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dk 248 /N A2 BE L (2023 AF 145 £ 2024 4E 103 1), [a] IR VAR €5 - A I B 2 (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)F i B 62 % W Fft 0 35 (enzyme linked immunosorbent
assay, ELISA)NE/NE T ZF A R 10 & ik, SR 248 By/NE P dE R 175 Y 3Rk 98.0%, XULHER
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ABSTRACT: Objective To investigate multiple mycotoxin contamination and patterns in Triticum aestivum L.

samples from China in 2023 and 2024. Methods A total of 248 Triticum aestivum L. samples were randomly
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collected from the main Triticum aestivum L.-producing areas of the country (2023: 145; 2024: 103). Simultaneously,

liquid chromatography-tandem mass spectrometry (LC-MS/MS) and enzyme linked immunosorbent assay

(ELISA) was used to determine the content of various mycotoxins in Triticum aestivum L.. Results

The total

exceeding rate of mycotoxin contamination in 248 Triticum aestivum L. was 98.0%. The positivity rate for these

mycotoxins ranged from 0.4% to 87.1%, with average contamination levels ranging from 0.4 to 604.3 pg/kg.

Positive mean values for regulated toxins such as deoxynivalenol and zearalenone, and emerging toxins such as

alternariol and enniatins in Triticum aestivum L. were lower in 2024 than in 2023. In addition, the results of
zearalenone ELISA (2023: 91.5%, 88.5 ng/kg; 2024: 92.2%,79.4 pg/kg) had relatively large differencey from those
of LC-MS/MS (2023: 28.7%, 17.7 pg/kg; 2024: 29.1%, 5.0 pg/kg). Conclusion Triticum aestivum L. mycotoxin

contamination is less severe in 2024 than in 2023. Higher levels of contamination with deoxynivalenol-3-glucoside,

alternariol and beauvericin are also found in Triticum aestivum L..

KEY WORDS: Triticum aestivum L.; mycotoxin; liquid chromatography-tandem mass spectrometry; enzyme linked

immunosorbent assay
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INFZ R PR R —, BT S 4
BRI LIS AE Y 18%, HLJE S iRkl i 3 82 4 LR 43,
HR R mE SRR e, sk, ARk,
AN LG, NETFRMHR R LR, H,
R RTGYRNE BRI E RN R HER G RE
— R B LN AR T AE W A R AR A IR AR
Mo WWX/NERWERMWEZA W FF
(deoxynivalenol, DON)FI T K IR 2 /i il (zearalenone, ZEN),
FERBETHRIIRE . X8 RIE AR A= T 5 n =5 1 4k
Tk B (nivalenol, NIV), T-2 ﬁ%(T—Z toxin, T-2)#1 HT-2
R (T-2 toxin, HT-2)Z: M Heah, —BeTR32 WA i R i &
TR P B 2R TR L R A AN A, 1) L 52 R 6 Ty
(alternariol, AOH) ., [{& [ % (beauvericin, BEA). 3 Z %k
NX i 8 2% (3-acetyldeoxynivalenol, 3ACDON)FIl 15 Z, k0K
nt- 75 % (15-acetyldeoxynivalenol, 15ACDON)Z5! ix st %
28 B B WA S AR DY, S X A R A R AR
WfaE, Gl g o BN L AR A S i
4, HE FEURASSBET. SR, B RS Y B
R —TORE ) ES%S, X EZRE R 15 AW 5w 5
REREHHERER, —HEEAEZER, i—
P R WA AR I AR ok, |EERSFRUN,
FREAAKCTARE, BLE A& i M EA e Rt K
A3 60 BRI TP SRR T S8 e LA BR, DT LT
TR A A e AT /N R St s 1 B 5P

MR, INE PR R A Y R A
EmERFGR, PG RE G REA A, SR EN
A WP 2R UG Y AR AU Rk, A SRR
HH 23 - H B BT 3 75 (liquid  chromatography-tandem mass
spectrometry, LC-MS/MS) il fiff 15t 5 2 W Fff 12 3 (enzyme
linked immunosorbent assay, ELISA)[R]HS# >k 5 b [E 4%
HY 248 B3/ NEFEM TP R E R R SR, BTEIRYT 2023 4/
2024 4FFR /N P g TR B TS Qe BUIR B AR, S AHSRA T
WATR B R PG AR B S R

1 #MRI5H%

1.1 MR5RF

I /N RS OR FLF 20232024 4E P E 9 S 6,
I3t 248 £, ek E B BERHAS IR (P DA R AR,
HARFERILE 1, fER i b ¥t b, 38 i+
FESL D (B | K WiV 1), Gi— el b B

ELISA &5 & (B F) Romer 23 ] | LISV A 4%
RARAED); HEE O R BERR e (figal, 78 Merck
D), SN TAE, EZ8EEb AR B A R .
1.2 UE5EE

Agilent 1290-Sciex QTRAP 5500 5 &% Wi AH (- f Bk
JE AL (3 2SN H] . 36 SCIEX A F); Milli-Q R4l
KA (2 ] R 5 25 PN 1), BSA2202S-CW 43 B K- Ok
HIE0.01 mg, EEFEZFIIAF); B.OHLSIGMA 3-15(3
SIGMA /A ]); RAS Mill B EEHLCE #1F] Romer 23 F).

