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Determination of Aflatoxinsin Grainsby QUEChERS-UPLC-MSM S
WU Qin-yan', ZHANG Wen-wen®, LIANG Hong-fang', WANG Jian-hua'><, CHEN Lu'

(1.Central Laboratory of Zhenjiang Institute of Agricultural Sciences in Hill Area of Jiangsu Province,
Jurong, Jiangsu 212400, China; 2. Zhenjiang Agricultural Products Quality Inspection and Testing
Center, Zhenjiang, Jiangsu 212009, China)

Abstract: A method based on a QUEChERS sample preparation approach coupled with ultra-performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was established to determine six aflatoxins
(B1, B2, G1, G2, M1, M2) residues in grains. Samples were extracted with acetonitrile —0.1% formic acid
aqueous solution (84 :16, v/v), followed by purifying with PSA, and determined by UPLC-MS/MS in

multiple reaction detection mode with 0.1% formic acid-acetonitrile as mobile phase. The correlation
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coefficients of the standard curves of the six aflatoxins were all greater than 0.99, showing good linearity.
The recoveries were 80.83%~117.5%, and the relative standard deviations (RSD) were 1.53%~15.59%. The

matrix effects of six aflatoxins were 0.81~1.12 in different varieties of grains. The accuracy and precision of

this method meet the requirements of relevant standards, and have the advantages of simple pretreatment

technology, good purification effect and high precision determination, which could be suitable for the

quantitative analysis of six aflatoxins in wheat, rice, corn, mung bean and red bean samples.
Key words: QuEChERS; UPLC-MS/MS; grains; aflatoxins
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1.3 BigmEEs

1A : agilent C18 H:( 1.7 pm, 50x2.1 mm ),
Wik 0.25 mL/min, #:iE 40 °C; PEEEE 1 uL; Wi
A A H 0.1%F BRI, Wi B HOHE,
JEVENR AR M : 0~3 min, 90 %A; 3~5min, 90%~
10%A; 5~7 min, 10%A; 7~8 min, 10%~90%A ;
8~10 min, 90%A,

1E B T HU 55 22 IO W I ( MRMD) B
AR 35 psi; MBI HE: 5500 Vi B
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Tablel Massspectrum parameters of 6 aflatoxins 2, AFMI
3. AFR2
Ay HET) TET(mz) EHEREKY BEHEREKY g 6 4. AFG1
AFBI 3130  285.2%241.1  80/80 30/50 = 14 A ggf
AFB2 3151 287.1%/259. 120/120 35/34 S 4t s ?
AFG1 3291 243.1%311.1  120/120 37/30 =
AFG2 3311 245.1%/313.1  100/100 40/46 # 2L 3
AFMI 329.1  259.2%/273.1  100/100 33/32
AFM2 331.0  273.0%/285.1  100/100 32/27 0 , L
P SRAERET. 0 2 Hﬂ,;]‘/mm 6 8

Note: *indicates quantitative ions.

AFG1, AFG2 ¥JEH 25 pg/L, AFMI Fl AFM2 ¥
JE 125 pg/L IR AARUEMGE S, 4 CUKFEIRATE .
I FHAT) 46 L B AR R o i B YRR e R > Wk
BRI AR, SRECHLA
1.5 #HFmursbiE

HERRIFRIL 2.5 g By i /N T 50 mL B0 4
Hr, A 10 mL Z5-0.1% P RRIA (84 : 16, 1K
FHEE ), $RFHEE 30 min, BOB EER 2 mL,
JMA 40 mg PSA, #&¥% 5 min, .0 ISR, i
0.22 um A HLIERE IS 134T o
1.6 HEAE

it Excel 2021 #RAF#ATEHR TR AL . 4E
AT M2z SEEn s BRI AR 2R 3R
2 #ER5iTie
21 ‘KGR

LT 5 mmol/L 4 fR%-Z & . 5 mmol/L Z,
PR iz - R 0.1% YRR -2 3 Flvifi sl A 10 €3 i
e B, KIS AR NS T L
SRR, B 0.1%H BR-ZNE1E A i sh AR I 45 7
RHEHAT W E, FIEA 0.1%H fR- 2 I51E
RIS AT VR, 6 PR R RE R TIC &
T EEE LA 1,
22 HmErEMRL

WM ESRERE TS T, EEEMTH
Wi MG RAED A HLE R, B Z s
5K IR GO T A E R PR
ERI, ARG . ZIE-K (841 16),
ZNE-01%H BRIA (84 = 16) NAREUAT, $2HL
R A bR AE W, ff AFB1. AFB2. AFGI
1 AFG2 WM 1.6 pg/L, AFMI Fl AFM2 ¥

