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ABSTRACT: Objective

wheat kernel samples collected from Hubei, Anhui, Jiangsu and Hebei provinces in 2018. Methods

To investigate the contamination situation of 5 Fusarium toxins and 4 aflatoxins (AFs) in
A total of 371
wheat kernel samples harvested in May and June, 2018 from the 4 provinces were collected. The samples were
extracted with acetonitrile-water(84: 16, V: V), cleaned up by Mycosep 226 multi-functional purification column, and
then 9 toxins including deoxynivalenol(DON), 3-acetyl-DON(3-Ac-DON), 15-acetyl-DON(15-Ac-DON), nivalenol
(NIV), zearalenone (ZEN) and 4 AFs were determined by high performance liquid chromatography tandem mass
spectrometry. Spearman correlation analysis was used to determine the correlation between varied toxins. Results
The wheat kernel samples from the 4 provinces were heavily contaminated by Fusarium toxins, especially DON,
while the contaminations of AFs were relatively light. DON was with the highest detection rate, 90.3% and the
average contamination level of DON in positive samples was 2706.3 pg/kg. The content of DON in 45.3% of the
samples exceeded the national limit standard of 1000 pg/kg. All the detection rates and the average contamination
levels of the 4 AFs were low, among which AFB; and AFB; had the highest detection rate of 3.2%. Two samples were
with AFB; higher than national limit standard 5 pg/kg, and AFG, was only detected in 1 sample, while AFG, was not
detected in all samples. In terms of region, the contamination of Hubei was most seriously, especially DON, the
detection rate and average contamination level of which were 100% and 6314.9 pg/kg. The average contamination
level of ZEN from Jiangsu was 1971.2 pg/kg, which was the highest and more higher than that in other provinces.
The natural contaminationsof 5 Fusarium toxins were in significant correlation from Spearman's correlation analysis,
while no significant correlation was found between DON and AF, or among 3 detected AFs. Conclusion The wheat
kernel samples from Hubei, Anhui, Jiangsu, and Hebei are seriously contaminated by 5 Fusarium toxins with
significant correlations among their natural contaminations. The degree of pollution is Hubei> Anhui>Jiangsu>Hebei.
Therefore, it is necessary to monitor the synergistic contamination of multiple toxins in wheat kernel samples from
the 4 provinces continuously.

KEY WORDS: wheat kernel; mycotoxin; high performance liquid chromatography tandem mass spectrometry;

synergistic detection
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e [ At 5 e K /N E2 F2 7 ], R A S e R/
A RNE, AR AT FOR TR 1/ 22 o e v e 2
UEANT R ERR, Hit, NER R G St R R B
Kif e m i e el K ae 28 HIMERE &
PE A A R, 251N £ b 2 A ]
WEENR . 2581k, CREMNAFEERA 400 2.
INZE R RE R TS Y AL 22 5 RS ) R A b ST REARG, A R LR
Mg, HASSREh YR A RE R I5Y i /N A2 b 22
T N A it ) AN S B 32 L # 3R T e AR A
Yy, Hs Qe B2k A 2 D5 B i/ N2 A K], T
FORN R AL, AR IR KR, ML %
FUPA R Y AR AR S B R iR YRR
], PEORT TR T S A SR A Y, R EL
HIEGRG R R EMRA, NP EREEZ . SA
RRAFHVN R EENPIRRERRAGY . TRAR

BT B T R DT DR N PR IE /N S A Wl S
i i & & 3% 81 2% 5t £ (Codex  Alimentarius
Commission, CAC) ., KK Al [# 55 224~ [ % Fil [ Prgd 21
CL Bl 5 7 AR B BR A AR v