F1 HREHER

Tabe 1 Informations on the origin of the samples

REEA T IRl Ay i AR it i} PN WL 17y
2023 4F: 31 32 12 19 33 10 2 3 0 3
2024 4 24 17 12 19 17 0 7 3 4 0
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1.3 XLWHEE

LC-MS/MS 5 HERFREBUMES i A/ NZ R gl 10.00 g
0.05 g 250 mL AP, S MoK KBS kit 7
FE AL ER L KA

ELISA %: £FX%F DON, YERAFRIBCAFES o (1 /N 22 #E
10.00 g£0.05 ¢ F 250 mL =fMEeH, A 100 mL #Ealik
PR 30 min, & EIEACIIE, AR ZE 50 mL .0
B, R, KRR EGRAKE EEER, mEaflhmA
100 pL BEEEEAY, HAIA 50 pL FES R, B Hias
g EFLAN AR S . WEL 100 pL TRA W B FLIARM
W 5 min. FEREFLNWA, FRE N 4 K, FHBOKAR T
BIKIR, TIA 100 pL IEYIVER, #EIFE 5 min JFIMA
50 pLA IR, TR 35 . DON K H BN 200 pg/ke,
ZRAEE Rl 200~2500 pg/kg .

EFXF ZEN, ERFRIUITES 1 1/ N2 R i 20.00 g+0.05 g
F=fMpafh, A 100 mL B 70% K ZERA 4.00 g+
0.05 g E AL, PRFIREL 30 min, & RIEAENE, WEEm
% 50 mL B0, FRllL FR SR AR E B, A
HALH A 100 pL BEEHR-GH, FFIIA 50 pL G RFIN,
B WAl 2 AL AR 5T o WX 100 pl TR A Sl
W, EE 10 mine FRALARR, HE VMR 4 1k, FHTKAL
W ZIGKER, MIA 100 uL RV, #EHE 5 min 5
T 50 pLAF I, & T REFMYL 28 ZEN K R R 20 pg/ke,
2RV 20~1000 pg/kg.

1.4 HIEAE

% Ffl Microsoft Excel 2022 Fll IBM SPSS statistics 26 i}
TR TR B B gt B3 28T, Origin 2021
EATAE DA 3 B FH G 21

2 HEREHHR

2.1 2023, 2024 Fi5EHER
211 BARFLEHER

2023 4EF 2024 4F 248 By/NEREG T 53 PR R
FHPEZR  BHPEIE AN PR S KAE AN SR 2 7R 02023 SRAR 145
By /NERE S, SR RGBT 8 R /N RS 3 0, N
o 2.1%(TE 1); #i 1~5 FhEEmaE 2 AORES, 58 4y, FH
PN 40.0%; A 6~10 FEZFE TR R AL 80 13, BHM: %
H 552%; K mERFERT 10 FhEORRSS 4 0, BEPESRSN
2.8%. 2024 HRAE 103 f/NERES, R BT R
INEERESD 2 43, T EEH 1.9%; R 1~5 FhaE I R AR T
45 4y, PN 43.7%; & 6~10 PR BE R MWLM 41
By, FAMERER 39.8%; HHBERFAKT 10 FAOFEM 15
0y, BAMERN 14.6%. X FHH/NEZFESh 2R a5 RS
Yedb PG T, 2023 4EFD 2024 AEUEERY 248 TiAEEMY
5 AR ERER, 15YRET] 98.0%, XLEEER M

PSR FEIAE 0.4%~87.1%, V5K TAE 0.4~604.3 pg/ke;
HI5 YRl 2% 2 FEl 1,

F2 20232024 FNEHRT S3HERSREEL
Table 2 Investigation outcomes of 53 kinds of mycotoxins in
Triticum aestivum L. samples in 2023—2024

20232024 4248 3FE i)

B e, MR BIFEROAH
[(ug/kg) /(ug/kg)
OTA 0.40 28.14 28.14

T-2 0.40 2.05 2.05

HT-2 / / /
AFB, 1.21 5.88 13.50
AFB, / / /
AFG, / / /
AFG, / / /

FB, 4.03 24.48 43.05
FB, 2.02 3.26 4.62
FB; 1.21 10.48 14.26
DON 87.10 604.30 10845.57
PAT / / /
ZEN 29.84 15.83 212.10
D3G 4435 195.67 1184.40
NIV 4.84 106.80 583.80

