR %
serial number A JEYIRE/(ug/mL) B & R Bk E/(U/mL) C N E/C D NI [E]/min free astaxanthin yield
substrate concentration system enzyme concenraton temperature time
1 0.5 0.36 20 60 70.04
2 0.5 0.67 25 75 80.71
3 0.5 0.92 37 90 78.00
4 1.0 0.36 25 90 78.01
5 1.0 0.67 37 60 75.40
6 1.0 0.92 20 75 97.01
7 2.0 0.36 37 75 70.40
8 2.0 0.67 20 90 82.03
9 2.0 0.92 25 60 79.94
K1 228.75 231.72 245.81 231.72
K2 252.69 240.85 240.89 247.80
K3 234.71 255.32 238.14 236.63
R 5.99 7.87 2.56 5.36
fILAKF  result A,B;C\D,

®8 MEREXLWHIFELSERTM

Tab. 8 Analysis of variance results of diester orthogonal experiment

R T 1 ¥ v plti

fator deviation sum of squares  degree of freedom  mean square p value
A JRYIWKFE  substrate concentration 0.030 2 0.015 4.029 <0.05
B 1A RFEHKE  system enzyme concenraton 0.059 2 0.029 8.039 <0.01
C VIR temperature 0.013 2 0.006 1.744 0.205
D W] time 0.014 2 0.007 1.843 0.189
W% error 0.062 18 0.004

fiff fife T 20 4% 1 RE AT 450K IR 7 3R TR A O g A
25 FHEERM

A YIRE L PR BRI AR AFTE 25 5, WA
CIRRBE FZDMF T R LA, @ UCR ARk
£ 0.5 ug/mL, SOWARREFEEE 1.14 U/mL, ik

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

25°C, JLAFA] 75 min; A B AR A HL i S Ao
T B o AR, EBCR IR EE 1.0 pg/mL,
AR RIS 0.92 UmL, R IR 25 °C,
RS IE] 75 ming SR HH LR D5 b AT, e A
W HPIR S KA (265.09 +£20.35) mg/kg, FAE
LIBREEIRG R A R (21759.36 +90.19) mg/kg.
UEAh, T RUE TS R MER B, 43R SC/T
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436 KopE OE R 46 %

3053—2019 F1 GB/T 31520—2015 5 [iff fift 1= i 45
RIBEAT T A, S5R451510 (260.42 + 11.57) mg/kg
Fl (21752.54 £ 100.00) mg/kg, 2 ¥ /N T 10%,
WEIA T 5k W MER v s AR5 E— 2038 2k 7 it A
Jo A N 4 SRR R AR S IR AT T RIE,

BEE 3 WRHER (£ 9). RIMBEIR - IR 2 B -1 5]
R K 95.24%, RSD N 2.03%, FiiA: 21 BR ¥ Fp iR
HE M EE K 98.56%, RSD N 0.75%, 1AL
AR SRR e e b, A M,

x99 EMBATAMRELKEDFEINE RORE

Tab.9 Recovery rates of free astaxanthin in E. superba and H. pluvialis

PRI Euphausia superba

WAL EREE  Haematococcus Pluvialis

seriaﬁ:jmber ARGURERERCE% PR R ARGURERERCEY%  FE% AR 2%
free astaxanthin yield average value RSD free astaxanthin yield average value RSD
1 96.92 99.32
2 95.66 95.24 2.03 98.50 98.56 0.75
3 93.13 97.86

3 Wi

3.1 BREEENEARMNE

YRTHR T 2 R A ME A IR ME R, K
AR A B 2 AU T 2R R e ] A O, I
[ P2 G P 0 ) 1 R R R K AR, i T A
MR, 255 18 RS R PR S dnifE
GB/T 31520—2015 H1 SC/T 3053—2019 &%
TR AR AT K i, (FRFERTC, it
BOKAE, RN RS REUNE RN S,

