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Abstract

The aim of this study is to create an effective method to extract astaxanthin out from the

Channeled apple snail ( Pomacea canaliculata ).

In this study, we developed Fe3O4 magnetic nanoparticle (MNP) coated with astaxanthin-
imprinted SiO2 (MIP) and extracted astaxanthin from channeled apple snail’s (Pomacea
canaliculata) egg. We proved the extraction specificity using the interfering substance. The
optimized extraction efficiency is 60.7 % in the conditions of 0.059 mg/mL template, 1.892 mg/mL
TEOS, and 0.07 mg/mL astaxanthin. Astaxanthin was separated from snail eggs via grounding and
centrifugation in ethanol. The snail eggs solution then goes through a two-step treatment of 0.2 M
NaOH and 1 mM SDS sequentially to hydrolysis and release astaxanthin from protein and lipid.
Finally, the solution was extracted by Fe3O4@Si02 MIP with a surprisingly high 60.7% extraction
efficiency and can be reactivated by acetone for at least 3 times. Furthermore, the extracted

substance was also analyzed by HPLC and LC - MS / MS and was confirmed to be Astaxanthin.

By extracting astaxanthin out from Channeled apple snail egg can not only solve the
ecological problem but also produce substance that is beneficial to human which kill two birds with

one stone.
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(P © TEOS I8P - FORRARE « Eris)
A A RIS © SRR - WA S B S SR A -

FeSO4 .-.':' o Lo -..:j-t,-n-'
(ﬁiﬁfﬁ%ﬁ) +___u-~u|,_.__-‘\-:_|L e + H_.-""-;fl'- | ‘:\—
VU2 EFM e AT 2L (15 B ,
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(B —=-+)
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H1 > WIZEHURAYRRE Ry 0.0386 mg/mL -
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+— ~ VIEBURRIRE T AR RS

(SEF Rt EER 705 - PSSR RN T AR G RN T AR EZEHUR (A T 81
HHESIBEIN YA AURAGEI TE R » HZEHCRAN R 5% - £ RERET (Dreon et al. 2004)
S YIZEEUR P AVIRAT RN [E] - ERL T IEERE ) FEAEHY o MAEAIRSHBR4S
&l > RZDABRREAYIP AT - AR OSSR —iE » B SEE A NaOH 7K igBs (s
MR 4T 2 EIEF RS - T SDS AR RN E H ER1% » EHER rI EEE AU R EEHUR © BA
T=EE ST AR o S (R R S A R AT R 2

' @ : + G54 (sodium hydroxide ) .
' = @ * + AR EESN (sodium dodecyl sulfate, SDS ) REEAUR

(FEHIEEA - MRERTTE ~ ZEHEERE ~ FIZERUR)
R A SDS (1ImM) NaOH (0.2M) SEE $HEpR T
TASEEme)* 0.071 0.022 0.025 0.104
IRff4aE&mg) 0.004 0.002 0.015 0.004
ZZER(%) 5.9 6.9 58.4 3.7
* 1 AR BR Y ZEEUR P VIRAL Z R EREm K £()
HIZERBURRIRIE T A AR &
0.7
0.6
0.5
ﬁ 0.4
HY
2%3 0.3
0.2
0.1
00 —— ] [
ft i HAESDS H#AENaOH Gier
RIREE 3% (I =)

SEERBIETEM ¢ SDS Ml NaOH $fiNfE Sl RAVAEHIR B AEE G E > MHEWEFER S
Fe¥ - SDS AILUERHRNRER » (EMEI 22K ¢ 7 NaOH Al =] DURFEEREHY IR 227K At
o0 PR IAERE o DAGEAEHY -
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+= - FURREERF SDS JREH ARV S
(RN © APRHEROTA ~ ZEHIRE] ~ FIZEHURATRZEE NaOH HYRRE)

