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To prevent the food poisoning originated by consumption of shellfish contaminated with domoic acid, the
quantitative analysis of domoic acid is to be very important. The stability of domoic acid at different
temperature, pH and light was investigated using high performance liquid chromatography (HPLC). The
mean recoveries of domoic acid in the methanol extracts from oyster (Crassostrea gigas), blue mussel
(Mytilus edulis), short neck clam (Ruditapes philippinarum) and ark shell (Scapharca broughtonii) were
85.4-104.5%, 94.8-101.2%, 91.0-104.6%, and 95.7-109.6%, respectively. The working solutions of domoic
acid standard were very stable for one month at -18C, 4C, and room temperature. And domoic acid
in the methanol extract from oyster was stable for a day at 4C and room temperature, and for a week
at -18 C. Therefore, this implies that quantitative analysis for domoic acid must consider the storage conditions
of the standard solutions and the methanol extracts from shellfish. The standard solutions adjusted to pH
3-9 were also stable after heating at 121°C for 30 min. The effect of light exposure on domoic acid was
tested by exposing the methanol extracts to light. Domoic acid degraded slowly when the samples were
kept in the dark (brown vial). However, following the light exposure the photodegradation became more
rapid; no detectable domoic acid remained in 1.0 £g/mL of methanol extract after 5 hours.
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dolgte g 1 FHAEY TE F5AHEC] FFd o))
i, Abgho] o] A9 AFE JHH eSS dod)
Al ) (Edebo et al., 1988; Silvert and Rao, 1992; Toyofuku,
2006). 1980 AN AR HFA FAA HAUD AAFS
2= v A F-= (paralytic shellfish poisoning, PSP), A}
9| %= (diarrhetic shellfish poisoning, DSP), A A FE
(neurotoxic shellfish poisoning, NSP) 2! 4] 5H (venerupin)
o2 U#HA AT} (Indrasena and Gill, 2000; Noguchi,
2003; Toyofuku, 2006). L H] 1987\d 11¥ FHic}e] TR0
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9 %) 8} Prince Edward Ao A AitE AFEER] 2 Qste] oF
1508 9] &&= #x7} dAs}e o] F 490

Z 5 2734 Aoz fEsde, $5 Y922
F24 olr|=Ate) A%<l domoic acidE #9151 T} (Addison
and Stewart, 1989). 0] 25% ALY AXF -} el
F)A3A Sl 71Z3}0] ‘amnesic shellfish poisoning’©]Z}
sdon, SEudgdde v GEaAdTFE ol st )
ot} 28} domoic acid 5 A 7L A-$oll= &34
Follgt f=la, g4 V197 #AE S0 vehde Ae
ollym g HToE ‘domoic acid = (domoic acid poison)’©]
2} 3t} Domoic acidE TFEF 48k Pseudo-nitzschia
sp. 0] Akl Aoz ke A )1 (Addison and Stewart,
1989; Jeffery et al., 2004; Trainer and Bill, 2004), 7l L3t} A

domoic acid”} #& AEH o|F v, wHAE, 74 A



L5, pH % Wl 3} Domoic acid®] $HE 4 9

AME 1= a1 9tk (Addison and Stewart, 1989; Bill et al.,
2006; Schnetzer et al.,, 2007; Vale and Sampayo, 2001). 53},
domoic acid= #HZ& IFEX A 71&EH o]F mzs) ubx
=, e, 7HHEl F olmi ol F (James et al., 2005; Smith
et al., 2006; Trainer and Bill, 2004; Vale and Sampayo, 2002):=
8 9HA 59 F5F (Costa et al, 2004), 22+ (Powell
et al, 2002) ® o] 5 (Busse et al., 2006; Lefebvre et al., 2002)
SAAE AEHE Aos Rumdoh
ol whet Auteh, Wiz, & 9§ 5 AA o vl
A= domoic acid® ‘ﬂﬁi s oAHE fste] Aok WF
% 9] domoic acid F= ¥ & Fo| %] TYIEL F7)3
o2 RUHH 3t o™ (Bill et al,, 2006; Jeffery et al.,
2004; Noguchi, 2003; Toyofuku, 2006, Vale and Sampayo,
2001- Wekell et al, 2004), 215 Z domoic acid®] 14 7]FX]
£ 20 nggo 2 A #eldtal ot (James et al., 2005;
Jeffery et al., 2004; Toyofuku, 2006; Trainer and Bill, 2004).
Tt A= ob2] domoic acid FEF0] BR3H v} glo

29 2 s FSo] A ofe) Aefow SaEE AlE
& B 0 Seuet AdolNE A&H e polHelol o

e webE.

