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Study of Determination Method of Aflatoxin, Sterigmatocystin and Zearalenone
in Brans and Food Processing By-products, and Oil Seed Meals for Feed by LC-MS/MS

YAMAGAMI Yohei*!, INOUE Tadashi*?, SAIKI Masakazu*?, NAKAMURA Nobuhito*?,
KOZUKA Kenji*!' and AOYAMA Koji*!
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A quantitative determination method using a liquid-chromatograph electrospray-ionization tandem
mass spectrometer (LC-ESI-MS/MS) was studied to determine the concentrations of aflatoxins
(AFB1, AFB,, AFG; and AFG), sterigmatocystin (STC), and zearalenone (ZEN) in brans and food
processing by-products, and oil seed meal.

An extraction solvent in the method, compiled in the Feed Analysis Standard of Japan, was modified
to reduce matrix effects. The matrix effects tended to decrease as the proportion of water in the
extraction solvent decreased. However, extraction efficiency of mycotoxins also decreased.

At the same time, matrix effects and recovery rates of each mycotoxin in the effluent fraction were
also confirmed using a purification column (Captiva EMR Mycotoxins, Agilent Technologies Inc.;
Santa Clara, CA, USA) and an LC column (Inertsil Ph, GL Sciences Inc.; Tokyo, Japan), which are
different from the method compiled in the Feed Analysis Standard of Japan. Among aflatoxins and
ZEN, ion suppression of AFB, AFG; and ZEN was observed due to the sample matrix in some of
the sample fractions, while AFB; and AFB, showed low recovery in some of the sample fractions.
However, these matrix effects and recovery rates were within the acceptable range. On the other
hand, ion enhancement of STC due to the sample matrix was observed in many of the samples. For
future studies, the recovery rate of STC in each sample will be evaluated using a stable
isotope-labeled STC.

Key words: aflatoxin; sterigmatocystin; zearalenone; liquid-chromatograph tandem mass
spectrometer (LC-MS/MS); electrospray ionization (ESI); brans and food processing
byproduct; oil seed meal; corn dried distillers grains with solubles
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T, Al 5 ZOHEMCHEMMEMNTETOT 77 xRy Ly, ATV I PV AF UKD
BT IV vk a~ 7T 78 o7 MREESHE (LT TLC-MS/MS] &), ) 1Tk b
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Aflatoxin B4
(0]

O

(6aR,9aS)-2,3,6a,9a-tetrahydro-4-
methoxycyclopenta[c]furo[3',2":4,5]furo
[2,3-h][1]benzopyran-1,11-dione
C17H1206 MW: 312.06 CAS No.: 1162-65-8

Aflatoxin G4

H O
(7aR,10aS)-3,4,7a,10a-tetrahydro-5-methoxy-
1H,12H-furo[3',2":4,5]furo[2,3-h]pyrano
[3,4-c][1]benzopyran-1,12-dione
Ci7H1207 MW: 328.06 CAS No.: 1165-39-5

Sterigmatocystin

(3aR-cis)3a,12c-dihydro-8-hydroxy-6-methoxy-7 H-

furo[3',2":4,5]furo[2,3-c]xanthen-7-one

C1sH1206 MW: 324.28 CAS No.: 10048-13-2

Aflatoxin B2

(0]

(6aR,9aS)-2,3,6a,8,9,9a-hexahydro-4-
methoxy-cyclopenta[c]furo[3',2":4,5]furo[2,3-h]
[1]benzopyran-1,11-dione
C17H1406 MW: 314.08 CAS No.: 7220-81-7

Aflatoxin G2

H (0)

(7aR,10aS)-3,4,7a,9,10,10a-hexahydro-5-methoxy-

1H,12H-furo[3',2":4,5]furo[2,3-h]pyrano
[3,4-c][1]benzopyran-1,12-dione
C17H1407 MW: 330.07 CAS No.: 7241-98-7

Zearalenone

OH @)

HO

(4S,12E)-15,17-dihydroxy-4-methyl-3-

oxabicyclo[12.4.0]octadeca-12,15,17,19-tetraene-2,8-

dione

C18H2205 MW: 318.36 CAS No.: 17924-92-4

Fig. 1 Chemical structures of aflatoxins, sterigmatocystin and zearalenone
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2 EBRAE
2.1 3B
KT, a—r 777 4— K, DDGS, 5T %, W, a—r I LT I —),
KREMT RO RN TIEZNENEBRE 1 mm O R U — 2 2355 Ui Tk L,
T HEELE LTz,
22 RO
221 241 K242 2L T O D~6)DFIE A V2.

