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Investigation of 12 mycotoxins in wheat grains from four provinces of China in 2019
ZHAOQO Jianyun, HAN Xiaomin, XU Wenjing, LI Fengqin
(Key Laboratory of Food Safety Risk Assessment of Ministry of Health, National Center for
Food Safety Risk Assessment, Beijing 100021, China)

Abstract; Objective To investigate and analyze the contamination of 12 mycotoxins in unprocessed wheat grain samples
from four provinces of China in 2019. Methods A total of 289 wheat grain samples harvested in 2019 from He’nan,
Hebei, Anhui and Shandong provinces of China were collected and analyzed for 12 kinds of mycotoxins, including 8
Fusarium toxins and 4 aflatoxins by high-performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS).
Results Deoxynivalenol (DON) was the predominant mycotoxin in wheat samples, and the positive rate and the average
level of DON were 95.5% (276/289) and 135.9 pg/kg. While the positive rates and the average levels of 15-acetyl-
deoxynivalenol (15-Ac-DON) and 3-acetyl-deoxynivalenol (3-Ac-DON) were 37.4% (108/289) and 4.4 pg/kg, 36.7%
(106/289) and 5.2 g/kg, respectively. The positive rates and the average levels of the rest of 8 Fusarium toxins and 4
aflatoxins were relatively low. There was no significant difference in mycotoxins contamination levels among the four
provinces. Among 289 wheat samples, 59.9% (173/289) samples were simultaneously contaminated with more than 2
mycotoxins with DON and its derivatives 15-Ac-DON and/or 3-Ac-DON being the frequent combination. Conclusion
DON is the predominant mycotoxin in wheat samples in China and the incidence of co-occurrence of DON and its
derivatives, 3-Ac-DON and/or 15-Ac-DON are high. The positive rate and contamination levels of aflatoxins and other
Fusarium toxins are relatively low. These results suggest that there should be a continuous monitoring for the contamination
of fusarium mycotoxins, especially DON and its derivatives, in wheat in China.

Key words: Wheat; mycotoxins; contaminants; high-performance liquid chromatography-tandem mass spectrometry

o o 51 K /0 2 7 R 90

HEE2TH .- BRESAFLITXI(2017YFC1601103) & B & MW A& H 20 ( Food and Agriculture
EEBM . ARE L+ HEHEIR ARITOARRBREDZF Organization’ FAO)éﬁi‘I"zolg_zozo ﬁiéﬁk/l\iﬁi
E-mail ; zhaojianyun@ cfsa. net. cn %l‘ljﬁﬁﬁ’%ﬁiﬂg 28. 1% ,ﬁ 7608 ’fZ,ﬂ@,EF‘/J\

WEEE . FRE K+ HAR HAFT@ARBHAYDF

E-mail : lifengqin@ cfsa. net. cn

FErHE 1.336 fmi, F ek R RN 17.6%"



R B AR AR

—766—

CHINESE JOURNAL OF FOOD HYGIENE

2021 445 33 %45 6

2019—2020 4F 2Bk /N ZH S il 7.5 A2 0,
88% I /1N FZ A = L s i T SR i 2006—2016
RSB R W, R 50% LA L B 43 W) vk B
HRE RGPS SR EE S R RE, AMUA R
A P ) 7= B A0 T, N B B S T RE s A X i
e, WA RIEH S EmRERET R~ —
JER R i N ) e S ] CTE 10

INE IR /NE E RN EE R — PR R
B, /N2 o A 100 ) v 3R L T Y AR A% 1 T AR 0 R
TIR AR 9L IF 518 /N 22 9% 85 s, = 30/ 42 7 1 () ¢
PIIW R RIGYL, WK 5 7 AS 24 38 5 o A0 45 il
HEAENKZHEER RS BT MR E /NP
Z P B R TS 5 0L, AR WEFEXT 2019 4 TR
NG X A I AE A B R L AR AR R
[ 289 15 /N K it rR AL HE i VT TR EE R AE N 12 Fb
B R IR 43 BT, A/ 22 TR O R R KU
AR b o 4B 1T R 00 0 R A ST K

