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0B1 
2009  3  19  278 ( ) 
2009  5  1  12
2009  9  17  13
2009  12  4  14
2010  2  5  15
2010  3  15  16
2010  6  18  17
2010  9  16  348 ( )
2010  9  17  10 16
2010  10  26  19
2010  11  16  
2010  11  18  356

    
2 3 
4 

(2009 6 30 )  (2009 7 1 ) 5 
 ( ) ( ) 6 

( ) ( ) 7 
   8 
   9 
   10 
   11 
   12 

 13 
14 

(2009 9 30 )  (2009 10 1 ) 15 
( )  ( )16 
( ) ( )17 
  18 
   19 
   20 
   21 
  22 
   23 
   24 
  25 
  26 
  27 

  28 
  29 
   30 

   31 
32 
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1 
 2 

3 
(DON) (NIV)  4 

5 
6 

 7 
 8 
DON9 

10 
11 
12 

213 
14 

IARC DON15 
( 3)16 

17 
(TDI)  18 

219 
0.1 mg/kg / 10020 

10 DON TDI 1 �g/kg /  21 
 22 

NIV23 
24 
25 
26 

227 
IARC NIV28 

(29 
3) 230 

TDI  31 
9032 

0.4 mg/kg / 1,00033 
10 1034 

NIV TDI 0.4 �g/kg /  35 
 36 

DON NIV TDI37 
38 
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1 
 2 

 3 
DON NIV4 

TDI5 
DON NIV6 

 7 
8 
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1B1 
2 
3 

 4 
5 
6 
7 
8 

 9 
2009 3 A10 

( )11 
A12 

13 
A 2008 10 1414 

915 
16 
17 

 18 
 19 

20 
21 

(DON)22 
1.1 mg/kg ( 14 052100123 
) 4.0 mg/kg( 3 ) 1.0 24 

mg/kg( 3 )25 
( 14 14 2267 )  26 

(NIV)  27 
28 

( 20 20 891529 
20 5731 )  30 

 31 
32 

DON NIV  33 
DON X X34 

NIV 1995 DON35 
mg/kg36 

1990 750 �g/kg37 
EU DON38 
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( D1D)  1 
DON 1,000 �g/kg2 

X X EU DON ( D2D) 3 
4 

2000 �g/kg2000 �g/kg

1200 �g/kg1200 �g/kg

1100 �g/kg1100 �g/kg

1000 �g/kg1000 �g/kg

750 �g/kg750 �g/kg

700 �g/kg700 �g/kg

300 �g/kg300 �g/kg

1

2

1

9

19

4

1
5 
6 
7 

8 

�g/kg
1,250 
1,750 
1,750 

750 
750 
500 
200 

500 �m 750 
500 �m 1,250 

9 
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2B1 
2 

DON NIV B3 
C-9,10 12,13-4 

C-8 B5 
( D3D) 6 

 7 
D4D  8 

 9 
CAS(No.51481-10-8) 10 

12,13- -3,7,15- -(3�,7�)- -9- -8-  11 
Trichothec-9-en-8-one, 12, 13-epoxy-3, 7, 15-trihydroxy-(3�,7�)- 12 

IUPACF

1 13 
12,13- -3�,7�,15- -9- -8-  14 
12,13-epoxy-3�,7�,15-trihydroxytrichothec-9-en-8-one 15 

 16 
C15H20O6 17 

 18 
296.32 19 

 20 
 21 

CH3OH

H
O

O

CH2OH

OH

H
H3C

O

H H

H

H

1

2 3

45

6

7

8

9

10

11

12

13

14

15

16

 22 
X4 X  23 

 24 
CAS(No.23282-20-4) 25 

12,13- -3,4,7,15- -(3�,4�,7�)- -9- 26 
-8-  27 

Trichothec-9-en-8-one, 12, 13-epoxy-3, 4, 7, 15-tetrahydroxy-(3�,4�,7�)- 28 
IUPAC 29 

12,13- -3�,4�,7�,15- -9- -8-   30 
12,13-epoxy-3�,4�,7�,15-tetrahydroxytrichothec-9-en-8-one 31 

                                                      
1 IUPAC
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 1 
C15H20O7 2 

 3 
 312.32 4 

 5 
 6 

CH3OH

H

O

CH2OH

OH

H

O

H H

OH

HO

H3C
1

2 3

45

6

7

8

9

10

11

12

13

14

15

16

 7 
 8 

9 
( X4 X)  10 

(a)  11 
(b) 151 153  12 
(c) [�] 2

D
5 + 6.35 (c=0.07 )  13 

(d) IR UV MS NMR14 
 15 

(e) 16 
 17 

 18 
( ( X4 X)  19 

(a)  20 
(b) 222 223 ( ) 21 
(c) [�] 2

D
4 +21.54 (c=1.3 ) 22 

(d)  IR UV MS NMR23 
 24 

(e) ( D5D) 25 
 26 

3B27 
DON NIV ( )28 

Gibberella zeae29 
Fusarium graminearum F. culmorum ( D6D D7D)30 

F. 31 
graminearum 1332 

( D8D D9D) DON NIV33 
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X X  1 
2 

( D10D)3 
DON F. graminearum( 7 ) NIV4 

F. asiaticum( 6 )5 
F. graminearum F. asiaticum (6 

D11D D12D D13D) DON F. graminearum7 
F. vorosii NIV F. crookwellense F. poae8 

DON F. graminearum NIV F. asiaticum9 
NIV F. kyushuense ( 11 D14D10 

D15D)  11 
 12 

13 
14 

1)  DON DON 3- DON(3-AcDON)F

2
F 15- DON(15-AcDON)X

2
X (D16DD17D) 15 

2)  NIV NIV 4- NIV( 4-AcNIV) X

2
X   16 

3)  F.graminearum s.str . ( )  17 
 18 

19 
195020 

F. graminearum21 
22 

NIV DON ( X13X D18D D19D23 
                                                      
2 

( 16 #754 17 #755) 
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D20D) 1 
DON 19702 

F. roseum( F. graminearum) Rd-toxin3 
( D21D) 19734 

( D22D)5 
( D23D)6 

vomitoxin ( D24D7 
D25D)  8 

DON9 
DON10 

DON11 
( X20X) 12 

NIV Fusarium nivale Fn2B ( X18X)13 
1966 1969 X (4- NIV(4-AcNIV))14 

( D26D D27D D28D)15 
F. kyushuense ( D29D)  16 

NIV 1970 9017 
18 
19 

( D30D)20 
21 
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 1 
FAO/WHO (JECFA)(2001 )( X3X)2 
(SCF)(1999 2000 2002 )( D31D D32D D33D)3 

(IARC)(1993 )( X4X)4 
 5 

6 
7 
8 
9 

10 
DON (11 
D34 D)12 

 13 
DON Sprague-Dawley 2414 

24 90%15 
( D35D) 16 

in vitro17 
DON18 

DON19 
1% ( D36D) 20 

DON 9621 
100%22 

35% ( D37D) 23 
DON Eubacterium sp.24 

Eubacterium (BBSH 797)25 
EU ( D38D)  26 

0.60 mg/kg 14C-DON DON27 
( D39D) 28 

3- DON(3-AcDON) in vitro29 
DON30 

131 
( D40D) 32 

DON in vitro 80%33 
( D41D) 34 

1 kg DON 8.21 mg35 
DON (94% 99%)36 

DON ( D42D) 37 
in vitro38 



 

13 

DON 3-AcDON 15- DON(15-AcDON)1 
( D43D) 2 

3-AcDON in vitro 483 
DON ( D44D) 4 

5 
6 

PVG 14C-DON 10 mg/kg7 
F

3
F 96 25%8 

( D45D) 9 
DON (4.2 mg/kg )10 

DON 4.111 
5.8 DON DON12 

( D46D) 13 
14C-DON 0.30 mg/kg14 

55%15 
( X39X) 16 

DON 5.7 mg/kg 5 817 
54 89% ( D47D) 18 

DON 5.0 mg/kg 3019 
DON 7.5%20 

DON 24.8%21 
22 

0.3% 2% ( D48D) 23 
5.0 mg/kg DON24 

7% 6.9% ( 1.3%25 
5.7% DON ) 0.11% (26 

) ( D49D) 27 
1 920 mg DON28 

( D50D) 29 
( ) in vitro30 

DON ( D51D) 31 
  32 

33 
B6C3Fl DON 5 mg/kg34 

15 30 DON35 
120 75 90%36 

                                                      
3  
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1.5 3 ( D52D) 1 
(3 4 ) (8 10 ) B6C3F1 DON 5 2 

mg/kg DON3 
15 1.0 �g/mL 24 

( D53D) 5 
DON 5 25 mg/kg6 

30 1 27 
( D54D) 8 

DON 1 mg/kg9 
3 550 ng/g 930 ng/g 440 ng/g10 

330 ng/g 130 ng/g 140 ng/g 78 ng/g11 
69 ng/g 74 ng/g 54 ng/g 29 ng/g 11 ng/g12 
19 ng/g 16 ng/g 5 ng/g 4 ng/g 2413 

18 ng/g 10 ng/g 8.2 ng/g 3.4 ng/g14 
12 ng/g 0.8 ng/g 1 ng/g15 

( D55D) 16 
14C-DON 1.3 1.7 mg/kg17 

3 416 dpm/g( F4F ) 570 dpm/g18 
4,345 dpm/g 19 dpm/g 10 dpm/g 5 dpm/g19 
5.3 dpm/g 91 dpm/g 205 dpm/g 27 dpm/g 733 dpm/g20 

21 dpm/g 5 dpm/g 72 0 dpm/g21 
0 dpm/g 661 dpm/g 10 dpm/g 9.8 dpm/g22 

0.5 dpm/g 2 dpm/g 8 dpm/g 10 dpm/g 0 dpm/g23 
18 dpm/g 0 dpm/g 2 dpm/g 9624 

( D56D) 25 
 26 

27 
DON28 

( D57D D58D) 29 
( D59D D60 D)30 

( X48X31 
D61D)  32 

 33 
34 

PVG 14C-DON 10 mg/kg35 

                                                      
4 dpm disintegration per minute 1 cpm/

 



 

15 

96 25% 64% 0.11%1 
DON ( X45X) 2 

14C-DON Sprague-Dawley 5 mg/kg3 
14C-DON 8 9%4 

37%5 
( D62D) 6 

DON  1 mg/kg7 
3.9 DON ( X55X) 8 

4.2 mg/kg DON 79 
DON DON10 

DON DON 80%11 
( X46X) 12 

14C-DON (0.30 mg/kg 0.35 �Ci/kg) (0.60 13 
mg/kg 0.60 �Ci/kg) 93.6%14 
68.2% 20.3% ( X39X) 15 

14C-DON 2.2 mg(1.3 1.7 mg/kg )16 
DON 24 48 7217 

79 92 98% ( X56X) 18 
DON 5 mg/kg DON19 

30 ( X48X) 20 
DON 5 mg/kg 6.9%21 

0.11% 65% DON22 
( X49X) 23 

14C-DON 4 mg/kg 2424 
91% 6% ( X61X) 25 

DON26 
( X62X) 27 

 28 
29 

14C-DON 2.2 mg(1.3 1.7 mg/kg )30 
24 14C-DON31 

0.087% ( 1 14C-DON 1.9 �g ) 632 
1 14C-DON 1 0.19%33 

( 1 14C-DON 4.2 �g ) ( D63D) 34 
14C-DON 5.5 mg/kg 6535 

14C-DON 14C-DON 836 
(60 g 1 DON 1.7 �g )37 

( D64D) 38 
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14C-DON 4 mg/kg 481 
0.25%2 

DON 61 ng/mL ( 2 1)3 
1,220 ng/mL ( 3 14 

5 1) ( X61X) 5 
DON 920 mg 1 26 

DON ( 4 ng/mL) ( X50X) 7 
13 22 DON8 

DON 109 
DON (1 0.00110 

0.085 0.21 mg/kg ) DON11 
2 DON12 

( 5 ng/mL) ( D65D) 13 
DON 8.21 mg/kg (ZEN) 0.09 mg/kg14 

DON DON15 
( ) 0.0001 0.000216 

0.0004 0.0024 ( X42X) 17 
DON 5.3 mg/kg 11 4.418 

4.6 mg/kg 1819 
DON 1 kg20 

3.2 �g 0.0001 0.001121 
( D66D) 22 

 23 
24 

NMRI 6 DON 10 mg/kg25 
(1.4 mg/kg ) (p<0.01)26 

in vitro27 
DON 10 mg/kg28 

(p<0.05)29 
5- 50% DON 10 30 
mg/kg31 
( D67D) 32 

8 1033 
DNA 1,000 ng/mL (34 
72% 53%) RNA ( D68D)  35 

DON in vivo in vitro36 
Na+/D- Na+/37 

( D69D D70D D71D) 38 



 

