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Investigation on the contamination of organic and conventional wheat flour in
Shanghai City with seven kinds of mycotoxins
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Abstract: Objective To compare the levels of contamination of seven mycotoxins, including deoxynivalenol (DON) ,
zearalenone (ZEN) , fumonisin B1 (FB1) , tenuazonic acid (TeA) , alternariol monomethvl ether (AME) , T-2 Toxin (T-2) ,
ochratoxin A (OTA) in organic and conventional wheat flour sold in Shanghai City, and analyze the cumulative
contamination of Fusarium toxin, Alternaria toxin and OTA. Methods Samples were extracted with acetonitrile, and the
contents of the seven mycotoxins were detected using ultra-performance liquid chromatography-tandem mass spectrometry.
The calibration curves for all mycotoxins were linear, with correlation coefficients above 0. 99. The average recoveries of
the spiked samples ranged from 80. 13% to 122. 86%, with relative standard deviations from 1.91% to 17. 14%. This
method is simple and rapid, with high accuracy and precision, and meets the requirements for mycotoxin analysis in flour.
Results T-2 and FB1 were not detected in organic or conventional flours. The contamination levels of DON, ZEN, AME
and OTA in organic flour were higher than those in conventional flour. The existence of at least two mycotoxins was
observed in 97.5% of the flour samples, with DON+ZEN+OTA having the highest coexistence rate at 18.75%.
Conclusion The rate and level of mycotoxin contamination in organic wheat flour were higher than those in conventional
wheat flour. The cumulative contamination of Fusarium toxins (DON, ZEN) , Alternaria toxins (TeA, AME) and OTA

were also observed.
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YA 455 B8 4 T8 ik T B 1 (Deoxynivalenol , DON) |
T K I B M B (Zearalenone, ZEN) | fk & & &
( Fumonisin, FB) \ B il 75 44 25 85 & (Trichothecenes,
TCs) . # i % 2 & (Ochratoxin, OT) | 28 5 76 # &
(Alternaria toxins, ATs) 28 20 % R 8 = N Ah st
THTAS T TR 3 R T R AR e N R RO A
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H A, B P A G AR £ b R R R A A e T 1

A RO Y AU 6 3% 75 (High
performance liquid chromatography, HPLC ) Fl 4 5 %{
AR 83 - 5 K T 3 75 (Ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/
MS)**2! . UPLC-MS/MS % H A7 Hif b B2 i) 5 A% )
HERE PR SRR s AL R TR T A AR B TR
Hh 2 20 o> FLTE B AR 0 E PERERR E i TR
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SCHG AL T W P DONZEN FB1 . 41 38 5 7t 141 il
i (Tenuazonic acid, TeA) . & &% 0 My B W ik
( Alternariol monomethvl ether, AME) .T-2 # 2 (T-2) .
% it 2 7 2 A(Ochratoxin A, OTA) TeA %5 7 P E.1H
B 2 A B 22 19 UPLC-MS/MS ¥, J5 v i R A
WER 5 B TOZ 00k e e 1 R B A AL AR
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1.1 MRS

7 Tl EL T 7% 2 AR vE & : DON(DO156) \ZEN(Z21
25) \FB1(F1147) ,OTA(01877) T Sigma 7> #] (St.
Louis, MO, 3 [# ) ; AME (ab144176) . TeA (ab142764)
5 F Abcam 23 7] (Cambridge, MA, 3¢ [# ) ; T-2 (HY-
N6792) 1l T MCE 23w (38 [ ) 5 3% 2l i HH e K .
LB F Honeywell A F (L EH) ; LBRE N A5,
S FH 7K 28 48 Milli-Q Gradient A 10 {2 #% (Millipore,
Billerica, MA , JE[F ) ¥ fb B B 2H K .

