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Determination of 18 Mycotoxin Contaminants in Peanuts and Oils by Gel
Permeation Chromatography and Ultra Performance Liquid
Chromatography — Tandem Mass Spectrometry
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Abstract; A method for the analysis of common mycotoxins in peanuts and oils was developed using
ultra performance liquid chromatography with tandem mass spectrometry (UPLC - MS/MS) , based on
isotope dilution and gel permeation chromatography (GPC) purification. The homogenized sample was
spiked with U - [ ®C,, ] — aflatoxin B1 and U -~ [ "C,5 ] — deoxynivalenol) , and extracted with aceto-
nitrile — water(84 : 16, by volume), then purified by GPC. The targeted compounds were detected
by MS/MS system with eletrospray ionization ( ESI) under muti-reaction monitoring( MRM) mode and
quantified by the internal standard calibration curve of isotope dilution technique. The result indica-
ted that the LOQ of 12 positive ions ranged from 0. 02 pg/kg to 0. 4 pg/kg, the LOQ of 6 negative i-
ons ranged from 0. 06 pg/kg to 1. 0 pg/kg. Meanwhile, the high correlation coefficents(r=0. 996)
of 18 mycotoxins were obtained within their respective linear ranges. The average recoveries at low,
intermediate and high spiked levels ranged from 80% to 96% with relative standard deviati(.)ns( RSD)
of 10.5% —19.6% . This method was suitable for the identification and quantification of multi-com-
ponent mycotoxin contaminants in complex matrixes with advantages of simple pretreatment, good
purification and high sensitivity.

Key words: ultra performance liquid chromatography — tandem mass spectrometry ( UPLC ~ MS/
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% E (Mycotoxins ) 277 % HINAE—EIHBL &M FreAmRERB ™, Iizisiefy. &
RAPRHERIIRET S, T SEAKMEY AN SR, A CHIESCHAE0E. Bk, B
AR =30 fEAU Y, BERTCAERRRA 200 £, HHEEHRERWOVMEREE (W
HMEER. RIHEEES) . FEEESNEIERR(NT2 BR, HI2 8, ZBUEII
B, BRETBMIIEER . RRBHIS) FILAE,

BUA BRI J7 3253 Ay DGR TR A IE R BT A 2SRRI ik i E BB e TR, TR R
FEsR . REUER. ATAAERER . EHES RS, 5 TSR, HIukEE SN ERME, T
VERBRARTIET 1% . HEEEMMNTIE AR Z @ik (TIC) . Wi @ik (HPLC) | <M
38 (GC) LR LG, GC 5Bl e R IES: . TIC BRAEWIEST & PLEL I 35 BRI 7 i 24 o |
HA-EMMtE, (HIEEmEER, R mE A, EERNNMZEIRE], GC - FID Al GC - MS
BARE AT IPGRE . HIERMENLEY), HEXBEAFHFRINMARE, BUBEEES NS
FMAER, EEADEN R BRIRA Y o BB G ISR A R SNSRI 381k T
FREYFEWFROINT, BARETE, REEGEHER, HUGERN R —XZ R0 R EE R
Yy, FoEMBEI AN

WO B R BUE T [F R B bs e S m R E A o FAEME R, RAERBREAD, Wi
FRAK, REERS . A SRR BRSSO T R A SRR M5 5 R
BIAERAR, HABIMERER . HCRF . &S BB INEIE A ASOR HBERGSE (B IE X
s TEL, JFE BB R A ORI P E B . KR RS 18 FhREF RN
R, T B b e A R AR IR

1 XS

1.1 |5 H

SR AR A - B/ B (UPLC - Premier, 3£ Waters 23H]), Flf HBIE S FIH; Accu-
Prep BENGBE MG (£E 12 20H], 264 nm [ g BKESMEIES, EEZME: 5 ml, ZHH: 30 mmx
210 mm, 30E}: Bio-Beads SX-3 #75) ; 5810R A 14ES L L (2 Eppendorf A 5)), #3 AETF 10 000
/min; KF: JBE 0.1 mg F10.001 g; ¥IFigs; IRHGLE; AWAL