17 

Wistar 1 mg/kg DON 1 1 31 
2 

( D72D) 3 
C-94 

C-10 12,13-5 
60S6 

C-47 
DON ( D73D D74D) DON8 

( D75D) DON in vitro9 
T-2 100 1 DON in 10 

vivo in vitro11 
( X75X D76D)  12 

DON13 
MTT CHO-K1 (14 

) V79 ( ) C5-O15 
(BALB/c ) Caco-2 (16 

) HepG2 ( ) 4817 
50% (Inhibition Concentration 50%, IC50) 0.2718 
0.49 0.54 1.02 8.36 �g/mL ( D77D) 19 

10 2,500 ng/mL DON 24 420 
ALT AST21 

MTT IC50 1,200 ng/mL 10 ng/mL22 
50 ng/mL23 

( D78D) 24 
HuH-6KK ( ) DON NIV(AcNIV)25 

NIV 0.15 mg/L26 
MTT DON IC50 1.1 mg/L ( D79D D80D)  27 

K562 ( ) DON DON28 
MTS29 

DON1.31 �M 50% ( )30 
DON 270 �31 

( D81D) 32 
3T3 ( ) DON 3-AcDON 15-AcDON33 

DON 5- -2’- (BrdU)34 
IC50 1.50±0.34 mM(444±101 ng/mL)35 

14.4±1.59 mM(4,890±537 ng/mL) 1.51±0.24 mM(510±80 ng/mL) 36 
83.0±8.77mM (23,300±2,460 ng/mL) ( D82D) 37 
DON(10 100 �M) J774A.1 ( )38 
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72 IC50 16.8±0.2 �M1 
( D83D)  2 

DON3 
DON MTT DON4 

( X36X) 5 
 6 

DON7 
DON8 

(X X) 9 
 10 

H2C

OH

H
O

O

CH2OH

OH

H
H3C

H H

H

H

CH3
(

DON DOM-1

CH3OH

H
O

O

CH2OH

OH

H
H3C

O

H H

H

H

DON
DOM-1DON

 11 

12 
 13 

14 
15 
16 

NIV17 
 18 

NIV in vitro19 
20 
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1 ( X40X) 1 
NIV NIV in vitro2 

NIV 2.5 5.0 mg/kg3 
NIV 1 NIV4 

DON in vitro5 
DON NIV6 
in vitro 80% ( X41X) 7 
 8 

9 
NIV AcNIV 20 18 �g/kg10 

ICR NIV 60 AcNIV 3011 
AcNIV AUC NIV12 

5 10 AcNIV13 
NIV ( D84D) 14 

0.05 mg/kg NIV 1 215 
NIV16 

20 NIV 7.517 
11 48% 2.5 4.518 

( D85D) 19 
AcNIV 2.2 mg/kg20 

NIV 2021 
10 AcNIV NIV22 

AcNIV NIV23 
AcNIV F

5
F 9.8%24 

19.5% ( D86D) 25 
( ) in vitro26 

NIV  ( 45) 27 
in vitro28 

NIV AcNIV ( X43X) 29 
Caco-2 in vitro NIV -30 

- (31 
D87D) 32 

33 
34 

NIV AcNIV 17 ICR 4035 
43 mg/kg 6 2436 

                                                      
5  
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6 241 
62 

( D88D) 3 
4 
5 

NIV6 
( X57X) 7 

NIV AcNIV 20 18 �g/kg8 
ICR 48 AcNIV9 

NIV10 
( X84X) 11 

Wistar 2 3 5 mg/kg NIV 1212 
NIV 80% NIV13 

1% NIV 7% 1%14 
( D89D) 15 

0.05 mg/kg NIV 1 2 NIV16 
NIV17 

NIV (18 
X85X) 19 

NIV 1 3 5 mg/kg 5020 
NIV NIV21 

NIV 10% ( D90D) 22 
23 
24 

NIV AcNIV ICR 4025 
43 mg/kg 6 2426 

27 
AcNIV28 

NIV29 
( X88X) 30 

31 
32 

NIV Hela ( ) 0.5 �g/mL33 
NIV 5 �g/mL DNA34 

RNA ( D91D)  35 
HeLa NIV 15 �g/mL 1 RNA36 

 ( D92D)37 
( )38 
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IC50 0.3 1.0 �g/mL  ( D93D)  1 
NIV IC502 

6 �g/mL IC503 
0.5 �g/mL4 

( D94D) NIV5 
(IC50 6 �g/mL) DNA (IC50 10 �g/mL) ( D95D)  6 

NIV(10 100 �M) J774A.17 
72 IC50 11.2±0.8 �M ( X83X)  8 

3T3 NIV 4-AcNIV NIV9 
BrdU IC50 1 .19±0.06  mM 10 
(373±20 ng /mL) 0 .72±0.04  mM(255±13 ng /mL) 64.2±3.14 mM 11 
(19,030±930 ng/mL) ( X82X) 12 

NIV 0.014 0.071 0.355 1.774 8.87 mg/kg 3 413 
C57B1614 

P450 1a 2b 2c 3a 4a ( D96D) 15 
 16 

NIV17 
18 

NIV AcNIV19 
NIV (X X) 20 

  21 

 22 
23 
24 
25 

DON NIV26 
27 

NIVNIV
AcNIV NIV

CH3OH

H
O

O

CH2OH

OH

H
H3C

O

H H

OH

H

H2C

OH

H
O

O

CH2OH

OH

H
H3C

H H

OH

H

CH3
CH3OH

H
O

O

CH2OH

OH

H
H3C

O

H H

OAc

H
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1 
DON NIV2 

 3 
4 
5 
6 

DON (LD50) X X7 
DON8 

 9 
 10 

11 
  LD50 

(mg/kg ) 
 
 

DDY 6  DON 46 D97D 

B6C3F1  DON 78 D98D 

1  DON 140 D99D 

 12 
LD50 DON 46( X97X) 78 mg/kg13 

( X98X)14 
 15 

B6C3F1 (1 3 ) 100 mg/kg16 
( X98X) DDY17 

(1 10 ) 32 mg/kg18 
( X97X)  19 

0.4 mg/kg DON (20 
) ( ) (21 

) ( ) ( D100D)  22 
 23 

DON X X24 
25 

 26 
 27 
 28 
 29 
 30 
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1 

 ( )
 

   
ED50 

(mg/kg 
) (mg/kg 

) (mg/kg 
) 

9 10 kg 
(1 3 6 ) 

 
( )  DON 

0 0.075 0.1
0.2 0.4 mg/kg

 

0.1 mg/kg 6
1 82 1

 
0.2 mg/kg 3 2

68.5
 

0.4 mg/kg 3
59  

 0.1 0.075 

101 

 DON 
0 0.025 0.05
0.075 0.1 0.2
mg/kg  

0.05 mg/kg 3 2
 

0.075 mg/kg 3
 

 0.05 0.025 

10
15 kg 

(1 3 ) 

(
)  

DON 
0 0.025 0.05
0.075 0.1 0.2
mg/kg  

0.05 mg/kg 3 1
56 14

 
0.075 0.1 mg/kg

 
0.2 mg/kg 3

19.3
16.3  

 0.05 0.025 

D102D 
(

)  
DON 

0 0.025 0.05
0.075 0.1 0.2
mg/kg  

0.05 mg/kg 3 1
 

0.075 0.1 mg/kg 3
 

0.2 mg/kg 3 2
 

 0.05 0.025 

(
)  15-AcDON 

0 0.025 0.05
0.075 0.1 0.2
mg/kg  

0.075 mg/kg 3 1
 

0.1 mg/kg
0.2 mg/kg 3 2

 

 0.075 0.05 

(
)  15-AcDON 

0 0.025 0.05
0.075 0.1 0.2
mg/kg  

0.075 mg/kg 3
  0.075 0.05 

6 8
15

20  kg 
(1 4 6 ) 

(DMSO)
4

 

DON   0.075   
D103D 

 DON   0.02   

8 12
15

20 kg (1
2 4 ) 

 
 

(
) 30

6
 

 
 

DON 0 0.03 mg/kg
    0.03 D104

 

24 

 

(
) 30

6
 

DON 0 0.01 mg/kg
    0.01 

 

  

8 12
15

20  kg 
(1 2 4 )
 

(
)  

DON 0 0.03 0.3
mg/kg  

0.3 mg/kg 4
15   0.3 0.03 

D105
 (

)  
 

DON 0 0.01
0.1mg/kg

0.1 mg/kg 4
15   0.1 0.01 

20 kg 
(1 4 ) 

4  DON 0 3.6 7.2
40 mg/kg     X101

 

9 10
27.5 kg 

(1 3 ) 

49  DON 
0 4.7 mg/kg

(0.19
mg/kg / *)

   0.19* D106
 

7.5 kg 
(1 4 ) 4   

0 44.4 97.2
124.9 227.5
mg/kg  

44.4 mg/kg 4 2
 

97.2 mg/kg 4 1
 

124.9 mg/kg 4 4
 

227.5 mg/kg 4 3
 

   

D107
 

8.4 kg 
(1 4 ) 11   

0 9.0 19.7
33.5 43.4
mg/kg  

19.7 mg/kg 1
  0.8*  

7.1 kg 
(1 3 ) 21   

0 1.34 2.55
5.12 6.39
7.83 8.63 11.9
mg/kg  

   0.6* 

34
39 kg 
(1 5

) 

5  

 

0 5.08 14.5
mg/kg (0 
0.2 0.42 mg/kg

/ )

   0.42 D108
 

74 kg 
(1 64 ) 35   0 5 mg/kg

     D109
 

7.7 kg 
(1 8

) 

3   0 0.9 2.0
2.8 mg/kg     D110

 

23-27 kg 
(1 15 ) 

9   1 5mg/kg 5 mg/kg     D111
 

6
2 3 kg 
(1 5 7 )  DON 

0 0.025 0.1
0.2 0.5 1.0
2.0 3.8 mg/kg

 

0.1 0.2 mg/kg
 

1 2 mg/kg
 

 0.10 0.025 X97 
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1 7
15

20 kg 
(1 2 14

) 

14   

0 1 2 4 6
8 10 mg/kg

(0 0.075
0.15 0.3 0.45
0.6 0.75 mg/kg

/ *) 

8 mg/kg   0.6* 0.45* X112

1 9
2 4 kg 

(1 2 8 ) 

14   

0 1 2 4 6
8 10 mg/kg

(0 0.05 0.1
0.2 0.3 0.4
0.5 mg/kg /

*) 

4 mg/kg 2 1
 

6 8 mg/kg
 

10 mg/kg 8 4
 

 0.2* 0.1* D112

* JECFA  1 
 2 

0.05 0.1 mg/kg3 
0.19 0.6 mg/kg /4 
DON 0.1 mg/kg5 

0.45 mg/kg / ( X97X6 
X112X) 1.0 mg/kg DON7 

2.58 
( D113D)  (5HT3: 5-hydroxytryptamine, type3)9 

DON10 
( X103X) 5HT311 

( D114D)   12 
 13 

14 
X X DON  15 

 16 
17 

  
 

 
 

LOAEL
(mg/kg

/ ) 

NOAEL 
(mg/kg

/ ) 
 (mg/kg

) 
(mg/kg

/ ) 

BALB/c
4~6  
(1 4

) 

7  0 2.5 5 10  
20  50 

0 0.35
0.67  1.3
2.7  6.5 

2.5 mg/kg
 

10 mg/kg 1.3 0.67 :

D115D 

30  0 10 20  
2 3 4 3

 
   

ICR 3
  

(1
10 ) 

14  0 2 4 8 

( ) 0 0.37
0.76 1.49 
( ) 0 0.41
0.81 1.59 

8 mg/kg
 

2 mg/kg
( )

 

0.37   
D116D 

 

26 

ICR 3
 

(1 10
12 ) 

14  

0 8 12 16 0 1.2 1.8
2.4  1.2   

D117D 

0 4 8 
 0 0.6 1.2 4 mg/kg

 0.6   

Swiss-Web
star

 
(1  24

) 

35   0 0.75 2.5
7.5 

7.5 mg/kg
/ 24

23  
2.5 mg/kg /

24 12
2.5 mg/kg /

 
0.75 mg/kg /

 

0.75   
D118D 

NMRI
18 g 
(1 10

) 

42  0.1  1  10 0.014 0.14
1.4* 

10 mg/kg

 
1.4* 0.14*  

X67X 

B6C3F
 

(1 8
) 

