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Contamination and analysis of fusarium and alternaria toxins in wheat and
wheat flour in Shaanxi Province, 2022—2024

XIE Yu-Fei, QIAO Hai-Ou, HU Jia-Wei, ZHAO Di"
(Center for Disease Control and Prevention of Shaanxi Province, Xi’an 710054, China)
ABSTRACT: Objective To investigate the contamination of fusarium and alternaria toxins in wheat and wheat

flour in Shaanxi Province. Methods A total of 140 samples of wheat and wheat flour were randomly collected in

circulation of 9 cities from 2022 to 2024. Deoxynivalenol (DON), 3-acetyldeoxynivalenol (3-AcDON),
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15-acetyldeoxynivalenol (15-AcDON), nivalenol (NIV), zearalenone (ZEN), tenuazonic acid (TeA), alternariol
(AOH), alternariol monomethyl ether (AME) and tentoxin (TEN) were determined by high performance liquid
chromatography-tandem mass spectrometry. Results The fusarium and alternaria toxins were detected in wheat and
wheat flour. The detection rates of DON, 3-AcDON, 15-AcDON, NIV, ZEN, TeA, TEN, AME in wheat were 83.3%
(50/60), 5.00% (3/60), 10.0% (6/60), 11.6% (7/60), 8.33% (5/60), 100% (60/60), 100% (60/60) and 98.3% (59/60),
respectively. The detection rates of DON, TeA, TEN, AME in wheat flour were 87.5% (70/80), 96.2% (77/80),
88.7% (71/80) and 63.7% (51/80), respectively. A strong positive correlation between DON and 15-AcDON content
was demonstrated in the positive samples, so was between TeA and TEN content. The DON dietary exposure was
959.8 ng/(kg * bw ¢ d), which was less than the corresponding tolerable daily intake value. The TeA, TEN, AME dietary
exposures were 159.2, 18.1 and 2.30 ng/(kg * bw * d), which were below the corresponding threshold of toxicological
concern values in wheat flour. Conclusion Wheat and wheat flour in Shaanxi Province are generally contaminated
with fusarium and alternaria toxins from 2022 to 2024, with the highest detection rates of TeA and TEN, following by
DON. The fusarium and alternaria toxins exposure risk of wheat flour are within an acceptable risk range.

KEY WORDS: wheat; wheat flour; fusarium toxins; alternaria toxins; contamination
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Yy, NEFRERN R R, R NERE P 0 A5 R FH e OB i - S DN 52 /N /N
SEF TR, A R R R sk T ITIR AR A 0L, Sy Prbkpi A
T I — A B AR . A F AR INZE RS TS YA L, Sk £ i 4 KU W DU AN P4 B A vl
MG, R R BRI, s N L BB SRR, RN IR T A By s SR AR A i
B, OREFERY. HI)E R E S S BT Y SN
(deoxynivalenol, DON) . 3-Z Mt i % 55 & 8 J) o 4 B 1 MRSTE
(3-acetyldeoxynivalenol, 3-AcDON) ., 15-Z. Mt/ &0 25 5 5k )] 1.1 L5
T %5 (15-acetyldeoxynivalenol, 15-AcDON)AJ 5| A A&y Dionex U3000 #7315 200 (a3 13 (25 [ 32 2R /R A
R, MILRFZEZEELS, FIEHE ] % M B (nivalenol, oM ]): 5500Q-trap = T PR FF A (X (L L 58 185
NIV) A et | SERdpt A KAt o), TR
Y71 (zearalenone, ZEN) ELA AR i £F BT AESOms VTS0,
AR R A B AU (alternariol, AOH)FIAZ 4% 101 1 BA. AP ik
(alternariol monomethyl ether, AME)H. A5 558 1) £ 58 A5 1 Fl
BAERAEAE AP, 4038 A B AR (tenuazonic acid, TeA)
HA MR 2tk F U213 %3 £ (tentoxin, TEN)H
AR PR E AR —, FRE
YEYI/NE, [FIRTREPi iR & iR &b 3, INZRA Tk
T B, DO A e W /N2 i ) T 7 2 A S AL 7
I RERIAY [ 81T s I A

H e i g 4l 1, A B Z Bk 1 # E DON
3-AcDON, 15-AcDON. NIV, ZEN FIZCHE/IH A TeA .
AOH. AME. TEN {24+, GB 2761—2017 { &4
Fhre B EERERRA ) PRENE TN K b i
J1 25 DON Fil ZEN MR EHE H 1000 pg/ke 71 60 ngrkg, 12 FFARREE
R B il 7 48 4 B Lk it DON (SRR HE Sy 750 pg/kg 2022—2024 ETERRTEA 9 LTI RAE/INE 60 1
RO HL X FF 8 T 43P DON 1 4 Ff 32 B 7 35 25 A i 13 7 2% INZER 80 Y (3R 1)o /NEER AR . /ANEMRATE