1 #RFFE
1.1 ok
L1 ARSI

2019 4 5—7 H/NZWCEIN ], 76 30 B 2 Body
WAL TR AL R A BT A g
TR RAE L, LR S B A7 Rl BL R A, 2R R 42
INAERE N 289 iy Hh AR 65 iy At 4 33 4y
WA 115 B KA 76 Oy, BHEEMHA LT
500 g, FREL 500 g B &, FH e OB AR HILRY 5 5 2o 7
RAVEER | R HEARR S T B A SN, 550
S A R T KR A AR TR A RE
1.1.2 FBAUEE 5

QTRAP™ 5500 HPLC-MS/MS ( it & Exion LC
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Table 1  Recoveries, intra- and inter-day precision of 9 mycotoxins in QC wheat flour samples
N B A - . TRSEM MEGBATEZ  SLBRIE -1 -3 HNKEREE/ %  H IRV % B/ %
F dt 4 R (he/k) BH (ke O ug/ke) R (BSD,) (RsD,)
DON 769 513 ~1 025 631.9 82.2 7.5 4.4
ZEN 75.6 42.3 ~108.9 96.5 127.7 5.7 5.3
AFB, 2.6 1.45 ~3.74 3.1 118.3 7.1 6.9
FAPAS QC
AFB, 1.39 0.78 ~2.00 1.7 119.4 3.7 5.4
AFG, 1. 68 0.94 ~2.41 2.3 136.6 2.0 1.4
AFG, 0.902 0.505 ~1.299 1.1 119. 4 4.6 6.1
3-Ac-DON 286 150 ~422 258. 4 93.7 2.1 10.6
Romer QC 15-Ac-DON 460 374 ~546 380.5 90.3 5.7 10.9
NIV 485 347 ~623 454.7 82.7 14.0 6.9

SCHR[ 6] 2 R FHARE oA [l ie i %o Al 3 A Ak
O F Bk T 5AIE . FB, FB, A1 FB, A R
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PR FE A 0 3575 K AR KR 106 pg/ke .
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ANZE 4 R i R R T R AFG, 5 AFG,
B H R 3R 0. 4% F1 1. 0% , BHAPERE & i S 2475
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Table 2 Natural occurrence of multi-mycotoxins in wheat grain samples harvested in 2019 in 4 provinces (n=289)

FEPA: R R (g k)

HEAK T i R K 2/ % T Y T AR R/ % WhEZ /%
DON 95.5 (276/289) 135.9 59.4 4.2 ~981.9 — 2.8(8/289)
3-Ac-DON 36.7 (106/289) 5.2 4.2 1.3 ~15.2 — —
15-Ac-DON 37.4 (108/289) 4.4 3.5 1.1~29.3 — —
NIV 13.2 (38/289) 34.5 30.0 7.1 ~89.3 — —
ZEN 8.7 (25/289) 6.2 2.8 0.5~57.6 — —
FB, 0 15.9 (46/289) 10.6 8.8 7.8 ~21.8 — —
FB, 6.2 (18/289) 4.1 4.1 3.4 ~5.0 — —
FB, 7.6 (22/289) 5.2 5.1 4.6 ~6.7 — —
AFG, 0.4 (1/289) 1.5 1.5 1.5 — —
AFG, 1.0 (3/289) 0.3 0.3 0.3 ~0.4 — —
AFB, 4.5 (13/289) 1.2 1.0 0.8 ~2.2 — 0.7(2/289)
AFB, 8.7 (25/289) 0.4 0.4 0.3 ~0.8 — —

* GB 2761—2017¢ £ i % & F A AR £ b B0 75 Z B ) g B U775 P BRBB AR ME (EC) No 1881/2006 g FRHETS  — R AR A
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Table 3 Natural occurrence of multi-mycotoxins in wheat grain samples collected from 4 provinces of China in 2019 (n=289)