HEE, ZB5hfailal; B, 20K, W haial; ZBOm. RO KRR HER. K
FEa, EMiEHEE B, HEHEE B, HMBHR G, HMEFX G2, ahBEIE. T2 #
. HT2 §F, _ZBERIIEHERE(DAS) . EEEE. HARNMEE. BEEEER. ISR
M. 3-ZBEN A S B TI I MiliE (3-ADON) | 15-Z B &5 B8R V) 0§ 1 H7 (15-ADON) | B T gk ]
HHAE(DON) | FIGHRTIH MR LB AT 99% (Biopure 43 #) Tulin Austria) ; [@fi&PAbR: U-["
Cy, ] - BMEFEFK Bl briEd 0. 529 mg/L, IETIMEH -20 CRAE; U-["C, ] - AT BT H R
FEbRUES 25. 4 mg/L, IETZHET 2 ~8 CHEGLRIE( Biopure 2y &) Tulin Austria) ,

PRI . RO ISR Bl B EHE B2, #MEEE G, RHBEFE 28
0. 01 o/L BbRiBfit i, HREWERHAPRFE K 0.1 g/L MR, LU 10 mmol/L H)EEES
Be- WIRE(L - 1, fRRRLL) PRERRE, B — RNBARBEIR I, SRR EH 2. 645 pg/L Y U -
[PC,] - B FEF BIAN127 pg/L I U - [ °C,s ] - LA SS9 TT B R BRI 2 PIFT.

1.2 HafsEs*

.21 1] B EGRS0O0 gOREBEZE 0. 01 g) BEAT 100 mL B0, MIAO.529 mg/L iy U-[PC,] -
AR Bl fI25.4 mg/L Y U - [°C, ] - A TSI IAREERNEPMIFRE 20 uL, BEAEES A0 mL
IS - KPR (84 ¢ 16, PRI, WHRRESANIA 20 mL Z 5, YIF0RE 3 min SRS FIRIE 1 h, b
10 000 r/min F4 C &> 10 min, HEFRES mL FERTHERE P, 50 CTHESKT, BH
8 mL ZMRZ Mg - FRCHE(50 = 50, PRFRLL) e, i 0.45 pm BOBLFLIE, BtEemifaitdeib .
1.2.2 BEeigst BEHtE: 30 mm x210 mm, 3EE}: 3HFE 23 g Bio-Beads SX-3 1Rl (. £FLWY
WAL - “OESRRERIE) s W ZBEZER - RO 5E(50 : 50) 5 HE: 4.7 ml/min; HREE




8 SRR E30%

. 5 mL; WCAERIE]: 6~15 min; B “1.2.17 55040 8 mL LiEwde bR Sad i, W slim T o
ERLET, TE50 CTFRAMRT, FPEE - BERREUKIANE (50  50) EARE 1 mL,
1.3 BRBBEBEEHE

R FE: Waters ACQUITY UPLCTM BEH C ¢ 4E(2. 1 mm x 100 mm, K42 1. 7 wm BRAEM4 ) 5 AEIR.
40 C; MR 10 pl; JRE: 300 pl/min, EETERT, WaiHH: A h 10 mmol/L BEEE %L +
0.1% FEE, B AHHEE, PRIZVEMIREF: 0~4.8 min, 35% ~90% B; 4.8 ~6.0 min, 90% B; 6.1 min,
35% B, P52 min; 7S FEAT, FWahM: A R0.1% &k, B HHEE, BEERKAETF: 0~50
min, 25% ~90% B; 5.0~6.0 min, 90% B; 6.1 min, 25% B, “Eff2 min,
1.4 [RiGEHE

B IR BRI R SRR BMEBEE: 3.0 kV; STERE: 110 C;
PEFLA SR : 50 L/h; BEIEFISUREE: 380 °C; BEISHICHT 600 L/h; WML J7: 0.435 Pa;
HiHAA L WIEFA (/) B SENE L,

118 WHEEE LA ST, ELBE. EEs. BTeirX

Table 1 Qualitative jon pair, quantitative ion pair, cone voltage, collision energy and ionization mode of 18 mycotoxins

Cone voltage Collision ener, Ionization
Compound Qualitative ion pair( m/z) 8 &y

usv E/eV mode

Penicillic acid( M) 170.5/124.9* | 170.5/153.0 18 12, 10 ESI*
Glitoxin(EEH %) 326.8/262.4* | 326.8/245.3 10 20, 10 ESI*