B RTEIXT P E 2013 4577/ N Ry 2 R0 H R B &
FR Y5 YL A WU TFOK IR BRI (zearalenone, ZEN)FI B
2 o i A0 0 WAL A TP B A S SR ) T B
(deoxynivalenol, DON) . 3- Z Fit £ -DON(3-acetyl-DON,
3-Ac-DON), 15-Z[3-DON(15-acetyl-DON, 15-Ac-DON)
IS T ik 71 T 4% B (nivalenol, NIV)S5 /N0y b i b 175 4
MEESR; SEBEXIE 2014 4 11 HEXH 214
By /AR Al rh 7 Rl T R S A A B, DON A
ATEEY . NIV F1 ZEN 1R H R4 100%, 155K FH
11 J&: DON HI NIV, V3975 YLK 43 51 15.5 pg/kg(EFlHh
8.1~337.2 pg/kg)fl 273.4 pg/ke(JLFE Y 73.4~393.7 pe/kg):
WA, ZIWFFE R, IRE A1 X Nz S & B 2
Z MR TR AL G YR ZEN TS5 9e40, B2 i S H R
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(aflatoxins, AFs)25Hy 75 el > 161,

Shy 4 THT 72 G0 1 W 3 /N 22 3 7 X R /N2 v &2
FRERA &R M5 YE 0L, A RMNINE B K 4 KRB
WALE . T . R g, JERET 371 ik
INFZ, RO HTRERL R 4 Fh B 2K B LR R AL B I (DON
3-Ac-DON, 15-Ac-DON FI NIV), ZEN Fl 4 Fpaifh & &
(AFB,. AFB,. AFG,. AFGy)3t 9 FHEB R SH, N
AHOGTEZE A XU W | S0 R v i 05 1T B (AL B mt s
2 R
21 UES5EE

Waters Xevo TQ-S Ji i1 (Fic A HL 8555 & FH) .
ACQUITY UPLC I-Class i AH i (35 E Waters 2\ #]);
N-EVAP-24 {if WA (3% [ Organomation /A ]); HY-3 230
REHR 7 (VLR A In BRI ANAR T ); MX-S IR IETR A (& [
SCILOGEX /% #) ); BS110S H, + K ¥ ( ff
METTLERTOLEDO A F); YKB = A #EHL(H 48 AS ONE
/A l); HeraeusMultifuge X1 ¥ % 2.0 #HL(3E E Thermo

Fisher /A #]); Millipore-Elix-QE-QG 4i/K{X (3% [E Millipore
2o
22 RFISHR

DON (100 pg/mL) . 3-Ac-DON V& # (100 pg/mL).
15-Ac-DON ¥ (100 pg/mL) . NIV ¥ (100 pg/mL) . AFB,
VW (1 pg/mL) . AFB, ¥ (0.5 pg/mL) . AFG, |
a AFG, ¥ W (0.5 pg/mL) . ZEN % W
(100 pg/mL)YFEFBIHLELNE) . Mycosep 226 ZIfgHHL
H(EMF] RomerLabs 2AH]); HEE, ZIF(RigaL, EH
Fisher 23 /]); HER(EIEAE, 25 Sigma 23 w]); SEH KN
ALK 0.22 pm JE g IR CHUME 250 B A TR A D o

ug/mL) |

23 HERE

S ARIERE S A R, 2018 4 5~6 H, MR 4 & Hb e
PLE . SRR, BEDEEADT 7 ANl
SRR AL, VAR RS AT oRAE, BEATREALIEI 5 PR,
BPUORFER 500 g, IRAISIRMEN 1 FRIEEA, FRE
FERR TS BRI o SRARFEABAEN R NFE 3R 371 17,
BB FEARLE K A WL 1.

®1 TREHNEHRER
Table 1 Information of wheat kernel samples from different
provinces
By Ff iR
L9 ) 112
Wik 1) 86
TLIR(T 1) 104
L9 ) 69
&t 371

24 BERERRNEHIGE

FEFRUEZS N -20 COKFE P IUEIFIRE E= . 50
BIBUAT S, 0.05 mL B ZEN(100 pg/mL), AN 0.25
mL [ AFB,(1 pg/mL)Fl AFG,(1 pg/mL), 7B K 0.5 mL
A DON(100 pg/mL) . 3-Ac-DON(100 pg/mL) .
15-Ac-DON(100 pg/mL)FI NIV(100 pg/mL), LK ARFRY S
1 mL ) AFB,(0.5 pg/mL)Fl AFG,(0.5 pg/mL)ZE 10 mL % &=
B, MAZEZIEERZE 10 mL SRR SARMERE B 4 F
AF ¥R 0.05 pg/mL, DON, 3-Ac-DON, 15-Ac-DON
NIV ¥R EEYS N 5 ng/mL, ZEN ¥ 0.5 pg/mL. BUE &
HR ARG, FH TR ROV BA R &, B4k
T il L3R 2.

