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BRI R PRI 3R Z 88875 AR5

HEEA RAI O TRBUR SR

wARE
AR R S E T T e b el

W B

¥ 4 F (Astaxanthin) R R 77 £ A SE 8 (o i A S BRGR) AU L > I T d A
Mok RIBRim Bl R BARS - ABAKRITEX T UEHERERIGIEH
(Escherichia coli) Ast12 RS B £ & 240 0 JR M 4 F0 X AR A FRABI BAR T AL 4 F
A B R A TRE A AL K3 B2 mg o RERMZIR AL K 50 VA 5 BORAR B AT R ELE K
Z AR 7 b B (HPLC-PDA) O #1 » T45%5] - A B 1L & s » MEES AL 9 4
FWMOAT R F MR RAIRT AR KA 7 XAS B AL A M & R AR R i Y > 2%
BT P9 3R A% YE 5 AHPLC-PDA 5 #7 3& 5 B sk b ¥ 4r - 2B 5 0% © B4 0.1%
2,6- =T A$ F oy (BHT) X MBI IZR I 4 o 0 A8 5 IR F AR O R EER
28 18] B S B R R A G T BRI 0 R B R RAE AR 0 #820.1% BHTX R AR
B 75 4% » YAYMC-Carotenoid C30 (5 pm, 4.6 X 250 mm)& 4 » 5B FAEE » PR FE =T
JE B B Y% B R AR R R AE & A5 B4R 0 PR 1.0 mL/min#Ad ik K478 nm¥k A b —AREY i
FUARR B o & RFET 0 BEALT I A F A BE F AR R T 2 A AR AR R A T s 4 (6
H13-cis ~ all-trans B 9-cis) ° B XBR & BT o AR B KZ B G KT b 55 R
I AR BTN SR A F3T 42,5 mg/g ~ 5.0 mg/g&12.5 mg/gX B s & 0 B B MR
T FE 592.9-111.2% » 4 B2 E £42.5-4.8% ; % B H-F3HEIKFE490.2-107.2% °
G RGEA44-7.0% 0 5T SR AEARF AR B Y B I EF RS AL AR R O ik X AE A
0 BT R IRZAR B MREBE I RIF o ARFIERRSH B EZ T ER R
o MBREREAS T AR RS E AT T REITEE ) PR AR TARE AFBE>
T A2 80% 2 A&, ©

RARE © MRAIR - SRURMENE - XTI S - Bk

Tt

je B[R I ML R S5 VB R RE Y - ERT - IR R
HEHL 3R 22 Ry (LER S R S RARPI A R
{LER G R B MBAL 3R E R s > {E H Al A REH

jll[

Al

— ~ BRAIERI A

16 B 2R 5 R T ER AR R R T Y AR R
B G RE) B ORI E AR IR AL R
(Astaxanthin) * §&KZ @Y A ERE H &
YA REIETS - LYUREAE LA (A0 ik 2 B 8 411
A o Wi FEEERIRAL R B A TIALIEN: It

RN IAEERVE - IR A EERE
F 5 RV ZERU AT 32 AU B RS ~ B8
AR - DI ALK (Haematococcus
pluvialis) TSR E & B R -

Al ZBNEHEERTEERE
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(Xanthophylls) » Hi 18 EEAH 51 58 & 2 AH

BLFE DU 2R A & R 26 T G G I TP 5 2 7 e
H(Free form) DA 505 5 5 g 2 BE (LAY (Ester
form)© o FARFL AN - BEHEZS IR E YRR

(A)

{LEIFAE » G FIRHFAE R - RLEERE ~ fLER
B R ECEE SO R R T 7 A 12 MR 32 B DA e
RIFAETY o WAL R R HESE 2 (LS & A e
— » R (Cis) 8 K (Trans) 2 A8y - DA

(B)

9-cis astaxanthin

I
/\/ \/J\/\/\/\/\\/\/

[ | \/X

Astaxanthin Monoester

B — -« TRZREIRAI R (L BHEE

JOH

041

(3R, 3'S) al-trans astaxanthin

(F)
HaC
HiC
HaC “\
j\ HaC.. JK],OH
Ty S ey \‘\ = /L‘/
&1 CH1 HaC CHy
13-cis astaxamthin
(H)

0 Astaxanthin Diester

(Zhou et al., 2019)
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BRI R Sl IERL SR AR B THR B