1) 7ERF=FYAE LOMS Al (L7 A4V AMEHEER) %M. BT =7 A0
HPLC H] 1 mol/L /Kiaik (& L7 A L aFeisdd) 2 vz, KiZLeMS (B L7 A v A
FOCHISER) 2 Huviz,

2) T 7T hFUUAERFK

TRO7 77 F¥F > (B, By, G, G) BEHEER (%5777 FF v 25 ug/mL, B+
TA N AFHEREL) 27 7T bR U AERERIE & LTz,

3) ATV T~ F VAT UAEREFR

ATV T~ M AF UAEREN (L7 A v AFOEMZER, iR 98.2%) Smg Z &> T 20mL
ODEET7 I A2z AN, T = I AZMATENL, BIERETTE =Y LEMNX
TAT V< MU AF UK EFRAR L7 (ZOWR 1 mL 1%, A7V 7~ hVRAF & LT
025mg =&H) .

4) BT TV BRI

BT IV AAREESR (B L7 AV 2R MEEE, MM 99.7 %) S5mg Z &> T 100 mL D&
7T AAZAN, TERM=FIAZMATENL, BIERETTE=MILENMZTET
T U NERERR AL (o ImLix, BE7 7100610 T005mg28H) .

5) WIMHT 77 by U EUER

T 7T MR VBRI O %, T b= UL TIEMICHRL, (REAEERE L
oo BERICEELT, (REHEERO —HET7E h= MV L TERICHRL, 1 mL 7207 7
TR XYV By, By, GIEUG ELTENEN2S ng ZEWRIMAT 77 b o U HEHER %2R
L7,

6) MEBEBRIERMAAT I 7/~ h o ZAF U RRET I L VIR

ATV T M AFUBEEREROET 7 v VEERIRO ARG L, 7= UL
TIEEICHR L, BRERIERAAT IV V< FAF U RO T I L/ IRAHEEF R 2 8 L
7.

HHICEE LT, BEBHRERAAT ) V< F2AF U RO T I L ) IRGHERERE O — %,
T h=hUL—7K (84+16) TEMIZHFIRL, I mLHIZAT IV I/~ N AFUROET 7 L
J v LTENALN 0.1, 0125, 0.25, 0.5, 0.75, 1, 2, 3 O 4 ng &A1 5 ERIERH
ATV I N AFURNET T L 7 VIRAIERER 2R LT,

