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Study of Determination Method of Aflatoxin, Sterigmatocystin and Zearalenone
in Corn Dried Distillers Grains with Solubles by LC-MS/MS
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We have studied a quantitative determination method of the concentration of aflatoxin (AFB;, AFB,,
AFG and AFGy), sterigmatocystin (STC), and zearalenone (ZEN) in brans and food processing by-
products, and oil seed meal using a liquid-chromatograph electrospray-ionization tandem mass
spectrometer (LC-ESI-MS/MS).

AFs, STC and ZEN were extracted with acetonitrile-water (21:4), and the extracted solution was
centrifuged. The supernatant (10 mL) was transferred to another centrifuge tube, added with
magnesium sulfate and sodium chloride, and shaken. Organic layer was purified with two types of
columns (Captiva EMR-Lipid, Agilent Technologies, Inc.; CA, US and MultiSep #226 AflaZon+,
Romer Labs Division Holding GmbH; Getzersdorf, Austria), and injected into LC-MS/MS to
determine the concentration of AFs, STC and ZEN. LC separation was then carried out on an ODS
column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d. X 150 mm, 1.8 pm, Agilent Technologies Inc.)
with a gradient of 0.5 mmol/L ammonium acetate-0.1 % formic acid aqueous solution and 0.5
mmol/L ammonium acetate-0.1 % formic acid methanol solution as a mobile phase. In the MS/MS
analysis, the positive mode electrospray ionization (ESI+) was used for AFs and STC, while the
negative mode electrospray ionization (ESI-) was used for ZEN.

Corn dried distillers grains with solubles was used as an analytical sample to confirm the
concentration of each mycotoxin in the effluent fraction from MultiSep 226 AflaZon+. Asaresult,
good recoveries were obtained with 0-0.5 mL for AFs, and with 0.5 mL or more for STC and ZEN,
whereas ionization suppression due to matrix effect was observed for AFG;. The necessity to
reduce the matrix effect was thus suggested.

Key words: aflatoxin; sterigmatocystin, zearalenone; liquid-chromatograph tandem mass
spectrometer (LC-MS/MS); electrospray ionization (ESI); brans and food processing by-
product; oil seed meal; corn dried distillers grains with solubles
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H O o)
Aflatoxin B+
(6aR,9a8S)-2,3,6a,9a-Tetrahydro-4-
methoxycyclopenta[c]furo[3',2":4,5]furo

[2,3-h][1]benzopyran-1,11-dione

Ci7H1206e MW:312.06 CAS No.: 1162-65-8
0O 0

H O o)
Aflatoxin G
(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
C17H1207 MW: 328.06 CAS No.: 1165-39-5

0]

Sterigmatocystin
(3aR-cis)3a,12c¢-dihydro-8-hydroxy-6-methoxy-7H-
furo[3',2":4,5]furo[2,3-c]xanthen-7-one

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

O

)

\\:.
N
H

@)

Aflatoxin B2
(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
@) @)

H O o)
Aflatoxin G2
(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

OH @)

HO

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

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

dione
C18H22005 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 & OB
DDGS # HBHE 1mm DAY U — U 2335 LIzt T L, St HREEE L7z,
22 &I
) AT N U ANEREREE W, T b= MY uE LOMS O (BIREERSOTE £
AV BFOEHISER) 2o, X, BRBE VA Z 2 —d LCMS H (B L7 A v 2 Fokhd
) 2RV, Bifg~ 73Ry v MR R (BRI R) 2z, 1 mol/L BT & =
valdmEiEik s v~ b7 77 0= (BRMAFER) 2 vz, KT Milli-Q Advantage
(Merck Millipore ) (2 X 0 F5HL L 728K (JIS KO211 @ 5218 [ZEF: SNz HliAK) W
7.
2) T 77 bRy UREAERR
TROT 77 % (By, By, Gi, Go) IRAEHER (4777 ¥ 25 pg/mL, L
TA LT 27 7T bR U MERERIE & LT
3) AT U T~ b AT UAEHEFR
ATV T~ N AT UERER, (B L7 AV SRS, W 98.7 %) 2.5 mg # &> T 10
mL ORETZ7IZAIZAN, TEIN= NI ALEZMXTENL, LIEHREETCTEIN=FI L E
MZTCAT VT~ b AF UAEREFUR AT LT (ZOW® 1 mL X, ATV~ by RAF UL
LT250 ug 2 54) .
4 BT IV AEUER
BT IV AAREESR (BE7 AV AFORMEER, MEE 99.7 %) 10mg & &> T 50 mL D&
7T AAZAIN, TEIN=RIAZMZTENL, LIERETTEIN=RFIALEZNZTET
T UEERE AR L (Z0W ImLiE, BE7IL /1L T20ug 254) .
5) MOEIEAEER
BRI O ARG L, 7 b= b UL TERICHR L OERAE YRR % 7
7z,
ERICEE LT, DORIEAEERKEO 5%, 7' h=FY L —K—F#E (20.5+78.5+1)
TIEMEIZAR L, Table 1 1Z7% 9 i BEHIFH O M EARVERUH 22 OV R S AR MBI 2 i L 7=,