TR ATRIE » S H RSB R AT 5 %
B A A -

= IRAI R BRI ME R RREE

BUMN £ 5% 2[5 (European Food Safety
Authority) [RIBAL SR 2 & H L ik i KiRIUE Ry
4 mg - WHFHETREMAGR"  MEREMLE
Y& E(U.S. Food and Drug Administration)f2
FHBENEFT 12 mg - WHESFEREI R
Az R - ZEEERFE2021F3H11H
SEZ T PAERBUE KGR R Ast1 2 R PR 5 B
A7 2 B ORI AT 32 2 B8 B PR R AR B
E, c BHERARER 2 mg(m o RWFFERl &
TEEHAREA S REE LTS 8EE - &
TLREMHIRAL R B TR AN 22 .

MFERTTE

— B &

ST ESEAR B - R
BEmEBE L 2N - HER7IFRIE g
G R A i i 30 o Tl G B 2 22 R AR AR
B ETTRCR(E KB 32% ~ ALBE32% ~ Bk
32% ~ TEAREREE2% ;i — S bhY2%) » HARER i
BBy 2 T E KB -

—BREE - ATIERRAES
()Rl S e
RS~ NEA - AlE s RS =T BBk
(methyl fert-butyl ether) s £% A AH g 7
e TR R SR K B R ok 20 £ FH B EE AR -
B 5 £ Bl Avantor/\ Fl(Delaware, PA,
USA) © 2,6-— ] BFRELHK(2,6-Butylated
hydroxytoluene, BHT)$% FHE{ 244K » T H
2B Merck /) Fl(Darmstadt, Germany) °
i E F2 BE S (Cholesterol esterase from

Pseudomonas fluorescens, 6.25 U/mg)

BIFR - WEER(85%) » =FE MR B A ke

(tris(hydroxymethyl)amino methane) 5+
K& T R sk 2 PR Al B Al - B £
B{Sigma-Aldrich/X & (Saint Louis, MO,
USA) -
() AR e,

I P AR e O 2 SR AL 32 (all-trans -
Astaxanthin  fi#99.5%) » 9-E -5
(9-cis-Astaxanthin * i 94.9%)Ed 13-/[H=-
#4125 (13-cis-Astaxanthin > §i£90.3%)
BYIi% H 32 B Sigma-Aldrich/\ 5] (Saint Louis,
MO, USA) o #He AR UE FLES (LB AT 37
(Astaxanthin ester) 5z A ERFRYAE AL B-AIT-8 -
W EJ % (B-apo-8°-Carotenal * fliEE100%)
HEIE B £ USP/A H](North Bethesda, MD,
USA) °

= R

() 8 1= &0 A JE AT B8 (Acquity UPLC®
H-class, Waters Corporation, USA) °

() 1 . & %% (Vortex Genie-2, Scientific
Industries, USA) °

EHEF N IE & (Elmasonic P, Elma
Schmidbauer GmbH, Germany) °

()& IR R 2 /KR B (SB-TD » Z IS R (5
HIRAF - ZH) -

(1)#fE B (Allegra 25R Centrifuge, Beckman
Coulter, USA) °

(N E R IEHE S E (TurboVap® LV, Biotage,
Sweden) °

(b) 2= it 7 7k B35 B (Millipole milli-Q,
Millipore, USA) °

P ~ SUE 2 AR
()£0.1% BHT Z NEAE TR
HBHT 0.5 g DA EH A iR 5500
mL °
()50 mM = F&H B BE B R VAR
TR = S R L B 570.606 g @ NZEHBET
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7K90 mLyAfE - DUEERA I #pH{EZ7.0 » 5
INZEBEF 7K BER100 mL -

ENeE B EERE A
f§HY6.25 U/mg L JE [ EEEERE64 mg » LL50
mM =S B EL I BES0 mL A WA R
%8 U/mL °

F -~ BENEARZEBER
HEEIFEATRA © RS -
O ENHZEEB « FHESE =T HE -
EFEENEERC © BUBER211.8 mL » fIERET
KRR 1,000 mL > FRUEEETE - RO R AL
TERENTRIATRC -