222 243 IZFLLTFD 1)~6)Di % 7=,

) 7T r=hVU, ¥E, FBREORAZ ) —1T LCOMS B (EL7 A4V AfesKE) 2/
Wiz, FERRT V=T ATEE T LRI 10 mol/L KIFKR (= Ry v— &) &2 Hvi-.
K1 Milli-Q IQ 7005 (Merck Millipore ) (2 & 0 F5HL U 7= kK (JISK 0211 @ 5218 [T E
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AT EMIK) & W,
2) T 77 bFVUIEAERK
TRDOT 77 ¥ (B, By, Gi, G) IBEIEHER (£7 77 h¥ 2 25 ug/mL, &L
TANLFCHERRL) 27 75 bR U BERERIE & LT
3) AT U T~ bV AT UAEREFR
2T Y I~ hYRAFURERER (L7 AV LTRSS, #E 99.5 %) 5.0 mg 2> T 10
mL OLET7 T AIIZAN, T =M AZMATHENML, BIZERETTEN=MNI L%
M2 TAT VI~ b AF U EEREZFAB L (ZOWR 1 mL X, A7V~ RAF &
LT500ug 2&H) .
4 BT 7L oRERERIK
BT I v SRR (BT AV AROMER, #EZ 99.7%) 2.5mg &> T 50mL D=
T7IAAZAN, TEM=RIAZEMZTENL, BICEHRETTEI=FIALENZTET
T U AMERERR AR L (Zo@® ImL X, B7I7L /080 T50ug 2 ah) .
5) MREMRERA > OVTRIR O MK
FMOBIEERIRKO—FEREGL, 72 b= U LV TERICHRL, RERIERHOEER
AR IR 2 R L 7.
ERICEL T, MERERHAPOFERAEERKO —H%, 7 b=tV —K—H
(23+76+1) TIEMEICARL, 1 mL FIZT7 77 ¥ By, By, G, G KOAT Y I~ b
AF L LTENZLN 0.125, 025, 0.5, 0.75, 1, 2, 3, 4, 5, 10, 15 KX’ 20ng, E7 T L
J v LT025 05 1, 1.5, 2, 4, 6, 8 10, 20, 30 X1 40ng 2 &H 5 HREBRIERH
OHRGEER TR L 7.
6) WA OFRIR S IEER
EMOFEEFIRO—HEREGL, 7 b= IV AV TERIZHRL, RNHAIOEIRGIEE
JR 2 SR L7z
WIMAPOFRAEETEO %, 72 =R U VTEMICHRL, 1 mL #2777 b
FL Y By, By, G, GG ERORAT VI~ hvAF U ELTENREN 2000 ng KOEBT T L/ v
& LT 40000 ng % & i M ARAARHER D, W NC 1mL FIZ7 77 %2 By, By, Gi, Gy
FORAT VT~ vy AF L LTENEN200ng XOET Z L/ > & LT 4000 ng % & Te¥RN
MR EIREROZ TR L 7.
23 HEROSGE
1) Fyketk - ZM 200 Retsch . (1 mm A2 U —>, ffi FHEFEEEEL 14000 rpm)
2) WOEEH : Ly 7 uy =— T —SR2W ZA 7 v 7 & (i ARREI XL 300 rpm)
3) ZiRE T A
ZHEED 7 A1 (2.4.1 BTN 2.42 12fFH)  : MultiSep 226 AflaZon+ Romer Labs #
ZHEHE 7 52 (243128 M) : Captiva EMR Mycotoxins (600 mg) Agilent Technologies
4 A7 77 4/0F— : DISMIC-13HP (fL£% 0.45 um, [E£% 13 mm, BLAKME PTFE) HIElR
LAY
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5) LC-MS/MS :
LC-MS/MS 1 (2.4.1 KO 2.4.2 (2 )
LC % : Nexera X2 Btfl/EpTl
MS ¥ : LCMS-8050 & il /iy
LC-MS/MS 2 (2.4.3 (Zff /)
LC %% : Nexera X2 Btfl/EpTil
MS #B : QTrap 4500 AB Sciex

24 TEEFIE
241 HWHBHOLEFICL D~ Y v 7 AR O

NOEF—FEEZHAY, SR LCa—r AT 7 40— FOBRIEIX 25g L L, MHE
X7 b=k U—7K (10040, 84+16, 70+30 XX 60+40) 4 FilHZ R L7z, KMiHiAEsC
LXpra—rv N7 70— ROMHEREZHEED 7 5 1IZARL, WHKE 2 mL 3§20 L7,
STHLTEHED 5 6 475 L #FNEREMEICE Y, WIMAT 77 b 2 R 25 uL iR
m (&7 77 ¥ & L T0.001 mgkg FHY & (R&HEHAERT T 1.25 ng/mL FHY4 &) ) L,
LC-MS/MS (24 23 EHAK & Lz, RIIRFZ 221 @ 6)Iit> TR LA~ M) v 7 225
ERWVWFEREORZFE L, LC-MS/MS 23 DR & L7z, SUBHATR K OFEHER A 10 uL %
LC-MS/MS 1 IZIEAL, @REISHEE (BLF ISRM] W), ) Zu~ 7T 0855 T, kA
R OERERO E— 7 HRE 2R Lz, WESMIE Table 1 L2 D LY.