56  0 0.5  2  5  
10  25 

0 0.07
0.28 0.7  
1.4  3.5* 

2 mg/kg

 
0.28* 0.07*  

D119D 

Sprague-D
awley

 
(1
25 ) 

60   0 0.25 0.5
1 

0.25 mg/kg /
1 mg/kg /

 
1 mg/kg /

 

0.25   
D120D 

Sprague-D
awley
190-210 g 
(1 10

) 

90  0 20 0 1*  1*   
D121D 

10 13 kg 
(1
6 ) 

32  0 1  3 0 0.08
0.24* 

3 mg/kg

��

 

0.24* 0.08*  
D122D 

27.5 kg 
(1
3 ) 

7  0 4.7 0 0.19* (29%)
(27%) 0.19*   

X106X 

10 kg 
(1 9

) 
8  

0 0.3  0.6
1.2 
 

0 0.012
0.024  
0.048* 

  0.048*  
D123D 



 

27 

60 kg 
(1 3 6

) 
90  0 1 0 0.04* 

 
 

(
) 

 0.04*  
D124D 

12 15
 

(1 5
) 

2 3  

0 6 mg/kg 
DON 

2 mg/kg 
15-AcDON

3-AcDON 

 

6 mg/kg DON

 
DON

 

  

DON
15-AcDON

 3-AcDON

 

D125D 

9.8 kg(1
9 ) 

8  
0 0.3  0.6
1.2 
 

  
AS T

   D126
 

1  
(1 24

) 

21  0 20 0 1.6* 

 
 

1.6*  
DON 

D127D 

(1 1 2
) 

14   1  5 

1 mg/kg /

 

1   
D128D 

*: JECFA  1 
 2 

  3 
BALB/c (1 4 ) 0 2.5 5 10 20 50 mg/kg (0 0.354 

0.67 1.3 2.7 6.5 mg/kg / ) DON 75 
DON 10 mg/kg6 

10 20 mg/kg DON 2 37 
4 3 LOAEL 10 mg/kg8 

(1.3 mg/kg / ) NOAEL 5 mg/kg (0.67 mg/kg / )9 
( X115X)  10 

ICR (1 10 ) 0 2 4 8 mg/kg DON 1411 
8 mg/kg 7 712 

2 mg/kg13 
2 8 mg/kg DON14 

( X116X)  15 
ICR (1 10 12 ) DON 0 4 8 12 16 mg/kg16 

14 8 mg/kg17 
( X117X)  18 

Swiss-Webstar (1 24 ) 0 0.75 2.5 7.5 mg/kg19 

 

28 

/ DON 351 
2 2.5 mg/kg /2 

3 
( )4 

(5 
)6 

7 
LOAEL 0.75 mg/kg / ( X118X)  8 

NMRI (1 10 ) 0 0.1 1 10 mg/kg DON 69 
10 mg/kg DON10 

( X67X)  11 
B6C3F1 (1 8 ) 0 0.5 2 5 10 25 mg/kg DON12 
56 2 mg/kg13 

14 
LOAEL 2 mg/kg  (0.28 15 

mg/kg / ) NOAEL 0.5 mg/kg (0.07 mg/kg / JECFA16 
) ( X119X)  17 

 18 
19 

Sprague-Dawley (1 25 ) DON (0 0.25 0.520 
1 mg/kg / ) 6021 

1 mg/kg /22 
1 mg/kg /23 

24 
25 

LOAEL 0.25 mg/kg / ( X120X) 26 
DON 0 20 mg/kg Sprague-Dawley27 

90 DON28 
DON29 

( X121X)  30 
 31 

12B32 
DON DON 0 1 3 mg/kg33 

10 13 kg (1 6 ) 3234 
DON 0 0.08 0.24 mg/kg35 

/ DON 0 0.09 0.22 mg/kg / (36 
JECFA ) 3 mg/kg 15-AcDON37 

1.3 mg/kg NIV DON 3 mg/kg38 



 

29 

DON1 
DON2 

DON3 
�� (4 
X122X)  5 

(1 9 ) DON 0 4.7 mg/kg6 
7 DON LOAEL7 
4.7 mg/kg (0.19 mg/kg / JECFA ) ( X106X)  8 
0 0.3 0.6 1.2 mg/kg DON 8 (9 

9 ) DON10 
NOAEL 1.2 mg/kg 11 

(0.048 mg/kg / JECFA ) ( X123X)  12 
DON 0 1 mg/kg 90 (1 3 6 )13 

1 mg/kg DON14 
15 

( X124X)  16 
(1 5 ) DON 0 6 mg/kg 2 317 

( X125X)  18 
(1 9 )  DON 0 0.3 0.6 1.2 mg/kg19 

820 
(ASAT) DON21 

( X126X) 22 
23 

13B24 
1 21 DON 0 20 mg/kg25 

(26 
)27 

DON (28 
X127X)   29 

 30 
14B31 

(1 1 2 ) DON 1 5 10 25 50 mg/kg 32 
1 5 mg/kg / 233 

50 mg/kg 2 2434 
35 

4836 
237 

1.5 238 

 

30 

1 mg/kg /1 
1.5 22 

( X128X)  3 
 4 

5 
B6C3F1 2 ( X6 
X) 50 DON( 95% 3-AcDON 15-AcDON7 

) 0 1 5 10 mg/kg ( 0 0.1 0.58 
1.1 mg/kg / 0 0.1 0.7 1.6 mg/kg / JECFA9 

) 110 
2 ( 8%) 5 10mg11 

5 10 mg/kg12 
IgA (56%) IgG (10% ) 5 10 mg/kg13 

10 mg/kg14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

NOAEL 1 mg/kg (0.1 mg/kg / ) (25 
D129D)  26 

 27 
28 

  

 

 
LOAEL
(mg/kg

/ )

NOAEL 
(mg/kg

/ ) 
 (mg/kg

) 
(mg/kg

/ )

B6C3F1
22 28

 
(1

50 ) 

2
 

0 1  5  
10 

( )0
0.1   
0.5  
1.1( )0
0.1 0.7
1.6* 

5 mg/kg
 

 

0.5* 0.1*  X129 

*: JECFA  29 
30 
31 



 

31 

1 
X X DON  2 

 3 
4 

 (
)

 

 

 
LOAEL
(mg/kg

/ )

NOAEL 
(mg/kg

/ ) 
 (mg/kg

) 
(mg/kg

/ )

Swiss 
Webster

  
(1 7

15
10

20 ) 

30

 
 

 0 0.375  
0.75 1.5 2

0.375 mg/kg /

 
1.5 mg/kg /

 
2mg/kg /  

 

0.375  1  D130D 

3
 

(1 3
6 ) 

90
 0 10 0 1.5*  1.5*   D131D 

Swiss 
Webster

30 g  
(1 15
19 ) 

(
)
8

11  

 
0 0.5 1
2.5  5 10  
15 

5 mg/kg /

 
1 mg/kg /

 

1 0.5  132D 

Sprague-
Dawley

325-350 
g(1 12

15 ) 

6-19  
 0 0.5  1.0

2.5 5.0 

2.5 mg/kg /

 
5 mg/kg /

 

2.5 1.0  133 

Sprague-
Dawley  

190
210g
165 g (1

10
25

) 

60
15  

 

0 20 0 2*  2*   134 

Sprague-
Dawley
30  
(1

15 ) 

6

 

 0 0.25  
0.5  1 

1 mg/kg /
 

0.25 mg/kg /

 

0.25  1  X130 

 
F344 
(1 23

) 

20
(

) 

0 0.5  2
5 

0 0.025  
0.1  0.25* 

 

( ) 

 0.25*  D135D 

 

32 

  7 15
 

 

 0 0.2  1  
5 10 

 
 1 0.2  

D136D 

Sprague-
Dawley

201-225 
g(1 24

) 

28  
 0 0.5 1.0

2.5 5.0 

1 mg/kg /

 

1.0 0.5 

 
D137 

2.5 mg/kg /

 

2.5 1.0  

3.2 kg 
(1 6
15 ) 

0
30  
 

0 7.5  
15  30  
60 120
240 

0 0.3 0.6
1  1.6 1.8  
2 

 

 
1 0.6  D138D 

*: JECFA  1 
 2 

3 
Swiss Webster (1 7 15 10 20 ) 0 0.375 0.75 1.54 

2.0 mg/kg / DON5 
30 (F0) (F1a) 216 

F0 2 197 
(F1b) F08 

0.375 mg/kg / F09 
1.5 mg/kg /10 

2.0 mg/kg / F1a11 
F1b12 
( X130X)  13 

3 IL-6KO [B6129-IL6 tmlKopf (IL-6 )]14 
WT [B6129F2( IL-6 B6129-IL6 )] B6C3F1 (115 

3 6 ) DON 0 10 mg/kg 9016 
DON17 

DON IL-6KO B6C3F118 
( X131X)  19 

8 11 Swiss Webster (1 15 19 ) 0 0.5 1 2.520 
5 10 15 mg/kg / DON21 

10 15 mg/kg / 100% 5 mg/kg22 
/ 80% 1 2.5 5 mg/kg /23 

(26%) (19%)24 



 

33 

(93%) 5 mg/kg / 1 2.5 5 mg/kg1 
/ NOAEL 0.5 mg/kg2 

/ ( X132X)  3 
 4 

5 
Sprague-Dawley (1 12 15 ) 0 0.5 1.0 2.5 5.0 mg/kg6 

/ DON 28 2.5 mg/kg /7 
8 

5.0 mg/kg /9 
( )10 

( ) DON11 
(FSH) (LH)12 

13 
2.5 mg/kg /14 

( X133X) 15 
DON 0 20 mg/kg (  2 mg/kg / JECFA16 

) (1 10 ) (1 25 ) Sprague-Dawley17 
60 1518 

80% DON 50%19 
20 

( X134X)  21 
Sprague-Dawley (1 15 ) 0.25 0.5 1.0 mg/kg /22 
DON 623 

24 
25 
26 

( X130X)  27 
Fischer 344(F344) (1 23 ) DON 0 0.5 2.028 

5.0 mg/kg ( 0 0.025 0.1 0.25 mg/kg /29 
JECFA ) 2.030 

5.0 mg/kg31 
32 
33 

( X135X)  34 
7 15 DON 0 0.2 1 5 10 mg/kg /35 

1 mg/kg / (36 
) NOAEL 0.2 mg/kg / (37 

X136X)  38 

 

34 

6 19 DON 0 0.5 1.0 2.5 5.0 mg/kg /1 
Sprague-Dawley (1 24 ) 5 mg/kg /2 

52%3 
4 
5 
6 

2.5 mg/kg /7 
1.0mg/kg /8 

NOAEL9 
0.5 mg/kg / 1.0 mg/kg / ( X137X) 10 

 11 
12 

(1 6 15 ) 0 30 013 
0.3 0.6 1 1.6 1.8 2 mg/kg / DON 1.814 
2 mg/kg / 100% 1 1.6 mg/kg15 
/16 

NOAEL 0.6 mg/kg /17 
( X138X)  18 

19 
20 

DON X X  21 
Salmonella typhimurium22 

DON ( D139D D140D)23 
in vitro DNA (UDS ) ( D141D) DON24 

V79 Hprt  ( D142D)  25 
in vitro DON ( X140X)26 

V79 ( D143D D144D)  (27 
D145D)  28 

DON BALB/3T3 ( D146D) v-Ha-ras29 
BALB/3T330 

 ( D147D)  31 
(10 ) 10 mg/kg DON 1732 

DNA  (33 
D148D)  34 
 35 
 36 



 

35 

1 
2 

     

 S. typhimurium TA98, TA100 

TA1535, TA1537* 0.4 400 μg/plate  
X139X 

 S typhimurium TA98, TA100 *  0.7 500 μg/plate  X140X 

 E. coli PQ37 SOS * 5 500 μg/assay  
X140X 

 V79
Hprt ** 1 3 μg/mL ***  X142X 

DNA   0.1 1,000 μg/mL  
X141X 

DNA  E. coli K12(2 ) 0.7 500 μg/mL  X140X 

 V79 0.1 1 μg/mL (5 ) X143X 

 V79 0.03 0.3 μg/mL (5 ) X144X 

  0.001 100 μg/mL (6 ) X140X 

  100 μg/mL  X140X 

 V79 0.1 0.5 μg/mL  
X145X 

 BALB/3T3  0.1 1.6 μg/mL  X146X 

 v-Ha-ras BALB/3T3
 0.01 0.2 μg/mL  

X147X 

*: S9  3 
**:  4 
***: 1 μg/mL 10 μg/mL 90% 5 
 6 

7 
    

DNA
 

( ) DON 10mg/kg
17   X148X 

 8 
9 

10 
22B11 

X X DON DON12 
13 

 14 
15 
16 

Swiss Webster ( 1 12 ) DON 0 0.75 2.517 

 