3ACDON 18.95 36.23 146.16

15ACDON 7.66 40.62 85.89
AOH 67.34 66.70 1344.00

T-2 Py / / /

T-2 = / / /
BEA 56.85 7.95 125.79
STG 242 1.02 1.60

ENNA 22.58 0.89 5.80
ENNB 79.44 6.12 114.87

ENNB, 70.97 3.40 52.71

ENNA, 50.81 1.24 11.68
MON 22.18 22.20 75.18
MPA 242 20.07 59.64

s R FE R 0.81 3.31 6.03
ZEA / / /

PA 242 125.23 268.80
GLI / / /
OTB / / /
DIA / / /
NEO / / /

15ACDIA 0.81 5.63 8.63
FUX / / /

xR 1.21 0.51 0.66

2 ST T / / /
AT / / /
Eayils / / /

B EININ / / /
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F28) TH#ER 1~5FH [ 6~10F [ >10F
2023—2024 4(248 3k 5L 2.8% 2.1%
BEER e, PRI R
/(pg/kg) /(nglkg) 40.0%
2 1 T / / /
A 11 5 TR 2.42 0.36 0.74
20 5 T / / /
Ew i 2.42 4.99 10.90
A 1 5 0.81 1.23 1.76
S ST / / / 20234
4 F11 I -8- F i / / / 14.6% __1.9%
E / / /
a-ZOL / / /
B-Z0L / / / 43.7%
TE: IRARARAHKNE . FliERER A (ochratoxin A, OTA); HHIE
% B, (aflatoxin B,, AFB)); #[ll##: %X B, (aflatoxin B,, AFB,); #f
2% G, (aflatoxin G, AFG)); #HIE#Z G, (aflatoxin Gy, AFG,); 39.8%
ﬁiii? B, (fumonisin B,, FB1); 4ﬁ£5§§ B, (fumonisin Bz;:;); 1IN 202448
L7 Z B; (fumonisin B, FBs); JET 22 (patulin, PAT); MXit7:2%-3-4 " =
%ﬁﬁ:(deo(xynivalenol-3-gluco)side, D3G);@%Eﬁﬁg(steﬁgmatocysﬁn, . I EF*H 2024 $/J\§EP§EI§§‘(E%%2EJ#
Fig.1 Composition of mycotoxin contamination in Triticum

STG); B2 A (enniatin A, ENNA); Bl X B (enniatin B,
ENNB); B Z B, (enniatin B;, ENNB,); ESIEZ A, (enniatin A,
ENNA,); HEREJ] B 2 (moniliformin, MON); % (mycophenolic acid,
MPA); EKHRFHH%E (zearalenol, ZEA); 454 (penicillic acid, PA); %k
% (gliotoxin, GLI); # i #% B (ochratoxin B, OTB); M5
(diacetoxyscirpenol, DIA); Hiiitk ] &/l (neosolaniol, NEO); 15-Z./t
MR 75 % (15-acetoxyscirpenol, 15ACDIA); 4 71 4l (fusarenon X,
FUX); a- T K 7 55 4 % (alpha-zearalenol, a-ZOL); f- T K 7 55 47
(beta-zearalenol, f-ZOL)

D E PR R HE R LA
DON 2 i1 4 70 11 & 7= A i O AR ™, s B4t
BIHAAE Y, W W T A KRR AR sl
Y 1T AR S B N DL R — S A AR W 7 A R R
(fusarium head blight, FHB), DON X H:5 & £ il /N
FHB &R EEARE, B BF5E M, DON &% 51
PRAT MR, 38 X 4 988 28 0 i g T i LA % B 2 A 4
1O, g 3 R, 2023 4E/NERERL S DON [ BHE A
89.0%, BHYEREAEIME A 773.9 ng/kg . GB 2761—2017% £
oA E AR E AT SRR ) M, NEd
DON iz RF% B BRI 2 1000 pg/kg, Ak BHYERES: F, B
PREEARMER/INZ A 31 43, BFRZE 21.0%. 2024 4F DON #
FIAMRN 84.5%, (AFHMEA(E BRI BT TR, 47

2.1.2

aestivum L. in 2023 and 2024

Bk 434.8 pg/kg Fl 11.6%, ZEN = —Fh & SESWIET
R S i R U Al 5 A R U, AR KR kR
BRI, WTHRERIIE . ROV . BRI R %, ZEN
FEZEAE) 1 D555 P Y 95 2 AR T 2 5 A A B R S 19
AR 2023 4F ZEN [BAPESR N 30.3%, BHMERESL FH5(E A
20.4 pglkg, /NZH ZEN MR RER BRI 60 pg/kg, BTk
PRMERE S, A8 B AR RN 408, TBFRE R 2.00%.
AT 2023 4E, 2024 4 R/NEREM - DON 1 ZEN (1 FH
PR AP BSE 347 BT %
2,13 Rek A EIEERAFF T W USRS
E—SEE NN, BEHFRSEL 5SS 0 TF8E
TR, XAl Pk AR 2 I — S R A et R
D3G. 3ACDON, 15ACDON I NIV #J2: fabe ki i A 5
TSR IR o B 5 ZAE SR TS AL 3E P4 43 IS R RE
FEILH HEJEUR o ORI B, AT RBE AN T Wk
25y OB A 2 ORI S e i gk 4 iR, D3G
BT Y R B SR /N R 5 R IR e 7 3R S B v R R P
(2023 4: 43.5% ., 198.0 pg/kg; 2024 4: 45.6% . 193.4 ug/kg).
M FIRFFE R, D3G AR R R R i R A AR
AP (AR AR, BYR 3ACDON (2023 4F: 21.4%,

3 2023 ££70 2024 £/ EH DON 1 ZEN ;1ER

Table 3 Contamination of Triticum aesti

vum L. with DON and ZEN in 2023 and 2024

A BHER B /% IR/ % A/ (ng/kg) HE/(ng/kg) KA (pg/kg)
DON 89.0 21.0 773.9 268.5 10845.6
2023 4§
ZEN 30.3 2.0 20.4 7.1 212.1
DON 84.5 11.6 434.8 122.0 4242.0
2024 4E
ZEN 29.1 1.2 11.2 5.0 67.2
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35.7 pglkg; 2024 4E: 15.5%, 36.8 ug/kg)Fl 15ACDON (2023
£ 11.0%, 25.3 ng/kg; 2024 4E: 2.9%, 55.9 ng/ke) it & A k%
A D3G &, [ERSMIFFE R 15ACDON il 3ACDON FEEE:
& F D3G, BRI & % 4 R (Buropean Food Safety
Authority, EFSA)¥ 4 15ACDON+3ACDON+D3G it S A] fii
ZABARBEEN 1 pg/(kg bw d)Z 2 NIV HTE 2024 4E{1I/NE
G, BEPERA 11.7%, BEEEYI(E N 213.6 ug/kg.

