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Research progress of deoxynivalenol in wheat
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ABSTRACT: Wheat is one of the 3 major grains in the world. Wheat head blight caused by Fusarium spp. is one of
the most important wheat diseases in China, and it can cause serious losses in yield and quality. Fusarium spp. can
also produce mycotoxins which can threat the quality and safety of wheat and its products. Among these mycotoxins,
deoxynivalenol (DON) is one of the most serious toxins high detection rate in wheat, and it becomes an important
issue concerning food safety of wheat and its products. Contamination and prevention of DON in grains including
wheat and their produces is a serious global challenge, and regular detection, contamination analysis, and research on
efficient and safe degradation technology to ensure consumer safety for DON have become a hot issue that widely
concerned and highly valued by governments and the public all over the world. This paper reviewed the structure,
physicochemical characteristics and toxicity of DON, factors affecting their formation, and the current status of its
contamination level and prevention and control measures, and discussed the future prospects for the research on
DON, so as to provide beneficial reference for risk assessment and prevention and control of DON in wheat.
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INERERZREYZ —, WMo Z RN HIERFERNG
e, WRMEBEZE, M4 B E S Sk U] 7 I 5 (deoxynivalenol,
DON), Hi Yoshizawa ZF 20 {40 70 45/ 7E 9k g J] B 75 G
/NE SRR Y A%, B s B K
&Y, FEmYIIE Fusarium Spp.)f"':éli, H&5EBR
MR I 2 R A5 45, S2/NZ i s P M L R, TP E R
Wi ZINZ G S AT 22 42121 BiFSE 6, DON HA5 1R 58 ) 25
PEBOL S 0o A 2 Ml B i A R S, B  FERAR
2] 41 (Food and Agriculture Organization of the United
Nations, FAO)FIH: 5 T A= 204 (World Health Organization,
WHO)E J e fa b i) A SR R A B TE 5, B s E R
FERERF SR A R =2 8ua ' . AL/ i) DON
FH R S, EEEMNILEA T R B . s A R R
TG YL BLR B B SRR 4 SO ERIFLRR, LIS/ NE
DON {19 U A 1 2525 Bl i 5 4415 2%

2 BUMER. SHLRERE

DON AL2EZ TN 3o, Ta,15- = 37 B4 A0 B -9- 445 - 8-
i, Ak E 1R, 431208 CisHagOg, FHXT S it
1 296.328 . DON  4li fify o JG 0 &1 IR 45, KE R
151~153 °C, TEAHIR MV i s A B LA, G — &0 e
FOKHEL, SK CFEE LR Lg% ; DON FbME ke e,
X R A R A% A B BRI T 320, R
. HEEY SN TARXEBIE DON, {H DON 7Emit:
AR,

H1F DON M:ifas, —Mer el Kom Tl f AR
MER IR I A, DON BEAI I 25 15T . DNA Fl RNA 196 4,
ik, DON &% AFshi =41z B B s, 4
2R, NFNRKE & H DONTs R EY), 25l
i i f s RGeS, sl N R G
Z RGN, B, DON BEE S HALH W 2 I E KR
)7l (zearalenone, ZEN)ZEr= A PRI, X AFSIPIHY
it s J B K Sy, DON P 2 v S bR A 455 A4 e 5 1
Mgk, At R ER RO | Sk RAETE S,
R I 2 AT R I R S i S EE TP

FET DON PR R R, Hoxd /N2 8 Wi i e ™
N R A A, g T A LY,

BT B8 FAO 1 WHO 5 MG 1Y H AR & A B S50,

FUBE BRSO A 3 EORTh, BEE A
S e A AR, AT BT £ P A/ 4545 1 T
S SR BR BR, F FHES TEAA 37 AR
G T DON HIFRELEREY, 2 [ 0y fr it 2 25 a
JR)(Food and Drug Administration, FDA)#LE & & HJ DON