36 

7.5 mg/kg / 51 
7.5 mg/kg / 32 

0.75 2.5 mg/kg /3 
LOAEL 0.75 mg/kg /4 

( D149D)  5 
Swiss Webster (16 

6 10 ) DON 0 0.25 0.5 1 mg/kg /7 
0.5 mg/kg /8 

�2- �-9 
(Listeria monocytogenes)10 
NOAEL 0.25 mg/kg / ( D150D)  11 

B6C3F1 (1 8 11 ) DON 0 5 25 mg/kg 12 
2 3 25 mg/kg13 

14 
15 

5 mg/kg  (1 mg/kg / JECFA )16 
NOAEL 5 mg/kg  (1 mg/kg / )17 

( D151D)  18 
B6C3F1 (1 8 ) 0 0.5 2 5 10 25 mg/kg  (019 

0.1 0.4 1 2 5 mg/kg / JECFA ) DON 820 
10 mg/kg21 

NOAEL 5 mg/kg  (1 mg/kg / ) (22 
X119X)  23 
BALB/c (1 4 17 ) DON 0 2.5 5 10 20 50 mg/kg24 

 (0 0.37 0.75 1.5 3 7.5 mg/kg / JECFA )25 
1 2 10 mg/kg26 

(PHA)27 
PHA28 

NOAEL 5 29 
mg/kg (0.75 mg/kg / ) ( D152D)  30 

BALB/c (1 10 ) DON 0 0.2 1 3 mg/L (0 0.02431 
0.12 0.36 mg/kg / ) 432 
Salmonella Enteritidis 1433 

1 3 mg/L34 
0.2 mg/L35 

DON 2 mg/L 3 S. Enteritidis36 
S. Enteritidis37 

S. Enteritidis IgM38 



 

37 

LOAEL 1 mg/L(0.12 mg/kg / ) ( D153D)  1 
BALB/c (1 10 ) DON 0 0.2 2 6 mg/kg 42 

14 S. Enteritidis 2mg/kg3 
S. Enteritidis TNF-�4 

0.2mg/kg TNF-� ( D154D) 5 
BALB/c (1 6 ) 0 2 5 10 25 mg/kg DON6 

2 37 
L2 RNA DON8 

(IFN)� IFN-��-9 
IFN-�- RNA10 

MCP-1 TNF-�11 
IgA ( D155D) 12 

BALB/c (1 4 ) DON 0 2.5 5 10 20 50 mg/kg 13 
(0 0.35 0.67 1.3 2.7 6.5 mg/kg / ) 114 

10 mg/kg15 
NOAEL 5 mg/kg (0.67 mg/kg16 

/ ) ( X115X)  17 
BALB/c (1 12 ) DON 0 2 mg/kg (0.3 mg/kg18 
/ F

6
F) 1419 

A(Con A)20 
DON ( D156D)  21 

Han:NMRI (1 5 10 ) DON 0 12.5 22 
mg/kg 6.25 mg/kg / 723 

DON Staphylococcus hyicus Mycobterium 24 
avium IgA25 
IgM IgG ( D157D)  26 

 27 
28 

1 ( ) 10 0 18 mg/kg29 
DON (2.25 mg/kg / ) 1830 

DON31 
1 3 0 50 mg/kg DON32 

(6.25 mg/kg / JECFA ) DON33 
( D158D)  34 

                                                      
6 JECFA (IPCS:EHC70)  

 (kg) (g/ / ) (g/kg / )
 0.02 3 150 

 

 

38 

1 
2 

(1 8 ) DON 0.6 1.83 
4.7 mg/kg (0.024 0.072 0.2 mg/kg /4 

JECFA ) 95 
( D159D)  6 

(1 7 ) DON 0 0.5 mg/kg / 1 1 mg/kg7 
/ 5 DON8 

(9 
D160D) 10 

(1 6 ) DON 0 0.28 0.56 0.84 11 
mg/kg 2812 

(13 
) (14 

15 
)16 

(17 
) ( D161D)  18 

 19 
20 
21 

 ( )
 

 

  
(mg/kg

/ ) 
 

(mg/kg
/ ) 

 
(mg/kg

) 
(mg/kg

/ ) 

Swiss 
Webster

 
(1 12

) 

(

) 5
 

 0 0.75
2.5  7.5 

7.5 mg/kg /
 

0.75 2.5 mg/kg /

 

0.75  X149X 

Swiss
Webster
21  
(1 6
10 ) 

5   0 0.25
0.50  1 

0.50 mg/kg /
�2-

�-
 

L. monocytogenes
0.5 0.25  X150X 

B6C3F1
15 18 g 
(1 8
11 ) 

2
3  0 5 25 0 1 5* 

25 mg/kg

L. monocytogenes
 

5* 1* 
 

X151X 
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B6C3F1 
(1 8

) 
8  0 0.5  2.0

5.0 10 25 
0 0.1 0.4
1 2 5* 

10 mg/kg 
 2* 1*  X119X 

BALB/c 4
6  

(1 4
17 ) 

1
2  

0 2.5  5  
10 20  50 

0 0.37
0.75  1.5
3  7.5* 

10 mg/kg

 

1.5* 0.75* X152X 

BALB/c 7
 

(1 10
) 

4
 

0 0.2  1  
3 mg/L   

0 0.024
0.12 0.36

1 3 mg/L
S. Enteritidis

 
0.12 0.024  X153X 

BALB/c 7
 

(1 10
) 

4
 

0 0.2 2
6  

2 mg/kg
S. Enteritidis

TNF-�  
   X154X 

BALB/c 5
 

(1 6
) 

( ) 
 

0 2 5 10
25 
 

2 mg/kg

 
2   X155X 

BALB/c 4
6  

(1 4
) 

7  
 

0 2.5   5
10  20  
50 

0 0.35
0.67   1.3
2.7   6.5

10 mg/kg 
 1.3 0.67  X115X 

BALB/c 8
 

(1 12
) 

14
 

 
0 2 0 0.3**  0.3**   X156X 

an NMR 
I 8 10
(1 5 10

) 

(
2%

) 1  

 0 6.25 
S. hyicus

M. avium
IgA IgM

IgG  
  

  X157X 

 
(1 10

) 
(

) 
0 50 0 6.25* PHA 6.25*   X158X 

25.3 kg 
(1
8 ) 

9
 

(
) 

0.6 1.8 4.7 0.024  
0.072 0.2* (

) 
   X159X 

8
(1 7
) 6   

1
0 0.5

5
0 1  

   X160X 

11.2 kg 
(1
6 ) 

28
 

(
) 

0 0. 28
0.56 0.84     X161X 

*: JECFA  1 
**:  2 

3 
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1 
IgA2 

IgA ( X X) 3 
 4 
B6C3F1 (1 8 ) DON 0 0.5 2 5 10 25 mg/kg5 

 (0 0.1 0.4 1 2 5 mg/kg / JECFA )6 
6 2 5 10 mg/kg IgA7 

25 mg/kg IgM NOAEL 0.5 8 
mg/kg (0.1 mg/kg / )  ( X119X)  9 

B6C3F1 (1 6 13 ) DON 0 2 10 25 50 mg/kg10 
24 25 mg/kg (5 mg/kg /11 

JECFA ) IgA 2412 
17 IgM IgG13 

25 mg/kg IgA14 
IgA ( D162D)  15 

B6C3F1 (1 7 9 ) DON 0 2 10 25 mg/kg16 
 (0 0.4 2 5 mg/kg / JECFA ) 1217 

IgA 10 mg/kg18 
25 mg/kg IgA 4 819 

2 mg/kg 10 mg/kg20 
IgA 12 10 mg/kg21 

IgA22 
DON23 

4 10 mg/kg 1224 
 ( D163D)  25 

B6C3F1 (1 50 ) DON 0 1 5 10 mg/kg26 
( 0 0.1 0.5 1.1 mg/kg / 0 0.1 0.7 1.6 mg/kg27 
/ JECFA ) 2 10 mg/kg28 

IgA ( X129X)  29 
B6C3F1 (1 5 6 ) DON 0 25 mg/kg (030 
5 mg/kg / JECFA ) 4 8 1231 

DON 4 IgA32 
IgA (33 

D164D D165D)  34 
B6C3F1 (1 9 ) DON 0 25 mg/kg (5 mg/kg35 

/ JECFA ) 8 DON36 
IgA IgA37 

( D166D) 38 
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B6C3F1 (1 4 ) DON 0 5 25 mg/kg /1 
DON 22 

IgA 243 
( D167D)  4 

C57BL/6 (1 10 ) DON 0 0.071 0.355 mg/kg5 
NIV 3 4 ( 5%6 

) IgA7 
CYP( P450) ethoxyresorufin 8 

O-dealkylase pentoxyresorufin O-depenthylase GST9 
CYP 1A CYP 2B ( D168D)  10 

B6C3F1 (1 6 ) DON 0 0.83 2.5 7.5 mg/kg11 
8 IgA 7.5 12 

mg/kg / IgE13 
2.5 mg/kg / IgG IgM 0.83 mg/ /14 

LOAEL 0.83 mg/kg / (15 
D169D)  16 
B6C3F1 (1 12 ) DON 0 25 mg/kg (017 

5 mg/kg / ) 24 DON IgA18 
19 

IgA IgA 8 DON20 
1621 

( D170D)  22 
B6C3F1 (1 8 9 ) DON 0 20 mg/kg23 

1 13 DON24 
25 

IgA26 
IgG IgM27 

IgA28 
( D171D)  29 

IgA IgA IL-630 
B6C3F1 (1 3 ) IL-631 

(B6126-IL6tmi Kopf) (B6120F2 1 6 ) 032 
10 mg/kg DON 1233 
DON DON34 
B6C3F1 IgA35 

IgA IL-6 IgA36 
IgA (37 

D172D) 38 

 

42 

IgA COX-21 
B6C3F1 COX-2 (B6 129P2-Ptgs2 tmIsmi 2 
(002181-M;COX-2-knockout)) (B6 129P2-Ptgs2 tmIsmi 3 
(002181-W)) 0 10 25mg/kg DON 16 DON4 

COX-2 IgA5 
IgA (IC) IgA IgA6 

COX-2 DON IgA7 
COX-2 COX-28 

DON IgA ( D173D) 9 
F

7
F (NZBW/F1 MRL/lpr BXSB10 

3 ) DON 0 5 10 mg/kg  (0 0.75 1.5 mg/kg11 
/ F

8
F) 9 14 IgA12 

BXSB 10 mg/kg13 
IgA14 

DON (15 
D174D)  16 
Wistar (1 6 ) 0 7.5 mg/kg DON 817 

DON IgG IgA18 
( X169X)  19 

(1 9 10 ) 2.2 2.5 mg/kg20 
 DON 9 DON21 

4 15 (OVA)22 
DON IgA OVA IgA IgG23 

TNF-� IFN-� RNA DON24 
(25 

D175D) 26 
(1 8 9 ) DON 0 0.3 0.6 1.2 mg/kg27 

8 0.6 mg/kg IgA28 
( D176D)  29 

(1 7 11 ) DON 030 
0.7 1.7 3.5 mg/kg (0 0.04 0.1 0.2 mg/kg / JECFA31 

) IgA32 
( D177D)  33 

                                                      
7  
8 JECFA (IPCS:EHC70)  

 (kg) (g/ / ) (g/kg / )
 0.02 3 150 
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 1 
2 

 ( )
 

 

 

IgA

(mg/kg
/ ) 

IgA

 
(mg/kg

/ ) 

(mg/kg 
) 

(mg/kg 
/ )

B6C3F1 
(1  8

)
 

6  
 

0 0.5  
2.0 5.0
10 25 

0 0.1 0.4
1 2 5* 

2.0 mg/kg
IgA  

25 mg/kg  
IgM  

0.4* 0.1* X119X 

B6C3F1
8 10

 
(1 6

13 ) 

24  0 2 10
25 50 

0 0.4  2
5 10* 

25 mg/kg DON
IgA
IgG IgM

IgA
 

  X162X 

B6C3F1
8  
(1

7 9
) 

12  0 2 10
25 

0 0.4  2
5* 

10 mg/kg
IgA

IgA
(

) 

2* 0.4* X163X 

B6C3F1 
(1

50 ) 

2  0 1 5
10 

( 0 )0.1
0.5  1.1*

( ) 0 0.1
0.7  1.6*

10 mg/kg
IgA  1.6* 0.7* X129X 

B6C3F1  
8 10

 
(1 5

6 ) 

4 8
12  0 25 0 3.75**

IgA

IgA
 

3.75**  X164 
X165X 

B6C3F1  
8 10

 
(1 9

) 