BEAN, ASHIFSE A & Bk 4 R 1 3 R 1R BE UK OF 5
DON [ KT8 B IEAHSC B 2 R T 2023 45711 2024
AE DON Je H B BB 28 Wk B =2 [ AH DG, 12023 4R 4E
B/ NERERL HR AR NIV, BUARA AR . Fr & 2 R,
DON 5 15ACDON, 3ACDON, D3G HI NIV L IEAA5, H,
2023 4 DON 5 15ACDON HJAHIPERGR, T 2024 455 DON
FHICPER IRV D3G F1 3ACDON. Ak, 43BN 2023 4F K
2024 4F:rf DON FIHAb BRI E 2 Uk BE A [R5 534, 2023
4 2% P[] 00 JF 7 S8 DON=462.476+22.076x15ACDON+
7.274x3ACDON-1.015xD3G, 17 2} 0.620; 2024 4LV ] ) 7
DON=38.694-3.729x15ACDON+1.071 xD3G+28.996x3ACDON-
2.169xNIV, 3 0.997, 5[/ |, M-y 5 R Bisal
HI/NZZ T DON V5 4L 7K -5 55 41 4 B Bl PE 28 28 HAT 4008
A&

214 #HREZRRBFRL

PR B AL LA BREARMER T K Oh, — 283 i

BUAH R 37 32 ML FIR L A6 BT R 2 R 7E /N 22 P iR i

il 40 AOH | Bk ff1 i 2 2 (enniatins, ENNs), BEA, MON

o W s PR, 5 YRR O M E M & AOH, 23 4
HI AP X3 T 116.4 pg/kg, AOH &—F il 38 s BHAS:
YA FE PR A, A 2] 5 AL P 43I 55
a5, ENNs Fl BEA 7E/Nz P B R A s (EL BE /KCF
{UFE 0~11.0 pglkg, —HFRPEEILARM, #ATVEA R FRkiAn:
RETRAAS, RNaZAaTS J1 A S AN T2 27,2024 44/
#H AOH. ENNs 8B R PHH I EHIRT 2023
L FRFFE I, MON (W85 M /E Fl 32 22 5 20 58 T o 7
EWHERRMAMEZTEA X, SEMIRRERSE, ¥
g R 281 s Y B L2 5
22 H@oMSH

B E/NE F K EERAE AN, $e /N - b
PRV T GHEP RO . ILZR . Wb, L8
FTIRE, 6 b T Eik 5 MR/ NE R 832 K/
BRBRGREN . HFE 6 nlA, MBHMMER, 2023 4F
b= /NEE () DON 15 Qe i e /™ B (PR % 96.9%, 3
{8 1152.4 ug/kg), .35 m TR Hi(P<0.05), {H5H b4
By95 YK TG 55 25 B (P>0.05); [FI4E, /N32 ZEN Byi5
OB AE 7.8~31.9 pgkg, £ 77 HT5 YKL R #E E R
(P>0.05), X ] fEZH & DON Hl ZEN k4% 5 FHB A %,
AT 3 AR08 1 A AR ST A X380 AR 1 B B, 31X 5 A
BRTE/NEZTFAE . AR BEH A TR 1) R, A
F T4 ) 8 A4 KB, AOH 1 BEA 7E 5 44 RAERE o
WAEKH . HA, 2023 4R . LR H/NE H AOH (1975

FT4 2023 FF2024 FNEFRKESRSZTLER

Table 4 Contamination of Triticum aestivum L. with modified mycotoxins in 2023 and 2024

2023 4F 2024 4F
TR E x = : =

B2 ¥ Wi ISNE] B 2% ¥ Wi IS NEN
/(ng/kg) [(ug/kg) [(ng/kg) /(ug/kg) [(ug/kg) /(ug/kg)

