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ABSTRACT - Aflatoxins and ochratoxin A (AFTs and OTA) are secondary fungal metabolites produced by sev-
eral moulds, mainly by Aspergillus flavus by Aspergillus ochraceus and Penicillium verrucosum, and these toxins can
be transferred to animals and humans through the ingestion of contaminated feed and food. This study was to develop
the analytical method for determination the levels of AFTs (B, B,, G, and G,) and OTA in pork. The AFTs and OTA
were analyzed simultaneously by electrospray ionization in positive ion mode and mass reaction monitoring (MRM)
after solid phase extract (SPE) columns clean-up. Performance characteristics, such as accuracy, precision, linear
range, limit of detection (LOD) and quantification (LOQ), were also determined. Matrix-matched standard calibration
was used for quantification, obtaining the recoveries in the range of 67.3~108.2% with the relative standard deviations
of <20%. Limits of detection and quantification were also estimated, obtaining the limits of quantification ranged in
0.7~1.3 pg/kg. The results of the inter-day study, which was performed with pork samples for 3 days, showed an accu-
racy of 92.0~109.9%. The precisions (expressed as relative standard deviation values) for the inter day variation were
2.6~17.8%. The method developed in this study was able to carry out the analysis with the satisfactory intensity and

accuracy.
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Linked Immunosorbent Assay), HPLC (High-Performance
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715 AEed 8. AAe] AH 2 HAFEH 6.
A AF 2 HEFH Q) AEHARE HAAANFH Wl
2] 7](Food processor HR7625, Philips, N.V., USA)Z
3t & Aol A8-3A

i)

Xl 3 7}

2 A AHEH olEEHEAl B, B, G, G, ¥ 23
B4l A9l EFEZHLS 7M7) Sigma-Aldrich (99.9%, St
Louis, MO, USA), Romer (99.9%, Union, MO, USA) %
R-Biopharm (99.9%, Darmstadt, Germany)ollA] 3}
AHEEFTE SMHEYEY, HEE-2 HA| A2 ntE 1 )
H(Merck, Darmstadt, Germany)2] €& A&-3}513L, 7
]2k Sigma-Aldrich (Sigma-Aldrich, St Louis, MO, USA)
ZRE FYst] AR 7E BE A EHE&S
ARESIAL, S R4 Z25FAIZ 7] (Barnstead International,
Dubuque, 1A, USA)°l ¢J3] A€ SR/HTE ARS8kt
A AFEE A FFZZF (Solid phase extract, SPE)
+ Biotage (Isolute, 3 mL, Ystrad Mynach Hengoed, UK)
£ Y5t ARg-sidth

vW)E Yol 100 ug/mLE A 23T} ol ZeE4 ¥Eg
AL olZal=A B, B, G, ¥ G, ol=HE4 2FLY
S ZHF 0.1 mL FH st cHEUEZS 718l 10 pgmLE
HEQTH LSRRl A SN oI5 A 259
A 0.1mL st A4 AT Fo] o EYEZ [ mLE ¥
°] 10 ug/mLE WHEATE HFHE EFHFLA o 3
& AL TYRTEAS 2 o E2EA HEEA(0.1 py

kg) 0.1 mL 2 I2}EA A FF89(0.1 pg/keg)yS 0.2 mL

Ijml

£ Holo] 5% AT 47 MEL LG B o 5L
ol Al & AL AgsT

LAFAL AL A&SH Al BEE F e =
2 < A HALTE 0.1% ARARE
S 50% CHEVELENE o]gal FE31aL, A
EZ4HE S o]t HAl § A ARvETHI-FZFE
NAFE72 B3I A5 &L ¢dE) @
T 5g5 AU Do} 0.1% Ak 3 50% oF
AEVEZEN 20 mLE 718l 5E7F SRA VA (OMNI-
MIXER2, Kennesaw, GA, USA)E ©|&3l #+&3}slal, 5
7 145A9452](3,500 rpm) ¥ °]E -Fa] Aol A (GF/
AE FH3}, oJd 4mLe FHsle] FAF 16 mLE

o] 20 mLe = 3¢t} 34& S-S AR

Hate] 723} & A 2}
21 B,, B,, G, 589 (0.2 uygmL)S 0.1 mL, °}=e=
G,E EF89(1 ug/mL)yS 0.04 mL, 2354 AE &
(1 uygmL)S 0.04 mL, T¥E= o254l B, B,, G,
FEEA( pgmL)S 0.05mL, o}ZTEA G,E EF8A
(1 pg/mL) 0.1 mL, 3FZ=2 AR EF89(1 pg/mL) 0.1
mL ZEFEE o}EEE4l B, B, G, £F89(1 ng/mL)
0.1 mL, oF&=eH54 G,& 5894 (1 pg/mL) 0.2 mL, &3