8
  0 25 0 3.75**

IgA

IgA
 

3.75**  X166X 

B6C3F1
8 9  
(1 4

) 

(
) 

 0 5 25
5 mg/kg /

IgA  
5  X167X 

C57BL/6
6  
(1 10

) 

(5%

) 
3 4

 

 

0 0.071
0.355 
mg/kg

3
 

IgA  0.03***  X168X 
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B6C3F1
8  
(1 6

) 

(
)1 1

8  

 0 0.83  
2.5  7.5

IgG IgM
 

IgA DON 7.5 mg/kg
 

IgE  

7.5 2.5 X169X 

B6C3F1
8 9  
(1 12

) 

24  0 25 0 3.75**
IgA

IgA  
3.75**  X170X 

B6C3F1
7 8  
(1 8

9 ) 

13  0 20 0 3** 
IgA

IgA  
3**  X171X 

B6C3F1
B6129F2 

IL-6

4
(1 3

6 ) 

12  0 10  

DON
 

DON IgA

IgA
IL-6KO  

  X172X 

B6C3F1
B6129F2 

COX-2

7 8  
(1 5

6 ) 

16  0 10 25  

DON
IgA IgA

(IC)
IgA

IgA  
COX-2

DON
IgA  
COX-2 DON

IgA

  X173X 

NZBW/F1
MRL 

/lpr
BXSB 5

6  
(1 7

) 

9
14  0 5 10 0 0.75

1.5** 

IgA
 

BXSB 10 mg/kg

IgA
 

  X174X 

Wistar 8
 

(1 6
) 

( ) 8
 

 0 7.5 IgG IgA 7.5  X169X 

 
(1 9
10 ) 

(DON

) 9  

2.2 2.5 

(4 15
(OVA) ) 

DON IgA
OVA IgA

TNF-�
IFN-� RNA

X175X 
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9.8 kg 
(1 8

9 ) 

56  0 0.3 0.6  
1.2  0.6 mg/kg

IgA    X176X 

59
21.3 kg 
(1

7 11
) 

96  
 

0 0.7 1.7
3.5(

) 

0 0.04
0.1 0.2 IgA   0.2 X177X 

*: JECFA  1 
**:  2 
***: 3 1  3 

 4 
5 

DON6 
 7 

 8 
B6C3F1 (1 5 ) 2 0 25 mg/kg DON9 

210 
DON IL-1� IL-1� IL-6 IL-1111 

2(MIP-2)12 
( D178D )  13 

T IL-2 DON 100 250 ng/mL14 
NF-�B AP-115 

( D179D D180D) T IL-2 mRNA16 
( D181D) IL-8 DON 1 �g/mL17 

U937 ( ) NF-�B p6518 
 ( D182D)  19 

B6C3F1 (1 3 ) DON  0 0.1 0.5 1 5 25 mg/kg20 
221 

mRNA 5 25 mg/kg DON22 
IL-1� IL-6 TNF-� T 1 (Th1)23 

IFN-� IL-2 T 2(Th2)24 
IL-4 IL-10 mRNA IL-12p40 mRNA25 

IL-12 p35 mRNA26 
NOAEL 1 mg/kg / ( D183D)  27 

B6C3F1 (1 3 ) DON  0 0.5 2 5 mg/kg /28 
2 4 7 229 

mRNA IL-1� IL-6 TNF-�30 
IL-12p35 IL-12p40 IL-2 IL-10 mRNA31 
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IFN-� IL-4 NOAEL 0.5 mg/kg /1 
( D184D)  2 

C57BL/6 (1 3 ) DON 0 1 5 25 mg/kg3 
25 mg/kg COX-2 4 

mRNA 2 IL-6 mRNA 2 45 
 ( D185D)  6 

B6C3F1 (1 15 ) 0 25 mg/kg DON7 
mRNA DON8 

(IL-1� IL-1� IL-6 IL-11) (MCP-19 
MCP-3 CINC-1 MIP-2) AP-1 (c-Fos Fra-2 c-Jun10 
JunB) 2 (MKP1 CnA�) 211 

mRNA 2 412 
IL-11 8 ( D186D)  13 

B6C3F1 (8 10 ) B6C3F1 (3 4 5 8 )14 
DON 0 5 mg/kg15 

DON 2 TNF-� IL-1� IL-6 mRNA16 
2 3 ( X53X)  17 

B6C3F1 (1 4 5 ) 0 0.1 0.5 1 5 12.5 mg/kg18 
DON19 

SOCS(Supressors of cytokine 20 
signaling)1 SOCS2 SOCS3 mRNA 0.5 mg/kg21 

SOCS3 mRNA22 
12.5 mg/kg DON23 

DON 1 TNF-� IL-6 224 
TNF-� IL-6 mRNA 125 

2 SOCS3 mRNA 226 
SOCS3 327 

IGFALS(Insulin –like growth factor acid 28 
labile subunit) mRNA DON 329 
5 75% ( D187D) 30 

B6C3F1 (1 6 8 3 6 ) 20mg/kg  DON31 
832 

DON DON 2 48 ng/mL 833 
(44 63 ng/mL) DON IGFALS34 

mRNA 2 37% 835 
DON IGF1(Insulin-like growth factor1)36 

IGFALS 2 8 74 64%37 
34 40% B6C3F1 (1 5 ) 0 0.1 0.5 1 538 
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12.5 mg/kg DON 2 IGFALS1 
mRNA 0.5 mg/kg (2 

D188D) 3 
 4 

5 
in vitro DON(0.1 50 �g/mL)6 

T7 
B DON8 

( D189D)  9 
in vitro J774A.1 DON(10 100 �M)10 

( X83X)  11 
12 

15B13 
ICR (1 10 ) DON 0 2 4 8 mg/kg 1414 

DON ( X116X)  15 
Wistar (1 5 ) DON 0 0.83 2.5 7.5 mg/kg /16 

8 2.5 mg/kg /17 
IgG 0.83 mg/kg / IgA18 

7.5 mg/kg / ( X169X)  19 
in vitro DON 130 200 250 20 

�g/mL 200 250 �g/mL21 
�-22 

DON23 
24 

3 ( D190D)  25 
26 

16B27 
DON 0 30 60 400 ng/mL 7228 

DON 8% 19% 99%29 
CD69 CD25 CD7130 

CD69 6 CD6931 
CD25 IC5032 

400 ng/mL CD7133 
CD25 DON CD2534 

( D191D)  35 
0 3 30 300 ng/mL DON36 

CFU-GM 3 ng/mL37 
( D192D)  38 
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(GM) DON(10-6 10-8 M)1 
14 DON2 

CFU-GM( ) 1×10-6 2.5×10-7 M3 
7 10 14 IC50 GM 3×10-84 

2.9×10-8 3.9×10-8 M 2.6×10-7 1.5×10-7 1.6×10-7 M5 
GM DON T-2 HT-2 1/106 

1/100 ( D193D)  7 
0 3 90 300 ng/mL DON CFU-GM8 

90 ng/mL 3 9 
ng/mL 710 

( D194D)  11 
DON 312 

75 ng/mL CFU-GM13 
DON ( D195D)  14 
Caco-2 T84 ( )15 

DON(0 200 ng/mL) Caco-216 
Caco-217 

T84 (TEER) DON (18 
) Caco-219 

- DON20 
( D196D)  21 

Caco-2 IPEC-1( ) DON TEER22 
4 kDa Escherichia coli23 

24 
-4 2.85 mg/kg25 

DON 5 in vivo (26 
D197D)  27 

4 5 ex vivo DON 428 
1 �M (29 

D198D)  30 
RAW264 ( ) LPS31 

NO DON NIV( 0 1,000 ng/mL)32 
in vivo DON NIV33 

(iNOS) IFN-� NO ( D199D) 34 
DON (DHA)35 

250 ng/mL DON IL-6 336 
cAMP (CREB)37 

CREB Akt1/2 MSK1 RSK138 
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RNA1 
(PKR) IL-6 CREB Akt12 
MSK1 RSK1 6 8 DHA3 

PKR CREB4 
CREB DHA5 

1 2A DON 6 
PKR CREB IL-67 

DHA8 
( D200D) 9 

PKR DON10 
RAW 264.7 DON(0 1,000 ng/mL)11 

DON 5 JNK1/2 ERK1/212 
p38 1 5 PKR DON13 

PKR  14 
( D201D)  15 

16 
17 
18 

NIV (LD50) X X  19 
 20 

21 
 LD50 

(mg/kg )  
ddY 6  38.9 D202D 

F344 5  19.5 D203D 

 22 
6 ddY NIV LD50 38.9 mg/kg23 

7.4 mg/kg 7.2 mg/kg 7.3 mg/kg24 
325 

( X202X)  26 
F344 NIV LD50 19.5 mg/kg27 

0.9 mg/kg ( X203X)28 
1.0 mg/kg NIV29 

4 AcNIV 0.4 mg/kg D204D 30330 
1.0 mg/kg 4 AcNIV 3031 

1 D205D32 
4 AcNIV 0.1 mg/kg 4 133 

X204X 30334 
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1 
X X NIV  2 

 3 
4 

 ( )  
 

 

 
LOAEL

(mg/kg
/ ) 

NOAEL 
(mg/kg

/ ) 
  

(mg/kg 
) 

(mg/kg 
/ ) 

C57BL/6 
6  
(1 6 ) 

 
24  

0 5  10  
30 

0 0.6
1.2 3.5*

30 mg/kg

 

3.5* 1.2* 206 

C54B16 7
 

(1 10
) 

(
5%

)  
3

28  

 

0 0.014
0.071
0.355
1.774
8.870 
mg/kg

3
 

8.870 mg/kg /  

IgG

3.8*** 0.76***  X96X 

C57BL/6 
7  
(1
10 ) 

 
4 12

 

0 6  12
30 

0 0.7  
1.4 3.5*

 

0.7*  207 

Sprague-D
awley 6

 
(1 5 ) 

 
14
28  

0 6  12 0 0.6
1.2** 

6 mg/kg
( )

CYP2B1/2 CYP1A2
 

0.6**   208 

F344 5
 

(1
12 ) 

(
:
)30  

 0 0.4
2.0 

 
2.0 mg/kg /

 

2.0 0.4  
X203X 

F344 6
 

(1
10 ) 

 
90  

0 6.25  
25 100 

0 0.4
1.5  6.9

1.5 mg/kg
 1.5 0.4  209 
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F344 6
 

(1
10 ) 

 
90  

0 6.25  
25 100 

0 0.4  
1.5  6.9

100 mg/kg

 
25 mg/kg

 
6.25 mg/kg

 

0.4   210 

51
 

(1 6 ) 

 
21  0 2.5  5  

 
5 mg/kg  
2.5 mg/kg IgA

 

   211 

7
 

(1 6 ) 

 
20  

I: 0
0.5  2.5  
5 II: 
0 3  6  
12 

 

I: 
2.5 5 mg/kg

 
II:  
6 12 mg/kg

 
3 mg/kg

 

   212 

(

) 55  
(1 5 ) 

 
50  

0 1  3  
5  

5 mg/kg

3 5 mg/kg

 
1 mg/kg

 

   
X90X 

*: SCF  1 
**:  2 
***: 3 13 

4 
5 

C57BL/6 (1 6 ) NIV 0 5 10 30 mg/kg 246 
30 mg/kg7 

8 
30 mg/kg9 

10 
NOAEL 10 mg/kg  (1.2 mg/kg / SCF )11 

( X206X)  12 
C54B16 (1 10 ) 0 0.014 0.071 0.355 1.774 8.870 mg/kg13 

/ NIV 3 4 8.870 mg/kg /14 
15 

IgG NOAEL 0.76 mg/kg16 
/ (1 ) ( X96X)  17 

C57BL/6 (1 10 ) NIV 0 6 12 30 mg/kg18 

 

52 

4 12 NIV F. nivale1 
NIV2 

43 
6 30 mg/kg 12 12 mg/kg 44 

12 12 mg/kg5 
6 

LOAEL 6 mg/kg7 
(0.7 mg/kg / SCF ) ( X207X)  8 

 9 
10 

Sprague-Dawley (1 5 ) NIV 0 6 12 mg/kg11 
2 4 6 mg/kg 1 212 

4 2 12 13 
mg/kg/14 
4 6 mg/kg15 

12 mg/kg16 
CYP2B1/2 CYP1A217 

LOAEL 6 mg/kg18 
(0.6 mg/kg / F

9
F) ( X208X)  19 

F344 (1 12 ) NIV 0 0.4 2.0 mg/kg /20 
30 2.0 mg/kg /21 

22 
2.0 mg/kg /23 

24 
( X203X) 25 

F344 (1 10 ) NIV 0 0.4 1.5 6.9 mg/kg /26 
90 1.5 mg/kg / NK27 

0.4 mg/kg /28 
LOAEL 1.5 mg/kg / ( X209X)  29 

F344 (1 10 ) NIV 0 6.25 25 100 mg/kg30 
90 25 mg/kg31 

100 mg/kg 100 32 
mg/kg33 

100 mg/kg34 
                                                      
9 JECFA (IPCS:EHC70)  

   (kg) (g/ / ) (g/kg / )
 0.1 10 100 
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100 mg/kg 6.25 1 
mg/kg 100 mg/kg2 

