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ABSTRACT - Domoic acid (DA), a neurotoxin produced naturally by diatoms, is responsible for incidents of
amnesic shellfish poisoning. In this study, a modified analytical method was established to determine domoic acid in
seafood using solid phase extraction cleanup and optimizing the amount of sample and extraction solvent to reduce
interference effects. The modified method using high-performance liquid chromatography with ultraviolet detection
was validated using three seafood matrices (mussel, red snow crab, and anchovy) at three concentrations (1, 2, and 4
mg/kg) and compared to the Food Code method. Compared to the Food Code method, the modified method showed
better performance in terms of linearity (R*>0.999), detection limit (0.02-0.03 mg/kg), quantification limit (0.05-0.09
mg/kg), intra-/inter-day accuracy (86.2—100.4%), and intra-/inter-day precision (0.2—4.0%). Furthermore, the method
was successfully applied for the analysis of 87 seafood samples marketed in Korea, and DA was detected at a low
concentration of 140 pg/kg in one anchovy sample. These results suggest that the modified method can be used for

routine determination of DA in seafood.
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Fig. 1. Structure of domoic acid, as accessed from the National
Research Council Canada (Halifax, NS, Canada) (https://doi.org/
10.4224/crm.2022.da-h.20210922 (accessed on 31 August 2023)).
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Materials and Methods

SRR
Domoic acid 4 93 QEloA §EHT Y= 6=

FARER] RSN (Mytilus galloproinacialis), ZretX] (Mytilus

coruscus), B X|(Engraulis japonicus), & Al(Chionoecetes
Jjaponicus), EA|(Portunus trituberculatus) 12| 3L W}A] &

(Ruditapes philippinarum)®l] tiste] 2+zk 237, 1574 294

, 127, 87 gl 170 ® Z 887 2023 FYst

o/\;\q_ TUTE e A B AFUsta 334 E_){:;_’_
B % 54S Sl v BAE AT AMEsATh 2

= AEE /—‘1]%—' A A8 YHA W, 9. AE = 53 HE
A AFW. 91 22 911 AFAEW| wat 7 A=
o S4= 3’—343}04 H| 7M1 2 A A g ok #23) A

3351 18°ColA] RASHA ALLE )

T gl Aok

Domoic acid %2 AFHEFEZ (certified reference
material)?] CRM-DA-h2 National Research Council

(Halifax, Canada)Z%-8 Y3t ARE-3IAL, oM EYE
2 (acetonitrile), ™ ¥H-(methanol) 22|32 =2 Honeywell
Burdick & Jackson (Muskegon, MI, USAYAFe] HPLCH Al
ES ALgsIglth 2 9] EFEF 9 2oba| EXAK trifluoroacetic
acid)= Sigma Aldrich (St. Louis, MO, USA)A}, Z &4t
(formic acid)-= Thermo Fisher Scientific (Waltham, MA,
USAVE, A& GAol] AFe-E 7FEZ| A= Bond Elut SAX
cartridge (500 mg, 6 mL) #| &2 2 Agilent (Santa Clara,
CA, USAIA Fdete] Ag-st3dtt.

MNEFE A ¥H
Domoic acid= 2135234 A8, Y¥AIEH. 9. AF F
FAED AEH. 9.8 54 9.84 7|FAA I 5
7l Wis Farstd BAsioh 423t ke 7
A 10 g& E:MEHE(50:50, viv) EFY 40 mLE 7}8t¢]
1587 29 3157 3000] H=E st et o,
10°C, 10,000xgol| Al 537+ A4l E2]gh & 35S 0.2 pm
W Eg<l FE (polyvinylidene difluoride)2 o] 2}8+ 718 A
AgH o= st HA HA ¢ F=89 & AHst
7] f1sl AAeE FE8vle] H&2 142 Ul g
iﬂ 2, 4 28]3 109 AAE —.43]—*’ domoic acid %
< 4mgkgel == H7HE the 22 &80 8, 16
"JJ— 40 mLE FZ330th Ak A= 1 9 :r%u % domoic
acid Ao THEHE Uehd F e BESE AAst
7] 913l ol w2k(strong anion exchange SAX) 71Ed]
A 8] ARGl wWE BHE AT AETH AIY
Holl 7j&o] web 5 B AAEEE the SAX JHE
YA E HeE 6mL, & 3mL 283 EHERS(50:50, v/
v) EF 3 mL2 w@omv} A& % 4 mLE SAX
FFEF Ao 71k F, 15% oMHEUEY 6 mLE 7HEFA
£ A3t O}KHEL]EE] X EAH10:88:2, viviv) 3
2 mLE domoic acidE §ZA17] th& REH]Q FHE o
43 A Adgdo® ST