®2 WERIBRDESEHIRE (ng/mL)

Table 2  Concentration of the toxins in series standard solution (ng/mL)

HEHR | B 2 BHEE 3 PO 4 MR 5 M 6 BhEE 7 ML 8
DON 100 250 500 800 1000 1500 2000 2500
NIV 100 250 500 800 1000 1500 2000 2500

3-Ac-DON 100 250 500 800 1000 1500 2000 2500

15-Ac-DON 100 250 500 800 1000 1500 2000 2500
ZEN 10 25 50 80 100 150 200 250
AFB, 1 2.5 5 8 10 15 20 25
AFB, 1 2.5 5 8 10 15 20 25
AFG; 1 2.5 5 8 10 15 20 25
AFG, 1 2.5 5 8 10 15 20 25
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25 MH@mERBURLEE

B P 2 R AR BURLAHE S 2% TIN5 ST )y
AT, BURSIMFEIG EER 5 g, LA 20 mL ZJ5- /K%
Wi(84: 16, V: V), L 200 r/min R HEHL 60 min 5l 3E . B
10 mL JE#IT Mycosep 226 bl & F&¥) 2 mL, Lz
JE i 4 mL TRV, T 45 CEUFTFTRASTEWT, 5%
FH40% P BKIERERT 1 mL, IRAJGETII8 g4 T
L 5 min J5 BRI 0.22 um JE B R R .
2.6 UEEEH
2.6.1 EANEH

{6 3%+ % | Waters ACQUITY BEH Ci5(100 mmx
2.1 mm, 1.7 pm); AEH 40 °C; FEAEIREE R 10°C; #EFF
8 5 ul; WA 0.3 mL/min, WA A 9 0.1% I iR-/K
VSR, TRBhAH B oM EE; M EEUERET M 0~1 min 95%
A, 1~10 min 95% A~60%A, 10~16 min 60% A~30% A,
16~16.2 min 30% A~0% A, 16.2~17.8 min 0% A, 17.8~
18 min 0% A~95% A, 18~21 min 95% A,
262 k&

KM IE &+ £ =W K AR 2 (multiple  reaction
monitoring, MRM), TEALIE Y 9 FIEE R G SEILE 3.
TNFRAREE B IR IR R S SR AR 439 400 °C

150 °C#1 800 L/H,

2.7 HIELIERSR

K FH SPSS 20.0 %t 371 A S EE R & ik 44
Br, IR NE R 9 B ETHE R S ETERE. PAigk.
SEYERR R E SR, IR S’ T
BAAAE ST

3 HREHR

31 ERMCEHZEREL

PAZS IR SR SR OB R B . 9 FhEE R R TIL
Bo 2k, HZME R A3 R A H R (limited of detection,
LOD) il % #t B (limited of quantification, LOQ) L3 4.
DON. 3-Ac-DON. 15-Ac-DON Fll NIV Ay E 6 F A
100~2500 pg/kg, ZEN [ZEPETEEZ 10~250 pg/kg, AF 2R
PESE Y 1~25 ng/kg. Bihi/hZ v B R RinMSHEIE LS
YKy LOD 1 LOQ i Bl 43 Hll )& 2.2~13.0 1 7.4~43.2 pg/ke,
ZEN 4 LOD M1 LOQ 43314 1.5 1 5.1 pg/kg, 4 Fl' AF §y
LOD #il LOQ 75 43512 0.3~0.8 F1 0.9~2.7 ng/kg. 9 Fha
IR D E 2R HISE R BB KT 0.99, FLIH AL RK
W1 NO 1881-2016 LA 7 352 SR A Rk S