HF & domoic acid A HE 98} thin-layer chromato-
graphy (Quilliam et al., 1998), enzyme-linked immunosorbent
assay (Yu et al., 2004), high performance liquid chromatography
(HPLC) (Quilliam et al., 1995; Vale and Sampayo, 2001), liquid
chromatography/mass spectrometry (Powell et al., 2002) 5 &
7}11 l‘%éiﬂéol Bige] glrk o] Aol 2lolA o
s Astelee AR e EF domoic acidS
A]-%%}O% of gto} olu) ¥ domoic acid®] +YAde] 3ole
BRI FEsjeh 2R 2w o] FaF slAol
2R, & dFdAE EF domoic acidS AME-Ele] &% pH
LRI

Aot 2 mESe x|
Domoic acid 3! L-tryptophan EFE S SigmaAl (USA)
AEFE, FE28 2 oA 89 E methanol, acetonitrile =

=~
trifluoroacetic acid G- MerckA} (Germany) A &2

AT HEF stock solution domoic acid EEEZAL 10%
acetonitrile o 5 100 xgmL O ZFA| 511, o] §N-S A4

3] EAsto] Ao AR HTH

I F =2| domoic acid 3| £g
Sl A i e Fe wF

A=

Ql = (Crassostrea gigas),

TR (Mytilus edulis), H}X]‘}]'(Ruditapes philippinarum)

D B2 (Scapharca broughtonii) & & Q-}F%S Eddy
Zysted A skt HSoll domoic acidE

718t Quilliam et al. (1995)0)] @}

I‘

m&l >1'

747k g

%, A8 95S 383 gdee & 1AstE AR 10 gdl
domoic acidZ 0.5-10.0 ugg B == H7}lsle] 50% HErE 40
mLE& 718l thA] 28-3F FE 3T Al 289S 6,000
rpmoll A 1027 Al std FALE AAS T AEAS
0.2 pm filter2 o33} g § 2 vialo] @o} HPLC £4&

AlBE ARSI

TEH 3 FEHZF2| domoic acide| HEM AlH
B89 AR FEE99 F domoic acid®] AR AL
A1&3H7] /sl domoic acid -8 (0.1-2.0 gmL)F} Al
50% HEHE 2 FE53 FE28HB domoic acid S
HEFE 0120 ngml HES A71e A8 (¢F pH 6.4)S
o] ZohE 22 viald) Hol 24z A& (200), WZ 470)
2 AF (-187C) st A AAsIAA AA7]ZE] W domoic
acid®] g WEE s

Domoic acid®] pH SHA-S X£AVS)7] 95ty F589 10
ugmLE& pH 2, 5,9, 112 243 121 ColA 308 =<t
7}E 3 2] domoic acid TFS A3} =3 domoic
acidel] P& W] JEgE Loty Y3te] F FE28A0
domoic acidE HEFZ7F 1.0 B 2.0 ugml HES 743t
A8 (oF pH 6.4)S 247 WS A fi-ol whel domoic
acid®] & WIS FA3}AUTG o, W] =& 2AL
1,000-1,500 Luxoll A AFAZE Z70)] @30 31 £ 1247
T =EAA D, AolA AR AAEA

i
o
o

HPLCO| 2|8t domoic acid & &F

AE2Z9] domoic acid -2 Quilliam et al. (1995)2] HHH o
3} HPLC (high performance liquid chromatography)S A}
#3t H-243819 0} Z, adsorbosphere Cig (150 mm»4.6 mm,
Alltech, USA) Z+4-2 3231 HPLC (Surveyor, Thermo, USA)
AR&3le] UV A<E7] (Surveyor PDA plus, Thermo, USA)E
242 nm2} 280 nmoll Al F Al A& 28 EAA
-2 1.0 mL/min, A 579 EFE 20 £Lol At o], o]FAF o
2 0.1% trifluoroacetic acid® XT3} acetonitrile?} 0.1%
trifluoroacetic acidE 13:87 (V/V)E &3+ 3 o3} (0.2 um,
Nylon, Millipore, USA)&}a] Al-&-s} T}