Table 1  Concentration of mycotoxin mixed standard solution

Concentration of standard solution (ng/mL)

Mycotoxin

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11
Aflatoxin B, 0.25 0.5 1 2 3 4 10 15 20 25
Aflatoxin B, 0.25 0.5 1 2 3 4 10 15 20 25
Aflatoxin G 0.25 0.5 1 2 3 4 10 15 20 25
Aflatoxin G; 0.25 0.5 1 2 3 4 10 15 20 25
Sterigmatocystin 0.5 1 2 4 6 8 10 20 30 40 50
Zearalenone 2 4 8 16 24 32 40 80 120 160 200

6) WA OFRIRAIEAER
DO FEREEREEZ 72 F= MV LV TEMIZHIRL, 1mL 720777 k&% B, By,
G MG ELT625ng, AT U<V RAF L ELT1R25ng KOET I L/ & LT 50ng
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EETINMAN»OFIRGEER UUT TRIARAEERO] W), ), 1mLe&ke 7>
7 8%V By, By GIAOG ELTHK25ug, AT VIR AFELTSug KOET 7
L/ LT20 pg z @ WML RIRAGEER (LU TRINBIREARERO] Lvwo. )
ZRBIL7. £, WIHERAEEROZ 7 b= KU /L TIEMIZ 10 FHNRL, WSIHERES
RHEEQZ MR L 7.
23 HEROSGE
1) Fyiet : ZM 200 Retsch B (1 mm 227 U —>, ffi HFEEEEEL 14000 rpm)
2) RVEEHE : Ly 7 ay2—H—SR2W ¥ A 7 v 78 (i HFRE% 300 rpm)
3) EARHF =—7 :DigiTUBEs 15mL KU ZFm¥E L SCPScience &
4) MEEWAEMKEMNERN Y ~—T 75 (LLF, TIREBREMNLTZ 5] LS. ) : Captiva EMR-
Lipid (78 CAAI& 600 mg)  Agilent Technologies
5) ZHBEHEH 7 2 MultiSep 226 AflaZon+ Romer Labs
6) AT 77 4/L%— :DISMIC-13HP (4L%% 0.45 um, EE 13 mm, #HKME PTFE)  RYEIE
IR
7) LC-MS/MS :
LC-MS/MS 1 :
LC [ : Nexera X2 Sfl/Eprdl
MS #B : LCMS-8040 & x5 {E pr il
LC-MS/MS 2 :
LC #B : Nexera X2 [SEHI/ERT L
MS #B : QTrap 4500 AB Sciex
24 EEIE
1 #h
TR 25 g ST 300 mL O =A 7 7 A3l AN, T h=bFUL—K (21+4)
100 mL Z A0 %, 60 Zrff#i 0 iR THIH U7z, sk 2 Jeke s DI S 12 AL, 1700xg T 5 47
iz O Ay e L 7.
2) |
FEAWI10mL Z 15mL 77 AF v 7 mILE I EMEICAN, BT hY DA 0.25g LOMEK
g~ 72> U1 gxMz, EHICFTRVIEEE®, AT v 7 AIFH—T1 o
B 7. 1700xg T 5 M OmaEEL, REAREELERHT = — 71T AN, BER2 100 uL %
IMZT=%AKTIOmMLICERL, 77 0B TIZHT 258K E LTz,
3) BT LR
JEEBREMR DT LOTIZ 10 mL OH T ARBRE 4 E &, WEHARAIEEREN T 7 LA
n, EERHSE, 77 A0 T 53EHRIKR E Lz,
4) T NALER I
SHEEET T LA by T ay 7 REFEL, TOFIZ10mL OH T ARBPELZEES, ZLHGE
T DMCHRBHRIRE AN T oy 7 26T, K ERBREICE o7, MHKRO % K TIERMIC
FIRL, AT T 74V F—TAiL, LC-MS/MS IZ X M E 4 23 HAK & Lz,
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5) LC-MS/MS I X % #lE
FBHAIR L OV 1 A VER A > OB IR AR HEWR 4 5 uL & LC-MS/MS IZ{EA L, BIRKSMHR
H (LT ISRMJ W9 . ) Za~w N7 L&, FEEOWNESM% Table 2 KT 3 1R
L7z.