Aflatoxin B (#{l{FE&H & B1) 313.5/241.5%, 313.5/285.2 50 34, 22 ESI*

Aflatoxin B2 ( By BhE R HE B2) 315.5/259.3* , 315.5/287. 4 50 27, 25 ESI*

Aflatoxin G1 (BB HF C1) 328.9/243.3 %, 328.9/283.2 48 25, 25 ESI*

Aflatoxin G2( BN FEH K G2) 331.5/245.3* , 331.5/217.4 48 26, 28 ESI*
Sterigmatocystin ( e B BFHE) 325.2/310.2%, 325.2/281.2 46 25, 35 ESI*

HT-2 Toxin( HT-2 # ) 447.3/345.2 ", 447.3/285.2 42 18, 20 ESI*

T-2 Toxin(T-2 ) 489.3/245.2* | 489.3/387. 1 50 27, 21 ESI*
Citrinin(FHEHBEE) . 250.7/232.9* , 250.7/159.0 20 18, 22 ESI*

DAS( . ZBERESR T 1R EE ) 384.4/307.3 ", 384.4/247.2 20 12, 13 ESI*
Verruculogen ( JERIERBLAIF) 534.0/392.0* | 534.0/191.5 25 15, 20 ESI*

Panlin( JRIFBHE) 152.9/108.9* | 152.9/81.0 10 10, 10 ESI-

Nivalenol (% ¥ I 515 E%) 311.4/281.1%, 311.4/205.2 23 10, 15 ESI~
Deoxynivalenol ( fit % T 8k TI b4 1 8% ) 295.3/265.1% , 295.3/137.7 21 11, 14 ESI-
3-Acetyl deoxynivalenol(3-Z. Bt A T IESE T H4ARD) 337.4/307.2% , 337.4/173.3 22 12, 10 ESI-
15-Acetyl deoxynivalenol ( 15-Z. BRI E T & HE T 15 8E) 337.4/150.0* , 337.4/219.2 20 16, 11 ESI-
Zearalenone ( TR FREXSTR) 317.4/130.9* , 317.4/175. 1 45 30, 25 ESI-

U-["C,, 1 - Aflatoxin BL([ P Cy, ] - HMIEZE BI) 330.5/301. 4 50 22 ESI*
U - ["3C5] ~ Deoxynivalenol ([ *C 5 ] ~ B E = IEH TI HHEY) 310.5/261.3 25 12 ESI~

* (uantitative ion pair

2 ZR5iTE
2.1 RshiBngEE

TERAR I - FULEH P AN 8 5 RS E bR — X7 G, BRI shAH i R34 &3
KA BHUST NSRS TR, LURS R R a4 PR R w0 R, & B B s
Rt AMEI. EER. KSR, HiMSEE B, HHhESH B2, HhEFEK G, HhES
FG2, MuhBEHEER. T2 FHE. HT2 FF., “ZBESIIEKE. 5SS %. KREEHEF 12
FhE ENHE ESIT 3 T A OIS SNaNes 7, 1e4iK - BR8N R, & Ra Za0 e ins
BmERE T, M 10 mmol/L EEsRET, S FHMENSREITE, 28T EHEE
REE, HA 6 FhEEAE ESI i FAEKNE T, B4k - BE TR, BF8REE, #
KA 0. 1% MEKE, BT8R,

HTHREBESE THEROH, REE0 HEFPREMZIEE R st B iEENR
A, TEIE SRR U IAS S T B0 e BRI 8 BAR T B REAE MR S AR B RO RCR, T AR 205 45 B4R
SRR AR
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2.2 FikFHRIERE

2.2.1 BEFHEE KBEHEAEHAM] oL KRR, RIESEm T mEte i, 25
F ESL™ FEST /b B AR, B A, RS b, TESBERNTRH TR
BY, RLIFER. BHEESHR, HESEK B, BHMEER B2, HHESR Gl KEFTER
G2, ABMEERHE. T2EK. HT2 R, _ZBUEHVIRGE . HEESR. JHREMNIN 12 R
WHERTEESL 7T, MREEENREE; BRESEER . RRERET. 3-SBH AT HHR k%
BE. 15-ZBA AT IEH I mMEE . AT R ARE . TR REREAE ESI #0 T ) R B
fTESI”,