B4 pr S 1 mg/kg, [T, SEEMLHIE TR /N E K&
JNAZ 5L DON Y SRR R N5 1 4 mg/kg!'"); T RKR
SEARMTH/NEESY+ DON HRREME N 1250~
1750 pg/kg, (HXFLAINGE | FOKREE R JEORHG B A I N BB
FHMTEAS HUB EEE F b DON 1 FR-EARAE U H R A%, f2
VFBR B 750 pg/kg; FE BR 5 15 8L 2% 5t 25 (Codex
Alimentarius Commission, CAC)X} /N4 25Uk 7 DON [ FR
FE{E R 2000 pgikg, XFLA/INZE LSRRI LAY TR  HLRY B
% AR T DON IR 1000 pg/ke!'™. i T7E
FRERE B, RS EZ T EE, Hit
FERE TS DON FEFRE o HE 2, REBTE M LLeE
FhrfE GB 2761-2017 ( B & &EZEmE &5 E# 5
FRRE ) I /INE 4 B LI R DON 55 AT 24 114
FRAE, FLERY KILH & DON S| A#id 1000 pg/kg;
FE AR T AFRUE GB 13078-2017 (bRl TAERAE )

o e N 2 5 R B RE R DON Y Ao 1 ik /N F
5000 pg/ke!, DA b o VR b i £ i 4e A b v A
R AbRE, WO TR E S BB . SR AL W AR
BPEEER, E (M) il CRrEfiEd s
2 ) R St A b AR B
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Fig.1 Molecular structure of DON™!

3 &M DON FE R E R

3.1 FEEK

INE B R R B SR G 2 R
A IESERON AR, R TE IR R e, B S 7ENOR |
TR A AR AL BT R, /NE R DON Al
TREERL S B 22 (AR B i o R >0 DON S /A7 %
B R AR R R R, R T (Fusarium
spp.), FERERBHII B graminearum)FE (8 I T (F.
culmorum)y=H=, 1AM, 7 DON OE YN BN TR Y% I
& (F. sporotrichioide) . ¥y£L 4 JI W (F. roseum) ., — 4% 1 TH
(F. tricinctum) . %R]ﬁ%ﬂ%(F acuminatum)%['5’17]O
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B G, ISR B BRI AR R
K. KA REFEEREEA T EFERWEELMGZ —,
IR B (water activity, A )BIEET 1, MUEYBS A RKE
B, WF5E I — S I K 4315 1t (20%~50%) f2 5 1 e 71 1™
DON (56 N =2 —U™ 35 R X 7= 2 BT ) S A 2
HATF BRSO, 35 B IR AR R A R )
LA A R BT AR B b 25 A5, TR L i B IR AR
S A KA, SR BERR 0SS AN,
ST IR ST R, 77 DON i T 1 A K A 38 B

TRLEE N 15~25 °C, & E/KIEEEH 0.97~0.9915),
4 SEIVK

DON J7EZ 3 it/ NE SRR RN b, B2
AHORAT™ iy Sl o TDRHR T 22 4, X NS 49y ) fk e
FAEE R LN, C 5] A2 E BN FIA R 2%
FEAEEE . H DON H R BUF % LR, H it
S EEAHZAEZEMRIE T DON 1k A K5 YRl (& 1),

