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WE. YA B EELEXRBARR DA F X5 LS 5H A ARG HCRAD G E— B BT
AE 214N DN E SR AATR T T AR T B A E ST T MR AE ST, BRETHRTEA
A0 e E L 95.02%~116.52% Z 7] , M ST ARAE £ K 6.32%~21.50%. FT A MK D FAE 5 )
WARTI A F T4, T A FE T AT k71 5 B3 (nivalenol NIV )&% & %, B4 /£ NIV &% A&
HRITP TiHAER, FHE 5L 182.56 ngkg, & AR B AT H XA & T NIV 948 X FR247 4 {2
A % T AR E AL LRSI 9k 71 ) M B% (deoxynivalenol , DON) 4242 % , ££ 8.07~337.23 pg/kg
Z A AR T B RFRZARA 1000 pg/kg; T-2 4% ££ 4.05~78.05 pg/kg Z 18], 18 T I A B FRFRZ 47
100 pg/kg; B K o F MR (zearalmone, ZEA ) &% 12 5.30~12.50 pg/kg Z 7] A& T B R FRZ47/£ 60 pg/kg;
Le3FEFLSEEAR, HIKT 17.73 pgkg, R & K a4 % LB K I, DON Fe 3- LELBLEA T JE 4k
NN AZERIP FTHEALALRRZD, 55 4 43.09 ng/kg #2639 png/kg, L2 % & T L€ X
R kAR P FTRLALEMERELALERGR KBAG N ESAFEPELT2AHT2H LSS
FHTEECEAR  AASFARRARRHYRLEF L7,
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Abstract: To define the contamination and distribution of mycotoxins caused by wheat Fusarium head
blight in China, ultraperformance liquid chromatography-tandem mass spectrometer was used to deter-
mine and analyze seven toxins from 214 wheat cultivars. The results showed that the mean recovery
rate of seven toxins was between 95.02% —116.52% and the relative standard deviation was 6.32% —
21.50%. All wheat cultivars were contaminated. The content of nivalenol (NIV) was the highest, with a
minimum content of 182.56 pug/kg in wheat in the middle and lower reaches of the Yangtze River. How-
ever, there was no national standards for controlling the content of NIV from wheat cultivars, which
should be paid attention to. The volume of deoxynivalenol (DON) was in the range of 8.07-337.23 pg/kg,
which was less than 1 000 pg/kg of the national standard. The content of T-2 was from 4.05 pg/kg to
78.05 pg/kg according with international standard under 100 pg/kg. The content of zearalmone was
between 5.30-12.50 pg/kg, lower than the national standard under 60 pg/kg. The contents of 3-acetyl
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deoxynivalenol (3-ADON), 15-acetyl deoxynivalenol and HT-2 were all less than 17.73 pg/kg. The aver-

age contents of DON and 3-ADON were the highest in wheat in the middle and lower reaches of the

Yangtze River (43.09 pg/kg and 6.39 pg/kg, respectively), significantly higher than those in other wheat

planting areas. The average contents of T-2 and HT-2 in the wheat in the middle and lower reaches of

the Yangtze River and the irrigated winter wheat in south of Huang-Huai Region were significantly

higher than those in other nine wheat regions.

Key words: UPLC-MS/MS; Fusarium mycotoxin; deoxynivalenol (DON); nivalenol (NIV)

INZ AR R — R R FE LR
T A X (B 55, 1987 ) , Fi 2 Pk ) TR 5 |
AL, TE TR B I A S A AL DX AR 25 ik T 1 Fu-
sarium graminearum A %, KT AR UiE L X DLE I
BRI F asiaticum ) F (0 SCHFEE,2011) . /NZ IR
BRI TR B2 XA R T B UM N A A —
WATAEAD A 5/ 5%~10% W™, KA T4E 0y EE 2
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G BN PR A O T HAE A R S5 R, N
FEMEAFERER, AERg PR N . HEl
15 YL/ INFE Rl D TR 2R A AR R ) TR T
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ization, ESI) , ## 2 7F 1F & A0 R 42, B 55 ML R
3000 V; TS E A 600 L/h; TSR N
350°C, HESHWFE 1 iR,
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Table 1 Mass spectrometry parameters of seven mycotoxin standards