Table 1  Operating conditions of LC-MS/MS 1

Column
Mobile phase

Flow rate

Column temperature
Detector

Tonization

Nebulizer gas

Drying gas

Interface temperature

Heat block temperature
Desolvation line temperature

Collision gas

ZORBAX Eclipse XDB-C18 (4.6 mm i.d. x 150 mm, 5 pm), Agilent Technologies
10 mmol/L ammonium acetate aqueous solution — acetonitrile (9:1)
(hold for 1 min) — 19 min — (1:4) (hold for 15 min)

0.2 mL/min

40 °C

Quadrupole mass spectrometer

Electrospray ionization (ESI)

N, (2.5 L/min)

N, (5 L/min)

300 °C

200 °C

200 °C

Ar (270 kPa)
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Table 2 MS/MS parameters of LC-MS/MS 1

Precursor Product ion Collision
Target Mode ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (V)

. 241 - 39
Aflatoxin B, + 313

- 285 24

. 243 - 42
Aflatoxin B, + 315

- 259 27

. 214 - 38
Aflatoxin G, + 329

- 200 41

) 217 - 37
Aflatoxin G, + 331

- 245 31

Sterigmatocysti + 325 281 _ 37

erigmatocystin

gmatosy - 310 25

175 - 23
Zearalenone - 317

- 131 30

242 SO ZEFIZ X 2RO MR
MOF—FIEZHG, SREtE LTEHY AL (BRIBEYERE) ORBUEIX 25g &L,
AL T 2 h= R UL —oK (100+0, 90+10 31X 84+16) 3 FFEZ MG L7-. SHHEEIZ &
DDA HIHE 2.5 mL 12, £hENT ' b= KU /L—K (59+16, 82+18 Xi¥ 84+16) 7.5 mL
ENZ, ZHET T 5 1 ICAMT DIEOMMMEEOMEA T & F=F U/ —K (84+16) L7225
LM Uz, BRI O — B, B o7 EHARZ LC-MS/MS I X 2 HEICH L
72, WREHRIEE I BERIERA AT U 7/~ h v AF U RO T T L VIRAERERS 10 L %
LC-MS/MS 1 IZIEAL, SRM 7 u~ 77 5% 5. HESRMIL Table ] K2 D LB .
243 ZEED T L2 B HWTZ5E ORIE O iR
STEkEE 25 g - T300mL DA =M 7 T 222 AN, T F=kU/L—K (84+16) 100
mL (53 FKROEDLHNT 150mL) 2%, 60 /pRHR YV EE THliltt U7z, sk & 2okt O vk
BIZAIL, 1700xg T 5 pEONBEL7-. EEAE S mL 2 10 mL O2&ET7 T 2 3 (ZEMICA
, WINARGEERERD25 pL 2L (5T ERPELRDEET 77 bRV RORT VT
<~ hAF L LTO0.06 mgkg fHY &, B7 71 /& LT 1.2 mgkg fHY & (R&KFENARH
WET 77 hFV U ROAT IV~ hyAF L LT 1.875 ng/mL FYE, €771 /L LT
37.5 ng/mL FAYE) , TOMOREHIZET 7T X U KPR T U I~ hAF & LT 0.04
mgkg HHY&E, E7 7L /& LT 08 mgkg Y E ({777 FFL UV RUOAT Y IV~ by
AF L LT 125 ngmL fiY%E, E7F71 /L LT25ng/mL FH4E) ) %, 7k r=rU L
TI10 mLIZER LT, REHAK Z ZHAED T L 2 12 AN, Tiltika 7o A& 122 mL 3 >%
L7z, fHED 9> H 200 uL (ST EROERNT 300 ul) 2ZNLTHEMKICE Y, Zh bl
1 %KL 600 L (53 F R OELDNEL 500 pL) & EFEICNZ, AT 7074 0F—TAEL,
LC-MS/MS (2 X A HIE I 2 aBHRE & U7-. BEYER 2 W0 L2 WEEHZ W T b RIS
L7z, WUBHAH L O i B IERH O s iR SR JE 4 5 pL %2 LC-MS/MS 2 [ZIEA L, SRM 7
n~v T L&, PESMZ Table 3 KN4 IR LTz,
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Flo, v MU v 7 RRMEROIZD, BERERZ BN L 2 WEE O &5 OBk 195 L (5
TEROERDIT 295 pl) Z2ZNENIEMEICE D, TIMHRAEERDS L 23RN L7E (%7
77XV RORT Y I b AF L LTO0.04mgkg MY &, E7 71 & L T0.8mgkg
FYE (A&7 77 bV RORAT VI~ F U AF o L LC125ngmL Y E, €771/
ELT25 ng/mL FHYE) ) %, 1 %HEEE 600 uL (57 F R ONFELNIE 500 ul) ZIEMEICIZ,
AT TV T A NE—TAIBL, LC-MS/MS 212 XD HIEEIT- 2.