%6 5 H R AT
DON 3-Ac-DON 15-Ac-DON NIV ZEN FB,
ot %/ % 98.5(64/65)  69.2(45/65)  49.2(32/65)  29.2(19/65) 3.1(2/65) 10. 8(7/65)
e FHME (pe/ke) 160. 0 5.6 5.3 22.2 2.2 8.3
B (n=065) %K (pg/kg) 95.0 4.2 4.4 17.2 2.2 8.2
WA (pe/ke) 8.4~863.7 1.3~15.1 1.1~20.4 7.1~66.1 1.1~3.2 7.9~9.4
o th %/ % 100(33/33) 24.2(8/33) 39.4(13/33) — 9.1(3/33) 18.2(6/33)
. B A (pe/kg) 102. 8 5.0 6.1 — 2.1 9.8
P (n=33) 3 pg/kg) 36.9 3.7 3.2 — 0.9 9.1
WA (ng/ke) 5.4~843.3 1.7~13.9 1.6~29.3 — 0.5~3.0 7.8~12.8
o th %/ % 92.2(106/115) 44.4(51/115)  52.2(60/115)  17.4(20/115)  15.7(18/115)  21.7(25/115)
. ~ FHME (pg/kg) 198.3 5.0 3.7 46.8 7.9 11.8
P (n=115) 3 pg/kg) 98.3 4.3 3.2 44.5 3.6 9.4
TWH (ng/ke) 4.2~981.9 1.7~15.2 1.1~13.3 9.5~89.3 0.8~57.6 7.9~21.8
K th %/ % 96.1(73/76) 2.6(2/76) 4.0(3/76) — 2.6(2/76) 10.5(8/76)
o FEA (pg/ke) 38.0 3.7 3.2 — 1.6 9.2
K (n=16) %K (pe/kg) 28.3 3.7 1.8 — 1.6 8.4
W (peg/ke) 8.6~317.4 2.1~5.3 1.6~6.3 — 0.6~2.6 7.9~12.4
HEAR
N fIN i B
ke RH FB, FB, AFG, AFG, AFB, AFB,
o %/ % 3.1(2/65) 4.6(3/65) — 4.6(3/65) — 9.2(6/65)
s FIME (pe/ke) 3.6 4.9 — 0.3 — 0.5
M (n=6
HB(n=65) FLEL(ng/kg) 3.6 5.0 — 0.3 — 0.5
W (pg/ke) 3.4~3.8 4.9~5.1 — 0.3~0.4 — 0.3~0.8
i % 6.1(2/33) 6.1(2/33) — — 15.2(5/33) —
. B T (pe/kg) 4.0 5.2 — — 0.4 —
AL (n=33) L (peg/ke) 4.0 5.2 — — 0. 4 —
WA (pg/ke) 3.6~4.4 5.0~5.4 — — 0.4~0.5 —
o %/ % 10.4(12/115)  10.4(12/115) — — 7.8(9/115) 0.9(1/115)
. B FHME (pe/ke) 4.2 5.4 — — 1.2 0.4
IR (n=115) %K (pg/kg) 4.2 5.2 — — 0.9 0.4
WA (ng/ke) 3.6~4.8 4.9~6.7 — — 0.8~2.2 0.4
o th %/ % 2.6(2/76) 6.6(5/76) 1.3(1/76) — 5.3(4/76) 13.2(10/76)
A (pe/kg) 4.6 4.9 1.5 — 1.3 0.4
% (n=
W7 (»=76) 4 (pg/ke) 4.6 4.8 1.5 — 1.1 0.4
WA (ng/ke) 4.3~5.0 4.7~5.1 1.5 — 1.0~2.1 0.3~0.4
— REFERK M
100, B A DON 1y ¥ 95 e oK F & &, A
. 80 'i?;z":fz) 198.3 wg/kg, HEH K AT H B 1 4 /0 K&
S T4 e 7
% 6 P (33 DON ) 7 it 5 5, 35 981.9 pg/ke, 8 f3 # Hi kK
= WA (1=76) DON FREEARAERIRE AL A 7 032k BTG 4 5 L R4
2 o DON 275 e /K - 5 i, 7 38.0 pwg/kg, KR DON
bbbyl S e L RO B A Rt 8 2 K
0
S F & QQ%?(S@\VS(&Y(SO\Y&G% M 3-Ac-DON [ 15-Ac-DON, 111 45 45 X Wi Flt % K6
Q/ (f . v A V=
s SIBAE, 3-Ac-DON 19Ky th 2 M\ 25 B 1K vy %2
AL SIS N A N
B 1 2019 4F 4 /g R 12 FELE 85 2 A % (n= 289) B (45/65,69.2% ) > /4 (51/115,44. 4% ) >0
Figure 1  The positive rate of 12 mycotoxins in wheat grain Jess (8/33,24.2%) > 7R A (2/76,2.6%) ;15-Ac-