PHEAL (QT-2A g BLRE A AT AL ER A FD) 5 | 75
P35 #% (KQ-500E B 1l i 8 75 A g A7 BR 2N w5 o 1
B O HL(5810R, Eppendorf 23 7] ) #8250 M £33
P = o DU AT 3 Y (Accela 1250-TSQ Vantage™,
Thermo Fisher Scientific) o
1.2 FRahRAE

BE AL B 2022 4F b AR (15 63 ) B
K15 f3) KT X (15 6y) (BT X (15 £y ) (iR 22 IX
(10 f53) AW X (10 43 ) A T Z 45 ik 424 T A A 4L
I 80 iy A FEFR IR AT HLIE K 32 1, AL Ge i K 48 1y,
T B ik 0. 5~2.5 kgo T AT FE S AR BB AE-20 CT
PRANMAAE o TR 2% GB/T 6679—2003([#
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G RRBERE IR b P TS HEHLIORE |5 0 B Table 1 Mass spectrometry conditions
HADT 10 g, JBUE T TR EAE B EIRTE HEEE ST FE mEa BET/ TET/ Ei
2% IRAKLL 2820 )y vk . WM 1 gy POV PO T gssi0 2120 2
B, BET 15l B0, IMA 4mL &% 1% R i 1836 ) 317.11 175.03 25
[ 2 /7K (75:25) W e MR 4 . IR R T Wiz Bl
T P B
TEL 5ming B 2mL BIERE & 0.22 pm JE T - 10723 . 19812 139.12 14
U8 WL U8 5 R 198.11 125.11 15
6 UPLCAS NS B s TN
7 Fh E W # E A UPLC-MS/MS K Il 4 4 & % sall 21500 20
O A M T s b 10631 ’ 48412 165.00 66
1.4.1 WAHSEAM: oA 40381 N 404.12 221.00 35
BB A A5 mmol/L Z R4 /KA W, B B 404.11 105.10 18
3% 4 ACQUITY UPLC BEH C18 Column, 130 A, 1.5 BdEHr

(100 mmx2. 1 mm, 1.7 pm) . FEFESRIRE 4 C; b FE
5 WL W# 0. 35 mLemin . BSEVEBIREFUNR
0~1 min & 5% B, 1~9 min N 50% B, 9~11 min K
100% B,11~12 min 2} 5% B,

1.4.2 Fiik &

B AR E £ B TR Y W g5 S
5L £3.5 kV S5 A0IR L : 250 C5 85U 7 :40 psis
BRI o5 psi; B R :300 C; 5 HE TR
i A LR 1.

1.4.3 ka2 i

PAAS 1A 356 S50 X 2 P v R %) i 0 e B AT 7% R
B, A3 LA 3 A% 4 e L (S/N=3) 1 10 £ {5 M b (S/N=
10) B % 7 (1% v BE B o J7 5 K R (Limits of
detection, LOD) Al %E 2= PR ( Limits of quantitation, LOQ) .
1.4.4 s el s g6

HUAS & H bR W 0% 5 J50 1B A b 2E AT 0 A [l i
ST A LA AR b 3 Rh R R KO TR A bR v
VW, B MR BE AT 6 O AT E o T IRATTZ T

(RIS, SE Rk B AT H )3 AT, 98 12 7 1 14

i A AR 2

Thermo Xcalibur Qual Browser 4.0 1 5] 43 #ff
UPLC-MS JF 4R 80 o 4% 21 28 1F 25 P R 6 B00E 25 1
5 5 R FHAE 2 80483t . R M Kruskal-Wallis
Mann-W hitney 6 %0 bt 3 AN [6] 28 24U 1 A9 4 5 v 2R
BRI A RRAE A 22 5, P<0. 05 N 2ZE R A G %5
S BT Bt o B 2 1 3 {8 A GraphPad Prism
9.0 BMHTT .

2 R
2.1 FEEIE
20101 &AMESE R R RE R

7 R TR LSRR R e BRI
2, M 7 PP A F R IR LR TR AT I E , LA
S T B U ) U TR B N A bR L TR R R (pg/ L) R
BASAR e HI bR I . R 2 T, 7 MR # R
A R B R 35>0. 99, 4 i BR LOD Y Bl 20 0. 15~
62.5 pg/kg, & R LOQ ¥ {2l 0.30~125 pg/kg,
IS T LS/T 6133—2018CHR il #4625 16 Fb
B 75 R A VAR 5 - HR I T v ) A
F{EN i Rt