FEE Mycotoxin £} F Parent ion T Daughter ion #EfLHLJE Cove (V) filif#HE Collision (eV) B T3 Ion mode
DON 297.3 249.1,203.1 20,20 10,14 ESI+
ZEA 319.1 283.0,187.3 18,18 22,14 ESI+
3-ADON 339.2 231.2,213.3 20,20 14,22 ESI+
15-ADON 339.3 137.1,261.2 22,22 10,12 ESI+
NIV 313.2 281.2,249.1 50,50 30,28 ESI+
T-2 489.3 387.2,245.1 42,42 22,34 ESI+
HT-2 447.3 345.2,285.1 34,34 18,22 ESI+

1.2.2 7 FARE LA

HH 80% &% 24K % DON . ZEA \ T-2 HT-
2 NIV.3-ADON. 15-ADON Frifi i , Fe Bt i 0.1
0.5.5.10,100,200.500.1 000 ng/mL 4 HrHEE K
TE1.2.1 B o H 1) e A I sh AR FR 2R 48] R4
UPLC-MS/MS Kl o DUAR HE 7 W0 B x i A p
DL B ARgl it Ly AR bR, 2l 7 FPEE R (AR
M2k, HF RS/ N FrhikE S b s R S E it
1.2.3 X AT s TR A E A2 0T

HE 214 A /INZE SR RFEARL A3 0 0 1 2 A AR
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T 80% ZNEHEHUK 25 mL, 1 600 r/min )3 2 min,
T4°CFLA4 000 r/min 2.0 10 min, B 35K, #HZ
DIREEA A 5 0.22 um G HLELFLIE #5232, FH O
AUSCEE 4 mL [ IE R, SRR R S g S AK UGE
1 Z e AR RN 0.22 pum A AL IE 2 Ui B g
W A Rk 25 B 2% AT, A B 18 D8 T
UPLC-MS/MS kil 5 2 & & . BRA~/INZFE A 3 I
B ITRRRAZE XNEREAoFERL T 7 R EE R T
{8, 7R TR R 22 XN b 7 e 22 B o A T 00
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R MNURBEIEAT 3 ORI o T DGR AR X
it 2= (relative standard deviation,RSD) .
1.2.5 RR AR 7HFZ 6975 £ HE 050

GEiTIRIE 11422 XN RE il v 7 Fhats 22 i BH
FRNTE R S w W RAE /MBI, Fds oy
BEANIR) 22 DX/ N R R PR TP 8 28 A T G O
1.3 HEST

FIFH SAS 9.2 BRA4XF 214 A~ /INAZ Sl FpokEAE v 1)
RS EI TR ZE T Z50r, M H Duncan FGHr &2
W 22 1R 25 5 B ERG IR

2 HER55H
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SEIRAEHH LU EEE R I s A P B3R S 4, Jo
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R R s B (A, 8 S FE VRN RE I3 4 0~3 min,
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1), (35 & R B 47 (NITV 3 1] oA it (HR 52
MARERAG AL ) , A A T35 R B

A;7~8 min, 90%~20% A;8~10 min,20% A, 7 ik
FRF AR 7l LA R R A 22 S it £ 3 T (1]
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Fig. 1 Multiple-reaction monitoring chromatograms of mixed solution of seven mycotoxin standards in ESI+
F s e o F>F 3 F (%) I . Data in figure are parent ion>daughter ion (mycotoxin) , peak area.
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2.2 THEEREMENE
R4 UPLC-MS/MS A il 25 5% , Pk ik 6 4 261 K
B, DL BRE i BT 25 25 0 1 ARSI (E Yy Ry

GABAR TR x MR AR bR bR E 2R, P S
PRIl R B AH O R B R T 0.9969, W] 7 R EE R 7
—E R UL VE R N B AT RIEFRIZR IR R (R 2).