samples from 4 provinces of China in 2019 (n=289)
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115,52. 2% ) >4 (32/65,49. 2% ) > At 45 (13/
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195 Yok S 4 5% 4 B IR T 7.0 pg/kg.
GRS A B NIV K 35500k 29. 2%
(19/65) F1 17. 4% (20/115) , 3375 4L K 43 51 Ky
22.2 wg/kg Al 46.8 pe/kg, MK HM L 51 A KA
AORE S T B RGNV, 4 2 /N BE 5 e is e i)
fibe 8 4 0 75 R J0 IR 2 PR 1 e id J2 - 3575 YLK
SRR PRI 4 /N T 12 B LR A R S

ERANBE,
2.3 4 /NE 12 FhEE R I P ES A

4 B /NAERE S 12 R EE R A U [R5 g O an
4, mFAW P — DON {G YRR R £,
B A RE G 35. 6% (103/289) 5 HiR 2k 2 Fl 3 Fil
A= i R R = SO o | N S = o T ]
20.4% (59/289) . 20.4% (59/289) Hl 10.7%
(31/289) ; [al B 4% 5~ 9 Flv 7 F i5 Yo 59 BE 5 AL &
8.3%(24/289) .

4 20194 4 /NP 12 FhEE R DA TS Gl L

Table 4  Co-occurrence of twelve toxins in wheat grain samples 4 provinces in 2019

EEie FE B (n=289) HERAS K% (%)
1 AR 103 /289 DON 35.6 (103/289)
DON+15-Ac-DON 6.9 (20/289)
DON+3-Ac-DON 4.2 (12/289)
» DON+AFB, 3.1 (9/289)
2HER 597289 DON+FB, 3.1(9/289)
DON+AFB, 2.4 (7/289)
HoAh 4 & 0.7 (2/289)
DONs 13.5 (39/289)
DON+3-Ac-DON+NIV 1.7 (5/289)
DON+ZEN+AFB, 1.0 (3/289)
. DON+15-Ac-DON+ZEN 0.7 (2/289)
3 Pl 59 /289 DON+15-Ac-DON+AFB, 0.7 (2/289)
DON+15-Ac-DON+FB, 0.7 (2/289)
DON+AFB, +FB, 0.7 (2/289)
Hopbe & 1.4 (4/289)
DONs+NIV 3.8 (11/289)
DONs+FB, 2.4 (7/289)
DONs+AFB, 1.0 (3/289)
4 PR 31 /289
DONs+ZEN 1.0 (3/289)
DON+FBs* 0.7 (2/289)
HAthd & 1.7 (5/289)
DONs+NIV+ZEN 0.7 (2/289)
DONs+NIV+FB, 0.7 (2/289)
5 R 9 /289 .
DON+AFB, +FBs" 0.7 (2/289)
HAthdl & 1.0 (3/289)
6 Fiss 2 3 /289 pONs+FBs“ 0.7 (2/289)
DONs+NIV+ZEN+FB, 0.3 (1/289)
- DONs+ZEN+FBs* 0.3 (1/289
7RHEER 2/289 DON+3-Ac-DON+NIV+AFB,+AFG, + FB, +FB, 0.3 E1/289;
8 fhFE = 9 /289 DONs+NIV +FBs* 3.1 (9/289)
9 Fi il % 1/289 DONs+NIV+ZEN+AFB, +FBs* 0.3 (1/289)

* FBs=FB,+FB,+FB,

TE 289 /N ERE S H,59. 9% (173/289) # 2 Fib
UL b EE R EG G, Hrh g DON & H 2Btk
4 4 (DON+3-Ac-DON + 15-Ac-DON) 75 4t 5%
WL, T A RES Y 13, 5% (39/289) , H:¥k S DON+
15-Ac-DON ( 6.9% , 20/289 ) Al DON + 3-Ac-DON
(4.2%,12/289) A&, HBFEEME, LA 133 H
FE &L IR B %5 A DONs ( DON + 3-Ac-DON + 15-Ac-
DON) 5 DON+15-Ac-DON 1, DON+3-Ac-DON X =
Fi e G P AR B — R (X MG BA S