IR R W N TR, RN R,
[T S o SR I R =1
BEAb, WRTE 2R BRI FIOUL R 4 T I S I ) e A T
AR, AR AR PR S B R R R A AT
X453, " LAIRAS EMER A9 45 5 . Fang 2507t DLFR
AELTERIENFES, TER DR R B 0.67 U/mL
IR RE o~y 37 °C . BRI E] 60~75 min ZEATI5E
Hoi B U R MR N 89.5%, X 45K T 0
TR 98.56% 1T 24 [l e %

32 EaMEngmESR

JIRPIHIE | PR B E | S0 5 A A
[F1) 2 52 ) Pl i S SR B EE B R TR
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A method for the determination of astaxanthin ester in Antarctic krill
(Euphausia superba) by enzymatic hydrolysis at room temperature

GAO Yan '?, XING Lihong', SUN Weihong ", SUN Xiaojie', ZULu'’, LI Zhaoxin'

(1. Key Laboratory of Sustainable Development of Polar Fishery, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Shanghai WEIPU Chemical Technology Service Co., Ltd, Shanghai 200082, China,
3. Shanghai Fisheries Research Institute, Shanghai 200433, China)

Abstract: It’s difficult for accurate quantification of astaxanthin esters because of their multiple forms, and
hydrolysis of astaxanthin esters to free astaxanthin is the key to solve the problem.In this work, Antarctic krill
(Euphausia superba) was used as a representative specie for the study of astaxanthins. The mono- and di-esters of
astaxanthin were prepared from Antarctic krill by column chromatography, and the composition and content of
them were clarified using high-resolution mass spectrometry with ultraviolet detection. The astaxanthin monoes-
ters and the astaxanthin diesters were then taken as the typical research samples, the enzymatic hydrolysis condi-
tions of which were optimized through single factor and orthogonal experiments, and the accuracy and applicabil-
ity of the method were evaluated. Results showed that: (1) 8 astaxanthin monoesters and 13 astaxanthin diesters
were prepared and identified as typical characteristic compounds from krill. (2) For the astaxanthin monoesters, as
the substrate concentration was 0.5 pg/mL, the enzyme concentration of the reaction system was 1.14 U/mL, the
reaction temperature was 25 °C, and the reaction time was 75 mins, the yield of free astaxanthin could reach (94.56+
1.24)%; And for the astaxanthin diesters, as the substrate concentration was 1.0 pg/mL, the enzyme concentration
of the reaction system was 0.92 U/mL, the reaction temperature was 25 °C, and the reaction time was 75 minutes,
the free astaxanthin yield reached (98.28+0.84)%. (3) Enzymatic hydrolysis at room temperature was applied to the
analysis of actual samples, the astaxanthin content was (265.09+20.35) mg/kg in Antarctic krill oil, and the con-
tent was (21759.36+£90.19) mg/kg in Haematococcus pluvialis. In order to verify the accuracy, the enzymatic
hydrolysis method was compared with the standard methods from SC/T 3053—2019 and GB/T 31520—2015.
The determination results were 260.42+11.57 mg/kg and 21752.54+100.00 mg/kg respectively, and the devi-
ations of the results were all less than 10%. Then the results were further verified by adding a standard solution of
all-trans astaxanthin to the sample matrix was tested, the recovery rate of free astaxanthin was 95.24% in Antarctic
krill and 98.56% in Haematococcus pluvialis, RSD was 2.03% and 0.75%, respectively. It proved that the
enzymatic hydrolysis method has good accuracy and precision. Studies have shown that the enzymatic hydrolysis
method has good stability and high repeatability, reduces the oxidation of astaxanthin in the reaction process, and
maximizes the conversion of ester astaxanthin into free form, which is suitable for accurate quantification of esteri-
fied astaxanthin. Therefore, the scientific basis for the comprehensive utilization of astaxanthin resources could be
provided from this study.

Key words: Euphausia superba; astaxanthin ester; enzymatic hydrolysis at room temperature; quantitative determ-
ination
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