222 FETHEBRRMERENMRML BKU(2002/657/EC) $84 HLE AR5 BE 4 50 56 FH A6 ) 7
TR RE BEE FHORA BRI U L F & EHESERSERNGE TR, RAFEFR#n Yy
A%t T8 T R AR R T . FEE R R R AWOE N, MERRRE A A TR FIORL R =
Y80 CID SfEREEHRE . 18 FRARMFERKPMNR RIS Fo ., S RE, fEE. BFarR
W 1 H2 RS (MRM) S E WA 1,

. 3.06 15-Acetyl de ivalenol
® 100‘! 3'[(\)5 3-Acety] deoxynivalenol e\Q lOO‘L 138 187 M.l 1359 o8 y442tg)xym\d ena
= . T T T | T —— R - Samm s | LRI La—

1.5 20 2.5 3.0 35 4.0 4.5 5.0 1.5 2.0 2.5 3.0 ] 35 4.0 4.5 5.0
t/min t/min
3.59 1.55 Nivalenol
Zearalenone X100
ie IOOL E 10 _I 2.9]1 3.223.583.83 4.234.28
3 T T — N T — T T ~ 0 == T | E— T T l T
1.5 2.0 2.5 30 35 4.0 4.5 5.0 1.5 2.0 2.5 30 35 4.0 4.5 5.0
t/min t/min
X100 ZKI U~ [”CHJ ~Deoxynivalenol * ]OO—I 2.01 Deoxynivalenol
; <
:‘ 0“I T T —T 2'82| T T LO— ~ 0 —T T T— T T T T T—
1.5 2.0 25 30 35 40 4.5 5.0 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0
t/min t/min
1.32 Patulin 3.59 TIC of ESI
=100 X100 . of ES
SoL 20 256 287323 361391 SR L 24 s | R
T~ H T T aal
1.5 2.0 2.5 3.0 35 4.0 4.5 5.0 1.5 2.0 25 30 35 4.0 4.5 5.0
t/min t/min
- 212 Penicillic acid o 3.90 Citrinin
§ 100 enicilie acte é 100
~5 0 T T T T T T T Nz O T T 7 T T T T
2.0 30 4.0 5.0 6.0 7.0 8.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
t/ uiin 1/ min
€100 3,59 Aflutosin BI 2 100 341 Aflatoxin B2
S 1 4.835.23 690  7.75
=0 T L T T LN T T ~ 0 T T T T T T T
2.0 3.0 4.0 5.0 6.0 7.0 8.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
t/min t/min
5.75 Sterigmatocystin 3 3.70 Glitoxin
& 100—[ gmatocys éﬂlO()] 1
-~ 0 T T T T L T T -~ 0 T T T T T T T
2.0 3.0 4.0 5.0 6.0 7.0 8.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
t/ min 1/ min
3.7 Aflatoxin G1 ° U-["C,, J-Aflatoxin BI
= 100 F 100 3.59 [y
AN ~ -
Sl : — — Sl 2232092 541612 686
2.0 3.0 4.0 5.0 6.0 7.0 8.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
t/min t/min
2.94 Aflatoxin G2 374 DAS
£ 100 ®
N ) A.L 44397 6-06¢ 74 :zu)o 1.39 L 5.86 7.06
T T L Y T T ) T Y ¥ T T — T
2.0 3.0 4.0 5.0 6.0 7.0 8.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
£/ min t/min
5.06 T-2 Toxin o 4.52 HT-2 Toxi
® 2 oxin
S0 1 1907130 241 348 L5.52 6.43
=0 T T T 1 T T T ~ 0 T 1 T T T } T
2.0 3.0 4.0 5.0 6.0 7.0 8.0 2.0 30 4.0 5.0 6.0 7.0 8.0
t/'min t/min
6.26  Verrueul < 2.10 626 TIC of IS
X 100 erruculogen £ 100 . 3,70,; o 5.75 K‘ o of 1
£ i S T o s LI
-~ 0 T T T L T T T =~ 1 T T T T T T T
2.0 3.0 4.0 5.0 6.0 7.0 8.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
t/min t/min

BT 18 FhE R SR A B B3N AR 0 %5 B Wil ( MRM ) 42, [

Fig. 1 Chromatograms of 18 mycotoxin standards and the isotope labeled standards under multiple reaction mode( MRM )
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2.3 HERZE®IEFHNREL