IR AR SRS %, 35 AB SCIEX 2 F]); Multi ReaX EU
W HENR T (5 EITE R A7), SQP 43H1 K[ 0.1 mg,
FZFIIBAANER AL AE RA R, MFV-24 ZmAL (M
B FLE AT PR 7]); CR22N &0 8L(H 48 HITACHI 2
H]); Milli-Q FYE 47K il 75 R 4t (32 [H Millipore A Fl); Oasis
HLB [EAHZE B4 (200 mg/6 cc, 35[E Waters 23 7))o

N R R R (B E4l, 78E MERCK A #]); DON,
3-AcDON, 15-AcDON, NIV, ZEN(4lifF>99%) ., TeA. AOH,
TEN. AME(E ¥ 100 pg/mL). *C;s-DON. 1C,;-3-
AcDON, *Cs-NIV., BCs-ZEN. BC,-AOH, "C;s-AME .
BCo-TeA(JREMEIE 10.0 pg/mL). "°C,5-15-AcDON(JFE 2 e &
25.0 pg/mL)(EE Romer /A F]); TEN-D;(4liEE>99%, M4
K TRC A H])s
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Table 1 Distribution of wheat and wheat flour sampling sites

W ZARR NEERAEEL NEMERAEEL /NEE R RS
[ 9 20 15
il )17 4 12 10
ES e 9 13 12
JEFH T 11 14 27
R 16 16 13
HEZE T 0 2 0
bt 5 2
Rl 2 1 0
Tl v Tl 4 0

At 60 80 80

1.3 MG E

Y5 CEZE TG Ry FAa F E 2R XS T AET
W) v B b b ECR 2 4 A0 E BObR R VR R Y
YERMFREL 5.0 g FEMORE 6 2 0.001 g)F 50 mL B.04, A
20 mL ZJE-/K-FB2(70:29:1, V:V:V)IEWE, 1®HE 1 min, ¥
FHEE 30 min, B 1.0 mL #EUEZE 1.5 mL E.LEH,
10000 r/min &.0> 5 min, #EMHFEE 0.5 mL EIHE T —
1.5 mL BEO8P, A 1.0 mL /K, RiERS, 4 °CF
10000 r/min B.0> 5 min, W _EH AT 0.22 pm JEME, W%
B 180 pL A I8 T 300 uL NAGEEH, FIMA 20 pL iR
A WNARE R (1.25 pg/mL PCis-DON ., "C;;-3-AcDON ,
B3C-15-AcDON., *Cy5-NIV ., '3C4-ZEN), WA o 3-p Bk
B E R RS,

4% CEZF &5 YA F E 2= RS S TAEF
) FR B PSSR A B 2 I AR R E R P RY . AR
S g ARG ZE 0.001 g)F 50 mL ZIJE S04, A
200 pL B4 NAR TAEM (500 ng/mL TeA-Dj3. 200 ng/mL
AOH-D,. 20 ng/mL AME-Ds. 100 ng/mL TEN-D;), Jieinik
51 10s, BEEW FEIIA 25 mL B2 — EU4N8- T iE- 2
RERBOK, HEETF, JORES 10 s, BlRERG#
FARZGHEEL 15 min, F 4 °C, 10000 r/min Z5.[> 10 min, H
5.0mL F35W, A 15 mL 0.05 mol/L iR — S 44 (pH
3.0), R4, 10000 r/min &5.0> 10 min, FiER 4L, HLB
AR ZEBOAR YT 5 mL RN 5 mL K6 4k o R 1Y
FEMIRBOR 23R HE, T S mL 20%F BRAROKE, T
FERE T THF 5 min /KK 5 mL FEEFA 5 mL 2%
B, AR T MR T, 45 B EWGE T, FRiE e
200 pL FHEEE W, WHERS 10s, TN 1.8 mL /K, R

5110 s, F 4 °C, 12000 r/min .0 10 min, JRAHEE-F B
FTRE AT bV R E A R R R S
1.4 ZFBEXKEITG
141 D EBARNEEF. AR EFETERLEAEE

ABIRGE R S PEAR Oy ik, RS (DI 54k ) B B
R CHMER R E R,

D=X x C/W 1)