R2 THERSRRERNEETREMEXRY

Table 2 Calibration curves and correlation coefficients of seven mycotoxin standards

H A B 2 Mycotoxin 8 PEE M Linear range (ng/mL) £ MEJTHE Calibration curve R
DON 0.10-100.00 y=205.24x-1644.50 0.9999
ZEN 5.00-200.00 y=264.42x-1387.60 0.9997
NIV 0.10-500.00 y==1239.60x+533419.00 0.9973
15-ADON 5.00-500.00 y=125.01x-447.89 0.9999
3-ADON 0.50-500.00 y=304.63x-1149.40 0.9969
HT-2 0.10-200.00 y=444.45x-2763.00 0.9970
T-2 0.05-200.00 y=1463.90x+7759.00 0.9995

23 THERSEERE

Fr I 25 3R B, 7 A # & DON NIV | T-2 .
ZEA . T-2 . HT-2 . 3-ADON. 15-ADON f{3F-2 [l i
4354 106.56% .97.03% .91.71% .95.02% . 102.65%

116.52% Fi1 103.88%, V- ¥4 41 X b 1 i 22 4 5] hy
9.59% . 6.32%. 11.04% . 21.50% . 9.95% . 11.26% #I
8.99%($3) . 7FhEEZR MY IR Hm IR T A
RS e AR

R3 THERSRIMEREEE

Table 3 Recoveries of seven mycotoxin standards

HHEER WK Ml AEXT PR 2E (%)
Mycotoxin Spiked level (pg/kg) Recovery (%) Relative standard deviation
DON 2.00 110.17 9.42
10.00 138.13 4.04
50.00 71.38 15.30
NIV 2.00 73.02 6.04
10.00 115.04 9.69
50.00 103.02 3.23
T-2 2.00 100.09 11.64
10.00 61.02 14.18
50.00 114.03 7.29
ZEA 2.00 94.13 29.13
10.00 133.01 32.21
50.00 5791 3.16
HT-2 2.00 66.78 15.90
10.00 127.01 6.60
50.00 114.17 7.34
3-ADON 2.00 102.90 7.38
10.00 117.03 13.20
50.00 129.63 13.02
15-ADON 2.00 135.00 16.00
10.00 95.04 5.64
50.00 81.62 5.33

2.4 HEK/NERWIFRF T HEENTRER

ST ARG U P /N A2 A i B 7 AR R TS T
Ui il L3 i, Horb 214 /N2 LB NIV &5 i
e BRAEN 393.70 pg/kg, FHI{E } 273.44 pg/kg,
8 H A E ANl E AT NIV (9 BR S A5E ; DON (1)
SRR T NIV /)&, 7F 8.07~337.23 pg/kg ZIf],
T EZ A B PR EARE 1 000 pg/kg; T-2 9 5
4.05~78.05 pg/kg, T IA [E FRFREFRHE 100 pg/kg;

ZEA S B INIRME N 12.50 pg/kg, 5 IME-H 5.30 pg/kg,
T FR 2 F5 4 60 pg/kg; HT-2.3-ADON F 15-
ADON & MK T 17.73 pg/kg, 2470 E NN &
il AH DGR EE AR IE (Fe 4) o
25 AEZERXE7THEESEN S

NIV 7E 1A/ 7= X T G O e ™, 114
A2 X NIV B m B0, B ATk 316.39 pg/kg, B
e & AR T 2 X NIV S m



2 SRR BRI A /N TR RE FAG I SRR 3R TS S 271

ik 182.56 pug/kg; DONFERVLH R IEAZ X B & i Femy, 40510 71.01 pg/kg F168.49 pg/kg, SHE/INE
i, M 43.09 pg/kg, B THEELX , #23-ADON  FAIX [ 225 B3, R HT-2 5 T2 £ 4 & X /01
5 DON 7E45 X (19 73 A i A DL, {H 3-ADON7E45 AHRL, H & 431K ; B2 % 15-ADON Fll ZEA 7E451~
A X B3 S BRI, e KA R 6.39 nglkg; T-27E FEX I & EHMET 9.21 pg/kg, HANE XA 2
KILF PR R MBI X KA & SABFEGRS),