3 itig

ARBFFLE AR, 2019 4E3T g (L L AR R
A4 BT /N RE S 12 Fh B A R 5 YL A i
AR R AT RE 3R X LB B R DON | ZEN Al
AFB, MBREAR1E, DON 525 de/NE 1Y A E
TR X 5 AR TR /N G W b SR —

AR XS 2018 AEAY AL VLB TLIR A
b & 19 /N 22 KR 5 P DON | 3-Ac-DON | 15-Ac-DON |
NIV .ZEN FB, .FB, .FB, % 8 '8 7] 1 2 £ 1Y FHPE 46



R B AR AR

—770—

CHINESE JOURNAL OF FOOD HYGIENE

2021 445 33 %45 6

R O 3495 Qe K1 e i VR BE ) 43 531l Ry 90. 8%
(Ave=2 628.5 pg/kg,Max=59 278.0 pg/kg) .69.2%
(Ave=135.8 pwg/kg,Max=13 109.0 wg/kg) .49.4%
(Ave = 50.2 pg/kg, Max = 804.9 pg/kg) .45.3%
(Ave=1266.4 wg/kg, Max=3 043.6 pg/kg) .27.8%
(Ave=555.1 pg/kg,Max=22 572. 1 png/kg) .38.8%
(Ave = 71.8 pg/kg, Max = 691.9 pg/kg) . 18.6%
(Ave = 34.2 pg/kg, Max = 130.8 pg/kg) . 25.7%
(Ave=46.5 pg/kg, Max = 125.5 wg/kg) , #F W W &
TABESERY 2019 4 /NAZ FE 5 b AR N B 3 00 45 2R
JFH 2018 4E/NE KE§h h DON 5 ZEN (1 b R 5
i544. 7% 13.9%"°" | el A A HB 4R E , 2019 4F
KEIZ KM BRA R T/NEA K, IF H 2019 4/
32 R EE 0 B 4 T AR 1L 2018 AE 3801 28% |, ks T AR
] LI /b 689 T SRR £ R R A A SR A A Y
(2019 4 WAk /N 22 o o) A 15 B0 B 4 4 ) Hh L 4
2019 AR 3R E K43 /INEE F2 774 1 /N 22 R i i
BHF B 2018 AF/NAZ i AT W A T Horb 2 B il
FRERUINER N ORI SN Bl o 4 ]
WAL, RARAE 5 /N 22 o5 7 45 4 it i B8 X /N 22
B TR BE R TS YK A BRI

JRUE 2019 4F /N Bk DON LIS HoAl 11 Ff
FLTE B 2 WA R 5 7 75 Y KO 58K (0 £ Fh B
BTG QR W BB S, A 173 (59.9%),
173/289) i Ff dh g 2 Fhol 2 Fp DL L35 K W A5 4
X 173 3 RE R 76, 9% (133/173) /N2 4E i b [
& 4 DON+15-Ac-DON +3-Ac-DON &, DON + 15-
Ac-DON & DON+3-Ac-DON i% = Fh 41 & h f4F & —
Flr s Qe . BHETC APPSR, 2 2 Fhag 2 F
PAE 35 3 W 4R T 40 B s sh 4 g B B R g R
{14 39 B 7 HLTEON KT LR B e BT A B R
AR I fE T 9% BF 58 3B, DON | 3-Ac-DON
Fl/8 15-Ac-DON Bt 4 % IPEC-1 20 ifg #l Caco-2 ZH
it LA B 5] 40 B o A RS B /N2 R &
LR B 2 P RV e O (A9 6, JUHE DON Je =
FitEH 3-Ac-DON H1 15-Ac-DON # Pp [] 75 4L 15 i,
PR IR EF XN F L DON K HAT 4= W o 3 10 B
JIVERE TS Y AT R L B A W LS KURS: PFA A
BRI T B f F R S48 T 47 b LR 47 0 2R
et .
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