7N~ NERIEZE AR AL s
HY B-117 -8 - i 78 Ik PN SRR HE L A5 mg -

FETERE » DLE0.1% BHTZ N ER VA TG AR

EARZE2S mL 0 (ERNEMTEFE » 12 B

{817 o AR UE R A S E R - DLE0.1%

BHT.Z AEiARFEEZ20 pg/mL > HE{EAESHE

HEVRTR -

t ~ EEAR iLR

()2 S BT SRATHE VA TR
Y 2 i SR AT 32 3 I A AR HE £ 10 mg »
FETEREE - LLE0.1% BHT.Z NERVA TR
fRIEARZE10 mL - ERIEMERE - 5
HE AT o B R P NG AT R S IS
EHEFRIES » PL&0.1% BHTZAFRE
TRFFEEZE0.1~50 ug/mL (& N B TE R
JE10 pg/mL) » HEIEIFHEAWR -
(B LAMEAT SRATHE VA TR

HE A B i AT 32 3 B P AR HE 10 mg »
FETEREE - LLE0.1% BHT.Z PR VA i It
EARZE10 mL - (ERIEMERI - 2 B
1 o B A PR EOE & AR ME R L3 0.1%
BHT.Z AEAE R EE 500 pg/mL » fEF
TEUHEYAYR -

(219-NEL =T 6 B VR 13- ML AT
RS

53 A9 -ME = - M T 52 B 1 3-ME = - T 32
R R A1 me - KETEREE - B
PLE0.1% BHT.Z RER AR ARG E A 22
mL - {ERREME[RVE - 1% B RET - BR
FAFRf 43 1) L B A B [ A% 0.1% BHT
Z EATRAREZ S50 ug/mL » (EIEREHE
1 -
N 2 AR
P s EIR A% - BKI100 me » FETERE
JE - Mrikig s Se DAEBE T /KS mLorER 0 BN
A70.1% BHT.Z NHR A A0 mL 5 JHiRER 80
AE0.1% BHT.Z NER YA E45 mL » JEEIEE] -
R E I IRE307 8 0 LLE0.1% BHT.Z NERH
ETREZRZES0 mL 0 DL3,000 xglf (35578 - 1
RIS o BTS2 mL > B 15 mLEE L
o A PSR HE VAR 1 mL R M [ B BRI v
%3 mL > FEEIRE » 37°CoKIa R /N -
15 TR S« AR &R
1 gf k2 mL - JEEEZI308) - DL3,000 xg
B35 - IR R RN & KRR INL g2
15 mLEELEF » TREFEIAGIHEE2 mL
BHE LRERCSE EE e RES - &0F
W - DLERWEZ - BEYILAE0.1%BHT.Z
B TR2 mLyE i - AU IER - EER
1’ -
i AERERETEE -
L~ SREEREETEMTIEE
Pt R IRR A & R478 nm -
(S)EHT% : YMC Carotenoid C30 > 5 um * [N
%4.6 x 250 mm °
EEHTERE : 25°C -
(PR e A&+ 20 pL e
(A3 : 1.0 mL/min °
NEEITRATR « IRE AW - DU
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SR AETT AT -

HF ] (min) A (%) B (%) C (%)

00230 79-79 1717 4—4
230-235 7966 1730 4—4
2352280 6616 30—80 4—4
280300 1616 80—80 4—4
300-30.0 16279 80—17 44
3012350 7979 1717 44
+ - SR A EEAIE

s e 2 ORI S AR B VA R 2520 pL » 53 5]
EAERORAHE TS - R SLETETT AT -
O VR AT VA VAL T 5 M o i B R T R R M
e i L Bl 2 o AR T YRR R kg
AL %2 & B (mg/g)™

T L 3R 2 B R (mg/g) =

CxV
Mx 1,000
C : Hall-trans ~ 9-cis &z 13-cisWEFL 3R 2%
I TE A5 3fe b HLAR SRR FE Rl T (43 B Ry
1.0~ 11K B2 EEEE -
RIS AE M SRS IR P IRAL R 2 R
(ng/mL)

V @ iR R E A Z BB TE(50 mL)

M : Ui ds < EE(g)

i iR EAL R B R - DUREEE A ERAT

E
+— ~ FAMER

g AR ELEYEHRE(THE
EEYV N2 T BB R T 2 HERUHA
Y ) EITHERGAER - SEEAR e R
HEREFE (Accuracy) ~ K575 (Precision) 5 7E S
[F(Limit of Quantification, LOQ) °