D3G 43.5 198.0 128.3 1184.4 45.6 193.4 113.8 699.3

NIV 0.0 0.0 0.0 0.0 11.7 213.6 159.4 583.8

3AcDON 21.4 35.7 26.7 146.2 15.5 36.8 272 95.3

15AcDON 11.0 253 17.7 83.6 2.9 55.9 47.0 85.9

10 DON 10

DON 0.8

15ACDON

15ACDON 0.6 0.6

15ACDON . 0.4

15ACDON D3G 02

0

. 70.2
3AcDON [ 04
0.6

. | 0 50 0.40 0.8
1.0

20234 DON K H i R 7 F Uk A OC AT

D3G 0.42

0.4
0.2
D3G

3AcDON

mo @,
NIV 02

NIV . —0.4
3AcDON 0.6

3AcDON . . . . 08
-1.0

20244 DON J I B 057 2k FE AR A

B2 2023 4F 1 2024 4F/NAZ H DON B KL IRk 5 25 e J3 M S HE AT
Fig.2 Correlation analysis of DON and its modified toxin concentrations in
Triticum aestivum L. in 2023 and 2024
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Table 5 Contamination of Triticum aestivum L. with emerging mycotoxins in 2023 and 2024
2023 4F 2024 4F
LS = =
= s 90 N TP
/(ng/kg) /(ng/kg) /(ng/kg) /(ng/kg) /(ng/kg) /(ng/kg)
AOH 71.7 116.4 40.5 1344.0 61.2 17.0 6.6 150.8
BEA 39.3 10.2 2.1 125.8 81.6 5.7 1.1 105.4
ENNA 26.9 1.4 0.9 5.8 16.5 0.4 0.3 1.1
ENNB 77.2 8.2 3.4 114.9 82.5 4.0 1.1 72.7
ENNB, 75.9 47 1.8 52.7 64.1 2.1 0.9 21.4
ENNA, 55.9 1.9 0.9 11.7 43.7 0.5 0.3 4.4
MON 18.6 28.8 16.0 114.5 27.2 15.6 7.0 75.2

YefE i B B T HA L4 (P<0.05),. 2024 4E4% 7= /N
DON 75 YLy I 7E 85.0~661.1 pg/kg, J5RREEHS, Wt .
oI5 INARTE YK P45 2023 4F 5.2 R [%(P<0.05); ZEN i35
YT REITERK H~10.6 pg/ke, AL BN A S5 HT5 e
KP4 23 4RI 3R (P<0.05); TFS | - b AOH
FUATEG L b L BEA V5 YL R B B s (P<0.05), H
WEAEIN R 6 iR,
23 KWW HERXTEE SR
2.3.1 DON R R il 7 ik & R 57

FR IR Ui B 4545 5) DON RO HHBR 9 200 pg/kg.
H122 7 AT, 2023 4EF1 2024 4 ELISA B4 DON (4 Sk
FRPER AR T LC-MS/MS %, U8 LC-MS/MS ¥:#
50%ZE A7, X — 1 G0 B SR R 2 B 26 f DON & i AIL,
{4 LC-MS/MS 354t o Bk, i ELISA 5 &k
R Z ERIE SRS LC-MS/MS 2/, F)Hit
& R BRI DON AE/NAZ i B (1000 pg/kg) sy
S Ay DX 1] S BBl A5, X6 R Ay 3k g A & 2R 43 IXC ] 4
Mro G5 E W, /N b DON Bk B 4288 35 &6 H PR,

%6 FREFMANE

PR 7 3 A0 0 45 5 35 T 1 2 M 22 R (P>0.05) o iX L T B AR
R o A IR G i) G TN R DON Bk
B B RG22 SR R A M A AT
2.3.2 ZEN RE | 7 ik 45 R 54

e 8 FroR, HET LC-MS/MS ¥, ELISA ¥E61
/NFZ v ZEN Y BHE 200 5, 2023 4E 0 2024 4F BHAE 243 51
59 91.5%F1 92.2%, i LC-MS/MS 1 FAPE AL A 28.7%F1
29.1%. LURFH) G A9 1 PR (20 pg/kg)Fl ZEN 7E/N 22 HH Y
FREE(E (60 pg/kg) s BIE N IX RN B A, o By 2k 194
WMEE R XA 8. 455R B/R, MR XA ELISA ik
i ZEN ()45 #0583 5 T LC-MS/MS :(P<0.05), X
Al BE S i T 3206 2 AT 08 FH 350 A D RE A 4 S 1k R 1
REJIHAIK, X ZEN WZ5H25Y) a-ZOL . B-ZOL. o-%
KARBERE | - K IR B T A T A IR 5 ) 45 7 A 58 SR
Hk, ELISA IA B 5y 2 B s, AuFs K, <
TELFNTE BE AR A ] B A4S AR HERG; H. ELISA ¥EAORT
Jab B Ry TR, it 5 I 850, T R X IR 92 ) R
B — E R

BERSRGHRER

Table 6 Mycotoxin contamination of Triticum aestivum L. from different origins

R k. L B 14
. (23 4E: 31 4y (23 4F: 32 4y 23 4 12 1 (23 4E: 19 (23 F: 33 1y
A fi 24 4F: 24 ) 24 4E: 17 4) 24 4 12 ) 24 4F: 19 ) 24 5 17 1)
U mees s meR M BWEE WD WIRER MM RIRER M
1% /(ug/kg) 1% N(ng/kg) /% /(ug/kg) 1% /(ng/kg) /% /(ng/kg)
BEA 35.5 9.2% 21.9 3.4M 75.0 8.2M 57.9 4.8 30.3 13.5%
DON 83.9 350.74° 96.9 1152.4% 83.3 460.8*  100.0 789.6%° 84.9 1014.0%°
2023 ZEN 48.4 14.5% 25.0 31.9° 25.0 16.7% 26.3 7.8% 242 27.8
AOH 100.0 230.24° 37.5 14.4"° 100.0 193.34 94.7 33.0% 54.6 21.94°
BEA 87.5 0.9% 52.9 0.6 100.0 6.2%° 68.4 209 100.0 3.9
2004 DON 91.7 661.14 94.1 85.08 100.0 595.14¢ 73.7 162.5% 64.7 156.8%
ZEN 41.7 10.6** / / 91.7 6.3% 53 7.84 / /
AOH 66.7 17.58® 70.6 4.9 91.7 37.28 31.6 827 412 14.4%%®