Table 2-1  Operation conditions of LC-MS/MS 1

Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150mm, 1.8 um), GL Sciences
Mobile phase 0.5 mmol/L ammonium acetate 0.1 % formic acid aqueous solution -
0.5 mmol/L ammonium acetate 0.1 % formic acid methanol solution (4:1) —
8 min — (1:4) 9 min — (0:10) (hold for 5 min) — (4:1) (hold for 5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detector Quadrupole mass spectrometer
Tonization Electrospray ionization (ESI)
Nebulizer gas N3 (3 L/min)

Drying gas N2 (15 L/min)

Interface temperature 350 °C

Heat block temperature 400 °C

Desolvation line temperature 250 °C

Collision gas Ar (230 kPa)

Table 2-2  MS/MS parameters of LC-MS/MS 1

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

) 241 - 41
Aflatoxin B, + 313

- 285 24

) 287 - 28
Aflatoxin B, + 315

- 259 31

. 243 - 29
Aflatoxin G + 329

- 200 42

. 245 - 31
Aflatoxin G + 331

- 313 25

Sterigmatocysti + 325 281 - 39

erigmatocystin

gmatoey - 310 26

175 - 25
Zearalenone - 317

- 131 31
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Table 3-1  Operation conditions of LC-MS/MS 2
Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150mm, 1.8 pm), GL Sciences
Mobile phase 0.5 mmol/L ammonium acetate 0.1 % formic acid aqueous solution -

0.5 mmol/L ammonium acetate 0.1 % formic acid methanol solution (4:1) —
8 min — (1:4) 9 min — (0:10) (hold for 5 min) — (4:1) (hold for 5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detector Quadrupole mass spectrometer
Ionization Electrospray ionization (ESI)

Ion source temperature 600 °C

Curtain gas N2 (40 psi)
Cone gas Air (80 psi)
Turbo gas Air (80 psi)
Collision gas N2 (8)
Capillary voltage 4500 V

Table 3-2 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 - 49
Aflatoxin B, + 313

- 285 31

. 287 - 35
Aflatoxin B, + 315

- 259 39

. 243 - 35
Aflatoxin G; + 329

- 200 51

. 189 - 53
Aflatoxin G + 331

- 313 33

Sterigmatocysti + 325 310 . 33

erigmatocystin

e Y - 281 47

175 - 32
Zearalenone - 317

- 131 38

6) # H
Boilz SRM Z7a~ b7 I L0 bE—J HBEEZ RO THREREZIERL, PO OH
BEAEH L.
B, TEEOME% Scheme 1 [IZ/R L 7.
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Sample 25 g (300 mL Erlenmeyer flask)
added 100 mL of acetonitrile - water (21:4) and shook for 60 min
— centrifuged for 5 min at 1700xg

transferred 10 mL of supernatant to centrifuge tube

added 0.25 g of sodium chloride and 1 g of magnesium sulfate
—— immediately shook by hand and agitated for 1 min by vortex mixer
— centrifuged for 5 min at 1700xg

transferred supernatant to 15 mL volumetric tube

added 100 pL of acetic acid and filled up to 10 mL with water
Captiva EMR-Lipid (600 mg/6 mL)

placed a receiver (10 mL test tube)

applied sample solution

MultiSep 226 AflaZon+

placed a receiver (stoppered 10 mL test tube)

applied sample solution

collected some of the effluent

— diluted part of the effluent with water

— filtered through hydrophilic PTFE membrane filter (pore size: 0.45 um)
LC-MS/MS