F2 TR AT RE R AL NS A R E R

Table 2 Linear parameters, limits of detection and limits of quantification of 7 kinds of mycotoxins
HEAR LI WX RHR ZREE [/ (ng/kg) o B LOD /(g /kg) FE PR LOQ/ (ng/ke)
DON Y=31.211X 0.993 9 31.25~2 000 1.57 3.13
ZEN Y=686.1X 0.995 2 6.25~400 0.32 0.63
FB1 Y=3.9578X 0.994 9 156.25~10 000 62.5 125
TeA Y=130.6X 0.998 5 31.25~2 000 1.57 3.13
AME ¥Y=857.03X 0.997 6 15.625~1 000 2.37 4.75
T~2 Y=127.52X 0.995 7 4~300 0.15 0.30
OTA Y=1145.1X 0.996 6 6.25~400 0.32 0.63
21,2 IARE 6 e 3 A R KT B K

7 Bl BB R AR B[R] AR W WL R 30 1

80. 13%~122. 86% , 8 X #1 YE I 2= (Relative standard
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deviation, RSD) N 1.91%~17.14%, % 4 GB/T
27404—2008 F AH S BER 2, Hy BB AT, A F 5% A
ST O 7 R EC B RE R A o O 2
BT R B AN R R O vk B IE 1Y 4
RRY kT T m B b A R R W i
M5E o

F23 7R 2 A0 IR IS A AR 2 (n=6)

Table 3 Spiked recoveries and precision RSD of seven

mycotoxins (n=6)

HEEER AR/ (wg/kg) FHIBCE/ % RSD/%
50 100.25 3.97
DON 100 84.53 12.66
200 80.13 2.64
10 105.06 7.55
ZEN 20 100.27 2.43
40 110.66 3.76
250 109.40 6.47
FB1 500 106.68 11.72
1 000 110.59 12.34
50 122.86 12.22
TeA 100 80.78 4.94
200 90.98 9.28
25 97.33 3.04
AME 50 88.36 5.12
100 100.24 1.91
75 83.29 6.74
T-2 15 91.40 11.14
30 104.69 17.14

10 100.71 8.5

OTA 20 107.91 5.13
40 106.42 5.72

2.2 g HE A NS G2 IR BT RE R S R
Loy B

v T B TR TP LR R R A TS G DL LR 4.
TR 80 iy I A A E A R Y BH M R 4 R
M 5 F) AR DON>OTASAMESZEN>TeA , 43 5 Hy
95% . 82. 5% .45% . 43.75% .42. 5%, FB1 Fl T-2 Jf
AK . DON TEA ML 58 1 by Hh A 3 dw sy
OTA R Z . 3% 5 F IR RUAE X 36 [ 320 vh FL

Rl g R — 80, R E /N E B F 22 5] DON.ZEN
Tt o 2 7 2 T G .

Xif -5 J1 B 8 & L DON 764 HL I 19 - 2475 Y
KV 479.9 we/kg, @ TAE LT ¥y 398. 1 pg/kg,
BTG YRMAL, SR 93.75% .95. 83%. TR, A%
5T o DON E7E AR (51 000 pg/kg) , HFRZR 4N 5K
HAHLE A 12. 5% AL TH K 8.3%, AR R T
Pro 5 DON AL, ZEN 745 #L T Y (14 BH 4 5 057 1y
535900 75% 1. 80 we/ke, 215 TAEGE I 22. 92% |
1. 14 pg/kg, H % 22 5 3% (P<0.000 1), A
4 BIF 5% 45 B 5 5 R SO R I A5 SR, WANG
S0 P e [ A% 45 By DON A 3R T A HL i
By, 93 0N 73% .44% ; POLISENSKA 2610 HF 57 35 1
L ge /N3 il DT RIS YK F R TAILNNE X
A BERZ AR BN X N SR R R 2 EH
Zwm., AR BITHSTERSREFEEHRES
B Cn e £F BEVE it I R B OR A RO R T Y BR
B AP o JUAN AERVRG I T e T 3 54 1y
LT B, &3 DON 5 Y 3 FV5 Ye K- fie i, 43 )
4 90.7%.78. 8 we/kg; HA 29.6% FEALF 1 #H %
A7, Horf DON+ZEN \DON+AOH 77 5 &5 .