100 mg/kg3 
100 mg/kg4 

5 
LOAEL 6.25 mg/kg (0.4 6 

mg/kg ) ( X210X)  7 
 8 

9 
(1 6 ) NIV 0 2.5 5 mg/kg 2110 

11 
NIV12 

2.5 13 
mg/kg IgA IgG14 

( X211X)  15 
 16 

17 
(1 6 ) NIV 0 0.5 2.5 5 mg/kg18 

20 2.5 5 mg/kg19 
NIV 0 3 6 12 mg/kg 620 

12 mg/kg21 
6 % 3 mg/kg (22 

X212X)  23 
( 1 5 ) NIV 0 1 3 5 mg/kg24 

5025 
26 

5 mg/kg 3 5 mg/kg27 
40 75%28 

1 mg/kg29 
( X90X)  30 

 31 
32 
33 

X X NIV  34 
7 C57BL/6 (1 6 ) NIV 0 6 12 30 mg/kg(0 0.6835 

1.51 3.84 mg/kg / ) 136 
NIV F. nivale37 

NIV38 
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AcNIV1 
NIV2 

3 
4 
5 

6 30 mg/kg 1 6 mg/kg6 
LOAEL 6 mg/kg7 

(0.68 mg/kg / ) ( X202X)  8 
7 C57BL/6 (1 42 ) NIV 0 6 12 30 mg/kg (09 

0.66 1.38 3.49 mg/kg / ) 210 
NIV F. nivale11 

NIV12 
AcNIV13 

30 mg/kg14 
12 mg/kg15 

16 
30 mg/kg17 

NIV18 
19 

30 mg/kg20 
12 30 mg/kg21 

LOAEL 6 mg/kg (0.66 mg/kg / )22 
( D213D)  23 

 24 
25 

 ( )
 

 

 
LOAEL
(mg/kg

/ )

NOAEL 
(mg/kg 

/ ) (mg/kg 
) 

(mg/kg 
/ )

C57BL/6C
rS1c 
(1 6

) 

1  0 6 12
30 

0 0.68
1.51 3.84

6 30 mg/kg
1 NIV

 

 

0.7  
X202X 
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C57BL/6C
rS1c 
(1 42

) 

2  0 6  12
30 

0 0.66  
1.38  3.49

 
12 30 mg/kg

 
12 mg/kg

 
NIV

 

0.7  
X213X 

1 
  2 
NIV Bl(AFB1)3 

1 C57B1/6×C3HF1 (1 15 26 ) 6 mg/kg  4 
AFB1 6 NIV 0 6 12 mg/kg5 

1 NIV F. nivale6 
NIV7 

AcNIV 38 
NIV 0 6 12mg/kg9 

31% 21% 0%  ( D214D)  10 
F344 (1 4 16 ) (DEN) 211 

AFB1 6 NIV 6 mg/kg (0.6 mg/kg12 
/ F

10
F)13 

NIV F. nivale14 
NIV AcNIV15 

3 816 
GST-P( -S- )17 

NIV DEN18 
DEN AFB1 GST-P19 

DEN AFB1 NIV GST-P20 
( D215D)  21 

 22 
23 

X X NIV  24 
ddN (1 3 ) NIV 0 0.4 60 mg/kg /25 

NIV26 
( ) ( D216D)  27 

                                                      
10 JECFA (IPCS:EHC70)  

   (kg) (g/ / ) (g/kg / )
 0.1 10 100 
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ICR (1 10 11 ) 0 18 NIV NIV1 
0 6 12 30 mg/kg 0 182 

30 mg/kg3 
(82.6%) 12 mg/kg4 

ICR (1 5 10 )5 
7 15 NIV 0 1 5 10 20 mg/kg /6 

10 mg/kg /7 
5 mg/kg /8 

9 
( D217D)  10 

 11 
12 

 ( )
 

 

 
LOAEL 
(mg/kg

/ ) 

NOAEL 
(mg/kg

/ ) (mg/kg
) 

(mg/kg
/ ) 

ICR 
(1 10
11 ) 0 18  

0 6 12
30 

0 0.7 1.4
3.5* 

30 mg/kg
 

12 mg/kg
 

1.4* 0.7*  X217X 

ICR 
(1 5 10

) (
) 7
15  

 0 1 5
10 20 

10 mg/kg /

 
5 mg/kg /

 

5 1  
X217X 

*:SCF  13 
 14 

15 
NIV X X  16 
NIV V79-E ( ) in vitro17 

(+S9mix)18 
(SCE)19 

20 
( D218D)  21 

V79 NIV22 
0.001 0.03 �g/mL 2 3 ( X143X)  23 

V7924 
NIV 0.03 �g/mL 2 325 

5% ( X144X) 26 
v-Ha-ras BALB/3T3 NIV27 

( X147X)  28 
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CHO ICR (1 4 ) NIV1 
( ) 50 100 �g/mL NIV2 

CHO DNA In vivo3 
NIV(20 mg/kg ) DNA4 

DNA (5 
D219D)  6 

(Tg) (MutaTMMouse) NIV7 
8 

F

11
F ( D220D)  9 

 10 
11 
12 

   
 

 
  

 V79-E  5 50 μM/plate   
X218 

 V79-E  5 50 μM/plate   X218X 

 V79  
0.001 0.03 
μg/mL  

 
(3 )  

X143X 

 V79  0.03 μg/mL  
(3 )  X144X 

 v-Ha-ras BALB/3T3
 0.01 0.2 μg/mL   X147X 

DNA

 
CHO  50 100 μg/mL   X219X 

 13 
 14 

15 
    

 
DNA

 

ICR ( )
NIV 20mg/kg

 

 
 X219X 

 MutaTM 

Mouse  
X

11
X
 X220X 

DNA

 
 X

11
X
 X220X 

 16 
 17 

                                                      
11 NIV 0 6 mg/kg 4
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1 
2 
3 

BALB/c (1 10 ) NIV 0 0.2 2 6 mg/kg 44 
14 (Salmonella Enteritidis)5 

NIV ( X154X) 6 
F344  (1 6 ) NIV 0 6.25 25 100 mg/kg (07 

0.4 1.5 6.9 mg/kg / ) 90 25mg/kg8 
T /B (CD3+/B220+)9 

100 mg/kg CD4+T10 
T /CD8+ ( )11 

NIV NK ( X209X)  12 
 13 

14 
NIV DON IgA IgA15 
 ( X X)  16 
 17 
C57BL/6 (1 10 ) 0 0.014 0.071 0.355 1.77418 

8.870 mg/kg NIV 3 4 ( 5%19 
) 8.870 mg/kg IgG20 

IgA ( X96X)  21 
C57BL/6 (1 10 ) NIV 0 0.071 0.355 mg/kg22 
3 4 ( 5% ) IgA23 
0.071 mg/kg ( X168X)  24 
C3H/HeN C3H/HeJ BALB/C (1 9 12 ) NIV 025 

6 12 mg/kg (0 0.9 1.8 mg/kg / F

12
F) 4 826 

NIV IgA IgA27 
8 12 mg/kg ( D221D) 28 

BALB/c (1 20 ) NIV 0 15 mg/kg29 
2430 

9 IgA+ 331 
pan-T pan-B32 

9 B33 
IgA+B IgA+ IgM+B34 

                                                      
12 JECFA (IPCS:EHC70)  

 (kg) (g/ / ) (g/kg / )
 0.02 3 150 

 



 

59 

( D222D)  1 
OVA-TCR Tg(OVA T ) (12 

4 ) OVA NIV 0 6 mg/kg (0.9 mg/kg / X

12
X)3 

OVA OVA4 
IgE IgG1 IgA IgE IgG1 IgA5 

OVA NIV IgE OVA IgE IgG16 
IgA ( D223D)  7 

F344 (1 10 ) 0 0.4 1.5 6.9 mg/kg / NIV8 
90 6.9 mg/kg /9 

IgM IgG IgA10 
( X209X)  11 

(1 6 ) NIV 0 2.5 5 mg/kg 2112 
IgA13 

2.5 mg/kg IgA14 
IgG ( X211X)  15 

 16 
17 

 (
)  

 

 

IgA

(mg/kg
/ ) 

IgA

(mg/kg
/ ) 

  
 

(mg/kg 
) 

(mg/kg
/ )

C57BL/6 6
 

(1 10 ) 

(5%

3
4  

 

0 0.014
0.071
0.355
1.774
8.870 
mg/kg

3

8.870 mg/kg
IgG  

IgA  
 3.8**  X96X 

C57BL/6 6
 

(1 10 ) 

(5%

) 3
4  

 

0 0.071
0.355 
mg/kg

3
 

IgA  0.03**   X168X 

C3H/HeN
C3H/HeJ 
BALB/c 6

8 (1
9  

12 ) 

4
8  0 6  12 0 0.9

1.8* 

IgA  
( )IgA

 
0.9*  

 
X221X 

BALB/c  
5  
(1 2 0

) 
(10%DMSO
) 

 0 15 
IgA

pan-T pan-B
 

15   X222X 

(OVA) 2
4  0 6 0 0.9*

OVA IgE
OVA

IgE IgG1 IgA
0.9*   223 
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��-Tg

BALB/c  
8 13

 

   
IL-4 IL-2

    XX 

F344 5
1

10
90 0 6.25

25  100  
0 0.4
1.5  6.9

6.9 mg/kg /
IgM  

IgA IgG  
 6.9  X209X 

51
 

(1 6 ) 
21  0 2.5  5  

IgA
 

(2.5 mg/kg IgA

)

   X211X 

*:  1 
**: 3 1  2 
 3 

4 
OVA-TCR Tg (1 4 ) OVA NIV 0 6 5 

mg/kg6 
NIV IL-4 IL-2 ( X223X)  7 

C3H/HeN NIV 0 12 mg/kg ( 1.8 mg/kg / F

13
F)8 

8 NIV9 
IgA IL-4 IL-510 

IL-6 IL-10 TGF-�(Th2 ) mRNA ( D224D)  11 
LPS NIV DON 1 3 �M12 

LPS IL-12 IL-1013 
TNF-� ( D225D)  14 

 15 
16 

BALB/c (1 5 ) NIV 0 15 mg/kg /17 
NIV 318 

619 
CD4+ CD8+  20 

( X222X)  21 
ICR:CD-1 (1 5 ) 0 5 10 15 mg/kg NIV22 

12 24 4823 
1224 

2425 
( D226D) 26 

in vitro J774A.1 NIV(10 100 �M)27 
( X83X)  28 

                                                      
13 JECFA (IPCS:EHC70)  

 (kg) (g/ / ) (g/kg / )
 0.02 3 150 
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1 
C57BL/6CrSlc (1 6 ) NIV 0 6 12 30 mg/kg(0 0.682 

1.51 3.84 mg/kg / ) 63 
30 mg/kg 1 6 30 mg/kg4 

LOAEL 6 mg/kg  (0.7 mg/kg / )5 
( X202X) 6 

C57BL/6 (1 6 ) NIV 0 5 10 30 mg/kg7 
( ) 248 

30 mg/kg ( 3.5 9 
mg/kg / SCF )10 

11 
( X206X)  12 

F344 (1 12 ) 0 0.4 2.0 mg/kg / NIV 3013 
14 

( X203X)  15 
 16 

17 
in vitro18 

NIV NIV 72 ng/mL19 
50% ( D227D)  20 

PHA(IC50 350 nM) (PW)(IC50 270 nM)21 
NIV NIV PW22 

DON23 
NIV T-224 

DON (25 
D228D)  26 

RAW264 LPS NO DON NIV27 
in vivo NIV 125 �M/mL iNOS28 

( X199X) 29 
LPS NIV DON 1 3 �M30 

NO MHC II31 
CD11c CD8632 

NIV33 
DON LPS IL-12 IL-1034 

TNF-� ( X225X) 35 
36 
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1 
( )2 