X D AR ETHR . CHEMEE R R REE,
ng/(kg * bw = d); X A/NERIY H AR, g/d; C R/
Mgk I H R SR MBEREN SR, ngke W MEK
&, 60 kg,
142 DEBMBRTHRAEGEE. REREFEFNEE
W3R A

TEE T B R R T RO LR B, FF AR H B
AT %5 5 (tolerable daily intake, TDI)I P T HBR K
IR ARG . 24 D<TDI B, FoRi%I5 MR fEHE R
W ml LAEERZ, D/, RUREEE/); 24 D>TDIR), FRaAAH]
FEZ IR XU, D Aok, AU K

P RS BT822 2R R VP AN A b, R R
241 B E (threshold of toxicological concern, TTC)PFA %8
HEI TR MG R AR . 475 D<TTC fH, BiHiX
TS Y LA KR AT 52 A AR R B D>TTCAE, BEH
205 Y B S AP — 8 I A, TR ETE,
1.5 #HIBEAIE

e 77 B R 2RSS B 70 7 2 b o P R 0 2R P R R 4
R¥ ek AB SCIEX Analyst Software T /Eu #1153
] WPS Office Excel 2023(16120)8 {214k /1 5 75 25 fse
BEAEE 25 YO SR BRI T A AT . S5 R
EWFFAKT- B AL FE I, A B 1 L)/ 55
60%, i AA HEE  1/2 K BR(imit of detection, LOD)
BEAR, R B A L T 60% e, T A A A H Hdi
LOD #2221 FI] SPSS 25.0 Xf/NEFVNEER ik T
B FIACHEM R R & I TR T B B A #r .

2 HREDH

2.1 ZMSEEL R MEREYER

DON 7£ 1.00~200 ng/mL J5i ¥ BF 15 FBl iy £ p o iy
Y=0.0539X+0.00643, r=0.9978; 3-AcDON 7£ 1.00~200 ng/mL
FR TR A LA TR ¥=0.0632X-0.0203, r=0.9978;
15-AcDON 7E 1.00~200 ng/mL Jfi &k B0 0Lty RE
Y=0.0237X-0.0282, r=0.9988; NIV 7£ 5.00~200 ng/mL J5i &
e BT B AR 5 Rl Y=0.0211X-0.0144, r=0.9983; ZEN
TE 0.50~50.0 ng/mL Ji & Wk FE 38 [ £ M RN
Y=7.32+004X-2.25¢+003, r=0.9963, DON, 3-AcDON .
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15-AcDON. NIV F1 ZEN fifs tHBR 4 10.0. 10.0. 10.0.
35.0 Fl1 5.00 pgrkgo 43HT il AR 1L b B S 5 R AT AL
FEFE A B, B 10 MR — A FATHRE, At il —
A2 AR FRE S IAR o bR Il SE 5 Y ] i 2R
91.2%~109.5%, AT XUEE AR X A5 7 2% (relative standard
deviation, RSD)/NF 10%.

TeA 7E 4.00~200 ng/mL JFH¥RE LB LM R
Y=0.0751X-0.0325, r=0.9996; TEN 7£ 0.20~10.0 ng/mL J5i &
e BE I B A R ME 5 AR Y=0.0586X+0.00726, r=0.9965;
AME 7£ 0.20~10.0 ng/mL J&i 2 ¥k BF 76 F A £ v
Y=0.0759X-0.00106, r=0.9995; AOH 7E 2.50~50.0 ng/mL J5
Bk ETE R TR N Y=0.0734X-0.0528, r=0.9997,
TeA. TEN. AME I AOH [W#HFRA 2.00, 0.10, 0.10
1 1.00 pg/kgo 4B it R I AR DI SE 86 FPA T RURE RS
HlorHr B, & 10 DMER— A PATRE, EHEE R — s
P RE RIARE 5 I o s (BT S 56 1) TRT %6 93.6%~107.5%,
SEATIURER RSDs /M T 10%.

22 BREEHNEPRIIESENZEBASRISERRL

Bepgs /NE R I R DON RHATAY . NIV,
ZEN FIACHEHU#EE TeA. TEN, AME 53¢, R 55
i TeA Fl TEN, K& AME, BHYEE-Y{E R R 92 DON,
HR R TeA(F 2). /NEHHRIIFEE X DON. 3-AcDON,
15-AcDON. NIV F ZEN B 555351k 83.3%. 5.00% .
10.0% . 11.6%#1 8.33%, FHEYS Ye /K (44 3 B 251
600, 15.6, 19.7. 92.3 #i1 8.65 ug/kg, DON fx Kk 1k
F 3210 pg/kg, #HAILE/NFE DON AR FEFRAE(1000 pg/kg)o

INFERE G ARk A B B B 2K . TeA . TEN Hil AME
HIAS HE R R 100.0% . 100.0%F1 98.3%, BHETS YLk K43 51
128, 25.6 A1 29.2 pg/kg(F 2), TeA [ Fr EEAE P
2.00~500 pg/kg, LN 96.6%. TEN M& & FEAENPE
0.10~50.00 pug/kg, 5N 91.6%.