Spearman %

R3 IMARSENRESH

Table 3 Mass spectrum parameters of 9 mycotoxins

BER TR TR (m2) R B 15} [6] /min HefLH RV filf ¥ GE /e V
313.2>124.9 15
NIV 15
313.2>177.0* 15
297.2>203.1 14
DON 30
297.2 >249.2% 12
339.2>213.1 10
3-Ac-DON 30
339.2>231.1* 10
339.2>136.9* 10
15-Ac-DON 30
339.2>261.1 10
331.1>245.1 30
AFG, 10.45 20
331.1>313.1* 25
329.1>243.1* 25
AFG, 11.09 25
329.1>311.1 20
315.2>259.1 28
AFB, 11.11 64
315.2>287.2% 26
313.2>241.1 35
AFB, 12.17 20
313.2>285.0* 24
319.3>283.2* 15
ZEN 16.17 30
319.3>301.2 15

E: * R ERE T
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Table 4 The liner equations, the ranges and the correlation coefficient of 9 mycotoxins

BEAK etk R VTl (ng/ke) AR R LOD/(pg/kg) LOQ/(ng/kg)
DON Y=56.3423X+1810.58 100~2500 0.993 2.2 7.4

3-Ac-DON Y=60.6546X-2020.61 100~2500 0.995 3.7 12.3

15-Ac-DON Y=42.1675X-1076.64 100~2500 0.998 2.9 9.8
NIV Y=5.7057X-104.961 100~2500 0.996 13.0 432
ZEN Y=106.725X+2750.67 10~250 0.995 1.5 5.1
AFG, Y=276.842X+293.906 1-25 0.997 0.8 2.6
AFG, Y=168.959X-149.075 1~25 0.995 0.8 2.7
AFB, Y=239.624X -106.232 1~25 0.993 0.3 0.9
AFB, Y=182.51X-115.116 1~25 0.996 0.6 2.0

32 4EBRNERIMERSRITREASTHT
32.1 4 BWAFE T OFFEGEKRTEENL

TS5 HABM/NED OFBERMTTYIEI . N5 AT
A, 4 BBRINE Z 5 FERITR B R TS Y, 5 P
TIH TR R A B R AL 5 YK R T 4 6 AF AR H
FRT Y5 YK R 2k, 5 R V] 185 % 1 DON
PR 2 fe i, R 90.3%, BHPEFE S DON [ F-3475 4k
NN 27063 pglkg; HkJE DON HIZBALfT A=Y 3-Ac-
DON F1 15-Ac-DON, P& 4 H 25351 68.7%F1 49.9%,
SRS YLK 51 80.4 F149.6 pg/kg; FHX M NIV Fl ZEN,
T H BRI 45.0%F0 25.6%, TG YK S5k
270.4 f1575.9 pg/kg, FFHMAERH ZEN B FE3T5 YK -2
T [ BRAEFRIE(60 pg/ke)f 10 f51),

4 BITAE BRLINE 2 4 B AF 15U R, K
R T5 YeoREEAR, BE AEEM T AF S
i E R REFRUE S ng/kg.4 Fh AF 1, AFB, Fil AFB, £ H
TN 3.2%, FEEYIAKCEA00 4.8 71119 pg/kg, Hdr2
ByRES T AFB, B 8B (14.9 F119.7 pg/ke)Bad [ 5 FRE AR
HE 5 nglkg; 11 EERHGH AFG,, 155K A 1.3 pg/ke;
B FE I RAG ARG, .