ojw, -] ALY st tHEFE A domoic acid 2 1g
mL3} L-tryptophan 20 ugmLE 1:12 &35+ 8942 Al-&-51a
g,

t

HEZFE2MZE2| domoic acid HAE

Domoic acid -84 9 9 F ZZOU HPLC Z2ntE
e Fig. 19] YERR
= BolsHl AET 4 U3, A
(R’=0.9999)0. 2 o-¢ 453 2i4S
A8 Z A domoic acide 2F 5387
o] A& wrag wdk peakT‘:—

AR o
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AL Y=0.9991X -0.0053
= WYERITE 23
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Fig. 1. HPLC chromatogram of domoic acid in standard
solution (A, 1 ugml), the extract from oyster (B, blank)
and oyster spiking domoic acid (C, 5 rg/g).

I F Z=2| domoic acid & $E

=, AR, vAg 2 gz T ojuleiR{ AR
domoic acidE- 0.5-10.0 vgg F=7} =& 75, 50% W)
F&%i F=3ae | i FFE 2 domoic acid H7F w5

&L Table 19] Jehfidct

W7 FFo e FFELS 2] 854-104.5%, ATHA =
94.8-101.2%, HFA] =2 91.0-104.6%, L83l ¥ZN+E= 95.7-
109.6%2Z 7 EF L/3-2 domoic acid H7}I¥ 50 wet

B4 282143

YR zole ot AMHOZ I5EL 85% © P% e
Yol 453 oz I =3, JAFH
(CRM-ASP-Mus-e, NRC, Canada). 2 3]4-& &% éf& A=
99.3-101.2%2 "% 433 FFol Ak (A 1A A)).
Quilliam et al. (1995)& A F AEE 50% HEEE F53
= Aol vl d A 4 I5g AdolA B T Hew
Hustga, W& 552 SAX (Strong Anion Exchange)
FIEE A2 AANAHE AX HPLCE 43 49 35&e
85-115%°] Atk Ridle] £ A7 AT} AT Vale
and Sampayo (2002)= 257 AgtallA] N FH 3 HFE AL
83l 50% vleE, 80% WEE (DSPQ} ASP FA] &)
2 0.1 N HCI (PSPQ} ASP B4 222 747 F531y

HPLCE #X3 23, 50% Wee FZ ) Hste] 80% v
B8 FZAe HF 90% AL 38, 183 0.1 N HCl F
ZALe Hit 81-85% IF&S Ve AT Rirstgch
Powell et al. (2002} sand crab A2 S 50% WEEE FEA|
R KRy —? 253 Aes B9 Fggo] $staen,
olu) 38L& 97+2.9%Fth 181 SAX FLETAZ AA
H74& AXE 3)480] 92+4.3% %k Aslele Aoz B
ks S e

EZ2 U FZoH =9 domoic acid H&F oHE M

EFgA9 &3 A 58Y Fo|A9 domoic acid A7
A& 2ABH -‘?43}04 *01(20 ), 4C (¥33) 2 18T

Ak 24 vialoll A stE A
domoic acid®] ¥ A% A= Table 29} 300 zHz}
R AT

Z domoic acid FX7} 0.1-2.0 ugmL7} HEES
acetonitrileZ 4|3+ L8 (standard solution)S 7+ &3
A 2|97 AFshEA HPLCE B3 2w, 249 BF
B2 60do] AT Fo= H2ETE2] 90% ool FEFA
T} (Table 2). E5802 17/]1€ FAEw BASIHA ALS-3)4
= e Aoz AaEd

wEk & AlBo 713 domoic acidE
slo] ZF A AZsHA AAAS AN AF et
4T A Y33 %%ﬂ]xﬂb 19 ¥ 7447 H2F%9 82.0-
93.5% R 93.7-99.3%7} FE3R oY, 3 Foll= 42 59.3-
78.4% E 60.2-76.3%7} Z‘l‘%o]’cﬂ HlwA &