(R HE R R

TRHERIR 2 D EIESE AR FENRE - 1R

5 TR FERRR BT (R 20.99 » Fai

R AR P R U A A A R R o AR T [
7 o

(C)HERE R R e
FRIE H ke 5 H TR N el g b o R E
IR E Z B AL R AR VS IR I 2
ZEE R IR DO B AT 3R 5T
HIR0.25 ~ 0.5521.25 mg/g » S IEEE
TR H R EHSEERE - KFHRRE
SIS ET B H R R R AR
(Coefficient of variation, CV)LAFF{d & 7515
GREM LR EESK -

(E)E B MR FHd
Vamilltis s =91 Jigwd i =H bl o E A
IR ZE ERRL R » TS I0UR R DU A
FLFEETF50.25 mg/g » HRT T FE BRI
T+ T AT IR R AR PR e AR R R
[t (Signal/oise Ratio, S/N) > 10 » i ZF{fH
IR e B R & B LSRR
HZK -

R

—  BATIRIGZIRET

AW FEEIEUSP 38" 12 R B E A A
T34 » 0-153 SEIZEIFHA (FFES)H81%REE
66% ~ HENMHB (FEFE =T HEREHH15%H 2
30% * 15-2357 S EIFHAH66% 2 16% » 4
EFHBEH30%T2280% » #5537 A5 HE L B A S
S L IR I TR TG T R 5l 2 FeAR I E 2 BUKSE -
HEFTFEMNZEBS g EEEE N
BB R A - WENBEBEIHAKRBZ LA
BHAE 31723 5 B N AHERF SER0 R AT (B BN FHA
KB AR 79% 5 17%) - R Eefig 2P
B TE B VERERE - REEIAH LB EE R 2 2 E]
FEONE RN EERATOR IR R RIF 25
HE - TR AE G R R BB T -
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all-trans-astaxanthin

t

9-cis-astaxanthin

13-cis-astaxanthin

. I

- T
7 e T
am [p-apo-8’-carotenal

—

G 1M M JM WM IM AN TH EM BN MM M 2N 0N ue

e MK TH UM
ey

M NK MM DN DN NN NN NN TN NN BN NN NN DN DN MM NN

13-cis-astaxanthin

T all-trans-astaxanthin

?

oo {\ 9-cis-astaxanthin

I\

[-apo-8’-carotenal

/ -

o | A

i
A\
S~ j
S —

BGe LM I M 46 SN 60 7B B0 GGO TR TLM D00 120 1400 WM WO UM 1SN IR0 I JLM EW DM JU0 DN XM JIM J9M NN MM MM XM 1M MK ne
[

B — - F2EIELLBIEA%EER](A) BAFRE % (B) Z HPLCIERE

-~ BEEROKEHEH 2 RS
(IR KRR
HSUR AR B iR L — 1 - 3BT A4 ~ 6
K28 U/mLIE G EEEERHA TR » 1A37°CKfE4Ss

K607 - AERANE—Fr - PelEEEEEs
Pl 1 B e R L Z B - BRI SR A
{EJREETN - A7 RIS U/mLAE & B
VAR FY37°C T K fi60 733 i Z il
{8 » MR AR ES U/mLIE [E REEEAR A TR
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R— > BOKBHE IR R RS IE R 322

ZEVR

e pE i [ B B v 4 7J<ﬁ?H#F'Eﬁ T HHE (n=3)

(U/mL) (min) (mg/g)

iH 4 45 7.30

" 60 8.01

6 45 7.57

60 8.19

8 45 8.29

60 8.99
TR ST 5T

" 60 251

6 45 2.54

60 2.56

8 45 2.54

60 2.60

FA37°C R K605 S8 AF Fulit 2 /KRG -
()N EBIESE S (5

DA— {3k i B 22 BB USSP 38"k iR 5 14
TEFTHIG - FAG G 0 Y SRS e L S R AT
FhHEZ B - BRER - FERANTTTE
HE LT HBL A HI{E R0.57 mg/hL - %
HME R 7R H 2 83% » T AR 10 P B0 A E
T o HRALF A HIE0.61 mg/RL - Kl
B RN E 2 86% » BN NI IEHE f Al
R IE AR B R TS B ATRR 2 - fRE
VR I P S A A S T MR 32 2 &
I”E °
(E)EBFEUSP 3817 4.2 tHEHEUE R