322 FEHEGBALDN AT ORI B EE 6T RERL

Y XORE, WAL RS e E, ek 7 FhE
#, Hh DON. 3-Ac-DON. NIV. AFB, f#; H ZFF-1)
V5 YLK T 4 48 Z 5 15-Ac-DON |, ZEN Fl1 AFB, Y
Pis ok 4 85 2,

LB IR NE PR RS b ™, L 7

4 69.4 pg/kg, DON, 3-Ac-DON FI NIV AJF-3475 YLk 14
M 4B 2, ZEN V375 K-k 155.7 pg/kg (i T4 3, {H
Ui E R R ERE . ZRUBRLNESZ 4 Fh AF 15980,
1L 1 3 REA G AFB, (B 1.5 ng/kg).

TLAE Bk /INZZ ()75 et i e, Lk 8 FhaE &,
o DON. 3-Ac-DON. NIV FlI ZEN H H R A T4
3, 15-Ac-DON MK H R TE 4 B HhIR ik,  22.1%, AFB, fl
AFB, UK H A, A 3.8%F1 4.8%, 1L 1 Rk
H AFGy(HEE N 1.3 ng/kg); BLAN, (EASIE AT
BL/NAZ h ZEN Fl AFB, - 34975 YooKVt i, ¥4l
7 [ R PR bR v

WAL Bk /N 57 9 FhEE2T5 PR icag, ki 7
FIELE#ZE, Hh DON. 3-Ac-DON. NIV il ZEN ¥t 2%
2475 Gk -4 4 48 JfiK, 15-Ac-DON FI AFB; 194t
RAFTG YR N2 3, 4 (3FERL G AFB,, {HF-3475
JOKAFEAR N 1.8 pg/kg, T 484 3.

33 4 ANFEEFSRSREKESEFRMRIFER
HRREXTEE S

B 434 it L TR R bR 2 H AT IR ER T G T Y A
KBHAGZ— U0, B[ H FTEA T AR GB 27612017 ( £ dhié
S FERE B B R B ) SR BT A AL
(EC)No 1881/2006!"8 %t DON . ZEN #il AFB, I RI5HL /K
ST T RE . AR X DON YRR EHE SR 514 1000
F1750 pgke, *F ZEN HBRETEERS A 60 175 pe/ke, Xt
AFB, (BRERIEFR 00 5 712 ngkg. 38 6 20 T 4 B lhik:
INEIGERBRIESL, T UL 45.3%F01 52.3% )5k N H DON 1)
Sl T IR E AT DON [ BR R
14.0%7F1 13.2% AR N H ZEN 13 B4 1 3k ARk
B4R ZEN FREEAIER L0.5%H1 2.2% iR Nz H AFB,
B AR TR E RS A AFB, BREAEDR, M
LXK, 4 G Bk NZ H DON &5 Hla R F MR b ™
B AL, BFRRT 84.9%; HR LA, HARK
56.5%; PR NILINE, WRSE 34.6%; WALHERRERL, H
17.9%. ZEN A2 Sl 3% E PR AR s B s L
(44.2%) > LA (8.7%) > VLA (7.7%) > MIAL(0%) o
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34 NEHIMEREZSRMBRMESHT

ARPRIETEN 9 FhdE R &t Hik ] 7 & (Fusarium) . B
1123 J& (Trichthecium) =k it 2 J& (Aspergillus) FT [ 76 7 & 5%
PR AR A BERBARE . 5 IE S W) — Fh e 1A 7] BE [
b= A 2R B R R AR Y, s 9 FhE SR
V5 Y AB LHEATAHSENE 3T . ARG, 1EFT A REA rh R 4G
DA T PO Hodr 8 Fhag W AHSCHEEA 7407, 2551
WA 7. NF T Al IE H, 5 R ] 7 R TS YUK R

A R E A (P<0.01) . HHF, DON 45 3-Ac-DON {5441 AH
Kk, HYOE DON 5 NIV, $#% 2 DON 5 ZEN
15-Ac-DON; ZEN 5 NIV fi5 et HAA B MM, B
WIHTEI], B DON HI ZEN 5 YLyt sh, R4 I AER
PERER 3-Ac-DON I NIV SEZ R T B R 1T5 44 . #t )
R BT5 YR AF 1975 e 2Z [ A5G, (U NIV #l ZEN
5 AFB, AR5 AT G, KA 3 Fl AF (1975 G 22 8] A DG
Y ek oA e .