TE: MFTEARA F/NG R [ — AR R [ 0 3 R IR KO A7 7R B35 22 7 (P<0.05); MR R A WK 5 75 38R 7 — 48 4 AR R 4E 40y
R WR EKFAFAE 35 25 57 (P<0.05); /RN AR
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Table 7 Determination of DON content in Triticum aestivum L. by LC-MS/MS and ELISA

5 2023 4 2024 4
- FHME2/% >1000 pg/kg 200~1000 pg/kg FH /% >1000 pg/kg 200~1000 pg/kg
ELISA % 48.8 2199.0° 453.8° 43.7 1968.9° 521.1°
LC-MS/MS 88.4 2502.5° 459.6° 84.5 2020.8" 496.7*
T M FFEARA F/NG FREFROR A B35 22 5 (P<0.05), N,
# 8 LC-MS/MS A0 ELISA SEME/NES ZEN IS E
Table 8 Determination of ZEN content in Triticum aestivum L. by LC-MS/MS and ELISA
2023 4F 2024 4F
21 531
PR /% >60 pg/kg 20~60 pg/kg FH /% >60 pg/kg 20~60 pg/kg
ELISA 7% 91.5 88.5° 40.0° 922 79.4 43.9°
LC-MS/MS 7% 28.7 17.7° 2.0 29.1 5.0° 2.0
3 W it K, RBETENE IS BT ) R A I, RERD

ARG RS T d E/NE B 72 Kb T S E S R
W, KRG . ASEA 0 FIS [RVRS I 7 325 19 2 240 s 17
BLIEAT AT o BFFRES IR, /DR B R R 15 Y XU
B, 2 IR Y 248 (RSN S IR KRR B R FE R,
YRR, BRI B ™ E, R A B
FE L5 —FEPT 3 DON (B8R /N v i e R AN A i )
ERHEE, BETIREMN 20102017 EFE/NERES T
DON F#fi(250.8 ng/kg)**l, 245l A9 #: £ R, ZEN bk
DON Z /M5 35 — BN E WA R, /NEH DON fl ZEN
P Je A 32t A I AT S A7 A AN Mk R ) T T s
fii5li#t. FBs. OTA Fll AFs 7E/NEEH BTG YRR BER/IN, X
5 ZHAO 2P i 5 45 A

AR LI, ZMPRHERAE/NEPRBRER
TSYLR AT YLK, HlUn AOH (67.3%). BEA (56.9%)7
ENNB (79.4%). 1 2 HIRE S5 FIIESE BEA . ENNs J&15 44
WS TR 2R, U 2 R A R U P KT A T — i
T A 20 st AN B g, (HiX el R 528 H|
R EE R FEHE e, X shp i st v sE & A
[l Sk, i A sh it e A0 AR re vk B A A 0

HILR/NEZ G BER SR, 5 RILT ELISA
P LC-MS/MSS WL PRFAsI J7 vk . I 25 Rk, DON
i fE ELISA A &k H R 2 F ki 45 3 5 LC-MS/MS
AR, HBAYERET LC-MS/MS 2K e bR 22 5% .
TR /NE e ZEN B, RE R BE—Fpik BE 7K, ELISA A4
ML RERIL T LC-MS/MS ¥k, X—45 G4 4400 g
B PTIRE Y P g 45 AL, ELISA 35 R EHiE
SERAEEE . ST AR, K2 R fe il 2 T
FR o ABAH ST 2 B0 S F/NE LB R ZEN A9 E
SRR R, FTREXE RS RiR T, TESERAE I Ly
FH, KPR 8 A R O A

BRORE, 2024 FFHE B RITYIE LA 2023 AT
e, X ATRESE I T 2024 /N TP A8 BT 7= i Rk
B/, T AR T R R R L DA A N R R OGO 3 [

H#5k4n DON . ZEN K HAh#k J] @)@ B - i R i s e B4,
4 &

AR 2 4ERAEB [ 248 /N ERE R B B R ik
P30T o S5 RFH, ST 5280 % 0 4 i BRAS 21) 2023 4571
2024 A BRI F0 0 97.9%F1 98.1%, £ H A
HRIE 0.4%~87.1%, 3475 Y<K FAE 0.4~604.3 pglkg, H
i, /NFEH DON, ZEN. D3G il AOH M5 YR i & .
24 WEEF B RBMIS YOS 23 A IrifE . Beah, A
W thsh /N P 2/ EILFEIGIRM Tk W1k E,
KA MR BT, R R RIS Y A SN H S
HE R KER . BLAh, BT EMEAREEA—, KRR
FIRIFARRE S R LS B BRI G, RoRIATRE
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EEPES

MAULENBAY A, RSALIYEV A. Fungal disease tolerance with a focus
on wheat: A review [J]. Journal of Fungi, 2024, 10(7): 482.

LESLIE JF, MORETTI A, MESTERHAZY A, et al. Key global actions
for mycotoxin management in wheat and other small grains [J]. Toxins,
2021, 13(10): 725.

XU XM, NICHOLSON P, THOMSETT MA, et al. Relationship between
the fungal complex causing fusarium head blight of wheat and
environmental conditions [J]. Phytopathology, 2008, 98(1): 69-78.

WANG J, ZHANG F, YAO T, et al. Risk assessment of mycotoxins, the
identification and environmental influence on toxin-producing ability of
Alternaria alternate in the main Tibetan Plateau Triticeae crops [J].
Frontiers in Microbiology, 2023, 13: 36824588.