Table 3  Operating conditions of LC-MS/MS 2

Column
Mobile phase

Flow rate

Column temperature
Detector

Ionization

Ion source temperature
Curtain gas

Nebulizer gas

Turbo gas

Colision gas

Capillary voltage

Inertsil Ph (2.1 mm i.d. x 150 mm, 5 um), GL Sciences

0.5 mmol/L ammonium acetate 0.1 % (v/v) formic acid aqueous solution-

0.5 mmol/L ammonium acetate 0.1 % (v/v) formic acid methanol solution (4:1) —

14 min — (0:10) — (4:1) (hold for 5 min)
0.3 mL/min

40 °C

Quadrupole mass spectrometer
Electrospray ionization (ESI)

650 °C

N, (40 psi)

Air (70 psi)

Air (70 psi)

N; (8)

Positive: 5500 V, Negative: 4500 V

Table 4 MS/MS parameters of LC-MS/MS 2
Precursor Product ion Collision
Target Mode ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)
. 241 - 47
Aflatoxin B, + 313
- 285 31
. 259 - 39
Aflatoxin B, + 315
- 287 33
. 311 - 29
Aflatoxin G, + 329
- 200 51
. 313 - 31
Aflatoxin G, + 331
- 245 39
Sterigmatocysti + 325 310 _ 33
erigmatocystin
Aty - 281 49
175 - 30
Zearalenone - 317
- 131 36
3 BERRUEBR
3.1 HHEEOETIZ LD~ N v 7 AR O
MOTE—FIE TS 72 b= YLK (84+16) & LTVA. = ORIHIEEO MR
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EEFETLHZ LIV~ N v 7 ZROEBAATRETH DD, HT 77 FF v 241
241K VFER L. ZOREIIFig20 B0 ThY, HHREICE T 2KOEEDELS 725
FERB~ MY v 7 ROWEMB~DOEENERB S WD H 7. o, TEF=HFU A=K
(100+0) IZHWVTIE, WTFNOEZIZEWNTHRE~ U v 7 2 DOHIEE~O B 72 8133

LONSY gAY R Y i
120 120
100 -— - - 100
/_ ./.\.__’——.
80 80
Do o O
g .. S g 60 e v
B ey T e
20 --_~‘. ------------- - 40 \*\ ........ -
T S & \\\*—
————a
20 e VO — X = == = 20 e e e =X
0 0
0~2 2~4 4~6 6~8 2~4 4~6 6~8
Fraction (mL) Fraction (mL)
Aflatoxin B Aflatoxin B2
120 120
100 ./'.‘\_.___’—I 100 E— _ —
—
80 80
o . —
& 60 e g 80 — P
...... e g
40 b L 40 e e ...
\\*‘\s.“ """" ® B ----...:'.--a..
Bnd— 20
20 PE—————v S S LT T K= === = =
0 0
0~2 2~4 4~6 6~8 K s ik G
Fraction (mL) Fraction (mL)
Aflatoxin G4 Aflatoxin G2
—a-Acetonitrile—water (100:0) --e-- Acetonitrile—water (84:16)
-4- Acetonitrile—water (70:30) —»~ Acetonitrile—water (60:40)
Fig. 2 Matrix effects (%) for different extraction solvent composition
n=1

Ratio of peak area of aflatoxins in the presence of matrix to that in the absence of matrix.
The bold lines indicate the range in which quantification is possible without substantial
matrix effects (80~120 %).
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32 HHHBEOZHIC X 2R OHER
31 OfEREZT, hOFE -FEOEMAHBE THL EH A LOBARBEERREIZ AT, &
TV I AFURRET TV U E2RRIT 242 TE DB REHER LIZ. TOMET
Table 5 DL BV THY, NWEH—FEOHHEBETHL T F=FU/L—K (84+16) DL
RIZH LT, ATV I~ bV AFr, BT T/ e b, MHBRECE T 2KOEGMMEL A
DI R RNED Lz, 2ok, MEEOMBITEEE TR zED 5 2L & L.