F2 20222024 FRRFEENEPRITNASHZMAZHE
ERNITRKTE
Table 2 Fusarium and alternaria toxins contamination of
wheat in Shaanxi Province from 2022 to 2024

SFHH WP

AR FERLEK fug/ke) fue/ke) K /%
DON 60 600.00 ND~3210.0  83.3 (50/60)
3-AcDON 60 15.60 ND~35.0 5.00 (3/60)
15-AcDON 60 19.70 ND~81.0 10.0 (6/60)
NIV 60 92.30 ND~456.0 11.6 (7/60)
ZEN 60 8.65 ND~80.8 8.33 (5/60)
TeA 60 128.00 13.3~874.0 100 (60/60)
TEN 60 25.60 2.18~79.5 100 (60/60)
AME 60 29.20 ND~87.5 98.3 (59/60)

H:ND. RKEEH, FH.

23 BEHNEMPEIESEZNZEASRITE

BV 4 /N2 b 4 ik U B B R DON il A8 4 4 77 5
TeA. TEN. AME 1534, £ &k TeA, HIUGE TEN,
PHPESF- 24 {EH5% 55 (9 & DON, HRJE TeA(GE 3). /MNER R
FYRIIH#E DON K, KRN 87.5%, FHIEIGYL K
267 pglkg, AR 947 pg/kg, HBERTRIEFRME, (EAE
FIRE MR R, /NP ACEEfIE SR TeA. TEN Al
AME HI# 3 96.2% . 88.7%F1 63.7%, FAVETS YLKk T4y
Wk 44.3, 5.04 F10.63 pg/kg.

T3 20222024 FRRAE NEMRPRIIEEEM
RERBZRNISRKTE
Table 3 Fusarium and alternaria toxins contamination of wheat
flour in Shaanxi Province from 2022 to 2024

SR *fuLﬁ VI WBERERE KRR BRR

¥} Npgkg)  /(ng/ke) 1% 1%
87.5
DON 80 267.00 ND~947.00 (70/30) 0
3-AcDON 80 5.00 ND 0 -
15-AcDON 80 5.00 ND 0 -
NIV 80 17.5 ND 0 -
ZEN 80 2.50 ND 0 0
96.2
TeA 80 4430 ND~167.00 )
TEN 80 504  ND-1600 387
' : (71/80)
63.7
AME 80 0.63 ND~329 o

T SRR A R

24 NEFMNERPRINESEZNZERSREKSE
SRERREXME ST

R BHAERE S B GETE AT, ZNEE RN B R L D
BB ) B R FIscsE I BE RIS Y, FELL DON. TeA.
TEN FIHAEE R IR A 15 Yo 8 W o o 2 Fl, 3
4 FPRT S FhEEZ RIS YL AR S A I SRR R Y 14.3%
(20/140).23.6% (33/140) .45.7% (64/140)F1 16.4% (23/140).
AT FERE/INFE F/INAZ Hoy v e ) e 2 35 A8 B A 2 3% b
TIAEIRAE 43T, P<0.05 N ZEFAFITFE L. T AOH £
FRAREA T RIG I, ZEN HAE —mEEM G, Rtk R
A 7 FEERNACE ST, B3R 4 W LURH, IEA R
FEAYE DON 5 15-AcDON (r=0.825, P<0.01), TeA 5 TEN
(r=0.805, P<0.01), H: % J/& 3-AcDON 5 15-AcDON
(r=0.572, P<0.01).3-AcDON 5 DON (r=0.554, P<0.01),
MR Z H]2 585 A O (r<0.4, P<0.05)8 TCAR G 1H:(P>0.05).
g RR AR ] B R RS AR T 2 A 15 Y o
PESS; B DON V5 YRt ih, RA ATREFERES 3-AcDON .,
15-AcDON AYi5 4y, B TeA TG YLRIFESL, RAERAELRE TEN
SRR
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Table 4 Correlation analysis of fusarium and alternaria toxins in wheat and wheat flour