2.3.1 BRZEGBEBKENERERE R XERYRENS FREN 154 ~533, ZBRAEFTEN
FONRNGRIE . BWHEE, S SFRE 533 KEIZE TR (640) i H g T ] Joke a4 it
8], LL1T0(RERER) HIGLE A o) 25 SR S ), e (8] BRI BT A 3 R A WU E
AENCER I B RN, ASCREUY B, Xt EERICERINEE SR T LC - MS/MS Kl 4585
GPC fzMZE RV & . SR RARE FHE RN CPC iR ILE 2, AR ERINEESRN GPC &
EEULE 3. AE BRI, F5dt gt 6] E2AEHTES. 5~ 10 min 2], i 3.5~5.5 min KRR HiE
RAETHR B, 2858, RETEL T BERE 6.0 ~ 15 min,

7.5
-904 g .5
=90 ‘Ot‘\
A B
-1104
! -1104
- ~
130 ‘]30J
~150+ e _]50“ L—"‘:_‘_/
e
T T T T T T T T T T T — T T T T T L T T
00 25 50 75 100 125 150 175 200 2235 00 25 50 75 100 125150 175 200 225
t/ min t/min
K2 SAEERER(A) SREFBEE IR (B) B GPC AikHE
Fig. 2 GPC chromatograms of moxidectin{ A) and patulin standard(B)
45 6.0
1500 1500
A B
1000+ 1 000
- —
500 4 5004
0 o
~ o
T T T T T T T N T T L T T T T T T 1
00 25 50 75 100 125 150 175 200 225 00 25 50 75 100 125 150 175 200 225
t/min t/min

B3 FEARERIOR(A) 5 BRI RIRIUR(B) ) GPC 4k
Fig.3 GPC chromatograms of peanut extract( A) and corn oil extract( B)
2.3.2 BREEBELHEARNFR BRBBASMEETERRESTHAER. B, BR%E
KA TR . TEESE GPC b Rat, RALER R, EAUAN m/z 4£ 750 ~ 1 250 Z {a) i APl
B TR T 2 FOIsim B, FilixtE o7 8 X 6 80 42 B A % TR XTHIE 4A fnE
ABTTULE U, 2 GPC ib)g, AR T m/z 722.55, 743.63, 764.06, 864.74, 1 043.77,
1069.13. 1152.99_ 1 224.32 &4 LT 522 ER.

864.74

7 2255
1866.62 1152.99
L 1043.771 049' 23091 153.63 | 544 8¢

764.06 8672

743.63 835952003 2 ¢

i E ) 6}3“5.90 e A e
T
800

T T
90 1000 1100 1 200

m/z

B4 GPCAERT(A) J& (B) BTEAEIR IR B T3 1A

Fig. 4 MS scan chromatograms of peanut extract without( A) and with(B) GPC purification
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2.3.3 BESERESLESTESUENLE SUREGLELREMENIIAETERLHNE
SRR b2 B Ak i, R TR S IO A [ S ZR R R e ST pe A, R R SRR B B
TR EARYT, T SERAE S igk. BT B AR BLEvE AR AR, 0] AE S R I 2 H AR
AT — IR IR, 3 s B B R R AT, TREACSE il (bR T &M s TR,
AW ROERESES TRGEE 154 ~533 Z2H), MAHOHEESENS TREITERTERA, Fifst
AL TR . RS TP S . RS AN TRREARIFHRBRER, BIEERSE Al
Al IERE S A . Rilh ERE RN S U 5RE .

2.4 RNIRHIERE

AREIARPE AL AW ROR R NAR, HER. BH&E. RMBZEFE Bl ElSHEFE B2, #
BEHE G, HMEHEE 2. HAMBER. T2H X, HI2 &, T ZBERIAEE ., BES
FE. FRSEHEEELU-[C,) - HHEHE X Bl bR, HAR6 MEEHERUU-["C,] -BAT
R TTERIE bR, SCRAERFY, L R BRI PRI A R 5
2.5 FHiEMEMETESEETR