Table 5 Comparison of extraction recoveries using naturally contaminated corn samples

. Concentration Relative extraction
. Extraction solvent .
Mycotoxin . of mycotoxin recovery *
composition
(ng/kg) (%)
Acetonitrile-water
(100:0) 0.74 45
Sterigmatocystin Aceto(r;l(t)r:lllg—)water 1.25 76
Acetonitrile-water
(84:16) 1.64 100
Acetonitrile-water
(100:0) 11.8 31
Zearalenone Aceto(r;(t)l:]llg—)water 18.7 49
Acetonitrile-water
(84:16) 38.4 100
n=3

a) Relative extraction recovery (%) was calculated as: recovery with acetonitrile-
water (100:0 or 90:10) / recovery with acetonitrile-water (84:16) x 100.

3.3 ZHRED T 4 2 B WA O BEIIEE O RERE
ZHEHE7 7 & 2 (Captiva EMR Mycotoxins) X, A—H—O7 7V r— a3/ — RMIBWT
L9652 LTERVREPONTEDHIICENTRERFRAE DA TS, £, LC b
Z 5D Inertsil Ph X B A NMZT VXN T 2= VI AHES SV T7 2=V DT L0O—FETHY,
TFNBI L DB EER R Y = =V RO o BEFHAEEANB. 777 by, R
FY T RV AFUROET T PR S EREEAT S 2 EM 5, Inertsil Ph 12305
—FETHOLNTWS CI8 T AL TR A% A T 2 LRSI NT. #2T, 243 1T
F 0 FREHEWKIZ 31T 5 Captiva EMR Mycotoxins 7> 5 O it i #]53 Z Inertsil Ph & H W CHIE L 7-.
BLNFRERED S, REMARERETH S DDGS, ST EROELNDO~ R v 7 255K OE
I % Fig. 3 1Z/R L7z
VR w7 2B, BT T T RXVUROET T L T, —EHORBOBESICENTT
77 hXT U B, GROBT I LU 80 %k WK~ TRLUSNDESIZEGFTHY,
SRIICAREHC BV THRER N U v 7 ZOWEE~OBEEREBIRD bR NoT.
ZFY 2 FRF LTI, a—2 AT 7 40— KRR DDGS 1FBEGCThoT-M, ST %Kk
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PEDNIFTEWFTITEB VT 120 %L 0V &<, HEES~OBEREENBEO L. Kbhlnd,

a—2 I NT )b, REMMHT LR RN TIE, —HOEZ 2BV T 120 %I X
120% £ 0 &<, HEMBE~OZENED 7.
FEUNZRL, &7 77 FF UV EOETT L7 T, —HoRE O 0~2 mL BB WTT 7

TREXTUBIAUNB N 70% L VIR 72hy, ZRUANOEREI OB IZRGTHoTo. —F,
ATV < M AF T, DDGS IZRIFTH 720, ST ERRELNTEBEFICBNT, %
LN T, I—2 T NT T 4 —F, a—27 T I—)b, KEMNHT RO RMT T
—IDOWIFITEBNT, 70 %L VKV (0~2 mL [E5y D &) XiE 120 %L YD @mho 7z,

RE~ R 7 AHEOKRMED OB LY, FFCAT ) 7~ MV AFUICBOTHE R
BT EnG, 5%IE, RERMKERAT Y 7~ M AF o 2NEELEL L THW TR %
EDDLHTETHS.
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120 120
115 115
110
110
105
105 100
® 100 8 95
o5 90
85
90
80
85
75 "y
80 70
0~2 24 46 68  8~10 0~2 2~4 4~6 68 810
Fraction (mL) Fraction (mL)
Matrix effect (%) (DDGS) Recovery (%) (DDGS)
160 160
150 & . oo N
- 140 s
140 e e ) R
130 120 !
1
_ 120 =
& A & 100
110
100 80
£
60
80
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Fig. 3  Elution pattern of aflatoxins, sterigmatocystin and zearalenone
using a multifunctional column and a phenyl column
n=1
Ratio of peak area of mycotoxins in the presence of matrix to that in the absence of matrix.
The bold lines indicate the range in which quantification is possible without substantial
matrix effects (80~120 %) for matrix effects, and the target trueness range (70~120 %) for
recovery rates specified in the validation guideline for test methods in Appendix 2 of the

Feed Analysis Standards of Japan.
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