HASUDA AL, BRACARENSE APFRL. Toxicity of the emerging
mycotoxins beauvericin and enniatins: A mini-review [J]. Toxicon, 2024,
239: 107534.

KHAN R, ANWAR F, GHAZALI FM. A comprehensive review of
mycotoxins: Toxicology, detection, and effective mitigation approaches [J].
Heliyon, 2024, 10(8): €28361.

YU J, PEDROSO IR. Mycotoxins in cereal-based products and their
impacts on the health of humans, livestock animals and pets [J]. Toxins,
2023, 15(8): 480.

YANG Y, LI G, WU D, et al. Recent advances on toxicity and
determination methods of mycotoxins in foodstuffs [J]. Trends Food
Science and Technology, 2020, 96: 233-252.

CASU A, CAMARDO LM, TOSCANO P, et al. Changing climate,
shifting mycotoxins: A comprehensive review of climate change impact on



40

LR

G A A

%16 &

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

mycotoxin contamination [J]. Comprehensive Reviews in Food Science
and Food Safety, 2024, 23(2): e13323.

RNAE, BRE, SRUERR, S5 2018 4R IR IRRHEURL B IC & R R TR 25
RIGYROAED]. PEEHAGE, 2019, 55(8): 151-156.

ZHU FH, CHEN F, XU JD, et al. Investigation on mycotoxin
contamination of feed ingredients and compound feed in Shandong
Province in 2018 [J]. Chinese Journal of Animal Science, 2019, 55(8):
151-156.

FMER, WL, EFHH, 55 2013 4500144 1Rk 8 R aE 205 el
BLAE[T]. fARHEYE, 2014(7): 38-41.

CHENG CM, BAI F, WANG NP. Investigation of mycotoxin
contamination of feed ingredients in Sichuan Province in 2013 [J]. Feed
Review, 2014(7): 38-41.

B, H R EDEEUR P R R A M Ak 25 28 T [D). F8 4
IR, 2015.

MIAO L. A filed investigation of zearalenone and deoxynivalenol
pollution in the common used feedstuffs [D]. Tai’an: Shandong
Agricultural University, 2015.

SRR, iR, e, B FORTBRMME R R AT R TS YIS LA
Hr——2ETF 2020 45 = FOK 7 KORFERE B[], ARIE S RHE, 2021,
29(6): 119-130.

ZHANG DW, YANG HL, HUAYY, et al. Analysis on the mask-mycotoxins
and emerging-mycotoxins in maize Samples from the maize cultivated
region in 2020, China [J]. Science and Technology of Cereals, Oils and
Foods, 2021, 29(6): 119-130.

CHEN C, FRANK K, WANG T, ef al. Global wheat trade and codex
Alimentarius guidelines for deoxynivalenol: A mycotoxin common in
wheat [J]. Global Food Security, 2021, 29: 100538.

GOLGE O, KABAK B. Occurrence of deoxynivalenol and zearalenone in
cereals and cereal products from Turkey [J]. Food Control, 2020, 110:
106982.

SKIEE, YO, FKRH, &F. DRI R A YR B BOR DTS
JE[I]. ATl 2024, 45(11): 133-138.

ZHANG LY, FAN ZY, WANG YW, et al. Progress of biological
detoxification technology of vomitoxin in feeds [J]. Feed Industry, 2024,
45(11): 133-138.

D’MELLO JPE, PLACINTA CM, MACDONALD AMC. Fusarium
mycotoxins: A review of global implications for animal health, welfare
and productivity [J]. Animal Feed Science and Technology, 1999, 80(3):
183-205.

CAI P, LIU S, TU Y, et al. Toxicity, biodegradation, and nutritional
intervention mechanism of zearalenone [J]. Science of The Total
Environment, 2024, 911: 168648.

TAN H, ZHOU H, GUO T, et al. Recent advances on formation,
transformation, and analytical strategy of modified
mycotoxins in cereals and their products [J]. Food Chemistry, 2023, 405:
134752.

ZHANG H, WU L, LI W, et al. Conversion of deoxynivalenol-3-glucoside
to deoxynivalenol during chinese steamed bread processing [J]. Toxins,
2020, 12(4): 225.

PR, XU, R, 45 BRI R 00 FHA S 0 i
FEHEIRT]. T EEAE fB4, 2016, 46(3): 251-256.

TAN YL, LIU N, ZHU RY, et al. Major types of masked mycotoxins and
state-of-the-art methodological advance for their detection [J]. Scientia
Sinica (Chimica), 2016, 46(3): 251-256.

AT, THEF, B AR P B R B RE RS Y ST RS ]
A TR AR, 2018, 9(2): 349-354.

YU DZ, TIAN Y, WU AIB. Research advance of masked mycotoxins
contaminated in grains [J]. Journal of Food Safety & Quality, 2018, 9(2):
349-354.

WA, A5, /P, 55 AR Bk 2R AT R, o i
#,2017(21): 7-10, 15.

YANG X, LI BY, FAN XP, et al. Research advances on hidden
deoxynivalenol in feed [J]. China Feed, 2017(21):7-10, 15.

EFSA Panel on Contaminants in the Food Chain, KNUTSEN HK,
ALEXANDER 1J, ef al. Risks to human and animal health related to the
presence of deoxynivalenol and its acetylated and modified forms in food
and feed [J]. EFSA Journal, 2017, 15(9): e04718.