RS 4EMNETIMERNISRBERL

Table 5 Natural contaminations of 9 toxins in wheat kernel samples from 4 provinces

BRI
Ay SIRE|
DON 3-Ac-DON  15-Ac-DON NIV ZEN  AFGl  AFG2 AFBI AFB2
JEF/(ng/kg) 69.0~59278.0 35.4~667.0 27.2~151.9 48.5-3043.6 2.1~4393.7 - - 0.7~19.7  1.0~3.5
R 6314.9 103.5 48.5 398.5 382.8 4.8 23
/(ng/kg)
3 s g
B R 3880.4 83.7 422 265.0 178.5 1.8 23
(n=86) /(ng/kg)
Kt #/%  100.0(86/86) 90.7(78/86)  70.9(61/86)  90.7(78/86) 66.3(57/86) 7.0(6/86)  2.3(2/86)
b2z 7946.8 22.4 25.9 4732 674.4 7.4 1.8
/(ng/kg)
JiFl/(ng/kg) 5.9~37742.4 37.5~608.9  29.1~804.9 26.3~11852 6.3~1973.1 - - - 1.5
P 2728.8 84.0 69.4 173.3 155.7 1.5
/(ng/kg)
L L 1204.4 58.6 40.7 94.9 43.1 1.5
(n=69) H(nglkg)
K #/%  97.1(67/69)  81.2(56/69)  56.5(39/69)  53.6(37/69) 30.4(21/69) 1.4(1/69)
P2 4983.6 86.9 123.4 206.8 422.0
/(ng/kg)
JEFEl/(ng/keg) 2.5~8759.5 34.8~364.2  27.1~59.8  36.3~982.5 6.7~22572.1 - 1.3 0.6~149  0.9~3.4
P 1407.0 75.6 372 153.1 1971.2 13 5.6 1.9
/(ng/kg)
Lo A 8253 56.2 30.6 110.2 81.3 13 3.4 1.5
(n=104)  /(pg/kg)
Kio%/%  84.6(88/104) 70.2(73/104) 22.1(23/104) 50.0(52/104) 14.4(15/104) 1.0(1/104) 3.8(4/104) 4.8(5/104)
brifi2z 1590.9 51.8 10.8 148.8 5809.3 6.4 1.0
A(nglkg)
JiFEl/(ng/kg) 5.9~4109.4  28.8~81.9  27.0~143.4 97.6 14.6~41.7 - - 3.0~32  0.9~2.8
ML A
T 596.3 45.7 2.7 97.6 28.2 3.1 1.8
; A(pnglkg)
L g
(n=113) 319.8 42.6 37.4 97.6 28.2 3.1 1.8
A(nglkg)
Kith%/%  83.0(93/112) 42.9(48/112) 55.4(62/112)  0.9(1/112)  1.8(2/112) 1.8(2/112) 3.6(4/112)
PRl (ng/keg) 6873 10.6 18.2 19.2 0.1 0.8
JE/(ng/kg) 2.5~59278.0  28.8~667  27.0~804.9 26.3~3043.6 2.1~22572.1 - 13 0.6~19.7  0.9~3.5
PR 2706.3 80.4 49.6 270.4 575.9 1.3 4.8 1.9
/(ng/kg)
s "
it P 1002.5 592 389 162.2 83.6 1.3 2.7 1.5
(n=371)  /(ng/kg)
G /% 90.3(335/371) 68.7(255/371) 49.9(185/371) 45.0(167/371)25.6(95/371) 0.3(1/371) 3.2(12/371) 3.2(12/371)
b2z 5178.7 69.4 60.1 364.4 2390.4 6.1 0.9
/(ng/kg)