2 493 do} AFEE o} F

Sample (56 g)

Extraction

Add 50% Acetonitril(0.1% formic acid) 20 mL

Centrifuge 3,500 rpm, 5 min

Filtration - Grass microfiber filters (Whatman GF/A)

dilution
4 mL + distilled water 16 mL

Clean-up

ISOLUTE (Acetonitril 2 mL, distilled water 2 mL)

Loading : 5 mL

—— Washing : distilled water 2 mL + 10% Acetonitril 2 mL

Elute : 0.1% Formic acid in Acetonitril 2 mL, Methanol 2 mL

Evaporation (4 mL)

N gas (50C)
Dissolve

50% Methanol 0.5 mL

filteration

0.2 pym membrane filter

——

Fig. 1. Flow Chart of LC-MS/MS pre-treatment procedure for
total aflatoxins and ochratoxin A in pork.

LC-MS/MS Analysis
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AE ¥F89(1 pg/mL) 02mLS 718k 8
BHU7] 98] = QoA 24417 F3F WAt

A Rgl FEUHI SdskAl ARskel
LFE F AAE oMHEYEY 2mL, AT 2mLE 2
st A7 ZAFFEZE SA Y smLE TR
BAF 2mL, 10% SHEVEY 2mLE A&t} o]
0.1% Wit g oM EYUED 2mLat wWEhE 2mLS
Az &8 84S FF F, 50°ClM Aa darst
o] 0.1% 7NHAFEHT 50% #'hS 1 mLE A-gsighe}. o]
S el AdA AR (02 um)E AFHT A AF
Gdoz gtk o3 AF LY 5 uLS FAsk] AA=
ErtET A7/ FHEA 7= A8 THEFig. 1).
HAF2vtE 2] AFEAVAZFEA7] 24 2008
Zhgl & Waters Xbridge C4(100 x 2.1 mm, 3.5 um, Waters
USA)S AME3lal, Z9 £5& 35°CE, 42 02mL/
min® ZFAh LA 719 spray voltage= ol
B2 BT (positive ionization mode)Z 4.0 kV, Capillary <
330°C2 ©] &3} 3y, ZgolEay Wy
ug/mLS AH8-314] present ion 2 product ion®ll theH
7 g #3054 MRM (Mass Reacting Monitoring)
Asiitt. HA AR vHE 2 o)A FEA 7|/ FHE
o] &3 HA ] F FolETFA E eAEA]

AEAR S fRA HES LHEA &2 HAL

ML o F1OF
RET R
o BB

1%
N

ol il

>
Lo

Lol o
JJ—T’_"HE

7]l A7rsted 73] WHE 54 5, 7 E3H7(Limit
of detection, LOD), 7 #¢HA| (Limit of Quantification, LOQ)
S 5}3, matrix-matched calibration® 2 7 &A12] Z A
’d(Linearity)S A3ttt A 2 A4S 2598
A7t AlEE AR wEt shFo] 3¥ etk
A (intra-day) 2 397+ U7H(inter-day) Al 8L S 8t%ict.

Results and Discussion

7712 el Hxe}

A7) F FotEeEAlF B eAEEA A
A7) el A AR ntE e v -d A7) /A
£ o]-&-3}o, ESI (electrospray ionization)2] (+)°]
2 MRM modeZ #4313t o] of 7} F3o|5
WZ collision cell*lA] collision energyS ZZ2 3} product
ion?] response’l 7t =& 43190, 1 A3} F
2 9] precursor/product ion pair® A sFAh E=3F 7
£ 7I=E Kol product ions 3 ] (quantitation
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Table 1. Analytical conditions of LC-MS/MS for total aflatoxins and ochratoxin A in pork

Devices Parameters Conditions
HPLC Column Waters Xbridge C,q (100 x 2.1 mm, 3.5 pm)
. (A) 0.1% formic acid in distilled water
Mobile Phase (B) 0.1% formic acid in Methanol
i ) Mobile phase
Time (min)
A (%) B (%)
0 90 10
3 90 10
13 5 95
13.1 90 10
20 90 10
Flow rate 0.2 mL/min
Inject volume 5uL
Ion source temp. 150°C
MS/MS electron ionization mode ESI (electro-spray ionization)
Positive ion mode MRM mode
Mode ESI positive mode (MRM)
Spray voltage 4.0 kV
Sheath gas 40
Aux gas 15
Capillary temp. 330°C
Collision pressure 1.5
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Table 2. The optimal transition parameters of LC-MS/MS for total aflatoxins and ochratoxin A