(]

2M7)7] QX7
Domoic acid& #4]3t7] flste] UV 7% 7](Agilent



G1314F)7} 72l HPLC system (Agilent 1260 Infinity)S-
242 nm=z A3l o] &3IA . AH-L AgilentAl2] Zorbax
Extended C18 (4.6 mmx150 mm, 5 pm) A& AMESIA
o, AP ELLE 35°CE 3T o5 AE 0.1%
_E_F’JEE oio]_x-]]E)‘\_}g ‘(15':}-_[9'_6‘]— %_0_ o]E/\l— BE= 0.1%
EZF R ELS i s K EYE-R S A1
21E&5 AEHRD method 19 -9, o] &7 A:B=85:15(v/
v)Z &0l 79) (gradient)’} §lo] AFESIAT & ?ﬂ?‘oﬂ’d g
HE FARQI method 29] -, o1& BE 5%% Al 2st
o 1L.OR7HA 15%% SHFAT7t 3587 §A13 F 6.0
ol 95%7HA] S7HAIA 187 FA8H T 2 5 8.027}
A 5% FaAA 287 FASE S =4

S A

=
8PM2U1 %— A 11_-8— —‘?40191‘:]' = Y EF ols
=
=

=
BN AF
AEZH NEHE method 12, SAX 7FEZA] A, A
A D FZe] o] MAF e o4 &l

W
Z7A0 7 HAAZ AlFWE method 22 T-35}¢] method
13 298] 28-S A5 9 Blaskitt ol & 98] A=
A, E 2] SZ(resolution, Rs), 7 Z &7l(limit of detection,
LOD) ¥ 7 Z3A(limit of quantification, LOQ)®l T/Hiﬂ- A
dS AYsiien AFE MR EE AFHEA,
2 HAE ARSIt A g e A= }‘117‘57& 2

7193444 =2 Aol FAkE F ARt AR

Ao 2 g5, AFF2= domoic acid7]' &
A Fola, IAE AR T w2 S 2142020
| 7E)ste 1S aEste] A sk “ﬂz]*‘ <
olF £ "X 15 % domoic acid7} AEHTL
HyEomy 7o}t Izt Robe tE wEYE 54

< ®Holthe HoA AA AT

Domoic acid®] A4S dolrr] 5] F oA 714
F5(025, 0.5, 1, 2, 4 mg/kg)oll thate] zHzt 33] FEQ1s}e]
AFAE Tt AR A (coefficient of determination,
RY) #o 2 A4S gttt 929 EejEe olgd
F(efficiency, N), HFE 12Kk ) 2 A (a)S LT3}
of olgo} e Aoz AAENCH, method 1914+
domoic acid®} EHETS] B EE YJERHA L method 2
o A= domoic acid®} P& EZ (unknown)®] I IAle]
o] BE|=E AHEdtdTh
v ) N

N P

LODE AZAe HA o) 3t EFHAE 7]L7]
2 Ui gl 3.3 Fsto] Albellon, LOQe A oA
o] HA Fxo e FFHAE 7|72 U @l 10