SDS B 0 0.5 1 2
HIAGEE E(mg)* 0.0252 0.0252 0.0275 0.0254
IRMf4EE E@mg) 0.0031 0.0138 0.0166 0.0148
ZEER (%) 12.3 54.9 60.6 58.4
* 1 HATREE BRI AR P VIR R R E R BT R =)
SDSEEARE
0.7
0.6
0.5
Z 04
B
R 03
0.2
0.1
0 0.5 1 5
SDSEE (mM
= (mM) E=42)

CEFELR ¢ EEEAIRIEN NaOH FURMENS - SEHCRIEE SDS MREHITi#I - 7 SDS
SRR ImM BRSO © BT SDS SRR > AISEENPRIREE RS - SDS HERs
I » (BT RS+ A RURE AR -
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+= - FUEEEER} NaOH REHZEERNZE
A - MREROTE ~ ZFHEFR] ~ WZEHURATREE SDS HYRE)

SDS & 0.01 0.015 0.02 0.025
TIASEE Emg)* 0.0399 0.0336 0.0275 0.0252
ARMT4EE E(me) 0.0137 0.0133 0.0166 0.0135
KR (%) 34.35 30.85 60.67 5371
* 1 HATREE BRI AR P VIR R R E R BT R £/
NaOHEEAR[E
0.7
0.6
0.5
04
% 0.3
0.2
0.1
0.0
0.010 0.015 0.020 0.025
NaOHEEM) E=1=)

R ¢ ER ARG SDS SRR » AHCRETHE NaOH HYEIEHR S TR
7 NaOH 875 % 0.2M I} » ZEHCRATBUSEIRA © ZBEHRF NaOH 7% - HISAEETR
GBS - NaOH FEHDKERASIIRALE: » (FECB R RIS » AESTA SRR 3 -
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+u - ERoEfEEHT ( HPLC, high performance liquid chromatography ) 4347

. e SR L Bt
500
400
— B
>
e — R
200
100
0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
RIS ) (B=+)

GESREIET R ¢ FIFHZEUL T - RHRAL RS 2 HUR 2 U K% - (EF N EETTRRT - DL
HPLC Zr#rfebiR CREME « BlE > JR2R @ 1> B & £ 290nm ) - 40 EEFR > HoFH
TR ERTAEE - BEEEEY)E - BCALEE AR I 2 R E S A a2 -

T~ FEN T EEEANERRNEE
H FHAT B ST 2R PE AR T BRI R - (8 PSR A Bk RPN EEEReZiS - 7
HEFTECEL > BIEE AR T AR EE -
ZHRL T EEERMY

0.7

0.6

0.5

0.4

4354

0.3

0.2

0.1

0.0

1 2 3

KAl (B =-+7)
SRR ¢ WEFTR > EE R TR RO G EEPERCR K > T RAE T
SULWEaE&SREE - 52 P BRI IaIE & -
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+75 ~ AR REER (LC- MS/MS) 2
7IeF B (5 FH ZE HURL P 24 B R 4 22 FH TR e i SR B R 3 i B AR AR S EE

|I'I11Er15-€| 211224 _std 20ppm-152V_pl_1-22_01_40074.d: BPC +All MS
=10

10

0.8

0.6 -
0.4 -

0.2 4

FRAE

211224_1-a LCMS2_pl_1-23_01_28077.d: BPC +All M3

It 1
*10P
15

~HL

+>~

211224 _2-0 LCMS2_pl_1-24_01_40078.d: BPC +All M5
x10%
1.0

g

a8

FHIFE

0.4

+>~

0.2

JAN

Int=Ae

=10
1.0

211224_3-0 LCMS2_pl_1-25_01_40081.d: BPC +All MS

0.2
0.8
=R
0.4

0z

1.0
) M//\/L\ ﬂjg :jz
Intelqs.ﬂ'

0.0

9 Time [min]

=1
U‘I_
o]
-]

(& =-+7%)
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Intens.
x104

25
20
15
1.0

0.5

T\ 211224 std 20ppm-15eV_pl_1-22_01_49074.d: +MS2(597.3898), 10.0eV, 2.3-2.3min #134-139
147.1125