#1 EFEFRNEREES5HT DON HYSRARA

Table 1 Recent report of deoxynivalenol in wheat and its derived products

DON H¥
P3 PES PE 5L K% /% B/ (ng/kg) ik
ERIES[CI <)) INZE Ry 672 91.5 2.4~1130 [19]
T [ (28 A7) INFEHy 5678 58.74 0~56100 [20]
HhE (FLBY) INFE Ky 85 27.1 0~630 [21]
P ()14 N 11 72.7 0~1460 [22]
AN il 14 71.4 0~1562
W26 AT N 200 89 0~10481 [23]
AN i b 408 94.8 0~9459
o (TR /N 180 74.4 14.52~ 41157.13 [24]
[ INEE 25 32 0.54~24 [25]
HE (18 &) INFE Ry 189 74.1 4.6~2287.3 [26]
r ] G ) INFE R 84 51.2 8.7~152.6 [27]
of [ (R T INFE Ry 230 98.7 0~410.3 [28]
[ B AT INZE Ry 50 74 21.9~236 [29]
[ (19 1) £ 62 100 0~1.4 [30]
FELAR) Rz 19 94.74 250~2341.0 [31]
INFE YR 26 100 430~5140.0
INFERRZE 17 70.59 210~3950.0
HE (10 1) INE B LR =) 162 100 0~12633.25 [32]
HFE (1S AT INFE e R Bz 77 100 0~8324.6 [33]
I (20 457T) INAE 37 100 0~13515.7
FRE (10 AT 7353 77 100 0~12896.2
T A3 9 100 0~10084.5
R 8 100 0~10609.9 [34]
AN K LR ) 140 98.57 0~12633.25 [35]
PEGTLHAE) INEZ 25 85.4 0~2207.4 [36]
HE (9 AT & Ek 24 98.5 0~24831.4 [37]
KA 12 100 0~735.1
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DON 5
BPY B b B i B ot /% Foth i/ (ug/ke) K
HRIE (10 2T INGE R LR 65 100 0~11028.93 [38]
hELARE) INFE 34 412 209.28~5224.31 [39]
P19 AT INE R R 170 0~35392.9 [40]
10 AT INFZ B LR =) 104 100 0~6174.93 [41]
HE Q27 &) INEE 200 89 0~10481 [42]
INERITY) 408 94.8 0~9459
HRIE (10 2T INFE KT ) 42 100 0~3503.23 [43]
FRE0 AT INEE K 50 30 0~862 [44]
A E (i ) ERE 22 95.5 550~11190 [45]
HE (10 A1) INGE R IR T 42 100 0~ 3503.23 [46]
(L RAE) INEE 36 80.6 0~9289 [47]
INERITY) 62 98.4 0~9356
4 B TH) INFZ 181 82.9 <33~3030 [48]
i) INFE Ry 172 77.9 73.50~2794.63 [49]
Al N 162 74 150.7~1650.5 [50]
= UV 3 92 83 10.5-1265.4 [51]
FEIR YT INEE 40 100 175~1440 [52]
BKH] INEE 47 59.6 13~1230 [53]
BRI INFZ 40 22.5 9~550 [53]
FAT R 4 INAZ 84 100 0~ 9480 [54]
Hig v N 178 82 0~5100 [55]
L) 2 UV 3 52 46.2 254~3390 [56]
TR A A AN A INEE 23 100 203~4130 [57]

FRIEE R/ N2 A R R, X DON fg 5 4 ] i,
M, 2013 4 E X VTR 2K/ N2 DON %
WA E S . BT, REZSMIEEEA 30 &
A0 R B/ NZE A i ET T T A0 dE DON AE N B B R
i, Bl PO i 28 AN (HYAIX | ELAE T A 3
5, LABEMLAMARE B 7 20OR 5 e A 4 s Bk /N R A
5678 iy, KiZE R B8 DON Kiti3N 58.74%, @BFrFEH
4.60%, V-5 EN 317 pe/kg, ErEIEHE 0~56100 pg/kg, &
SR/NFE R DON 1538 He 5530, (ARSI AN, H A
X5 P AN, SR BARAR VU R R PG b b X AR A
X, 5 IR A O . RAE RPN 4 7 K
X 26 B T 608 0 /NF2 Ko FLAfil i i) DON 4§ 4 F e
PR RUEAT TR, S5, /N2 2EME 8L 32 DON 1752
B E, HFE R IX /NS & H R 4852 %] DON
HIT5 Y, INEE KR FE Y DON A 24546 H 24051 R