Determination of domoic acid in seafood 299

. A 3= (accuracy)= 3|4 (recovery
%)= JERIY _<>_u:1 LOQ o132 Al 74 E%(l, 2, 4 mg/
33] A 2 1Y 33 £A4E 3¢
X ste] z}hz} LH(lntra-day) 2 A7Kinter-day) S =E
39t AR == A ES=H A (relative standard deviation,
RSD)Z UrEM‘iiQE} T HE 33 24ste] A A=
(FHE4], repeatability)E -FATE B3 19 33] wHEate] 3

A7F BAgto 24 A7 A= EA, reproducibility)S Ak

r
RS

It

Z3t9 ).
Results and Discussion
Hr2gEe] XX}

B AFoll A= domoic acidA]FEA ol oiA o 2
HE WA sz} AFAEH], A, DX]oA SAX 7FEF]
A o] AR AR, AA D FE80 e &S g HA A
iirﬂ Z7< AR A 3 TtHFig. 2 2 Table 1).
]tﬂmm o] W=, domoic acid®] 4L A
S B EhE(50:50, viv) £ 40 mLE A3}
= ¥ %’E%ﬂﬁ} s Asde ‘j“‘ﬂ?ﬂ] ¥ (0.2 pm)

o3tsle HAe #H4< 7131 F HPLC-UVE o] 43t
AT, WA 3% AR AEE FE E A4

o2 SAX 7IEER| 2] AFEoJH 7} domoic acid -4 o]l
A= FEFS A9 A= Fig 29 2t} SAX 7HEE
A& AHE3FA] 22 method 19 Wl 243 A3(Fig. 2a,

2 2¢), domoic acid®] =7} YER o]Fof vlE E
HE T F327F HEHATGE = 0.94-1.28). AT EA,
2 g3z wjE8” A M2 domoic acidét EYEW T

A 2

274 BREE 27F 128£0.02, 1.14£0.04 2 0.94£0.03
o2 Yeh} o7k zpol7t Qi) & thE fFel upA g
9] AL ATFZANoZT BAHNS o BT} 0.3540.09
2 9§ "ojx= A2 YEsti(data not shown). ©]<}
2o A3 EYEFHO] domoic acidEA 0 MR HE

A3
Ueld & S-S AAstEY], EHER 58 O F54)
o] MFF AlZke] domoic acid®} frAtate] WejEd®E 2
%‘FE}-— B30 ¢} AR 3t} Quilliam 5 2V 429

IxE 71y AlRE A4S A, 22 HEAA domoic
ac1d-4 AfF A2 dAehs o227 FREJA oY UV &
FHEHo| domoic acid®} TFEY EHERY {AlSe] E
JETS] At AHEY Aolgtar HIsS T

SAX 7FEZAZ AH&-3F method 29] Z 3= Fig. 2d, 2e
2 2fe} o] FAIo "X A FA EHER A7t o}
EREA] skt % A1ES] AS, EHER 9Ae UE
A AR e M EE 437} HEE Y] ol TS
Sl ZA0 2 WAS ) 28 domoic acidel F #2]
HATHEZ = 1.93). Hess TV AEF34 Algua 7
o fAFEE ZA(50% HIEHE 16 mLE )08 A 82



300 Si Eun Kim et al.

(a) Resolution: 1.28+0.022

2@ Resolution: 1.93+0.02b

f . Trp ?, .
i DA £ DA
£ £
ER é . Unknown
3 \. < .
{ -/ e
B Time i) N e —————— T Gy N
N (b) Resolution: 1.14+0.042 - (e) Resolution: N/A®
5w S
i Da, 5. DA
3 g
2 2
£ =
e \\
- “Time (i) - "Time (ain) =
- ©) Trp Resolution: 0.94+0.032 - o Resolution: N/A®
S - S
E | 3
' DA I
5. £ DA
g 5" :
Z £
e
Time (min) - =

Time (min)

Fig. 2. Chromatograms of three seafood matrices spiked with 4 mg/kg of domoic (DA) acid. (a) mussel, (b) red snow crab, and (c)
anchovy were analyzed by Food Code method without SAX cleanup procedure (d) mussel, (¢) red snow crab, and (f) anchovy were ana-

lyzed by the method with SAX cleanup procedure. * Resolution between DA and tryptophan (Trp) peaks;

unknown peaks; “N/A, not applicable.