USP 387 (% M# F all-trans L B EFE
e AR o R (L R R RSB K R TR
AR 3 U B R MR R (AR 13-cis ~ all-
trans 2 9-cis).Z W& [T 503 - H A% K
JER T (3 BR1.3 ~ 1.051.1) » T LU
HE T 15 2 R e 08 T 5 A A A iy oo
SRR IRALE ZRE - BREELETE
FR o AHFFE A R 3 TE i B A AL 3

HESL ($513-cis ~ all-trans }29-cis) &
A BB AR YE i (B-11T -8 - B RE B I ) 43 Bl LA
0.1-50 pg/mLAFHERR - #R1EE R 72
R13-cis ~ all-trans & 9-cisMgfL & 3 Bl
y=0.0890x+0.0047 » y=0.0662x-0.0005 2
y=0.0722x+0.0031 » HAHBIRE(R) B K
20.9998 - R & AR HE i #R 2 B =R 53 Bl B
Phall-trans$5A1 32 2 #4257 1550 # k& A
T FERET - RRETE M EER TR
13-cis ~ all-trans 52 9-cis WL 3253 71 1.3
10K 1.1 » BUSP 38FTHE M 2 AH %S R K
FHEE] - BRI E A GETIRAL R & &
FTE - DR HE L (EAS B B 2 TR -

H Bl A AT SR AL (RIS R &
BRALEEFTZEECE - BB fe B LRI 32
FHECESE - EErsEs - R R HER
DA S 207 A8 g AT 25 3 A7 RS AR BRAL 8 HR 2 kL
£ BEEA SR B R - R AR
RS RS e AR /K Ry e BB - PR DU B 0
AL SR AL TR -

(S AT R

1522 A iR AR T E AR T RS 2

MriEFEanE —(A) - Ball-transiL F15HE

i S IS i 2 T AT [ 3 4 [ =(B) L

o IR SR K R AT 2 2 BE LAY IRAL

FAEUE O e N B R U L 2 R AT B R A

=Z(C)F(D) » HH13-cis ~ all-trans ~ 9-cis

WAL 3R e PN B0 A A o 2 W R IR R 9 T s

9.56 ~ 10.51 ~ 15.04221.27457 8% - Az

1ok i 12 T A e i v M A1 A T R e

o AJ7EDlall-trans ikl 22 5 fE e i,

HooE & 7 AER A A UE il R 4 IO P 0 A e

fh o AEE AR ETE FR0.1-50 pg/mL 0 fR1E

S ERAHBA (R E0550.9998 » BE(EFE SRS

FlER Y -

(C)UETE R S AE 2
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A) ®)
:: :: . f-apo-8°-carotenal
ot - all-frans-astaxanthin 21.05
10.55
) - 1 A
3 s q nomf rll || 1
- - el | \ I
.N_—J ! . _"\|L —— ——— -
- \ f ] ¥ \ {
s ! - \ ||
o ~ - \
. . e . N
© (®) 7
o] eand free form
:: ﬂ-apo»s’z-:azrlotenal ::: f-apo-8’-carotenal
- |" ester form s all-trans-astaxanthin 21 27
e i\ al - 1051
= N I i | 5 ’1
= % 15.04
e B 4 \- \ - n:_,‘}f'si——;"x"—&w S - P
e ] \ (
= i \
- i \
T J Deat \\ ]
0.e50] N
wEml e e e e a et b e}
Minutes o - e S Minutes % - e "
B= - ZARKMAA) - 2 RECEIRIELE S KA EHIRLE S (B) R L BMRAT AR 2 R N B R ok 1S B SR K

fiR(C) KA B4 3ROKE# (D) 2 HPLCIEIE

P L RUMERAL 38 DO B AU IR SR 5T

FRER AN

TEEE0.25 ~ 0.55212.5 mg/g 1T HRMNEL

?Itun’

A RANgR = [\ H RSP EIICR

92.9-111.2% - % E(RER2.5-4.8% 5 £ H
PRI 5 90.2-107.2% » B AR B
F54.4-7.0%2 [ » BER k2 VERERE KAG

R AR -

EE

EMIRZ A
AR R

G T EEMIRZET

fiti » FTSBESEIN R ih. 2 E EMmIR (G

B

AL RN E

EMIR(CAFEERE

2150.25

mg/g)Z S EIER F593% - 8 BAREUR,

F  BeLBUBATSRIA MR Rt R B B SR B e B A E 2 E R B AE R
e BRI IR 7l H ifl(n=5) HHH(n=10)
(mg/g) SEHEIIER (%) CV (%) SEHIEIIER (%) CV (%)
FaiR 0.25 92.9 25 91.3 44
0.50 103.6 2.6 101.3 5.0
1.25 105.2 4.0 107.2 4.4
""" Wk o025 o41 37 %02 61
0.50 111.2 4.8 107.1 7.0
1.25 97.6 39 101.0 52