NAGDA A, MEENA M. Alternaria mycotoxins in food and feed:
Occurrence, biosynthesis, toxicity, analytical methods, control and
detoxification strategies [J]. Food Control, 2024, 158: 110211.

DE-SA SVM, SOUSA-MONTEIRO C, FERNANDES JO, et al.
Evaluating the human neurotoxicity and toxicological interactions impact

occurrence,

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

of co-occurring regulated and emerging mycotoxins [J]. Food Research
International, 2024, 184: 114239.

TEIE, ME, R, AR AR R 5 Y IR R R Y
PEIR[I]. v ERIhAAR, 2023, 38(11): 9-17.

WANG S, HE D, HAN J, et al. Updates of natural occurrence and
toxicology studies of emerging toxins in grains [J]. Journal of the Chinese
Cereals and Oils Association, 2023, 38(11): 9-17.

JONSSON M, ATOSUO J, JESTOI M, et al. Repeated dose 28-day oral
toxicity study of moniliformin in rats [J]. Toxicology Letters, 2015, 233(1):
38-44.

XA NI RO A AR S D], 22 2R, 2010, 30(4):
684-686.

ZHAO GC. Ecology characteristics of Chinese wheat planting region [J].
Journal of Triticeae Crops, 2010, 30(4): 684—686.

KRAUTHAUS EN, HERMANN J, WEINER T, et al. Mehrjdhrige
erhebungen zum vorkommen von dhrenfusarien und dem mykotoxin
deoxynivalenol in getreide aus rheinland-pfalz [J]. Gesunde Pflanzen,
2003, 55(5): 136-143.

XU W, HAN X, LI F. Co-occurrence of multi-mycotoxins in wheat grains
harvested in Anhui Province, China [J]. Food Control, 2019, 96: 180-185.
SANTOS ID, PIZZUTTI IR, DIAS 1V, et al. Mycotoxins in wheat flour:
Occurrence and co-occurrence assessment in samples from Southern
Brazil [J]. Food Additives & Contaminants: Part B, 2021, 14(2): 151-161.
ZHAO J, CHENG T, XU W, et al. Natural co-occurrence of
multi-mycotoxins in unprocessed wheat grains from China [J]. Food
Control, 2021, 130: 108321.

WANG X, YANG D, QIN M, et al. Risk assessment and spatial analysis of
deoxynivalenol exposure in Chinese population [J]. Mycotoxin Research,
2020, 36(4): 419-427.

KOLAWOLE O, SIRI-ANUSORNSAK W, PETCHKONGKAEW A, et al.
A systematic review of global occurrence of emerging mycotoxins in crops
and animal feeds, and their toxicity in livestock [J]. Emerging
Contaminants, 2024, 10(3): 100305.

A, MR, KRR, S 6 RSN A E R e 2 A
PER YT ], E R AR, 2015, 51(6): 73-77.

SHE R, YANG FS, DU XL, ef al. The accuracy evaluation of 6 kinds of
ELISA kits for deoxynivalenol (DON) detection in feeds and raw material [J].
Chinese Journal of Animal Science, 2015, 51(6): 73-77.

B, R mROBAR IR R G AR I /N A R 5 2R 1Y
HLARHIE ], M S & Tolk, 2015, 22(3): 97-100.

JIA WC, ZHU Y. A comparative research on the determination of
deoxynivalenol in wheat with HPLC method and ELISA [J]. Cereal &
Food Industry, 2015, 22(3): 97-100.

HOLF, X3, KL, S5 IR [R) 5 Ao 25 i 2 2% 04 LA T (0]
[E 47}, 2017(4): 27-30.

DONG AIQ, LIU SW, BAI F, ef al. Study on comparison of the different
method to detect concentration of mycotoxins [J]. China Feed, 2017(4):
27-30.

W, BN, iz, 55 SRR I LA N R ZHR I
W], WPEgRE AR, 2024, 52(4): 84-91.

JIN F, LI YG, WANG JZ, et al. The impact of climate change on the
agronomic traits of winter wheat in the dryland of Shangluo [J]. Journal of
Shanxi Agricultural Sciences, 2024, 52(4): 84-91.

FES SR, 2023 £ EASAEAR[EB/OL]. (2024-02-23) [2024-11-28].
https://www.cma.gov.cn/zfxxgk/gknr/qxbg/202402/t20240223 6084527 .html
China Meteorological Administration, China climate bulletin [EB/OL].
(2024-02-23) [2024-11-28].  https://www.cma.gov.cn/zfxxgk/gknr/qxbg/202402/
120240223 6084527 html

SRR, IR A A3 4 P20 R 7 s R 0 5 [EB/OL).
(2024-06-03) [2024-11-30]. https://news.cctv.cn/2024/06/03/ARTIEot4laFSK8
MW7f SYTqqV240603.shtml

China Central Television, National Climate Centre: National average
temperature this spring is the highest in the same period in history
[EB/OL]. (2024-06-03) [2024-11-30]. https://news.cctv.cn/2024/06/03/
ARTIEot41aFSK8M W7fSYTqqV240603.shtml

FRANZ E, BOOIl K, VANDER-FELS-KLERX I. Prediction of
deoxynivalenol content in dutch winter wheat [J]. Journal of Food
Protection, 2009, 72(10): 2170-2177.

ZHANG C, QU Z, HOU J, et al. Contamination and control of mycotoxins
in grain and oil crops [J]. Microorganisms, 2024, 12(3): 567.

(%A Shpea 3RfE)