C57BL/6 (1 10 ) DON 0 0.071 0.355 mg/kg3 
NIV 3 4 ( 5%4 

) IgA5 
(DCNB) GST6 

( X168X)  7 
 8 

( )9 
DON NIV in vitro X X  10 

in vitro PHA PW11 
DON NIV (DAS) T-212 

13 
IC50 NIV (IC50  350  270 nM; PHA PW ) DON(IC50  430 380 nM)14 
DAS(IC50  4.1  4.0 nM) T-2 (IC50  1.4 1.1 nM) NIV(115 

10-7 M) DON(2 10-7 M)16 
DON T-2 DAS17 

T-2 DAS DON18 
( X228X)19 

B1(FB1) �- (�-ZEA) NIV DON20 
Con A21 

�-ZEA(0.5 20 �M) NIV DON(0.065 2 �M)22 
NIV>DON>�-ZEA FB1(0.5 80 �M)23 

FB1 �-ZEA DON NIV24 
( D229D)  25 

J774A.1 NIV(10 100 �M) DON(10 100 �M)26 
72 IC50 NIV DON DON NIV27 

11.2±0.8 16.8±0.2 14.0±1.9 �M28 
NIV29 

NIV DON ( X83X) 30 
T-2 HT-2 T-2 T-2 DON NIV31 

DON T-232 
(Kluyveromyces marxianus)33 

T-2 HT-2 DON( 5 50�g/ ) NIV( 534 
100 �g/ ) 25 �g/35 

DON T-2 ( D230D) 36 
 37 
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1 
    

 
NIV :1 10-7 M
DON :2 10-7 M 

PHA PW

 
X228X 

 0.065 2 �M 
Con A

DON NIV
 

X229X 

J774A.1  10 100 �M DON
NIV  X83X 

 
(Kluyveromyces  

marxianus) 

DON:5 10 �g/
NIV:5

100 �g/  

25 �g/ DON
NIV

 
X230X 

2 
4B3 

4 
DON 305 

( D231D) Bacillus cereus6 
7 

( X3X)  8 
9 

10 
X X DON NIV  11 

 12 
13 

    

(
) 

1984  

DON   
0.34 3.75 mg/kg(GC-MS 2

) 5.10 92.8 mg/kg(RIA 3
) 

(T-2 NIV ) 

383 362
(94.5%) 3-30

 
(89.8%)  

(78.2%)  
(61.16%)  
(6.1%)  
(5.2%)  
(5.5%)  
(0.9%) 

1994
Luo

(
232) 

 

(
) 

1985  
DON 2.0

40.0 mg/kg(TLC 14 ) 
(T-2 NIV ) 

217 101
(46.5%)  
 

(

) 
1989  

DON  
1.5 2.2 mg/kg(TLC 3 ) 
(T-2 NIV TLC

) 
160 40  

(

) 
1988  

DON  
20.0 50.0 mg/kg(TLC 3 )
2.1 57.9 mg/kg(GC 6 ) 
(T-2 NIV TLC

GC ) 

514 270
(52.5%) 
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(

) 
1988  

DON
3.0 mg/kg(TLC 1 ) 
(T-2 NIV ) 

209 142
(67.9%) 

(

) 
1989  

DON  
4.0 36.0 mg/kg(TLC 5 ) 
59.3 66.8 mg/kg(GC 2 ) 
(T-2 NIV TLC

GC ) 
10 10  

(
) 1991  

DON
2.0-50  mg/kg(TLC 10 ) 
(T-2 NIV ) 

130 141  

 1990 
DON

 

DON
0.57 mg/kg 0.099 mg/kg  233 

 1995 
 

DON (0.4 
vs. 0.05 mg/kg) 15Ac-DON

(0.24 mg/kg vs. ) NIV
(0.086 mg/kg vs. 

0.059 mg/kg) 

DON NIV
ZEN

 
234 

 1993 
 

0.89 
mg/kg DON

0.49 mg/kg
 

 235 

 1992 
(

)
 

DON
( 0.005 3.9 mg/kg)

(
0.002 0.7 mg/kg)

 
15Ac-DON 3-AcDON

 

 236 

 2004 
NIV

 

NIV
DON 830

927 �g/kg 4281 6114 �g/kg
400

800  
 X144X 

 1987 
 

DON(24 11
0.34 8.4 mg/kg) AcDON(24

4 0.6 2.4 
mg/kg) NIV(24 2

0.03 0.1 mg/kg) T-2
(24 3

0.55 4 mg/kg) 
LOAEL 0.44 �g/kg

(
)

 
237 D238 

 1 
5B2 
6B3 

JECFA 2000 DON 24 
(100 �g/kg / )5 

6 
7 

NOAEL 100 �g/kg / 1008 
(PM-TDI) 1 �g/kg /9 

( X3X) 10 
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DON 2010 31 
JECFA 3-AcDON DON 3- 15-AcDON2 

AcDON DON DON PM-TDI 3 
1 �g/kg Ac-DON PM-TDI4 

PM-TDI DON AcDON5 
BMDL10 0.21 mg/kg /6 

25 (ARfD) 8 �g/kg /7 
( D239D) 8 

NIV JECFA  9 
 10 

7B11 
IARC 1993 F. graminearum F. culmorum F. crookwellense12 

(ZEN DON NIV AcNIV) (13 
X4X) 14 

Fusarium graminearum15 
F. culmorum F. crookwellense 16 

17 
DON NIV AcNIV18 

 19 
F. graminearum F. culmorum F. crookwellense20 

(IARC21 
3)22 

23 
8B24 

EC SCF 1999 DON 2000 NIV 2002 T-2 HT-225 
NIV DON (26 

X31X X32X X33X) 27 
DON28 

NOAEL 0.1 mg/kg /29 
100 (tTDI) 1 �g/kg /30 
tTDI DON31 

 32 
NIV LOAEL 0.7 mg/kg33 

/ LOAEL34 
1000 t-TDI 0.7 �g/kg /  35 

T-2 HT-2 NIV DON36 
37 

TDI TDI38 
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 1 
 2 

DON AcDON3 
TDI4 

3-AcDON 15-AcDON DON5 
( X76X X82X X93X X97X D240D) DON (6 

) ( X98X X102X X97X)7 
3-AcDON DON ( D241D)8 
15-AcDON  9 

3-AcDON 3-AcDON10 
DON11 

3-AcDON 15-AcDON DON12 
TDI13 

 14 
15 

 16 
DON NIV17 

18 
( D242D) EU Codex19 

20 
( D243D D244D) DON21 
NIV22 

 23 
 24 

9B25 
( ) DON (1.1 mg/kg) 2002 526 

DON27 
(28 

D245D)29 
DON NIV (30 

D246D) DON NIV31 
X X32 

85%33 
15%  34 

 35 
 36 
 37 
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1 
 2002  2003 2004 2005 2006 2007  2008

 83 86 86 88 84 91 88

 

 230.3 286.0 275.7 257.7 272.6 294.5 294.2 
 122.1 100.4 109.2 114.2 108.6 109.5 111.9 

 87.6 119.8 112.9 106.8 114.8 85.3 79.9
      0.3 0.3
 440.0 506.1 497.9 478.7 496.0 489.6 486.3

21 19 ( D247D D248D)2 
 3 

 4 
17B5 

6 
DON X X7 

( ) X X DON8 
DON 20029 

 10 
 11 

12 

13 
 14 

( )( D249D) ( ) 15 
2002-2004  16 

2005 GEMS/Food 60%17 
60%18 

 19 
0  20 

 21 
1/2  22 

 23 
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1 

2 
 3 

) ( X245X)  4 
0.1 mg/kg  5 

 6 
DON 36 84 %7 
0.015 0.16 mg/kg  8 

DON 23 58 %9 
0 19 % 0 44 %10 

0.05 1.00 mg/kg 0.0511 
0.32 mg/kg 0.05 0.38 mg/kg12 

 13 
DON 3714 

100 % 0.060 0.55 mg/kg15 
(16 

X245X X246X) 17 
 18 

19 
NIV X X  20 
NIV DON21 

32 70 % 0.01022 
0.087 mg/kg 56 90 %23 

0.042 0.58 mg/kg NIV DON24 
( X246X) 25 

 26 
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1 

2 
 3 

( )( D250D) ( )  4 
2002-2004  5 

2005 GEMS/Food 60%6 
60%7 

 8 
0  9 

 10 
1/2  11 

 12 
DON NIV13 

 14 
 15 

18B16 
2001 DON NIV17 

X X 2118 
36 3 22 82 (19 
0.001 mg/kg) DON 238�g/kg 20 

1 2,248 �g/kg NIV 10 �g/kg 1 110 �g/kg 74%21 
( D251D) 22 

2002 124 DON NIV23 
X X DON24 

4 (4.8 60.7 �g/kg 21.8 �g/kg 4.8 �g/kg(25 
0.7 �g/kg)) NIV 15 (2.0 17.4 �g/kg26 

5.0 �g/kg 6.7 �g/kg( 0.6 �g/kg)) DON NIV27 
1 DON28 

NIV 40% ( X242X) 29 
2003 (30 
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)84 DON NIV (1 
)88 DON2 

X X DON 80%3 
NIV 31% DON 138 �g/kg(5-1,147 �g/kg) NIV 4 
81 �g/kg(5-247 �g/kg) DON NIV5 

(21 14 )6 
DON 80%7 

20 �g/kg(2.5-59 �g/kg) ( D252D) 8 
 9 

10 
11 

 
( ) 

 
 
 
 

(�g/kg) (�g/kg)
DON NIV DON NIV 

2001 
 

(X251X) 

( ) 21 133.9(1 740) 2.9(1 7) 95.6* 1.2*
( ) 36 358.4(1 2248) 8.8(1 27) 388.3* 8.3*
( ) 3 9(2 20) 5.5(5 6) 9.0* 3.66*

( ) 22 8.1(1 47) 15.1(1 110) 6.2* 12.8*
2002 

 
(X242X) 

( ) 124 21.8(4.8 60.7) 5.0(2.0 17.4) 0.7**** 0.6**** 

2003 
 

(X252X) 

 84 172.5** 89.8** 138(5 1147)*** 81(5-247)***

 88 20**  20(2.5 59)***  
 12 

* ND 0  13 
** ( )  14 
*** ND 5mg/kg  **** ND 0  15 
 16 

2007 NIV17 
59 DON NIV18 

DON NIV19 
X X DON 6 (10.2%) NIV20 

23 (39.0%) 5 (8.5%) (21 
D253D) 22 
 23 

24 

 25 
)  19 ( X253X)  26 
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10B1 
DON NIV2 

3 
DON 0.0029 �g/kg / NIV 4 

0.0032 �g/kg / 1 6 DON 0.0052 �g/kg / NIV 5 
0.0056 �g/kg / ( X242X)6 

DON NIV7 
8 

DON NIV  9 
 10 

19B11 
2005 DON12 

13 
(TDS )F

14
F 4 I( ) II(14 

) III( ) IX( )15 
II( )16 

DON 200217 
II 168.4 g18 

 19 
X X  20 

 21 
22 
23 

  DON (�g/kg) (g) DON  
(ng/ ) (ng/kg / )* 

II  
(

) 

 4.77 168.4 803.27 14.85 
 3.65 168.4 614.66 11.36 
 4.10 168.4 690.44 12.76 
 4.45 168.4 749.38 13.85 

( X254X) ( ) 24 
( 54.1 kg)  25 

 26 
14.85 ng/kg /27 

11.36 ng/kg / 12.76 ng/kg / 13.85 ng/kg28 
/ ( D254D) 29 

 30 
20B31 

2002 DON32 
                                                      
14 (TDS )
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DON1 
2002 ( 0.16 mg/kg2 

:0.06 mg/kg) 1997 (3 
54 456 ) DON4 

(2000 )5 
6 

DON  7 
X X  8 

 9 
10 

 
 

 
(g/ ) 

 
(�g/kg / ) 

 
(kg) 

 
(�g/ ) 

 94.3 0.13 52.6 6.70 
1-6  64.1 0.29 15.9 4.55 

( X257X)  11 
 12 

0.13 �g/kg / (6.70 �g/ ) 1 613 
0.29 �g/kg / (4.55 �g/ ) ( X257X) 14 

 15 
2003 DON16 

DON17 
118 

0.5 50%19 
50%  20 

X X  21 
 22 

23 
 

 
 

(g/ ) 
 

(�g/kg / ) 
 

(kg) 
 