1 6MEHMESRTICETREIER

Fig.1 TIC chromatograms of 6 aflatoxins
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R B2 25 AR 2 fifR , O W LG -7K( 84 -
16), ZNE-0.1%MMREH (84 : 16) 3 FEEEGH
PRE 6 A il w1 R By R 00 60.5%~
79.6% . 62.3%~83.8%F 77.7%~85.5%, Z.}5-0.1%
A (84 1 16) $EHUAT AR I 4T R iE
CHE-01% IR (84 : 16 ) NG,
120 O I

B g7k (84:16)
100 @ ZWE-0.1%HRRIEH (84 : 16)
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Fig.2 Effect of three extraction agents on the recovery
rates of six aflatoxinsin wheat

QuEChERS 77 i (1% F# 4k C18. PSA
H1 GCB, C18 1 2 BRAE it 5 OB H 1) i s g 2k
Py, PSA i S 25 A LRt Kb &9 g i
AHLRR /D80, GCB T8 L@ XM
ZERfL AU, C18. PSA 1 GCB XF 6 Fii i
B R MEL A R 3 FiR, In GCB #rk,
6 v i i 25 15 R 1Y ISR /N T 50%, GCB X 8
it 75 25 = 2 A U] 0 W EHE FH . C18 Fi PSA ¥k
AL R 3 91K 85.2%~95.8%F1 86.2%~101.05%,
I PSA fLF C18, R PSA E R il
iR mac i
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Fig.3 Effect of purifierson the recovery of six
aflatoxinsin wheat
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W E A Z 22—, Py SR /r7E
5 i B ARt B R AR e S SR A DU A 1
FACR, FE ST AL I RN AR SE 2 R BR TR
Je 7 A RN () R RN AHIF ST SR
P 74 1 28 R 35 0 A o il R R R (TR ME
i, ME<0.8 NEEBI &40 ; 0.8<ME<1.2 K3
SR TE TR, ME>1.2 80k ik i s 1)

AFFERA 2.2 WEb L, mERNE L R
Ko Kok, GEMLG 5 PR IE TR TN 4
Br, SCREERANER 2 Fiw . ibE /N L Bk
KoK GO M T 6 Fiig iR ) ME (E4E
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Table2 Matrix effects of 6 aflatoxinsin different samples

% BEah kil b % Beah R
B ME ME BT ME ME
WNE 125 112 MNE LIS 1.08
EXk 090  0.99 EXk 117 095
AFBl Kk 1.18 096 |AFG2 Kk 127  1.09
gk 122 095 gt 134 1.04
g 117 1.02 G 136 1.09
MNE 119 LI WNE 079 0.90
Ek 090  0.98 EXk 091 093
AFB2 Kk 1.07 098 |AFM1 Xk 131  1.10
&g 117 1.01 g3 095 0.96
T 121 1.07 415 0.80  0.92
NS 127 111 INE 0.8 0.90
Fk 127 1.04 Tk 072 081
AFGl K2k 1.08 096 |AFM2 Jkk 071 0.82
gt 124 1.09 g3 066  0.86
4L 135 1.10 L5 078 0.82

Zei, M Hbnb G T st b e i o i, F%
{17 ip s A
24 FHEFWIE

KV R ER A AR TAEW, UL ERE S
P BN bR (Y ), Bt AR A bR (X))
ZrfiprEm 2. QAR L K BRFNE B IR L&
3, 6 PHELHEERELMEHE ML LR RIF,
R*>0.99, ¥k (LOD) FIE®R MR (LOQ) 434l
M 0.14~0.63 pg/L F1 0.47~2.11 ug/L, FFEkEM 1T
SR EESK

x3 6MHEMBEFRNL&MXR. KHRFEEMR

Table3 Linear relationships, LOD and LOQ of 6 aflatoxins
PN MHOCR RmBY ERERY

(ngL) R (ngL) (ng/L)
AFBl Y=7827.2X+1279.7 0.2~12.5 09974 0.18 0.61
AFB2 Y=6440.6X+2020.6 0.2~12.5 09974 0.14 0.47
AFG1 Y=5436.4X+1652.6 0.2~125 09958 0.19 0.65
AFG2 Y=2631.9X+217.9 0.2~12.5 0.9935 0.63 2.11
AFMI1 Y=7 824.7X+572.54 1~62.5 09980 0.29 0.98
AFM2 Y=8251.5X+6332.6 1~62.5 09977 0.21 0.69

LM

TENZE . ok, KoKk, SRR R G FEE
it e, AR I 3 RO R BEAKP AR ( AFBL
AFB2. AFG1 #l AFG2 #s/1 6.13. 1.6 1 0.4 ng/mL,
AFMI F1 AFM2 %3N 62.5, 16 fil 4 ng/mL ), &4
AKFEE 4 %K, 6 FPEg R 19 b e - 80.83%~
117.50%, FHXTARMENG 2 0 1.53%~15.59%, [l
WCR RS 25 JEAT G TR R IR B i 20K .