R4 THEASEENNNMEEFRIFRERL

Table 4 Contamination of seven mycotoxins in 11 wheat-planting regions

R 159 (%) FIE (ngkg)  FRME (ngkg)  f/ME (pgkg) [ 5/ PRREARTE (pg/kg)
Toxin Contamination rate Average Maximum Minimum National/International standard

DON 100.00 15.49 337.23 8.07 1 .000.00

T-2 100.00 22.89 78.05 4.05 100.00

ZEA 100.00 7.18 12.50 5.30 60.00

3-ADON 100.00 4.87 17.73 2.00 -

15-ADON 100.00 6.88 15.40 3.73 -

HT-2 100.00 7.03 10.00 5.05 -

NIV 100.00 273.44 393.70 73.35 -

RS RENANZEXNMEMHFIHERSENIERERNY

Table 5 Distribution of seven mycotoxins and differences among 11 wheat-planting regions in China

JINGE Tl X B 7 % & 1= Toxin content (pg/kg) ﬁ'ﬁjéf

Wheat-planting area NIV DON T2  HT-2 3-ADON 15-ADON  ZEA Sa;'p(ies
AN 2| 264.93+ 1648+ 7.89+ 679+  5.09+ 7.02+ 7.2+ 24
The winter wheat of the upper reaches 73.59bc 11.11b 0.52c¢ 045b 0.62 b 1.89abc  1.51a
of Yangtze River
RAITH T A2 240 182.56+ 43.09+ 71.01+ 7.54+ 6.39+ 7.69+ 740+ 25
The winter wheat of the middle and 72.890d 69.71a 826a 0.62a 3.15a 3.08 ab 1.35a
lower reaches of Yangtze River
BEA S X &K 23492+ 14.28+ 6849+ 745+  4.93+ 7.01+ 735+ 46
The irrigated winter wheat in south 5831c 1342b 323a 039a 0.55b 2.64abc  0.88a
of Huang-Huai Region
BEA S R B KA 24311+ 21.99+ 3629+ 6.95+ 5.13+ 7.36+ 9.14+ 16
The irrigated spring wheat in south 60.67¢c 19.97b 26.76b 0.36b 0.64 b 1.85 ab 1.02a
of Huang-Huai Region
B XL kA 24582+ 13.08+ 827+ 695+ 474+ 6.25+ 736+ 25
The irrigated winter wheat in north 50.82¢ 9.32b  0.67c 042D 0.50 b 1.93 be 1.01a
Huang-Huai Region
PR X AL 294.89+ 14.02+ 7.68+  7.02+  4.58+ 6.95+ 7.74+ 14
The arid and fertile winter wheat 4191 ab 10.05b 047c¢ 032b 0.53b 1.97 abc 1.61a
in Huang-Huai Region
BIEAC A X A 311.81= 1022+  7.52+ 696+  4.57+ 521+ 8.02+ 11
The arid and infertile winter wheat 1798a 3.77b 0.75¢ 0.48b 0.34b 1.08 ¢ 1.14a
in Huang-Huai Region
JEER& A X P42 303.62+ 9.00+  7.65+  7.04= 449+ 6.13+ 7.5+ 13
The dryland winter wheat in north of China 34.12ab 1.02b  0.73¢  093b 0.36b 1.66 bc 1.13a
AL A XK Ha 4 29596+ 9.66= 771+ 683+ 451+ 6.59+ 921+ 10
The irrigated winter wheat in north of China 21.93ab 2.94b  0.74c¢  0.70b 025b 2.08abc 1.71a
e & Z X E LA 313.98+ 1007+ 7.19+  7.02&  4.55+ 8.152+ 858+ 15
The high fertile winter wheat in Beijing 30.19a 4.18Db 143¢c 036D 0.33b 2.50a 1.20a
UL IX KA 31639+ 9.88+  7.06+ 674  4.44= 731+ 8.11% 15

The water-saving winter wheat in Beijing  37.36a 2.94b 097c¢ 031b 0.77b 1.65 ab 1.12a
TP BAE AT B R 2 . RIFNEEE 5 AN RE 2R 28 Duncan OB 82 M 2275 K 50 76 P<0.05 /K P25 53 % . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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