AR EL DON 3-AcDON 15-AcDON NIV TeA TEN AME
DON 1 0.554™ 0.825™ -0.135 —-0.014 0.064 0.046

3-AcDON 0.554™ 1 0.572" 0.186" 0.061 0.394™ —0.243

15-AcDON 0.825™ 0.572" 1 —0.121 0.123 0.229™ -0.129
NIV -0.135 0.186™ -0.121 1 0.237" 0.364" -0.167
TeA —-0.014 0.061 0.123 0.237" 1 0.805™ —0.127
TEN 0.064 0.394™ 0.229™ 0.364" 0.805™ 1 -0.293"
AME 0.046 -0.243" —-0.129 —-0.167 -0.127 -0.293" 1

TE: **7E 0.01 7K CBUIN) B4R ARSE, *7E 0.05 ZKF- GO B R ARG

25 INEBPRNRINESRIRERNSZERREN
R TP

SR P E R RE AU P REIE A 12 A B SRS
BRI YR B SO, Bevi A e RS A H /N R
THR R EEM . Bk PRI AT SR E Nl 215.69 g
/NEHRyH DON., TeA, TEN, AME MG T2 05H
959.8. 159.2. 18.1 1 2.30 ng/(kg * bw *» d). WIHEE
DON f#§ TDI {fi*h 1300 ng/(kg * bw « )", I HHZ
DON HE £ 2@ 1t 959.8 ng/(kg * bw = dy/MT TDIME ., %
HTTC PR, HFACREfIRER AME HAT L aitk,
TTC {4 2.50 ng/(kg * bw « d)), schf7E 2 AME Ryt
R 230 ng/(kg * bw » d/NFIH TTC fi, %M TTC
TR Cramer F105 W) 53 9 (R Hh 9 o Ak 25 45 K A ) oK
HAF NI I2), TeA I TEN J& T L&4), H TTC
{4 1500 ng/(kg bw * O)PP*, CHEMIEE K TeA A% SR
1592 ng/(kg * bw « dyNFH TTC fH, &8 TTC fHIW
1%, scHEM#ZE TEN WEERFEE 18.1 ng/(kg * bw * d)
INFHE TTC {H, 208 TTC HAY 1.2%, Z5REM, AR4ERE
Wk /NAZ B DON | TeA. TEN ., AME Ji £ % 82 X5 114 2 5 fekt

M AU /N

3 54

ATFIT LSRR, 2022—2024 AEBEPY 45 /G2 RN M
B2 BN R AR EE A5 e o /INFE R/ NFZ oy A
DON. 3-AcDON. 15-AcDON. NIV #l ZEN, DON 5
15-AcDON Zr i RIH AR H sm A M . 2022—2024 4Bk
B /NFEH T DON WK 2R A PR 5351 R 87.5%F1 0.0%,
BE 20132016 AERR PG 25 /N 22 M K LAl i B0 4G
HE 86.9%MHARER 6.70%, HARKEE T, xRN
GB 2715—2016 { &M & EFIRHE RE ) TRNEHE
AFR/NT 2T 2%, /NFEH DON T HSIA T #8048 45
/NPT H R % DON MG R /N T TDI fd, Ak
TR (4 KBS T TR A

VG A /N2 TN By 1 32 B A T B RS AR 1Y
V5L N RN R RS Y TeA . TEN Fil AME, TeA 5 TEN

FrE R AR SRAOA S, SR I 4 AT . B
PGB /NEH T TeA. TEN, AOH Hl AME (- Yk 52 43 5]
7443, 5.04, 0.63 F1 0 png/kg. fafF2EBU Y 1144 /N
% R f A2 s &R E I TR, TeA. TEN, AOH
Hl AME (R°F-X #2331 27.2, 4.78 . 0.75 F1 0.57 pg/kg.
A DR IR /N v 4 Bl S B A 1 R A TGN,
TeA. TEN., AOH il AME H~E-3 4 4358 56.1. 6.7,
2.0 F1 1.2 pg/kgo MULTFTHL, N TeA V5 Y f/™ &, H
& TEN, AOH 1 AME V54K 4% . /N2 #3 Hh g4
# & TeA. TEN. AME WG #EE=E/NT TTC{H, ¥
B HEREZ I RS 5 . RE ST AR R R TS B
FIBIFFEAE X /0>, T L B i 559 ) P R AT i s ff
TR R BR AR e, TR FE R 2 i s b A 1 K 1Y
I, WCERTS YR, bR e g B A 2 0 IR b
HE, PRFEFRIE A4,

&3k
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