89%71 94.8%, MBRFAHI R 22%H1 48%, BT UL, /NE
74132 DON 5 YR vE 5 T/ A2 . il gk [
IZR . Wb, FAREE 10 XN Ky H DON 5 4418 Btk
Tr TR, IR /N Ry DON & 88 Rt #r, 4553
K, BRARBEBIREE, {1 DON K #H 30%, 54
BHTZ, AAFEE—E WIS RN, R 500
2015 AR AR E 19 METRY 170 13/ Btk fe i btk A 5
TR, ZERFW], RS DON 5y /™, g
2928.1 pg/kg, MAREN 54.7%. HCHFEPIXF 2016 4ER
B 4 E 1048 T 1 140 63 /N2 BRI =R S kAT 1 i,
ZEIL R, 138 7(98.57%)FE A0 2B DON FHE, #H35(E
H2704.8 pg/kg, SEAEALL, /NEE KILREI7 ) DON i5
Yeit BT FRHECOREHLMECA E 18 M T 189
By, REmgE R IR, 140 #r(74.1%)FE0MT5595 T DON,
HoH AR A 0.4%, DON H: H{H 7 4.6~2287.3 pg/kg, DON
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V5 Y- BIE AR G, AR R R, (RS AT BT T
=5, /N Ry DON {5 e 2 8 =5 ek, fIRT5 e B 4
Mo TREEPXT 2018 AEMALET . MR, EE IR
TR EE 19 B TTIREE I 14 63 /INEE R 48 13k Bz EAT T EL I
R, S5RER, 62 (AR Z B KRR /) DON 5
e, KR 100%, H/NEZFERE S DON K #4{H
5173.4 pg/kg 1 2184.6 pgkg, BFREHK 28.6%F
6.3%. /INFZ oy b L R R B A R I A, DON 7554
B 28 1R 3R /N i e A A K ) . T R b dsk AT I,
MACAIEZE R, N R DON ¥5 Gtk bl fsy
AR AR TR R, B 2/N 20505 % DON i5
YL RAE RS PR B B T 255 BT/ 22 h DON [
YL, AR TR S X RSB /& f DON
V5 Y8 e i I K 5 R .

5 BiESkE

IINZZ SR b T LT BE R TS L B B AT Z AR
[RJRE, AN A ds il N S R P B R g,
FEARE B R, TP RESYEAZ S AEEE
SCBSI TR /INAE il X AR B R KT AR R 2R
e R B2, DI RY, M AR RS A aE
BEFEFFRI R DON (R, ik, /INEMRERY B, ik
AAREPURER A X RN SRR i R R
e e AT R

/N DON 7 H ) A KW it B 2 B, X
WEAE 5 3 AT A R B B X DON AU BHIAZEM 2 5T A
Fr (1) BHIEEE A K S DON B, Fifil/INE il A7 e
I C Rk R K A i SRR R, BB AT A A A
(2) MO & EE RN TRMMIRE, Bii/hNE "+ DON
e N N Ay R e o X IR /B s By NI = R A W W st /|
Irikag,

51 5%

WIERE R . PR | KPR
O L T R 5

YIHL Y T FEAR /N2 PR I B 2 A HL 3 A 7 v . DON
TEREZRB N R rp AN 6], B4R TR AE SR b
KRR SRR, H/NEH DON S S RsE R 2
[ FEAE EAH DG, R R 5 AR R RN R 2R 2 (R A7 A i
FIIEARSE I ZR, 78 €0 1E Y UL A0 Y36 A o o A 4
UL, W SRR, O 1 35 45 /N3 R AT B
WA SR B T/NE T DON B E & MR 4
FBREEAE /N FE A HUAE ML 385 R b B 2 S e pL3
W, WA G/NE A DONI, S sglon
KR AR NE R B R)G, /NEH DON kA
MR, B4 O 2 TR i 2 B AN 58 35 DA T R AT

DON &, b FRULIEH /N R DON 125k
ORI

PO HL R AR E SR ST EEER, BT
DON HATHA i #igase v, #bFRL & 20K, Am
TR & S R A TR, M H. DON i i 7= 4
WA I, CRARME M AN TEAE, T LIk T R N

/NEH) DON FEE AR /N W K2, TRt JE it
KPR AT S AR /N2 R ) DON A5 14 4R, K
PR, BRIVIRAAERE D, "TRES L kTG Y.

R IR7L LBk DON EZ45 h ll FoUm IR . 041N RN
y SRR IR A i o BEOSHVA P ) DON HLAT AR ASUR,
EXF TR DON JCREMRRCR, HIANTE F T /N2 5%
L3, B A g BRSO 0C o175 BE X DON HA7 B &5
R AE L, (AR AT S AR AR = 8 i iR Ak ™ 5, ]
ReFEUNESEAY PR T RN LT, HEINKFEES
2, WIRBURATE, SRy b s 5w sy, Hik,
S hM BRI N T A R