90%

=z
X

oo 2

Table 1. Recovery of domoic acid extracted by the methanol from bivalvia

Recovery rate (%)

Domoic acid Sample
( #g/g) Oyster _ Blue mussel Short neck clam Ark shell _ No.
(Crassostrea gigas) (Mytilus edulis) (Ruditapes philippinarum) (Scapharca broughtonii)
0.5 93.0+1.1 96.2+1.0 104.610.9 96.2+0.5 3
1.0 104.5+0.7 94.8+0.7 100.9+0.8 95.710.6 3
25 86.410.6 101.0£0.8 91.8+0.7 103.410.5 3
5.0 85.4+0.5 101.2+0.5 91.7+£0.5 109.6+0.8 3
10.0 85.5+0.5 100.1£0.6 91.0+0.6 106.210.4 3
Average range 85.4~104.5 94.8~101.2 91.0~104.6 95.7~109.6
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Table 2. Stability of domoic acid in the standard solution by storage condition
n H 0,
Storage condition Standard solution Residual rate (%) Sample
(g/mL) 3 day 7 day 14 day 28 day 60 day No.
0.1 99.0+0.6 98.0+0.7 108.7£0.9 106.7+1.6 119.9+0.9 3
R 0.2 102.020.4 92.5+1.0 106.3x0.4 102.3+0.6 102.5+1.5 3
oom temp.
(@20°C) 0.5 102.420.5 100.4£0.4 111.920.7 103.2+0.5 104.6+0.7 3
1.0 99.4+0.3 94.0120.5 115.9+0.6 110.0£0.8 112.220.5 3
2.0 97.4+0.5 101.5+0.3 112.4£0.5 109.220.6 106.520.4 3
0.1 98.0+0.6 97.0+0.8 110.0+0.8 102.2+1.1 100.0+1.2 3
Cooling 0.2 105.0+0.5 92.0+0.6 109.2+0.5 104.6+0.8 100.8+1.4 3
(4°C) 0.5 104.7+0.3 99.8+0.7 115.910.6 103.3+x0.5 108.8+0.8 3
1.0 1041104 91.3+0.3 114.7+£0.4 109.2+0.4 115.6+0.5 3
2.0 107.7x0.2 95.0+0.5 108.0+0.3 101.1+0.6 105.9+0.7 3
0.1 100.0x0.7 103.020.6 109.61£0.8 103.2+0.7 90.6+1.5 3
Freezing 0.2 97.020.6 94.5+0.5 107.7£1.1 102.7+0.6 101.320.8 3
(-18°C) 0.5 102.4+0.5 101.4+0.3 115.4+0.6 110.210.5 105.410.5 3
1.0 104.220.3 93.5+0.5 115.6£0.4 106.5+0.7 106.220.6 3
2.0 96.7x0.4 94.5+0.6 105.1+£0.7 106.5+0.4 101.220.4 3
Table 3. Stability of domoic acid in the oyster extract by storage conditions
Storage Standard solution Residual rate (%) Sample
condition («g/mL) 1 day 3 day 5 day 7 day 14 day 28 day No.
0.1 93.5+1.2 60.2+2.0 66.9+0.9 73.1+0.7 53.1+1.8 374116 3
Room temp 0.2 82.0+0.7 59.3x1.2 58.9+1.5 62.8£0.8 526+1.5 39.8+1.4 3
(@20°C) ’ 0.5 89.3+0.5 78.4+0.8 74.61£0.9 69.9+1.1 65.0+0.9 51.210.9 3
1.0 89.8+0.6 76.1£1.0 73.2%20.6 67.9+0.9 67.5+1.0 50.9+1.5 3
2.0 92.720.4 78.0x0.8 76.9+0.7 75.11£0.6 64.6+0.7 52.320.7 3
0.1 97.5+0.5 60.2+0.8 57.8+0.8 68.8+0.5 39.1+0.8 30.0+1.1 3
Cooling 0.2 93.7+0.3 65.0+0.7 55.5+0.6 69.1+0.8 44.1+0.9 35.4%1.0 3
(4°C) 0.5 974104 71.810.9 66.9+0.7 64.1£0.5 52.4+0.5 43.5+0.7 3
1.0 97.3+0.2 71.1£0.7 67.5+0.4 70.0£0.4 47.9+0.8 421+0.5 3
2.0 99.3+£0.3 76.210.5 68.5+0.5 68.810.6 53.810.7 42.4+0.8 3
0.1 98.2+0.4 84.2+0.6 82207 101.7+£0.5 48.4+0.8 40.5+1.5 3
Freezing 0.2 92.3+0.7 87.9+0.8 83.220.5 85.7+0.6 60.410.6 51.9+0.9 3
(-18°C) 0.5 99.9+0.4 87.020.6 87.410.6 97.6x0.7 79.7+0.7 62.6+0.7 3
1.0 95.8+0.3 86.6+0.5 92504 91.4+0.8 77.210.5 63.610.3 3
2.0 95.8+0.2 89.1+£0.3 90.7+0.3 88.210.5 79.8+0.6 66.3£1.0 3