Xt T4 k& f0 7 2, AME 768 HLIT B 197 2475 g
KR 167,50 we/ke, = FALGETH K 95. 97 ne/ke,
M5 JR N R G P IS . 5 AME AHJZ , TeA
TE AT LT B 6 135 Je K N 13. 44 we/kg, & T
&5 Tm By 21,36 wg/kgo /N ZE P4y B BEAK 0 B
Alternaria infectoria H 7= = TeA, H. Mg 38 8 fii &
Alternaria alternata W] [F) I} 7= 4 TeA .AOH F1 AME,
fi] ¥ S5 2HRIE T 2020 AF 10U )1 i IX 264 4 1 Ry B H:
il it T 4 Tl B AR LR R A R F AR TS U L TeA
i i M5 YK VIR m L R 97.7%.27. 2 pg/ke;
48. 1% W REAS TR B K 4 Fh 4% 4% 0 4 55 R TeA+
TEN+AOH+AME

R4 TR IR AA B LGRS TS Y L

Table 4  Contamination of 7 kinds of mycotoxins in organic and inorganic flour

A HLIE B (n=32)

15 55 1 K3 (n=48)

FRAERR AL/ .
L RS R/ e o BRI R RO P
(ne/ke) R W/ L R e
DON 1 000" 76 95 30 93.75 1241 479.9 46 95.83 1661 398.1
ZEN* 60" 35 43.75 24 75 9.14 1.80 11 22.92 12.13 1.14
FB1 400" ND ND ND ND ND ND ND ND ND ND
TeA NF 34 425 10 31.25 74.49 13.44 24 50 123.90 21.36
AME NF 36 45 13 40.63 694.20 167.50 23 47.92 545 95.97
T-2 50" ND ND ND ND ND ND ND ND ND ND
OTA 5° 66 82.5 25 78.13 4.87 2.07 41 85.42 4.61 1.93
HE 55 GB 27612017 £ il 4 1 5 AR £ 8 o1 LA 2 W 52 267 A0 A7 LA 14 5 DB of 2% 59 95 (P<0.000 1) ND < A HE 5 NF s A
%3

OTA 7E A P15 & 50 i v i Y K SF AL, 4351
K 2.07.1.93 we/ke, 2 W0 AR T 0 A A% 10 A

IR R EA P E OTA A5 Je K-/ &
RZES, WANG W E AN AP i) OTA &
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AHARL, AT RE S PR A A W WAk e B 4 1 o A B DL I
A RN A A7 R 11 Se ik AR

Zg I ,DON.ZEN ,AME . OTA 7£ A ML i ¥ 7 13
15 YK IR AR FAE G H R , X 5 SACCO %5
58 45 B — 30, T REJE HH T HLA M AS il FH % )
MYk T, ZEFE FHERTERWER
B2 A PR B NSRRI
£33 7 A TR R 28 CAHLEIL 58 ) ] R AF £ %
SR
2.3.2 bilHiEEHETTEZHS AEERNKSTS
e iF il o Br

1A 22 41 4 FLDE RE R MR G IS G AL I
5. 97.5% WM FEAS B DA P R B A R L
A AR B E 3R LA 20%, A KA
“DON-OTA” “DON-ZEN” “DON-AME” F1“TeA-OTA” ;

HE3MARTFRM LI 37%, ILHFELKAE
“DON-ZEN-OTA” “DON-TeA-OTA” “DON-AME-OTA”
“DON-ZEN-AME” “DON-TeA-AME” Fl “DON-ZEN-
TeA” . X% 3 v E i # £ DON-ZEN-OTA fy L%
e m o, 18.75%, 4 T B I # 2 DON-TeA-AME-
OTA AWM RIRZ N 15%, B & L& Wi Fh i
% DON-OTA F1 3 #h # £ DON-TeA-OTA H K #
[, 8 13.75%. 54 L4 R KL, DOS SANTOS
200125 ) SR A T ELPE 2013 Fl 2014 4F 5 4 G 1Y
100 53 1KY , T A6 B AR A R A PR R el 3 b L e 5
A7, i DON-ZEN #x £ , DON-T-2 X 2 .
ZHAO 2P R 4T 2018 4F v [ 338 {1 /N & ki,
12 6.8% FEAR T HRKH,11.8%.22.8% . 14. 5%
B REAS 23 50 & Wi R 3 Bl 4 Fh A KI5 gy, Hop 3 b
7 & DON-3-ADON-15-ADON ¥ i X & & , H
11. 2%,