Product ion (m/z)a

Compound MW Precursor ion (m/z) — - Tube Lens (V)
Quantitation Confirmation

Aflatoxin B, 312.3 312.98 [M + H]+ 285.10 (23) 115.03 (63) 156
Aflatoxin B, 314.3 314.99 [M + H]+ 287.11 (26) 259.05 (30) 167
Aflatoxin G, 328.3 328.97 [M + H]+ 243.04 (27) 215.05 (32) 168
Aflatoxin G, 330.3 331.07 [M + H]+ 245.00 (29) 189.00 (41) 116
Ochratoxin A 403.82 403.99 [M + H]+ 238.98 (25) 220.94 (37) 144
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Fig. 2. LC-MS/MS chromatogram of standard solution at 2~10
ng/kg for total aflatoxins and ochratoxin A in pork.
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Fig. 3. LC-MS/MS chromatogram of pork spiking at 2~10 pg/kg
for total aflatoxins and ochratoxin A in pork.
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Fig. 4. LC-MS/MS chromatogram of recovery test comparison
for total aflatoxins and ochratoxin A in pork.
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Table 3. Recovery test (%) comparison of Sampling

Sg 20g
Compounds
Recovery RSD (%) Recovery RSD (%)

Aflatoxin B, 91.98 7.21 109.56 2.42
Aflatoxin B, 92.34 5.50 103.99 1.48
Aflatoxin G, 92.28 5.70 98.4 7.58
Aflatoxin G, 102.2 2.62 89.28 22.40
Ochratoxin A 109.87 6.95 107.61 7.53

RSD: Relative Standard Deviation

Table 4. Recovery test (%) comparison of purification cartridge

Compounds CN MAX IAC Isolute
Aflatoxin B, 222 1.20 76.6(5.9) 77.3
Aflatoxin B, 2.41 1.12 78.5(1.8) 90.0
Aflatoxin G, 2.47 0.46 93.3(14.0) 108.2
Aflatoxin G, 2.57 2.31 71.2(1.5) 107.6
Ochratoxin A 0.10 0.17 75.4(5.9) 94.7

CN : Solid Phase (Cyanopropyl) Extraction column

MAX : Strong Anion ion exchange column

IAC : Immunoaffinity column

Isolute : Solid Phase (Polymer) Extraction colum

O W= R0z AL el 348 2 ASrE
g2 e Il L ARNME AL ARTFS
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AdFE7FEZAR -CN, ol 24, LT F2
2§ JtEZAE AHESt Hlastslrh 3485 H
23 A IAG FHEHAQ -CN B o] A4Sk
TFEZ A ] e 38ol54 3FEe] 3%0lstE,
AR DO I 5 71.2-93.3%, TEALANGFE
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Table 5. Limit of detection (LOD) and limit of quantification
(LOQ) of total aflatoxins and ochratoxin A

Matrix limit of detection
(limit of quantification), pg/Kg

Pork Beef Chicken
Aflatoxin B, 0.7 (2.0 07 2.00 07 (2.0
Aflatoxin B, 07 (@20 07 @0 07 (0
Aflatoxin G, 0.7 (20 07 2.00 07 (2.0
Aflatoxin G, 1.3 4.0) 1.3 (4.0) 1.3 (4.0)
Ochratoxin A 1.3 4.0) 1.3 (4.0) 1.3 (4.0)

LOD = 3.3(8/S), LOQ = 10.3(3/S),
4 : Standard deviation of the response, S : slope of the calibration
curves

Compounds

2 0] FAle 7hedt WHeR =R I A=l A=
A roe] EEE Hrtsted B3 Slgo] FobEet
EAS 74.14+22.7~109.3 +13.1%, Lﬂa}%ﬁ AE 88.1+
7.2%% YERH AT ﬂ’“ 9 AEEEAE FEAY
T8 FolEHtEAl W eAgEAl Af IS B T
AR g 7S skl

BEY|(LOD) R FTFUA(LOQ)