3 Hig

AR 6 B A 1 2 Y 3 A RIRE A
HIAE R AR HEAT T 04k, #5377 QuEChERS Fijkb
HRH RIS UPLC-MS/MS Il 5E 6 Fhit i 25 5 K 1Y
R 73 , 205 1 B BT I 2t 0GR LI
T o THT £ AH ¢ R EL(R?)>0.99, 77 W46 U BR M 0.14~
0.63 ug/L, ERBE N 0.47~2.11 pg/L, FFHIRED
BT AH OGS 805K . #5711 QUEChERS Hij 4 #
HHGEA /N . Kok Tk GO L GRS
B 6 Fhds A 2 R LR 2%, FRARAE &
ROSE, XEEE R 6 Fhvi il wE 2 R AT =R K
SEARSZES, AR SRR 80.83%~117.5%, AHXT
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Table4 Precision and additive recovery of 6 aflatoxins
% g KT e, | omz omes KT e | omz o opes AT g,
(ng/L) (ng/L) (ug/L)
6.13 114.03+9.73 6.13  102.12+14.90 6.13 110.98+9.30
INAE 1.6 109.17+4.85 N 1.6 105.63+9.78 N 1.6 104.58+4.96
0.4 117.50+4.08 0.4 115.83+10.47 0.4 108.33+15.59
6.13 85.43£10.97 6.13  103.92+5.33 6.13 107.29+3.83
PO N 1.6 88.96+5.87 Kk 1.6 91.46+6.15 KK 1.6 95.21+2.99
0.4 82.50+14.72 0.4 81.67+6.56 0.4 109.17+10.47
6.13 95.92+3.78 6.13 97.50+2.73 6.13 106.69+4.00
AFBl 12K 1.6 87.08+2.62 AFB2  EK 1.6 98.54+7.57 AFGl  EK 1.6 104.17+12.83
0.4 83.3348.50 0.4 87.50+6.12 0.4 87.50+8.16
6.13 91.41+5.66 6.13 84.45+11.22 6.13 106.85+5.33
535 1.6 91.04+3.08 E5 352 1.6 82.29+14.36 (5352 1.6 107.50+4.54
0.4 80.83+5.14 0.4 80.83+5.14 0.4 113.33+6.24
6.13 98.10+10.40 6.13  104.30+2.25 6.13 110.60+2.66
FANG] 1.6 82.71+8.93 a5 1.6 107.50+3.57 a5 1.6 113.75+3.10
0.4 80.83+5.14 0.4 113.33+5.14 0.4 107.50+14.72
6.13 103.05+1.54 62.5 93.23+3.51 62.5 94.63+4.66
INAE 1.6 107.08+13.94 INZZ 16 93.13+4.36 INAE 16 87.13+6.68
0.4 115.00+14.72 4 91.83+4.59 4 84.58+6.56
6.13 97.82+8.84 62.5 104.21+2.42 62.5 83.16+7.64
PN 1.6 104.79+7.68 Kk 16 108.96+3.40 KK 16 94.33+3.16
0.4 109.17+3.12 4 87.58+4.64 4 87.58+10.76
6.13 101.25+12.74 62.5 103.89+3.93 62.5 82.97+2.25
AFG2 Ek 1.6 95.83+5.31 AFM1  Ek 16 102.52+2.49 AFM2  Ek 16 90.88+1.53
0.4 98.33+10.47 4 109.12+2.80 4 81.30+12.19
6.13 106.53+3.55 62.5 96.44+6.31 62.5 84.61+13.15
23453 1.6 98.54+8.64 £ 16 93.58+3.48 4t 16 90.71+6.02
0.4 113.3349.20 4 92.78+2.38 4 89.92+12.90
6.13 105.38+6.22 62.5 85.71+7.28 62.5 83.37+3.51
a5 1.6 102.08+2.62 fans] 16 85.83+10.31 a5 16 89.06+4.54
0.4 110.67+8.37 4 87.04+8.56 4 81.75+2.89

FrifEfR2E (RSD) M 1.53%~15.59%, %7 EEA
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