5 TR 2R E TR E TS AT O (n=80)

Table 5 Combined contamination of multiple mycotoxins in flour (n=80)

A E LT R PHAE A~ % (n=80) PR/ % AR (n=32) LGEHEA AN E(n=48)
0 — 1 1.25 0 1
DON 1 1.25 0 1
DON-OTA 11 13.75 1 10
DON-ZEN 2 2.50 2 0
: DON-AME 2 2.50 0 2
TeA-OTA 1 1.25 1 0
DON-ZEN-OTA 15 18.75 11 4
DON-TeA-OTA 11 13.75 2 9
DON-AME-OTA 6.25 2 3
} DON-ZEN-AME 5 3 1
DON-TeA-AME 1 1.25 0 1
DON-ZEN-TeA 1 1.25 1 0
DON-TeA-AME-OTA 12 15 2 10
DON-ZEN-AME-OTA 5 6.25 3 2
4 ZEN-TeA-AME-OTA 2 2.50 1 1
DON-ZEN-TeA-AME 2 2.50 1 1
DON-ZEN-TeA-OTA 1 1.25 1 0
5 DON-ZEN-TeA-AME-OTA 3 3.75 1 2

T8 TR RIS A AR 2 H A ARG s R R 2R A AR A FE I (U R P TS n 7 n=2.3 4.5

A HUFIAE S8 T o B3 7 2 S e AL UL 1.
A AL B8 R 100. 0% K HLAF 76 2 /0 7 Fp A&
WA PR R R AL N H 12, 5%, 3 R R AL N
b 59. 4%, Hih 34. 4% 2 DON-ZEN-OTA 377 ;4 &
5 FhEE R ILAE L L 28, 1%, ESETH# T 95. 8% fFAE
ZE/PRE R, WA EE R I AE N I 25.0%, Hop
20. 8% & DON-OTA A7 ;3 Fh g A7 i L 37. 5%,
b 18. 8% & DON-TeA-OTA 77 ;4 5 5 g £ It
705 1 33. 3%, Horf 20. 8% 5 DON-TeA-AME-OTA
A7 XU TR R B R
FRR TR A 5 BRSO E A TR

3 GRERE

AW 5 S T[] iR I TR h 7 R R R
) UPLC-MS/MS J7 % , f44% DON.ZEN .FB1.TeA .
AME [ T-2OTA ; J7 ¥ 2 3o ik 1 J2 1 4 09 Az I 220K,
HERMESC R B, 4 0 BRAG, R BRSO %% B Al
W m . b AILL G R 7 Rl B
W5 YK, 45 R, DON K R 5, OTA
W Z o JWE A R A A DL TE A AN A 2y R
AR AR A5 2 A i T T A AELAR SO 5T
g W R BR TeA 4b,DON.ZEN AME ,OTA 7 45 #l
T 83 75 G AKE IR AR TAE GE T #y o DON bR %8
SAA PR 12. 5% fE MK 8.3% , HARTERY



B AR R
CHINESE JOURNAL OF FOOD HYGIENE

—184—

2024 4E%f 36 4455 2 W

5Fh
3.1% 2%

sFh OFh

oy 1FH
4.2% 2.14)21%

B AP A () Tk B 7 2 3847 1A

Figure 1

TCAB AR ; ZEN B 3575 YooK 1E A ML A% Bt iR
ZE S . AN 97. 5% T B REAS 77 AE 2 0
FHEE R AT A, b DON-ZEN-OTA Jt
FE T e he o B, A HILTE R 0 2 et T e
B R M By ARG, AR SCE FE A ML R
EOH SRS AR CETA T EMR
I 2 R ) ISR AN i, AR B R AR B
& WA AR SCAURAE T H 4 i T B T Ry, FLRE
AREAH W, GEAHE AT 3 7 kAT 5 —,
P RFEA B FERAFEH X 55 =, %F DON #1 ZEN Je H
AT A= AT I e WF 5%, IR 4R VA TR v 22 57 3 Y
PR 5 58 =, /N2 W AR AR AR B TR IE A )
TE) L R 2y =X A5 T B A 0 LT BE K A AN
YA —E R, BT LA IR .
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