* ETESLZ B pEE R R T B KB 32%

T E R B E R 5 R 0

FOH - ZORH  HMEERE - &AL - A H B S RS I

¢ BB AL SR IRCOA R B Ry i AU MRG58 2 R TN

AE32%

BekI32% »

HiEEE 2% « & bhY2%
BARZ ~ SEmRA R R H o e H 2R B IR

PRIEATIH

NEIRE - AR
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2.5% » H.13-cis ~ all-trans¥d9-cisthl 22
SINHLABIR11.1 ~ 43.6213.3 » B4
BUREIS/NEL > 102583k » H[a 3 R 58
FURBURTT S HERORA &Y > MORWIZEZ E
EMIRET50.25 mg/g » DAUGEE R AT 3
it e

7N~ A RGBT A 2 E R R AR

FH A B B i J DA R MOE KBS B Ast12
BRI A MRAL R AT s CE A 0 R
WFoeTiE Em 2 E » ZEFER TR
RE AL R BTSN E HE - D2
FAETT T EE A RS o R B R K [
FEAS ] ENEL R AL R AR AER LA
£ BEERSER  BHRLRARFE R - H
SRR R R AR AL ER A B LR R 2
S ARE o S HTRESRANR = - 82 L Z AL
FE R 52.58-15.41 mg/g > MEHEBIERELZ
92-112% * B/ & " e e B IEREET
HIE | AETEARIERE80%Z HE" » B
AT EER R T E S AL R 2 B ESER
B o

®=  MERBRIGRERPERIIRZ 85I AER
MEERFE RS

I (B (n=3)

. Rl
PR

(mg/g) (mg/k) (mg/kD) (%)

S1 ¥k 259 065  0.69 94
S2 258 098  1.00 98
S3 730 336  3.00 112
S4 1541  6.60  6.00 110
S5 ik 891 368 400 92
S6 456 208  2.00 104
S7 10,60 334  3.00 111
S8 9.67 337  3.00 112

KEFFRLETTECE 2 TR » BT E
S EAERETEREE TRl
TRER R 2 RO L 1Y IR 202442H
17HAR " IBRESEIR £ 5L HIBAL 3R 2 b 1
(TFDAA0101.00) ; "7 » B {E ki EMHRA 2 i
TR G EHME 2 E R -

ZENR

1. g B8 FER - 2020 - BE
[ElE - &R ZERDARAE R R 2 L e
- 2L TG HEE - 67: 54-63

2. FHEWL - BUKE - 2016  ZEHUWAESLER
PR 32 R B2 E AT - BITLE K
B HBREEYERE L ERE
PERE AR -

3. Nagaraj, P., Rajaram, M., Arulmurugan, P.,
Baskaraboopathy, A. and et al. 2012. Antip-
roliferative potential of astaxanthin-rich alga
Haematococcus pluvialis Flotow on human
hepatic cancer (HEPG2) cell line. Biomed.
Prev. Nutr. 2(3): 149-153.

4. Chronis, M., Christopoulou, V.M., Papadaki,

S., Stramarkou, M. and et al. 2021. Opti-

mization of mild extraction methods for the

efficient recovery of astaxanthin, a strong
food antioxidant carotenoid from microalgae.

Chem. Eng. Trans. 87: 151-156.

Lin, G.B., Lee, S.Y., Lee, E.K., Haam, S.J. and

et al. 2002. Separation of astaxanthin from

e

red yeast Phaffia rhodozyma by supercritical
carbon dioxide extraction. Biochem. Eng. J.
11(2): 181-187.

6. Zhou, Q.X., Yang, L., Gu, C.X. and Xue, C.H.
2019. Thermal stability and oral absorbability
of astaxanthin esters from Haematococcus
pluvialis in Balb/c mice. J. Sci. Food Agric.
99: 3662-3671.
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10.

11.

12.

RSV BT

Yang, S., Zhou, Q.X., Yang, L., Xue, Y. and
et al. 2015. Effect of thermal processing on
astaxanthin and astaxanthin esters in pacific
white shrimp Litopenaeus vannamei. J. Oleo
Sci. 64(3): 243-253.