Scheme 1 Analytical procedure for aflatoxins, sterigmatcystin and zearalenone in
corn distillers dried grains with solubles (DDGS)

2.5 NEEMRERT T 255 O H 4y O TR

1) WINARAEEROERERER D 7 JZAN, WiHEE 2 mL Z &MWLz, SRl
HHKE D 9 6 200 uL Z ZNZFAVEREIZE D, ZiLHITK 600 uL % EFEICMZ, AT T 7
4 NF—=TAHiL, LC-MS/MS 2 IZHeF 2Bk & LTz, Bon-ilbiasiks 2.4 © 5 kW
OIZEVER L, FIURZRDT.

2) DDGS % 2.4 ® DIZfE- THIH, #=O0BEL, EBAMK10mL % 15mL 77 AF v 7 mikd&
(ZIEFEIZ 0L, IR GIEMER @25 uL (%7 77 % & LT 0.025 mg/kg FHY &, A
TV~ U AF L LT005 mghkg HHEEKTET T L/ & LT0.2 mgkg FHY & (Fi&
AEHEIEFIZT 77 %22 Bi, By, GIAUG & LT 1.56 ng/mL, A7 U7~ kT AF
LT3 13ngmL, ¥7 7L /L L TI125ng/mLFH4E) ) Z2RIMLEZ (BLF NRINREHA
") o) o ZhEENie, EEARKR 10 mL 2 15 mL 77 AF v 7wk E [ 1IEMEIZ 5 L
L7e (AT MERMGEHEIR] Lo, ) o BSIIRCEHE IR & OIERINFBHA R IC DWW T, 2.4
DD DCHEVEAEL, BT LA TICHEIT AR EZ 2 mL Z Lol L7z. Bk
INFREHATE O Fit iR 200 pL 2 F NN EMICE Y, 25K 600 L ZIEMEICINZ, AV 7
TUT 4 NE—THBL, FMENLEREZRD D=0 OREHAK & Lz, £72, B L8N
AEHRIR OFEHTE 195 pL 2 ZNENIEREIC LV, TIMARSGIEREROS nL FiEalEHA R $
DOEDPOFEEXFE L) Z2MLEEE, K 600 pL 2 EFEICNZ, AT T2 7 40H—ThH
WL, v Vw7 ZARERODTLDOREBHER E L. B ONTHEHEKZ 2.4 D 5)K T 6)
[ZHEV LC-MS/MS 2 Z W TER L, FEIERZ R 72
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2.6 ZHERES T LD O HE 5y DR

DDGS % 2.4 ® 1)ZHE» T, = OoBEEL, EEAR I0mL 2 1SmL 77 AF v 7 @mLEIC
EfEIZERL, 2.5 0 2) & [FERICIRINEBHE IR K OERINGRUEBHE IR 2 R U 7. BSINEUEHA K &
CMERINFBHAIRIZ DWW T, 2.4 O )05 HICHEVEREL, 51T LPR 11 21T 20 E 0.5
mL Z 2L, S ER L T IRINECEHE IR O3 K 300 L 2 Z AV EAVIEREIZ & D, K 900 pL
BEMICMZ, AT T T74N0E—TAIRBL, BIMBIREZRD D 7-OORENARKRE Lz, &
72, ERIMAREHARR O WK 195 uL 2 T NN IEREIC &0, RIMA» OVHERAEEROS L (5
WRRBHATR T OF O FIEE IR E) 2%, K 600 uL # ERECIZ, AT T 74
NA—=TAHBL, ~ b v 7 AR ERDODLIZDORENRIKR E Lz, oA KE 24 O
S)YATOIZHEV LC-MS/MS 2 ZHWTiERE L, [EIUEEEZRD .