Table 1. Comparison of recovery for domoic acid based on the amount of mussel and extractant

®Resolution between DA and

Food Code method without SAX clean-up

Method with SAX clean-up

Sample weight

(© Solvent volume  Spiked con.  Recovery RSD Solvent volume  Spiked con.  Recovery RSD

(mL) (mg/kg) (%) (%) (mL) (mg/kg) (%) (%)

8 4 89.0 1.6 8 4 85.7 3.2

16 4 90.7 0.5 16 4 87.6 1.2

10 40 4 86.4 0.8 40 4 87.0 2.1
AAE S thg 2FEWE ZINF AIEE HPLC-UVE & A5 FE28m9 4 7217 4 ¢} 16 mLZ ARSI
H% A% vlel ARl 994 AR et 2% Atk #F 86 & 871809 Ag ] BolX| B4
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28]3 40 mLyE 23 s IFES Hud A=
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Table 2. Linearity, LOD and LOQ of domoic acid in seafood matrices

Method Parameter Matrix
Mussel Red snow crab Anchovy
Linear range (mg/kg) 0.25-4.00 0.25-4.00 0.25-4.00
Slope 86.63 80.83 71.79
Intercept 81.06 1.83 0.15
Method 1° Linearity (R?) 1.000 1.000 1.000
Resolution® (Rs) 1.23 1.20 0.93
LOD* (mg/kg) 0.10 0.09 0.24
LOQ° (mg/kg) 0.29 0.26 0.73
Linear range (mg/kg) 0.25-4.00 0.25-4.00 0.25-4.00
Slope 82.80 87.50 81.68
Intercept 7.84 -2.13 4.34
Method 2° Linearity (R?) 1.000 1.000 1.000
Resolution’ (Rs) 1.74 N/AE N/A
LOD (mg/kg) 0.03 0.02 0.02
LOQ (mg/kg) 0.09 0.05 0.06

#Method in Korean Food Code; " Modified method; © Resolution between domoic acid and tryptophan peaks; ¢ Limit of detection; © Limit
of quantification; "Resolution between domoic acid and unknown peaks; 8 N/A, not applicable.

1.50-2.139] WAL, method 29 2SS AAAHS 5
3 EYEY ¥a= YeERR] 2t} Method 2014 domoic
acide} W] Bl ¥= 7he] REEE 1.5 oo H|lwy
I35t 3% e mlEE 204 LODE method 1
2 204 7k} 0.09-0.24 mg/kg 2 0.02-0.03 mg/kg® method
27} o Ykth LOQY Al method 1 2 2014 zHzF 0.26-
0.73 mg/kg 2 0.05-0.09 mg/kg® method 27} © $-<F3h
2o 2 YEltt o]& SAX 7FEFAE A3t HPLC-
UVZ domoic acidE #4138 Ujevic 5] YERd LOD
0.10 mg/keg¥ LOQ 0.34 mgkgHtt W& FFEog ne
9] domoic acid B4 %= 718 Aoz 7|tj€rch

ez ¥ Fux

QA HAA, BElx=, LOD ¥ LOQ =Wl -3 A
22 Yeld method 28 AFE3le] 3% FAME mlEEg A
ol Al 7FA FX(1, 2, 4 mghkg) T2 #H7Fet domoic
acid?] FF= (3589t AE=INEZTHAZHE Ve
A& Table 337 2t} Al 7H4] Fxe diste] A 3)4
&3 AEEAE 22 89.7-100.4%, 0.2-3.3%2] 9
Rom, A7k I AdEFHAE 2H) 86.2-96.0%
9} 0.6-4.0%2] W Z ¥ CODEX 7to] =241 (3] 44-80-
110%, JHEFHAF <20%)S 3T Quilliam 57¢
L HF ABEE 50% HESE F53 F SAX 7EZA
2 AAHHES Ax HPLCE EA43 Ay} 3480] 85-
113%°]Athal Raste] 2 ArAdzel fASIATE Bt
method 29| F848S F7H SR gRlslr] flste] AFA