W 8 b8 2 325 2 ) D 0 o 50 %) s KV LA — 2 R I
R E ) DON ZiBk. # FM IR SR Ao 4G vg vk i . 2t
REFRRERZS | AH RAE . BERRANMEESE . BFoTR I, ARYE
BB K VER, B v iR nT B 35.1 pmol DON,
R, AN DUKARERR SR B0 S A LA, P4
T EEEE, LAA BRI HG A BB R A A R B R HG X
DON F) % IR BTGB, SRRk 28.08%!%), 1t
DLRERS L FIHR 431 bR DON BB, (3 # i BR AR, H
SRR A, RIS RER /N 22 S W P S SR A,
B DON Bl b5 A B A3 b B, 1T B it i R I5 e,
Rt BTN AT Z .
52 KERE

by i B R L SR SR AR R B S ) T
AbFE, IR DON 43454, FB4ralalic Bk DON, i
b AR EUC R R . DON TERRIE 414 F AR e, |
pH #=, DON 75w, B, TrEARBERea s A%
DON f&1t. WFFE3M, 0.1 mol/L BRMRENEBRZE k- DON
BRI R 83.9%, XfZzEkH DON [ 2 BRACR 3 R W i,
S A RCR A 90.4%U7 M B IR = #H(5000 pg/mL, pH 11.8)
%} DON Y2153 H7(76.60+3.70)%7%, {H i TIRERTRIHE
=Y SR SE BT B SR B, HAFAESR B e ks
YL VAR RS, SRR AT REMEARA .

DON 7Eif JFUPESR M FARE, TR, 22 °C& 1t
T, H 2%4EA KA 24 h, Al A AR DON i
SHEUe FE T [AAIR S0%L7 . 28I R T 7 Sy v ot PRG£S
AR BLAJEAE R, IR E SR, M RM, AT
JIK BE U/ T 1] 9 DON ik 38%~46%™, BRI 3 3 ¥3 10 i
R AT AE—E AR IR DON &, (HIEMBCRA R,
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W ULI AT A% DON AL o R4 i LA

TAAAL A, o SRR AL S A 3 B B,

N FHA R o P 9T 2R BH, LA R 40(100 mg/L)Ab 3 & /K &
h 20.1%0/N% 60 min Ji5, DON (4R 2%1] ik 78.7%!7%),
F] R 48(80 mg/L)Xt/NE AL 10 min 5, DON f RS R nf
%5 74.86%0, MR, HA ALY T DON R fiftak
PRI g,

UEAN, UTAE, BIFSE R S 22 Rl oA o T o) #5 il
. A ER AN RS KRR BA
RAFAOMABIRCR,  FLEB AR X B 35 28 HoAT — 2 %
fEfE A, A VSR SE TR T R T n] A R
TR IR PR, X R P ARA R IIE” DON 4l 5
Srlmas 98.33%F1 95.64%. HHi/INE Hh I FAEY RS0
B BN B O IRGE D . MRS R AR L G . R AOR
PERFFSIR, P, N TR /N2 S e a3 s
KRR TG Y EA T e A R FH 3
53 EHME

HAT, AWREEE R DON BEEEHFFE i B S I
AL A W B R A R A o R LA WO B A
REJIMZH T . B SR Y S ST DON i A7 X
B, WERERE S PR S b2 vk b i . SRS
TP, A S5 AHAMA S A FEhEY R, A
1438 B8 1IN S 2 P R 75 SR W 0, RESEEL DON (13
W7o

AR R, RIVAE TSR ERCGRLR S IR E 1 BAE
AW B2 28 S S b A 7 )2 1 DON B2 ) ik,
MY DON 546 5B MU AR, AWl B e A

Sb, IEF AR DON XIS Py pLIA e HEo 5 (1 F i), BE5E 0,

X} DON LA W B4 P B 2k 0 TR ik T 2 2 LR TR S A L
WS, LR AR FIK 2 REAS @ 1K DON 1 3] 14
2 i )7 R BRDY, B EC N R AT T M B2 7L IR T ko
DON [R5 Hy 64%~93%. HAEH FIEEFR44F T K TG40
Ja5 75 4 g%t DON H A A [] AW bt 3B (B 1 7
SELE YW R B AR T Y, W B ECR S2 3A  i vk JBE
RS E 00, B 2R W BRI R R A AR, T R
W R 2 LA B o R B S3SR