3 HBRRUER
3.1 HREAR

22 D SHIZ KV L 72E P DFIRAIEERS S uL 2 LC-MS/MS 2 IZEAL, fFH4172 SRM
7a~v N7 7 Ahb =7 HEBELEOE S AW THREREZER L.

Bon=mERO I Fig 2 DBV THY, 777 F*2 2By, By, GEAPGITZENTE
A 0.25~25 ng/mL (JEAE L LT 0.00125~0.125 ng FHY4 &) O#HPAT, ATV 7/~ b AF 0%
0.5~50 ng/mL ([A] 0.0025~0.25 ng fHY &) OFIPH T, €7 T L/ /13 2~200 ng/mL (7] 0.01~1 ng
Y &) o CHEBRMEZ R L.

B, YHMEROBERGIIL, 777 X2 B, By G KO Gy #ZNZH 0.004~0.4
mg/kg, ATV 7~ kI AF % 0.008~0.8 mg/kg, ¥7 T L/ % 0.032~3.2 mg/kg &H T D HHT
FFEE AREIZIE VTR U 72 B SURHAIR R O & D OV IR EE PR IS 4 3 5.

3000000 - 200000 -
@ -
@ 2500000 1 Y =108367x +8943.5 2 y= 705%8X + 808.62 L
g R2 = 0.9999 . g 150000 - R? = 0.9996 .
5 2000000 - ’ )
o 1500000 - _ £ 100000 -
) 5
1000000 - P 2 -
o < 50000 +
o 500000 - ..__.-‘ D '._,-'
4 o
0 T T T T T 1 0 # T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Concentration of aflatoxin B, / [ng/mL] Concentration of aflatoxin B; / [ng/mL]

Fig. 2-1  Calibration curves of aflatoxin B1 by peak area (left) and peak height (right)
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Fig. 2-2
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Calibration curves of aflatoxin B2 by peak area (left) and peak height (right)
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Fig. 2-3
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Calibration curves of aflatoxin G1 by peak area (left) and peak height (right)
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Fig. 2-4
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Concentration of aflatoxin G, / [ng/mL]
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Peak height arb. units

0 5 10 15 20 25 30
Concentration of aflatoxin B, / [ng/mL]
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y = 3360x + 659.07 .
80000 - R2 = 0.9993 .
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20000 _ "........
.'."
0oL . . . . .
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100000 -
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80000 - R? = 0.9993 O
60000 - .
.-"..
40000 -
..
20000 - ..',......
i
0 -P. T T T T T 1
0 5 10 15 20 25 30

Concentration of aflatoxin G, / [ng/mL]

Calibration curves of aflatoxin G2 by peak area (left) and peak height (right)
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14000000 - 1200000 -
= + _
__g ::igggggg : y 222??;4(1,)(999%6530 ' ‘g 1000000 - y 1}32122())(.2;'93g20.2 .
S - £ 800000 1 -
g 8000000 - o é 600000 - . .
8 6000000 1 5 |
% 4000000 - - E 400000 1 L.
@ 2000000 ,..-"" 05_1‘3 200000 1 ge”
0w’ : : : : . 0 : : : ; .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Congentration of sterigmatocystin / [ng/ml] Concentration of sterigmatocystin / [ng/mL]

Fig. 2-5  Calibration curves of sterigmatocystin by peak area (left) and peak height (right)

12000000 - 1000000 1
P | y=49036x + 31916 P y = 3846.3x + 2121.5
£ 10000000 Re = 0.9998 o S 800000 - R =0.9999 .
£ 8000000 - e g e
& 600000 -
N 6000000 - o >
5 S 400000 - -~
S 4000000 A o 2 o
© <
& 2000000 { o ¢ 200000 1 e
o o ®
"4 .0
0 T T T T 1 O T T T T 1
0 50 100 150 200 250 0 50 100 150 200 250
Concentration of zearalenone / [ng/mL] Concentration of zearalenone/ [ng/mL]

Fig. 2-6  Calibration curves of zearalenone by peak area (left) and peak height (right)