A 2vfe] FFolEA BEEES HUNE HA L
| Al THE AAEste] FolEetEa 2 e AFAIA
E A% & A9 e 33 9 g 71%
15 ol g3t AEslet AFsAE Faidith A&
= o}Zet&E4l B, B, G2 0.7 ugkg, oFZ2E41 GZQ}
Qo FATEAN AL 13 ughkgl® AFIAE olZH=EA B,
B,, G2 2.0 pgkg, oFEEEA G,8F 2854 A= 4.0
ugkgS 2 7+ e ti(Table 5). = E4HEol djg
gl 54 7 E HALS 7, AT dfel =
A2 T EFEE AF T RS TS AF dste
oFZEEAl Mo A - EI Atk A Ll=e] g, o]
glg]olA =A7] B 2 7kgEel sty eAEkEAle]
1 ng/g 7Fol =gkl o= TUMOMV = BE 2F st
o] 5nglg, Z29WolA HHA 7ol sl 100 ng/g o= HTh
387125 st Fstar ATk B AelA A
W AlFHO 2= AYs oAEA A JE - A4S
B U wkek EolQinh 7]Ee] 23ed WHeR
AHE-E= TLC % ELISA AlERe] 739 Hede] 9o
AH, AEE A5 9 AlFe] Bosty, AFARmED
o] PP olZEtEAlY] A= FEASVE dasiH,
QATHEL ASF FAEA o] o] THe] AT
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X% (Linearity)
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B,, B,, G 0.5~10 ng/mL, o}ZeE2 G, 2 238}
Al AE 05-20ngmLe] FEE FE3AE A 4
, 5% wEolsA B AR AHATRY)7E 0.998
FoerA F3d FHd4e UehiItk(Table 5). "HEE
2~ g FH(Matric-Suppression/Enhancement Effect)= &vi ol
=9l ¥FM A=A T} matrix-matched A FAL] 72715
o] & tha Ao o3 Fate] B AR T olEHEAR
© 17.6~39.1%% | E= X o] 27)3t 35 Ve, @
ATEL A9 BE -62.56%2] WEY2 o] A g}
S YER A tK(Table 5).

=T I

MSE (Matrix Suppression/Enhancement effect) =

100 x (Slope,,/ Slopeg— 1)%

Slope,: the slopes of matrix-matched calibration curves
Slopeg: the slopes of solvent-only calibration curves

MEel (Selectivity)

558 wEolEATE QHEA FS HIRAIEE A
g & BFENS Hrlete] ARt e Ammt
EafSs vae] B mEE Algke] dAsta thE ofd
el golart S IRl LA GFELHOE A

A F gAARELY YL o] Este] AL F
FTOIETEAIRT 2 2ATEA A BA 5o deld ¢
FHE £35S ¢ T UATH(Fig. 2~Fig. 3).

e nt WX (Accuracy and Precision)

A7) vfRAI R 559 FEolEA EHETENS
3N s=EdRFSHA 28l sHl, 108)E ZHzE Hostar A

Aglete] #A 8T 39 Bt vhEete] AU A
S B1e A3 7+ 3 TR 3|5Ee ofEEEAl B,
2 72.1~92.0%, oFEEHEAl B2 85.0~92.3%, oFEEHEAl
G 92.3~100.0%, oF=EHE41 G2 91.0~102.2%, 2.7}
E2 A9 9= 88.6~109.8%F LERATE A EUe
Al AX et 3]s 71<] oFEekE4Al B, B, G, G, 70~
110%, 32541 A 70~110%S T34, 33] HhHgof <
3k A FF=HxH(Relative Standard Deviation)”} 2t 18.4%
(RSDn)E YERY EU 7ol =kl e] RSD,<30%0l 2 §s}
%A tH(Table 6).
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Table 6. Linearity of matrix-matched calibration curves to ana-
lyze for total aflatoxins and ochratoxin A

Compounds Slope Intercept R? (IIEI;%E) 1\(/{,/8;
Aflatoxin B, 24119 3266  0.9992 0.5-10 17.6
Aflatoxin B, 24032 -9150  0.9988 0.5-10 233
Aflatoxin G, 25921 -4867 0.9995 0.5-10 39.1
Aflatoxin G, 6688 —1216  0.9995 1.0-20 18.1
Ochratoxin A 26587  -5553  0.9992 1.0-20 -62.6

MSE : Matrix Suppression/Enhancement effect

Table 7. Recovery test (%) of aflatoxins and ochratoxin A in pork

Recovery (RSDr)
Compounds
2 xLOQ 5xLOQ 10 x LOQ
Aflatoxin B, 72.06 (17.82) 85.64 (2.14) 91.98(7.21)
Aflatoxin B, 90.42 (11.30) 85.02 (1.24) 92.34 (5.50)
Pork Aflatoxin G, 100.01 (14.04) 95.05 (8.85) 92.28 (5.70)

Aflatoxin G, 97.41 (10.56) 91.01 (3.92) 102.2 (2.62)
Ochratoxin A 90.01 (4.46) 88.61(12.02) 109.87 (6.95)

7ol AZHAUIL, FFSHA mRko| QTP ZeF2ex] =)
A327] 90871& AAMeE A Ht 0.05 pg/kg, HH 6.1 pg/
kgl 2 ZAMERAL, HUO] A 58719 HA 7] F 87
o] AZ&HAeH, Ht 0.01 pgkgl 2 AEHJYTH =+
A 227], WA 27] Aol tiste] A gk A < A7
A1~9.30 pgkgl & QP T A ATHY, B Ao A}
B F3AGY HA279 AdhE 9 E ZAHAHAE F
W fEEa e SA7]e] tigk F7EEQl BUE ol
i)

L3},
Acknowledgement
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