Rt 283l 20T FAF A2ole 1579714 85% o)

15 Atk (Table 3). @b AF
= e 7158 A &
Fole ¥ B3y

3HH, =8 M X9 domoic acid

4 AESE Aoz Fls
=2

domoic acidE 50% W &€+L

oF ¥ Ao BN A

%5
A3k o] A, 27199 4

S 100%2 39S ) 01N HClL &9 HIT 5488 0UA)
= 81-85%, 29 A 72%, 3L A 65%, 44 57%, 8L 52%E

Uelhtte Bustgot 28)m A 8E FAsv

& A3

80% ME-gE =3 AL 47 WF AL W, F A1Y

RO H{AE FED Sl AZ7|70) wte} gEgo]
2 s AL dF A8E9 A9 nFEAT} domoic
acid’t 2% wj&< Aoz 490}

Vale and Sampayo (2002)v= £ E2FZ ¥¢to 2 X E] A H 3
W7 AEE AHESt 3R ¥ 50% HEHS, 80% WS
(DSP9} ASP Al &%) @ 0.1 N HCI (PSPS} ASP S
FEUNE 2 FE5o YF (-10C) EH3HEA domoic
acid S HPLCE #4319t} 2 A}, 50% wghe =&

T 5% H5e8 02 domoic acid®] BRI} A3)F8lE oM,
A% e 5SS 90% AEFTIT B
EUSIA AA 714 domoic acid 57} 714 A #1&¥
Mg Zheu e Fadoln, giAlE o] B-e AAsIL &
Hl3lt}h EUe fao) wet 2FEAST M E JE] b)) Ush
domoic acid BHEH-2 A2l d thste] AA)gk glck 1998
9 o]l&E A~2FEAE Agte] Mashe ZHa)vle) thal domoic
acid RUEH-& AAetaL 9o, FrHo g AF3E7|E
AE 293t ASE HaEtal Utk (Smith et al., 2006).
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Smith et al. (2006)2 2FEME At M 2ah= 7heinlg
ANFE AFESte] AA e AL Wes 3
WS F& F SAX 7IEY AR FAgt] +4
(0.5M, pH 3.2)2.2 &3 AL 244 W3 (6.5C) A4
w2 FAAGS ZAGE A, HEE ANA FEFES AR
155 20- 30% ﬁ—aﬂ ok 45% AT AP ou A AE2
AHE-EFe] A= 1579 A 10% W 2579 ¢F 15%
Ak ﬁfii E_Lo}&’it}. HhH, A & ALt S5 Fol
AMe AZ 96d7A Aol Wyt glo] - kAT
Rl
B A3 Ao M= domoic acid% B8 FoxE v
At o), AASA e vgE F2EFAAS =7t
s}— ﬁsko] UERY Smith et al. (2006)—4 A7} ARSI
AASA gk WEE FE2F T olde IF
e ‘ﬂ’—.’é "J'E‘O]‘% vl AR domoic acid7} 233 Ao =
2438l Aok (Quilliam et al., 1995).