3.2 JREFREHD T 205 OFE H E 4y O HERR
250 DK VWIRERER T 7 A0 b OWHE 3 2R LTz, TORERIX Tabled DBV, %
NOFEDIRAIEER Z RERER T 7 A Ah,mﬁéﬁtﬁm,%ﬂw%ims%uﬁﬁmb
k.it,vﬁ)y&x@ﬁﬁﬁ%#0ﬂ®ﬁmZ&if%@%%mfét@ 2.5 D DI
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Table 4  Elution pattern of aflatoxins, sterigmatocystin and zearalenone
from Captiva EMR-Lipid (standard solution)

Fraction Mycotoxins
(mL) Aflatoxin B, Aflatoxin B Aflatoxin G; Aflatoxin G,  Sterigmatocystin ~ Zearalenone
0—2 95.1 97.9 97.3 103 95.4 99.1
2—4 97.3 95.9 97.9 102 97.7 97.7
Re;;)‘;ery 4—6 91.5 100 99.8 99.4 9.2 97.0
6—8 94.4 100 97.4 101 95.8 98.1
8—10 94.8 99.5 98.7 105 99.1 98.8
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Table 5  Elution pattern of aflatoxins, sterigmatocystin and zearalenone
from Captiva EMR-Lipid (matrix spike)

Fraction Mycotoxins
(mL) Aflatoxin B, Aflatoxin B, Aflatoxin Gy Aflatoxin G, Sterigmatocystin Zearalenone
0—2 73.5 59.8 71.0 88.3 98.6 88.2
Matrix 2—4 69.6 55.8 79.6 91.1 89.3 84.6
effect” 4—6 72.6 58.3 77.2 91.8 87.8 83.4
(%) 6—8 67.5 57.0 77.2 87.6 87.0 85.8
8§—10 71.2 56.3 78.5 88.2 85.9 85.0
0—2 59.7 50.7 69.9 77.9 79.4 77.3
2—4 62.2 51.8 66.3 77.4 75.0 73.0
Ref‘;v)ery 4—6 59.9 49.0 64.0 78.7 72.4 717
6—8 57.1 48.4 64.8 74.8 72.9 71.5
8—10 58.0 48.9 64.2 80.6 72.2 74.8
0—2 81.2 84.7 98.5 88.3 80.5 87.7
Corrected 2—4 89.4 92.8 83.3 85.0 83.9 86.2
recovery” ~ 4—6 82.5 84.1 83.0 85.7 82.4 85.9
(%) 6—38 84.6 85.0 83.9 85.3 83.8 83.3
8—10 81.4 86.8 81.8 91.4 84.0 88.0
n=1

a) Ratio of peak area of mycotoxins in the presence of matrix to that in the absence of matrix

b) 100 Xrecovery / matrix effect

3.3 ZHEEED T LD ORI 4y ORETR

26 180 ZEEREN T LD OFRHHE Sy O Z FEhi L7z, TOREFRIL Table6 D& B, #£7T
77 FXT0E 0~0.5 mL DOEST 914 %l b, ATV~ v AFURPET T L 0% 05
mL PLFEDEiH T 86.1 %LL LD &2 R 7=,

F7, 777 %2 By, B KOG ld 0~0.5 mL O&PH T~ U v 7 ZAZhED 80.6 %Ll E72
ST, T77 X2 GUETANTOWMES T80 %% TV, v U v 7 ZAZREEET 5
TOORFNMEL RSN, BB, AT VI M AFURRET TV 0%, Ak~ Y
v I ADEBLIIEZ T TICHENFRETH - 7-.
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Table 6  Elution pattern of aflatoxins, sterigmatocystin and zearalenone
from MultiSep 226 AflaZon+

Fraction Mycotoxins
(mL) Aflatoxin B, Aflatoxin B, Aflatoxin G Aflatoxin G, Sterigmatocystin Zearalenone