E: BRI B, 2 RR TR R
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Table 6 The analysis of exceeding rate of DON, ZEN, and AFB, in wheat kernel samples according to the Chinese national and the
European standard
54 DON = HWARSE/%DON=  FEREUE ZEN=  BIRE/%ZEN=  FEREUR AFB = BR#/%AFB, =
VAV AN
abr 1000 750 1000 750 60 75 60 75 5 2 5 2
ng/kg'  pgkg”  pgkg ng/kg®  pghkg' pgkg®  pgkg ng/kg’  pg/kg'  pgkg®  ngkg'  pgkg’
bl 17.9 25.0 1.8
n=112) 2 2B o2y @es8/112) 0 0 0 0 0 2 O e
s s
YA 56.5 62.3 8.7 8.7
=69 > B o9 (43/69) 6 6 (6/69) (6/69) 0 0 0 0
LA 36 48 34.6 46.2 g g 7.7 7.7 ] 3 2.9
(n=104) (36/104) (48/104) (8/104) (8/104) (1/104)  (3/104)
v 84.9 87.2 44.2 40.7 3.5
n-s6) s (73/86)  (75/86) B3 3886)  (35/86) ! 3 (3/86)
Bt 45.3 52.3 14.0 13.2 22
m=a7y O Y aesary qessty 2 Y sy @onTy 2 8 enmy @37
F:°GB 27612017 { &M & FEZME B P EFEFRRE ) M, ((EC)No 1881/2006) H kR,
KT 4EBRNEDSTHERSEMALEMSHT
Table 7 The correlation analysis of 8 mycotoxins in wheat kernel samples from 4 provinces
Spearman A 5¢ R % DON 3-Ac-DON  15-Ac-DON NIV ZEN AFG, AFB, AFB,
DON 1 0.915% 0.606* 0.812% 0.670%* 0.053 0.080 0.039
3-Ac-DON 0.915% 1 0.522% 0.794%* 0.596* 0.034 0.028 -0.011
15-Ac-DON 0.606* 0.522%* 1 0.252% 0.362%* —0.048 -0.023 0.015
NIV 0.812% 0.794* 0.252% 1 0.643* 0.062 0.141%* 0.020
ZEN 0.670%* 0.596* 0.362% 0.643* 1 0.111% 0.170* —0.041
AFG, 0.053 0.034 —0.048 0.062 0.111% 1 0.276* -0.010
AFB, 0.080 0.028 -0.023 0.141%* 0.170%* 0.276* 1 0.141%*
AFB, 0.039 -0.011 0.015 0.020 —0.041 -0.010 0.141%* 1

TE: RN A G225 5P < 0.01).
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2706.3 pg/kg, 2903 EREARHER 3 £5(1000 pg/kg). ZEN
HIF-H75 YLK 575.9 ugkg, 23 ERERRUER 10
(60 pg/kg)o Fofty 3 Folv s £ 25075 R Ak G ) (05 e g™
T, 3-Ac-DON. 15-Ac-DON F1 NIV 3575 YLK 435
1 80.4 ng/kg. 49.6 pg/kg F 270.4 ng/kg, B 5 TRl b
RUST 2017 4EWIIL . L. YA AN AL BN AL S DON
L HATE Y I E 4550, AR S BB 2014 4R 11
A XH/NEREARRIE LS T . AF TS, Shr A4k
TR /N P AF TG e ol — 822 A S b e B
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{ZLL DON Fil ZEN {1 M4 J] 1 75 275 Yo 1 Bl R P8 b b A7
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TH T e
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PSR, WABRMWS RSN A B 2ES . 252/ i
A3 1) DON 77 4= 942 15-Ac-DON, 35447k F- 5 DON *F-
WG K B IR OG, HAE 2005~2014 4E [0 %4
FrAGEaS Je B R A I /N R S AFs SF3475 ek
i T HAE R, RILE SIS mARANE NIV
3575 YK F DON ¥5 44K, HLRtA T B4R i B A& Xt
NIV $2H BR 5, 48R T LB R v v 78 10 28 4 UG 27200
gi B, A E R R iGN E Z 2 B RS RS
e FRURS F R ) A 2 T, 5 25 A K 2 1A
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