*

597.3898

299.1957
379.2577 504.3194

X 90(]4

20
15
1.0

0.5

X ?Oqu

15
1.0

0.5

X ?O%f

15
1.0
0.5

0.0

SR
B

[F TSNS N T N S ST O S [ T T YT T S YT T TS A YT I S A A S S S S N AR

211224 1-o0 LCMS2_pl_1-23_01_49077.d: +MS2(597.3870), 10.0eV, 2.3min #135
147.1119

*

287.1934
379.2578 504.3164 596.3822

211224 2-0 LCMS2_pl.1-24. 01_49079.d: +M52(597.3659), 10.06V, 2.3rmin #137

147.1117

20111230 ’ :

2851780 379 7568 597.3859
504.3202

211224 3-0 LCMS2_pl_1-25_01_49081.d: +MS2(597.3905), 10.0eV, 2.3min #139

147.1121

*

597.3905
505.3343 l
Hllﬂlll.lnhll-ihL TR R BT T 1 I I
I e
500 600 700 800 900 miz
(E=1+1t)

et ANMETITS » EGE RS TS 2 ST 2 RS B Ty s -
VA S B -
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8 Z B (FeCh) DU = E AL FeCIERR I IRIE N AT & B 2 BREI SRSk T
HME R 12,56 £ 2.56 nm ; FERZ/KIVEIE T » TEOS BEFEZT RS DV — | EW
(Si0») > AR 2 BRESZERUR F-R 8 By 13.42 £+ 2.80 nm °

FETEY) (BEAZEEZR ~ dEftan A ~ dEffidy B ) BURALZ AR E1R - 408 MIP 255
DUR PITRRRT - R B otal - =HEEAE 476nm AR UE(E - BAE Y 25
RO RALIEZGHEE - HEAESHE (DL B SHEE I ZR AV U E (336nm ) f@FEEMPE & » i
re LA PR R B A B RAVE 1 > ATLUERYREZAAL > B8 & LR T HY
RIS T 2EHER -

R EEE TEOS AR ERCM BT - —S(b BB R L - 2RI e
MEAFERITIEENE - EZE TEOS MR (>3.73mg/mL) Sl - AIREA s 58 i
FERY o > R AR T S o SR T B TIRENE - EREEHISCREER -

BB By 0.059me/mL R - ZEHCRERIR S -« 22 RIBREMRNZoRET - 2
HEWEEI o ZEECR G EIERORE SRS S - MR —ERER N - EEE0RE
/INFA 0.059mg/mL B - AT S REHERT —E(L - rI DB E S B4 &
i » AR S © (HEEHRORE (50.059me/mL) 285l - R R E R Eaf
UL - KififEsE SR LR RREEFEERE T -

EMRAL RS o ZHU T BURAT R AV R RO - BUE A R R4
At MRAL R A AR A G R IR 2R TS - EIRALEIRAEEE] 0.07mg/mL I > ZXHURL
TR HMRAL R RGO - B SIRALRIRIE - AIZEHER T -

A E = REE TR = HNEREERINRZEICREZ R/ HEEERZE A B
1.9%K 2.1% » s8BAARTT A ERZ/N » IBEM S -

AT 2 LR EI ORGSR By 49% » RAERTHES 2 SRR 80%~ 1209 + 38
WIEERCRE A @ TR  PRULR o1 R PR SR BB »
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([ RIDEE R - EIASER B 0.002 ~ 0.004 LUK 0.006me/mL HYRAT 2% 2 B2 i
mnfg o FEIRYRIR Fy 94.459 5 1 10 (ERSTEMREEN VR BURMUUE £ 0.3648 » &E5TH&S
Al > FIZEHUR AR By 0.0386 mg/mL e

{(EH B E R % - Pt Z R EZERUT AR G AL T - WAE S EZEHUR A 3T
FESIRIN AR T E el > HACHER A 5% © &8 SUREEST (Dreon et al. 2004)
S PIAEHUR T AVIBALR WA MEERCAE - 2Ll TIFEERE ) F1E - [HRERRRS &
5 > A LABSREAYIE A AE - MAIREIRER B ACHEAE—#E - BT ARSE(E T SDS AGRIAHR
FE A ERIE - A NaOH /KR ER (IR AL Z IS -