DL A FO RS T FREL AR P AR AR, TE AL A P AR N IR BE AR AR AT LR 404, 15
FLMERE T RE . RETER AR RS (WE 2), BE 2 55, RAENMEAREER, FLEUH
BYEXR AR, MERE AT 0.996, H o4t saiRAEMIZEL . ik 2 EALINE I FE 38 i ity
RE,

MAEAES ARESHMEREST, IIARIEN B S EER G 127 ABENE, RIE10 455
MEHEER FR(E2), SEFHEFENKRHR(LOD, S/N>3)FilE R TR (LOQ) Hm kT W H
HASE R B KR E IR E

#2 1S HEEERMNEMTE, SHEE, MXEE. RERSERE TR

Table 2 Linear equations, linear ranges, correlation coefficients(r), LODs and LOQs of 18 mycotoxins

. L ) Linear range LOD w/ LOQ w/ Spiked w/ Recovery RSD

Compound inear equation o (ps 1) r (g kg) (ng - ke ') (pg - ke=") R/% 5. /%
Penicillic acid Y =1.348X -0. 932 0.05~50 0. 998 0.01 0.03 0.5, 2, 10 83, 84,85 15.3, 12.6, 13.5
Glitoxin Y=1.394X -0. 558 0.05~50 0. 996 0.01 0.03 0.5, 2, 10 85, 84, 8 18.5, 16.4, 15.8
Aflatoxin Bl Y=1.492X -0. 094 0.05 ~50 0.999 0. 007 0.02 0.5, 2, 10 95,93, 96 12.3, 10.5, 10.9
Aflatoxin B2 Y=1.986X -0. 861 0.05~50 0.999 0. 007 0.02 0.5, 2, 10 89,90, 91 13.5, 12.8, 1L.7
Aflatoxin Gl Y=2.842X-0.374 0.05~50 0. 999 0. 007 0.02 0.5, 2, 10 86, 86, 90 16.9, 12.8, 10.5
Aflatoxin G2 Y=1.037X -0.921 0.05~50 0. 998 0.01 0.04 0.5, 2, 10 90, 91, 92 17.9, 18.5, 15.8
Sterigmatocystin ¥ = 1. 037X - 0. 865 0.05-~50 0. 999 0.01 0.04 0.5,2, 10 82,83, 8 16.3,015.8, 12.4
HT-2 Toxin Y =0.837X -0.035 0.1~100 0. 999 0.1 0.4 0.5, 2, 10 86, 83, 84 18.3, 18.5, 16.4
T-2 Toxin Y=1.021X-0. 153 0. 05~ 50 0. 999 0.02 0. 06 0.5, 2, 10 90,92, 92 18.4, 15.6, 14.9
Citrinin Y =0.982X -0. 054 0.1~100 0. 999 0.1 0.4 0.5, 2,10 81, 82,84 16.9, 15.4, 12.8
DAS Y=1.856X -0. 267 0. 05 ~50 0. 997 0.02 0. 06 0.5, 2, 10 80, 81, 83 14.5, 12.3, 11.8
Verruculogen Y =1.037X +0.482 0. 05 ~50 0. 999 0.02 0. 06 0.5, 2, 10 80, 81, 83 15.8, 14.7, 12.8
Patulin Y=0.312X -0. 354 0. 05 ~50 0. 998 0.02 0. 06 10, 20, 50 82, 83, 84 17.8, 16.5, 14.9
Nivalenol ¥=0.0321X+0.032 0.1~100 0. 999 0.3 0.8 10, 20, s0 80, 85, 88 19.6, 18.2, 17.5
DON Y=0.026 1X+0.568 0.1~100  0.999 0.33 1.0 10, 20, 50 82, 85, 88 18.5, 16.7, 14.9
3-ADON Y=0.0281X-0.023 0.1~100 0.999 0.33 1.0 10, 20, 50 84, 87, 90 17.5, 16.2, 14.8
15-ADON Y=0.023 5X +0. 051 0.1~100 0. 998 0.33 1.0 10, 20, s0 83, 86, 87 18.1, 17.9, 16.8
Zearalenone Y =0.041X-0.023 1 0.1~100 0. 999 0.3 0.8 10, 20, 50 89, 82, 84 15.4, 14.8, 10.8

#* Y: peak area ratio of analyle to internal standard; X: concentration of analyte
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Fig. 5 MRM chromatograms of peanut butter contaminated by aflatoxin B1(21. 4 pg/kg)
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