Table 3. Intra-day and inter-day precision and accuracy of for the
determination of domoic acid in three seafood matrices”

Vi Spikedcon. _ Recovery (%) £ RSD (%)
(mg/kg) Intra-day Inter-day

1 97.2+0.8 95.9+1.3

Mussel 2 95.3+1.6 93.9+0.7
4 96.2+0.8 94.9+0.6

Average 96.2+1.1 94.9+0.9

1 99.3+1.2 92.5+4.0

Red snow crab 2 100.4+1.1 96.0+2.0
4 98.3+3.3 95.7+3.7

Average 99.3+£1.9 94.1+£3.7

1 99.8+0.2 90.7+1.7

Anchovy 2 91.5+0.6 89.2+1.4
4 89.7+3.1 86.2+2.5

Average 93.7+1.3 88.7+1.9

“Precision and accuracy were evaluated for method 2.

W AFE 7+ 3l98 9 EFHAE Table 49 YERNSITH
2 A 1, 2, 4mgkge] Al 7 Fxd tste] 72t BE
W 3|48 85.0-96.7%, 83.7-96.8% L] 3L 83.1-95.7%°]
Aom, AhEFHAE 0.9-8.3%, 0.5-3.8% L3 0.9-
7.0%°] HZ UEIST A A9 84 ARES A
HE o] E AJPHS F4HE 5 domoic acidES £435}17]
sl &go] 7T Aoz A
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Table 4. Precision and accuracy of the cross validation by three different analysts”

Analyst 1 Analyst 2 Analyst 3
Matrix Spiked con. (mg/kg)
Recovery (%) = RSD (%) Recovery (%) = RSD (%) Recovery (%) = RSD (%)
1 89.1+0.9 89.3+3.3 85.0+2.9
Mussel 2 88.8+0.5 89.2+2.1 852+ 1.5
4 92.0+0.9 88.5+14 88.4+2.9
1 89.7+8.3 86.6 1.5 88.5+2.8
Red snow crab 2 94.5+2.2 87.7+3.3 83.7+3.6
4 95.7+33 87.5+17.0 83.1+1.1
1 90.8 +£2.7 96.7 + 6.4 85.2+3.2
Anchovy 2 96.8 +2.2 89.5+3.8 85.6+2.2
4 93.6+3.3 86.9+34 90.8 +4.0
*Precision and accuracy were evaluated for method 2.
Table 5. Application of the method 1 and 2 to marketed samples
Method Factor Matrix
Mussel Crab Anchovy
No. of samples 38 20 29
No. of positive samples n.d.c n.d. n.d.
Method 1° Total mean (mg/kg) n.d. n.d. n.d.
Positive mean (mg/kg) n.d. n.d. n.d.
Median (mg/kg) n.d. n.d. n.d.
Range (mg/kg) n.d. n.d. n.d.
No. of samples 38 20 29
No. of positive samples n.d. n.d. 1
Method 2" Total mean (mg/kg) n.d. n.d. -
Positive mean (mg/kg) n.d. n.d. 0.14£0.02
Median (mg/kg) n.d. n.d. -
Range (mg/kg) n.d. n.d. -
“Method in Korea Food Code;”Modified method; ¢ Not detected (below LOD).
9= 22 F domoic acid A|EHe] M2 Y] (Chlamys farreri)?ll X 523.09 ugkgrT2 2 HEF ATt

=

o
= 55l AFalEA], FEx], 22, A, 24 55
o] 4t FAHES 87718 RS o method 13} 29] 4
X H7FeI ek 2 A3} Table 59F 72¢], method
< A83IE " domoic acid7} HAEH A8 ATH 2
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