Ambati, R.R., Phang, S.M., Ravi, S. and
Aswathanarayana, R.G. 2014. Astaxanthin:
sources, extraction, stability, biological activi-
ties and its commercial applications-a review.
Mar. Drugs 12: 128-152.

Ramirez, J.P. and Hinojosa, C.O. 2014.
Stability of astaxanthin in yogurt used to simu-
late apricot color, under refrigeration. Food
Sci. Technol. 34(3): 559-565.

Wi~ BRELE - MEE S MEREE -
2020 - FHDABR UG R Z B S E T
FI R H R - R R A JR AR
BIE AN EATW 1681052 B ©

European Food Safety Authority. 2019. Safety
of astaxanthin for its use as a novel food in
food supplements.
[https://www.efsa.europa.eu/en/efsajournal/
pub/5993]

Daniells, S. 2011. FDA passes 12 mg new
dietary ingredient petition for astaxanthin.
[https://www.nutraingredients-usa.com/
Article/2011/09/16/FDA-passes-12-mg-New-

Dietary-Ingredient-petition-for-astaxanthin]

13.

14.

15.

16.

17.

wAEREAE - 2021 « F1E " DIERPGEKR
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Method Evaluation for Astaxanthin in Foods in
Capsule or Tablet Form

JEN-MIN HUNG, PAI-WEN WU, SHU-HAN CHANG, YA-MIN KAO, SU-
HSIANG TSENG AND DER-YUAN WANG

Division of Research and Analysis, TFDA, MOHW

ABSTRACT

Astaxanthin naturally exists in the algae such as Haematococcus pluvialis and the shells of shrimp
and crab. It can also be synthesized by microorganisms, considered as a potential activity of anti-cancer
and anti-inflammatory. Furthermore, astaxanthin derived from food materials fermented from genetically
modified Escherichia coli Astl2 strains has a daily consumption limit of 2 mg, as stipulated by the
using restrictions and labeling regulations announced by the Ministry of Health and Welfare (MOHW)
in Taiwan. Astaxanthin products, whether in ester for free form, can be identified by high performance
liquid chromatography (HPLC) with a photodiode array detector (PDA) without the need for hydrolysis.
Esterified astaxanthin is difficult to quantify accurately, therefore, we established an analytical method
for astaxanthin in foods in capsule or tablet form by enzymolysis for esterified astaxanthin to yield free
astaxanthin with an internal standard by HPLC-PDA in this study. The sample was uniformly dispersed
and extracted with 0.1% 2,6-butylated hydroxytoluene (BHT) in acetone under ultrasonication. After
centrifugation, the supernatants were hydrolyzed by cholesterol esterase and extracted with petroleum
ether. The combined petroleum ether layer was evaporated to dryness using a stream of nitrogen, and
dissolved in acetone containing 0.1% BHT. After filtration, the filtrate was analyzed by a YMC-Carotenoid
C30 (5 um, 4.6 x 250 mm) column at 25°C using methanol, methyl tert-butyl ether and 1% phosphate
solution as the mobile phase by a gradient elution of 1.0 mL/min and detected at 478 nm by HPLC-PDA.
The results showed that enzymolysis completed converted esterified astaxanthin into free astaxanthins,
including 13-cis, all-trans and 9-cis. The method validation was performed by spiking astaxanthin ester
at the levels of 2.5 mg/g, 5.0 mg/g and 7.5 mg/g as free form into the blank sample, respectively. The
average recoveries of astaxanthin ester in intra-day were between 92.9 and 111.2%, and the coefficients
of variation were between 2.5 and 4.8%. The average recoveries of astaxanthin esters in inter-day were
between 90.2 and 107.2%, and the coefficients of variation were between 4.4 and 7.0%. The above results
showed that this method could provide high precision and accuracy, and comply with the validation
guideline of the chemical testing method published by the Taiwan Food and Drug Administration (TFDA).
Eight products with astaxanthin labeling were assayed by this method. The results showed that the ratios
of the detected values to the labeled values of astaxanthins were all in compliance, meeting the regulation
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that the allowable error range of nutrition label values should be > 80% of the labeled value, as specified

in the Regulations on Nutrition Labeling for Prepackaged Food Products.

Key words: astaxanthin, high performance liquid chromatography, photodiode array detector,
enzymatic hydrolysis