Domoic acid2| pH Qt& A

FE89 FoA domoic acid® pH HHE-E ZASHY) 9]
Blo] TFE8 1.0 ugml-S pH 2, 5, 9, 112 A3} 121TC
A 308 s 7HE T F9] domoic acid®] FF #EE S
Z3st A= Table 49 JERITE TE-8- 29 domoic
acid= pH 2R 8o 713 = 85% o] FHERL Re
o, 53] pH 5.001ME 97.2+5.9%2 2FE3te] 714 k43
pH d9o = AT} Quilliam et al. (1995)% domoic
acid® pH 5-72 AA3IAE W< g8k, 2421 pHS!
2 e 127AME Bel Edlde AoE B Vale
and Sampayo (2002)% domoic acid= &= HFsIH o,
pH 39] HCl €9 F9 M= E¢HA 5 A& 3o 70%
A=rt FaE AT A

Table 4. Stability of domoic acid in the standard solution
by heating at 121°C for 30 min after pH adjusting

pH Residual rate (%) Sample No.

2 86.8+5.6 3

5 97.2+5.9 3

90.9+0.6 3

11 87.9+3.9 3
T12]31 McCarron and Hess (2006)2 LA E JAFEAE F
71 (90T, 10%) 2 autoclave (121°C, 158)2 71X 3shd
F4A o 3% domoic ac1d7} ‘:}L Z2 g FFoR
ogs= Aol ST, 1ely AFeAE 74T F 2

B3l & gutoclave 28] 3 & 7% A= dom01c acid®] Fx=7}

ZHAadle Ao Z W18} domoic acide Eollv ¢HASH &2

el Aol E1=Sh

A, ol FEHA FolA P & LA s nkelAde

4= (PSP)Q] 749+ gonyautoxin L& 2 saxitoxine pH
& FHYo] Ao, CF H4F pH

g5 283 227t 5855 58] i

LT

R s RO R RPN R

B8 T (Indrasena and Gill, 2000).

Domoic acid2| ZH=alA
WG 28 Fo1X9 domoic acid®] FE3NF& ZAKSH

7] 93ty & A8 REFS] HEFEEIH 10 B2

HE2 Hrtete F&3 APE9L U A fFol ot

Aeof A AAsHA domoic acid®] T W3S =43 2

= Fig. 20 YERASITH
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Fig. 2. Photodegradation of domoic acid in the oyster extract
during light exposure at room temperature.

We Afeksly] A5kl 2] Be AR 292 domoic
itz AAE] aatol A AFArE oF 0% A A}
T Yk whd, Woll =E2H A|E 299 domoic acidE
w43 7&3110}04 194 30% A=t E3HE AL, 587 50%

ol3tE ZAstE o™, 1.0 ugml A e A 74A S8
Bal5 o] AEEA &Y} Quilliam et al. (1995)% domoic
acidE M4 B Wl =25 o) EeEHs Aem Hust
31 91t} Bouillon et al. 2006y 3f4= 2 20|24l 4] domoic
acid®] FENAL H3 FEIQ o, :EA T 0] S
L2 BiFo] Z7)EE A2 Bty 3 Bates et
al. (2003)2 "ol AT E AHe (A g Fol
domoic acidZ H7F3F & o W& ZAEIATE o, OL/\‘)ﬂ
B33 27X E domoic acid®] BT oF/)H A ¥%e
u, WE 2ARE Sl F golF FolMe 22417 “JOH
36-44%7} F-SNH A1, FEANAPLS 27 5AZE T4 S wE

A JYHRATGT k. 283 AFsGl 2 Hrhehd
domoic acid®] FEHE FHsl= A= HadTh

weka] olake] AE Zs| 2 v, domoic acide UIAZ
d 2 pH W3lol= oy Yelli= vl 7z Ao = dd
Heg e 9 25 /\]Ecﬂig] BAA =
apetE 2y o) Hisjol & Ao A 2rA )

Dorn01c acid= MU} SHA AFHX A 2L 2EH

na FAANS, HY SANHE HEE I ) (Addison
and Stewart, 1989; Bill et al., 2006; Schnetzer et al., 2007; Vale
and Sampayo, 2001). 71}t}t Bl A& domoic acidoll 9} gk
Az oiS 98t #F A domoic acidd] FF3F-E7E

] A=PN| 1l o]
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