R4S SR SDS Al NaOH #UE R = 22 HRA EEAYERR » 1 B & #/H S B
PRI R T] o FEERIPE I NaOH HURERE - ZEHCREEZE SDS RN - 4 SDS
TSRy ImM BRHERIRA © SEEIETF SDS B - RIBFEHUCRIEEE P2 - B EEAEE
I SDS MG - ZEHUR G FE#E NaOH HYREEE S MRS » 75 NaOH JRE £ 0.2M B » ZEHY
WA PUEFIRA 5 BT NaOH T » A SRR E 2 -

Qi — R Z RRIHE(L - TEARSIRON 2L MU s L R A AR A = A 22 5] 60% - WA

HPLC B2 LC - MS / MS $EE[EDRE 2 B 5 > i B FYIE o BHREEIHMEIZYE
WEE BR4ALE -
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— ~ WFEdSEm

(—)
1.

2.

3.

% \\‘l:l -‘.:ﬁ;ﬂ@ FE

ZEHURL T B AL R R PR

AWTFERH SR = SALE DI URC AR oKL - R Dh A A i

ARBEHIE ALY aERE - HIEEToR TR B AR R H R4

afir > EEH I ES R P IR R AV RN Ry SR RS DR +8

Y o ZEHURAL R8P A28 - A R IRAL R Z R -
SORTESE R R A FE RN FBF > TEOS WY R £ 1.894 me/mL » i

A (AL ) ZRERERE 0.059 mg/mL -

FEREHU - FRPAERUR TIRALZR AR AERE fy 0.07 mg/mL > HLEEATRIEYAZHER

M -

(0)  EEH SRR

1.

2.

3.

4.

HY o S E H IR Ot B AT 2= AT

A2 F] RS SRS IR N T T )20 22
FAEAE(476nm) > LA B8 BB SR 0N

mnZ RS I 3 B A
FHEE EARALE -
AWFFCR I DA RN A I A BN AL 2R E & - HIRE K 0.0386
mg/mL

ARG S H 5 R > R 70 (AR AR tE o
ZHRATZR AT LUE N A NaOH /KRR 2K - L SDS fERHRbREH » A
ISR AR AEL Y T o FERHFEE NaOH AR AR B 0.02 M > ifi SDS A&
EEEFEAIR 1 mM -

Kt —iH e 2 (R BT BB L AR IR N T RAL RV A E R e o] DAEE R
60.7% » LLHPLC B2 LC - MS / MS sy ERlfgt% - S H B & Y&k
ALEAEE L » DU R Pad B AR 1R SR ON R A 2 R Y HE B R AL
%‘% o
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T RERAREIRA > AEN AR e TG T RS G I  WE
T BAERHURER E SR @ o a] DU B R R s f, > IS5t
B Z MER R A TRVEEARYE ~ BOllEs ~ (R - BNEREE - (EEYIaRl - YR
TAZE R S S B — T i i SR A SR

Ty FIERRIRENROE S EE BRI T » A2 ER B - B AT 2R
rifk o AT FIREMERRE SRR BB T R4l 2R BA H— 1R
ZEHURLT o M HL LA AR 2 EUHY 7 U (e (8 SR U h A HH A S IR AL R - 28
M o AEEEEEAER A TR ZE s SRS F @ 40 0 BEHEEEER - (hE Al

AL R FE S S - HAGFEESHEFIIA 3-2EN A= L8 EW T (3-
Aminopropyltriethoxysilane, APTES ) » F]FHTEL TEOS X alIA B NAIMNE 2~ RV EE
M OB AHURL T RIMR AL 2R Z FEAYPE A T DR S B MR ACHCR - (HIEEHS R

F LA A AR RAL Z A PN ER < FEIRPE R T A5 & i sl A AR -
BRI -
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