0—0.5 83.2 86.8 79.4 80.6 97.5 94.1
0.5—1 69.8 59.8 68.5 85.6 98.6 91.6
1—1.5 54.7 41.3 55.4 67.1 80.5 73.1
1.5—2 67.4 53.0 66.9 88.0 100 95.0
Matrix effect” 2-25 66.2 525 66.8 83.8 103 94.2
(%) 25—3 66.2 53.8 65.7 87.0 101 94.4
3—35 65.0 55.9 66.7 82.4 103 99.7
3.5—4 57.2 52.2 62.1 79.2 103 94.8
4—45 57.7 52.4 63.6 75.9 101 99.2
45—5 55.8 50.9 60.3 73.3 99.2 95.9
0—0.5 93.1 94.2 91.4 94.4 67.0 49.4
0.5—1 67.8 55.0 60.9 80.6 86.1 98.7

1—1.5 62.3 47.9 58.0 77.6 91.6 100
1.5—2 58.3 49.5 60.7 77.7 94.6 96.3
Recovery 2—25 57.7 49.9 60.2 78.2 92.9 93.3
(%) 253 57.7 48.7 60.4 77.4 94.5 91.0
3—35 56.0 50.3 58.7 76.1 93.3 91.2
3.5—4 50.7 45.6 55.4 70.5 92.5 92.3
4—45 50.0 43.1 51.4 65.9 88.3 91.6
45—5 48.7 44.0 50.9 61.2 88.0 91.1

n=1

a) Ratio of peak area of mycotoxins in the presence of matrix to that in the absence of matrix

3.4 WIEHEWE OB
DDGS 1 Rz vy, ARIEC L0 G L 723EHE K 2 LC-MS/MS 1 IZIEA L, #5172 SRM 7
N~ NI LEHRBLIEZEZA, T7T7 8% By, G, G KOAT Y T~ hTAF o0
THEEREZHT D=7 IO N>, T7T7 %y By KBTI L 2O T
%, BBHZ B W TR & R CRFFREMICE—7 BB O L. ZTNHOE—2IZ250\WT, &
AT EHRAT DA LIZE 2 A, BBEREFAFE LTI b, 777 FF v
BILORETZ Vv /v ThsbEHB L.
ek, HHNZSRM 7 a~ 7T AO—fl% Fig. 3 IZ/R LT,
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Typical selected reaction monitoring chromatograms of aflatoxins, sterigmatcystin and

zearalenone in standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables 3 and 4. Arrows indicate the retention times of

The baselines were shifted for display.)

1: aflatoxin G», 2: aflatoxin G, 3: aflatoxin B,, 4: aflatoxin B, 5: zearalenone and 6:

A: Standard solution (aflatoxins: 0.25 ng/mL each, sterigmatocystin: 0.5 ng/mL, zearalenone:

2.0 ng/mL),

B: Sample solution of DDGS

4 FLo

DDGS HD7 77 hxv v, AT VT b AFURORET T L/ 22T, QUEChERS {£(C
L MR CEAARHIC L 0 EBRLL, LC-MS/MS IC LW EBT S HEaMi Lz 2 A, ITOD
FERDE L.
1) BREMRIZONWT, 777 bFT > (Bi, By, Gt X Gy) 134 0.25~25 ng/mL (JEA&EE LT

0.00125~0.125ng fHY% &) , A7V 7~ F ¥ AF 1% 0.5~50 ng/mL ([7] 0.0025~0.25 ng fHY &)

7 71 % 2~200 ng/mL ([F] 0.01~1 ng Y4 &) OFMH CEHMAEEZ R L. v, Y%ME

FOWREFFIX, 777 F¥T 2 By, By, G KNG, &% 0.004~0.4 mg/kg, AT Y 7~ KV RAF

% 0.008~0.8 mg/kg, BT 7 L/ % 0.032~3.2 mg/kg G AT 5o HElE 2 RIEIZe ViR L

T A RUBHAIR R O R JEFIPHICAH Y 3 5.
2) JREBRERDZ 20O OMHEI S OMRE LIRER, ~ N v 7 225054, IBEREL S

WAV YOO AN EINVE: A (il N X (- [ VA ¥ g Wy el
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3) ZHEEED T AOWMHE y E R LI R, 777 F¥T 2 Bi, By, Gi XY Gy OENERE
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LR ST,
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