(�g/ ) 
 98.0 0.17 52.6 8.8 

1 6  64.1 0.36 15.9 5.7 
( X252X)  24 

 25 
0.17 �g/kg / (8.8 �g/ ) 1 626 

0.36 �g/kg / (5.7 �g/ ) ( X252X) 27 
 28 

21B29 
30 

2002 531 
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( )1 
2 

(1 6 7 14 15 19 20 4 )3 
 4 

DON5 
2002 2004 20036 

DON 37 
( 50% )8 

DON9 
 10 

 11 
 12 

0.55 mg/kg( 1.1 mg/kg) 13 
1 mg/kg( 2.2 mg/kg) 14 

 15 
X X  16 

17 
1 6 718 

95 1 �g/kg /19 
99 1 6 2 3 �g/kg / 720 
1 �g/kg /  21 

22 
23 
24 

( X253X) 25 
2002 DON26 

27 
DON28 

( D255D)29 
 30 

 31 
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1 

 2 
(DON) ( X253X) ( ) 3 

 4 
23B5 

20046 
5 (a. b. c. d. e. )7 

8 
(1 6 7 14 15 19 209 

4 )10 
 11 

200712 
DON NIV ( X253X)13 

DON NIV DON ( 1.1 mg/kg)14 
NIV 415 

NIV (16 
50% )  17 

18 
DON ( ( ) 1.1 mg/kg)19 
NIV20 

NIV21 
NIV ( ) 0.2 mg/kg  22 
NIV ( ) 0.5 mg/kg 23 
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NIV ( ) 1.0 mg/kg 1 
2 

X X  3 
1 64 

NIV 955 
0.4 �g/kg / 996 

1 6 NIV 0.2 mg/kg 0.7 �g/kg /7 
( D256D)8 

9 
10 
11 
12 

NIV13 
DON NIV14 

DON NIV15 
 16 
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1 

2 
19 ( X256X) ( ) 3 

�g/kg /  4 
 5 
11B6 

( )7 
( ) 20 ( 160 )8 

DON NIV9 
DON 184 �g/kg(6-2452 �g/kg) NIV 23 �g/kg(7-174 �g/kg)10 

DON 42.4 �g/kg(8-1,620 �g/kg) NIV11 
3.41 �g/kg(4-20 �g/kg) X X DON12 

73% NIV 57.7% ( D257D) 13 
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 1 
2 

   
    

DON
(%) SE 73.0 2.70 69.4 5.75 78.9 5.31 74.0 6.75 72.6 4.61

(%) 25 97 38 92 43 94 25 94 29 97 
 
 59/77 18/20 11/20 11/17 19/20 

NIV
(%) SE 57.7 4.30 63.8 5.28 47.0 12.9 59.9 10.8 38.3 13.2

(%) 0-91 31 91 21 77 0 84 13 57 
 
 24/73 16/20 4/20 8/14 3/19 

( X257X)  3 
 4 

5 
NIV6 

 7 
 8 

DON9 
( ) DON10 

DON11 
DON DON 0.78 �g/kg12 

61.3% 0.20 �g/kg 49.5%13 
0.12% 71.1% 17.9% DON14 

DON (15 
X257X)  16 

17 
18 

(%) (%) 

61.3%( 0.78 �g/kg) 
 

49.5%( 0.20 �g/kg) 

0.12 

71.1 

17.9 

( X257X)  19 
DON20 
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HPLC1 
3T3 WST-8 BrdU  2 
X X  3 

 4 
5 
6 
7 

 
HPLC ( %)  

WST-8 ( %) BrdU ( %) 
 100.29 3.65 100.29 3.65 100.29 8.78

 98.55 4.08 98.55 4.08 98.84 6.78 

 30.52 4.08 34.53 1.29 28.88 5.02 

 41.28 3.89 64.97 3.99 42.89 4.58 

8 
 

HPLC ( %)  
WST-8 ( %) BrdU ( %) 

 100.00 7.04 100.00 4.10 100.00 1.53 

 108.42 8.45 84.05 4.34* 92.30 1.03* 
HPLC p<0.05  9 
( X258X) ( ) 10 

 11 
HPLC DON 712 

HPLC HPLC13 
HPLC14 

DON15 
( D258D) 16 

 17 
918 

DON NIV 35 (19 
70 ) DON NIV20 

DON 25.6% NIV 34.2% (X  X)  21 
 22 

23 
24 

 DON NIV 
( ) 

 25.6% 34.2% 

( D259D) 25 
 26 

27 
28 
29 



 

79 

 1 
DON NIV GC-MS2 

ELISA DON NIV3 
GC-MS 150 5 304 

GC-MS ELISA5 
DON NIV6 

( D260D) 7 
DON8 

DON 100%9 
36.5 12.9% ( ) 32.6 12.310 

19.5 7.8% ( D261D)11 
40%  12 

DON13 
DON ( D262D D263D D264D D265D D266D)14 

DON ( D267D)15 
DON DON DON16 

 ( D268D D269D)  17 
 18 

DON19 
DON20 

21 
( D270D) 22 

23 
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1 
2 

(TDI)3 
 4 

 5 
(DON) 6 

DON7 
8 

DON  9 
10 
11 

 12 
13 

214 
15 

IARC DON16 
( 3)17 

 18 
19 

TDI  20 
TDI  21 

22 
(0.05 0.1 mg/kg )23 

( )24 
(0.19 0.6 mg/kg / )25 

26 
 27 

28 
S. Enteritidis 0.12 mg/kg /29 

230 
NOAEL31 

TDI32 
 33 

34 
DON35 

36 
TDI  37 

IgA 3 438 
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0.071 mg/kg IgA1 
2 

23 
IgA4 

TDI  5 
26 

0.1 mg/kg / TDI7 
 8 

0.1 mg/kg / 1009 
10 DON TDI 1 �g/kg /  10 

 11 
(NIV) 12 

NIV13 
NIV 14 

 15 
16 
17 

 18 
19 
20 
21 
22 
23 
24 

225 
NIV DEN NIV26 

GST-P DEN27 
AFB1 NIV DEN28 
AFB1 GST-P29 

NIV DEN AFB130 
IARC NIV31 

( 3)32 
 33 

NIV DEN34 
AFB1 DEN35 

NIV36 
2 TDI37 

 38 
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TDI  1 
2 

3 4 0.071 mg/kg IgA3 
4 
5 

1 26 
TDI  7 

908 
0.4 mg/kg / TDI9 

 10 
0.4 mg/kg / 1,00011 

10 1012 
NIV TDI 0.4 �g/kg /  13 

 14 
DON NIV TDI  15 
DON NIV16 

17 
TDI18 

DON NIV19 
20 

TDI  21 
 22 

 23 
DON NIV24 

25 
 26 

TDS DON NIV DON 11.3627 
14.85 ng/kg / NIV28 

 29 
30 

DON 0.13 0.17 �g/kg / 131 
6 0.29 0.36 �g/kg /  32 

33 
DON NIV DON34 

95 1 �g/kg /35 
NIV 95 0.4 �g/kg36 

/ DON37 
NIV 5038 
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1 
2 
3 
4 
5 
6 
7 

 8 
9 

 10 
(DON)  11 

TDI 1 �g/kg /  12 
(TDI )    13 
( )     14 
( )    2  15 
( )     16 
( )   17 
( )    0.1 mg/kg /  18 
( )   100 1019 

20 
(NIV)  21 

TDI 0.4 �g/kg /  22 
(TDI )    23 
( )     24 
( )    90  25 
( )     26 
( ) ( ) 27 
( )   0.4 mg/kg /  28 
( )  1,000 1029 

10)30 
 31 

DON NIV TDI32 
DON33 

NIV  34 
( ) DON 1.1 mg/kg35 

DON NIV36 
TDI37 

38 
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DON NIV1 
2 

 3 
 4 

 5 
DON NIV6 

 7 
DON NIV ( )  8 

( NIV) 9 
 10 

DON NIV  11 
 12 

DON NIV( )13 
 14 

TDI  15 
16 
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1 
  

15-AcDON 15-  
3-AcDON 3-  
AcDON  
4-AcNIV 4- ( -X) 

5HT3 5- ( ) 
AFB1 B1 
Akt /  
ALT  
AP-1 1 
ASAT  
AST  
AUC  
Bax Bcl2 X  

BMD  
BrdU 5- -2 -  
cAMP  

CD 
(CD

CD
) 

CFU-GM  
CINC  
CnA� A  
COX-2 -2 
CREB cAMP  
CYP P450 

DCNB  
DAS  
DEN  
DHA  

DMSO  
DNA  
DON  
ED50 50%  

ELISA  
EPK  
FB1 B1 

Fra-2 Fos 2 
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FSH  
GC  

GEMS/Food � �

GGT �- (=�-
(�-GTP)) 

GM  
GST-P -S-  
HPLC  
HPRT  
IC50 50%  
IFN  
Ig  

IGF1  
IGFALS  

IL  
iNOS  
JNK c-Jun N  
LD50  
LH  
LPS  
MCP  
MHC  
MIP  

MKP1 1 
mRNA RNA( ) 

MS  
Msk1 1 

MTS 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2- 
(4-sulfophenyl)-2H-tetrazolium 

MTT 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide 
NF-	B �B 

NIV  
NK  
NO  

OVA  
PARP ADP  
PHA  
PKR  

PM-TDI  
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PW  
RIA  
RNA  
RSK1 p90 S6 1 
SCE  
SCF  

SOCS  
TDI   
TDS  

TEER  
TLC  
TNF  
tTDI  
UDS DNA  

WST-8 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-
2H-tetrazolium, monosodium salt 

ZEN  
�-ZEA �-  

1 
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1 
2 

 
 

  
 (mg/kg

)
(mg/kg

/ )
 

LOAEL 
(mg/kg

/ ) 

NOAEL 
(mg/kg

/ ) 

 
 

Wistar
139 g  
(1 5

) 

  8  0 40 0 2* 

 

2*  

271 

 

 

8  0 40 0 2* 2*  

Sprague-
Dawley

190
210 g
165 g (1

10
25 ) 

 

(Fusarium 
graminearum
NRRL 58839
96% DON
4%
3,15-dihydroxy-
12,13-epoxytric
hothec-9-ene-8-
one

ZEN
) 

 
60

15  

0 20 0 2*  2*  X134X 

7.1
8.4 kg  
(1 2~4

) 

 

(875
mg/kg DON
3.9 mg/kg 

T-2

4-AcNIV
) 

21  
0 1.3
12 20
43 

0 0.06
0.6  
0.8 1.6*  0.06*  X107 

 

8 kg 
(1

4 )  
(DON
) 21  0 0.9

2.0 2.8

0 0.09
0.18
0.25*  0.18* 0.09* 

X110X 60.5 
kg  
(1

2 ) 
 

(DON
) 42  

0 0.9
2.2
2.8 4.2

0 0.04
0.09
0.11
0.17* 

 0.09* 0.04* 

7

13.6 kg  
(1

6 ) 

 

 
(27 mg/kg  
DON ) 

28  0 4.5 0 0.2*
FB1

 
0.2*  272 

6 7
13 kg (1

6
8 )  

 

 
(28.7 mg/kg
DON, 8.6 mg/kg 

15-AcDON
1.1 mg/kg  

28  

0 
0.95
1.78  
2.85 

0 0.08
0.13
0.18* 

 
 

A/G
 

�-  

0.13* 0.08* 273 
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  ZEN )        

10 13 kg 
(1

6 )  

 

DON
 

(38.5 mg/kg
DON 3.0 mg/kg

15-AcDON
1.3 mg/kg
NIV ) 

32  0 1, 3 0 0.09
0.22* 

 
�-

 0.22* 0.09* X122X 

12
13
38 kg 

(1 6 ) 
 

 
(2.5 mg/kg
DON
F. graminearum 
Schwabe 
DAOM180377

) 

35  0 2.5 0 0.1*
 0.1*  274 

18 kg  
(1

8 ) 

 

 
(28.7 mg/kg
DON, 8.6 mg/kg 

15-AcDON
1.1 mg/kg
ZEN )  

42  0 4 0.26 

0.16* 

 
 0.26*  275 

59
21 kg 

(1

7~11
) 

 

 
(12.4 mg/kg  
DON, 1.5 mg/kg

3-AcDON, 
NIV

FUS-X,  0.75 
mg/kg ZEN

) 

95  0 0.7
1.7 3.5

0 0.04
0.1 0.2* 0.1* 0.04* X177X 

25 kg 
(1 5
9

2~8 ) 

 

(14.6 mg/kg  
DON, 1.76 
mg/kg 
3-AcDON, 

NIV ZEN
) 

100  0 0.5
1 2 4

0 0.02
0.04
0.08  
0.16* 

 0.16* 0.08* 276 

 
(1 6 )   5 11

 

0  
3.5
4.4 

0 0.083
0.213   277 

12.5 
444 kg 

(1 5
) 

 

 
(36 44 mg/kg

DON ) 
40   0.11* 

 
 0.11* 278 

 
(1 2

) 

 

 
(24 mg/kg
DON ) 

21  0 2.1
6.3 8.5

0
0.075
0.22
0.3 

pH
 

 0.3 279 
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293 kg  
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