DON (AR fk R AN 58 . s pid K
FE 43 B AT AR DON (34 ¥y sk, % DON fRit
J TR EURAE Y, AR EE AR DON & ik
B, B REBN S, Bz RA T, f
FHAAIRAD, SPRRAS I & ST RZ AR /N, fE DON s Jr 1 H
HARGE R AT R, AT R Y REGE %M DON M
AP . B BTN yu SR AR
EEMCHLIK T MG I B 43 T 10 BRZHTA, 4% DON #%
Ak A B 1 R I FEARR 1) 1B 38 4807 P (deepoxy-deoxynivalenol,

DOM-1), H. 10 ¥RFETE4RET TR0 B HA FoUE T
B 7 A BT 1k 3] DON 15 2% e fift 1 k428 3K 30 G 7
DDS-1, %W AEW ™ A M f i, SRR 7 37 #9 DON Ay
FEMEBE 1K 95%LA b, XI/NZZ Tk ) DON [ fif ik 5]
75.47%. Li SE0i 153 A9 2EF0AT R LS100 fEdS DON %1k
i, DOM-1, MTiEF|FE# DON 19 H 9% He 2P M g 5t
Q6 4k A R 4y B 45 F) 0] K f# DON Ay 15 = i &
(Aspergillustu bingensis), VEfF#Z5 94.4%, Fuchs P4
I8 1 SRR SR b 4 8 B BT A (Eubacterium)BBSH797,
% AT LITE 24~48 h NEE4L DON 85K, i H i HL R
Bl B IF 2 o F AR P AP B ) 59 FLAF A BBSH797,
DON Jfit 2 B A9 7T i Ak R s Hh JHE B R & e g 8 0 & T 40,
WF9E & B, AR I AR T B, KRR AR I e S
Ik, IR L DON, U1 Khatibi 4540 3-0- 21
SRS SE N B B oa MBI R RE T vh ek 5, BERE A A0
WG A =4+ 1) DON ¥41k°4 3-ADON, Mfif#{% DON
SEIURRI G E, ILEKTE DON LM N EHA
ARG 07 FH AT e, LR A ™ 400 A SR Tt T AN oy 55 1) A3 ik
e,

ZE LT, TGRS | AF RIS Ak,
ABRETE—E R RE LRIR/N2Z o DON By & B IKIN S, W
PRy kT, {H DON ZLBRECRABR, R AEE—E AR
S, ANYIER TG AR SE R LM FRL R DON B B
BORAT R, 7K V5 0 B W B3k 58 1T i Bl vk ¥ Y A5 ] AN
A ALF 710 DON B RBRECRIE T A 52, (Hh
FALF Y BRE U A IR £ S S L, S R ks g, AORGE
FATF b BT 5 FAFAE T e U, DRI, o e o i 25 b 2
Ty e /N g A =, T ELHE SR R 2 I AR
SR Ak B R A AR FE, {H B S R A T 1
F Bt /N2 SR e A S 5 Y A T W R
o AW i DON WA BR BA mRck — e, i HAS
SR S B Ry, R R A TR — B, N
AR . DRI, 2 sk s ik, i ELaE P
PR . B RN AR B VR SR E R S A
w1, R H R A P SE R A D . f kel O, H
— AR KA R 45 DON 35 3%, #Wr B b2 Jo
Vi ¥ 55 A s G, T 2 A AU 25 Bl R it T
INZE R S e A e PR R R R

6 B =2

DON &/ th R . fEHF R EHE R
Z—, BN KRR E LR LR E S, S
T DON (175 Yetif BLIFET X 0 AT B 45, Ao P
MREFIE A A HERE X, N, F 52 [ B
X DON (975 50 AUE I, FE 1A
NI RREEARUE , 7341, R DON TE/NZ RN HE A iy
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T B, SRR SRR, HRER SR
B 2242 A /KF, 98/ TR DON i B - B0 28 T 40 S R X
N IIEE, BEE /A B il b 2 305 YL KU S S
PO IR R A ST PRI, o) F R R iR g )
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