41 ' Fusarium Spp.

Fusarium spp.

) ten fold dilution fumomsin .. T-2 toxin
5l ochratoxin 63 aflatoxin 105
fumonisin 70.49% T-2 toxin 41.80% ochratoxin 63.63% aflatoxin . . ... %
Aspergillus spp. Pénicillium spp. Mucor spp.
Fusarium spp. ( )

Fusarium  spp.

fumonisin 4,000 ppb : ( :)
PDA  PSA
7 15 78
8-15 microconidia 10-14
PDA PSA CLA macroconidia
CSA 30 , Chlamydospore
sporodochium
microconidia (oval) (Club-
sphaped) . conidiophore onophialide  macroconidia
macroconidia basal cell
foot shape  3-5 septate microconidia ~ macroconidia

8-15



Booth (1971 ) ( 1) microconidia  F.

moniliforme (spindle) (oval) (chain)
Macroconidia .
(pedicellate) Section Lateritium scaltered sporodochia
pionnates (brownish-white) (orange-cinnamon)
chlamydospores  stroma effure  erumpent
sclerota Lateritium F
oXysporum chlamydospore microconidia ,
phiatides conidiophore F. moniliforme F.
moniliforme var subglutinans {F.  hglutinans) microconidia F
moniliforme simple_phiaiid”s F. moniliforme var
subglutinans polyphialides
Nelson I (1983) Fusarium PDA
aerial mycelium ,'
PDA 1, PDA

[ Section Liseola (F. moniliforme F. proliferatum F. subglutinans F. anthophilum )
Section Elegans {F. oxysporum ) Section Martiella and Ventricosum {F. solani)

Section 111 macroconidia  microconidia
phialide  conidiophore 0 chlamydospore
microconidia ~ macroconidia
8 6 Section Liseola
chalmydospore '~ F. moniliforme
monophialide polyphialide 8
;' laliide chalmydospore

8 PUA F. moniliforme Sheldon
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(2533)
1 (species) F. oniliforme
chlamydospore macroconidiophore
monophialides microconidiophore ( ( ophialides)
icroconidia (chain ) icroconidia 13 X 310
macroconidia 1-3X14-40
( Raybaudi et al., 2000 ) 50
F.oniliforme  F.oxysporum F.proliferatum Asperpillus spp.  Pénicillium spp.
efc. Fusarium spp.

dichioran
rose bengal chloramphenicol agar (DRBCA)  dichioram chloramphenicol peptone agar
(DOPA) Aspergillus flavus and parasiticus agar (AFPA) PCNB-peptone agar
potato dextrose agar commeal agar

8 F. moniliforme Sheldon
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2388
3565
3653
3786
3787
3792
3815
3900
3901
3910
3911
3968
3969
3970
39711
3972
3982
4008
4038
4040
4042
4044
4066
4067
4068
4069
4070

Aflatoxin (ppb)
0.0
0.0
11
1.6
6.2
48
0.0
15
9.3
2.3
18.7
1.0
0.3
0.0
08
0.0
0.0
2.4
19.0
08
381
03
04
10
19.0
50
8.0

49

Elisa test kit (Veratox ™)

122

Ochratoxin (ppb)
nd
06
15
nd
nd
nd
nd
08
05
01
0.7
nd
nd
nd
nd
nd
nd
4.6
0.6
08
05
0.0
nd
nd
nd
nd
nd

T-2 toxin (ppb)
0.0
0.0
1.5
36.1
24.4
0.0
33.0
0.0
8.0
0.0
1.0
3.0
0.0
0.0
45.7
0.0
0.0
30.0

3.9
19
0.0
37.8
43.7
58.4
25.9
26.8

Fumonisin (ppb)
3,500
2,300

0.0
0.0
0.0
1,500
4,400
1,200
11,000
1.300
1,500
700
0.0
300
2,300
200
0.0
0.0
0.0
500
2,800
0.0
0.0
0.0
900
5,900
100



28
29
30
3l
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

4072
4073
4074
4100
4103
4104
4107
4108
4109
4136
4137
4138
4140
4141
4197
4200
4201
4202
4203
4232
4233
4234
4235
4235
4236
4237
4255
4257

Aflatoxin (ppb)
35.0
3.0
58.2
04
03
0.0
78.3
2.2
11
2.1
0.0
0.3
1.3
305
1.
2.2
1747
14
0.7
14
70.0
15
21.2
10
0.6
11
12
nd

122

Ochratoxin (ppb)
nd
nd
nd
0.0
0.0
0.1
0.3
13
3.0
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
1.0
0.9
2.7
15
11
2.7
04
3.0
1.8

50

Elisa test kit (Veratox ™)

T-2 toxin (ppb)
214
117
159
0.0
43.1
41
0.6
0.2
0.0
0.0
0.0
0.0
0.0
13.6
0.2
0.0
0.0
0.0
0.0
174
8.5
22.7
12.4
10.0
20.0
15.8
11.6
3.7

Fumonisin (pph)
12,000
7,900

500
1,000
1,400
8,300
1,200

0.0

0.0

0.0
1,000

300

0.0

400

0.0
2,000

0.0

0.0

100

300

0.0

0.0
1,700
10,000

500

600

500

200



56
57
58
59
60
61
62
64
65
66
67
68
69
70
1
72
73
74
75
6
7
8
79
80
81
82
83
84

4258
4261
4262
4356
4357
4385
4387
4389
4390
4409
4411
4412
4419
4422
4451
4452
4453
4454
4455
4456
4457
4458
4459
4460
4461
4491
4492
4493

Aflatoxin (ppb)
59
2.1
12
533

338.7
0.0
5.0

34.2
0.0

492.5
0.0
2.2

226.5

277.9

268.0

115.6

1412
2.8
30

92.8
12.8
09
18
16

321.3

5.6
82.7
69.4

122

Ochratoxin (pph)
0.4
2.1
11
2.6
4.5
0.3
15
3.6
2.6
2.6
3.7
31
0.0
0.0
0.7
12
01
0.2
0.0
0.0
0.0
00
0.0
0.0
0.6
11
11
0.0

ol

Elisa test kit (Veratox™)

T-2 toxin (ppb)
10.0
19.4
25.8
375
39.2
1.2
6.0
28.4
11.2
151
67.0
112.4
40.3
0.0
11.6
6.4
9.3
11.3
0.0
60.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Fumonisin (ppb)
600
4,400
17,800
300
0.0
600
900
2,600
5,200
1,900
0.0
100
800
3000
1,000
1,100
1,300
200
0.0
1,500
1,300
1,200
1,500
2,400
1,900
1,400
2,800
1,100



85
86
87
88
89
90
9
92
93
94
95
96
97
98
9
100
101
102
103
104
105
106
107
108
109
110
m
112

4494
4496
4497
4498
4499
4500
4501
4502
4509
4510
4511
4512
4513
4514
4541
4542
4543
4544
4545
4549
4551
4552
4553
4644
4645
4646
4690
4691

Aflatoxin (ppb)
5.6
5.9
6.6
6.3
31
29.8
120
129.0
0.1
18
0.3
0.0
134.7
115
0.0
0.0
117
05
13.7

201.4
60.4
1.0
1733
2.0
80.6
147.8
2.8
55

122

Ochratoxin (ppb)
11
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
15
08
0.2
14
0.0
0.0
0.0
0.0
0.0
18
17
14
18
05
4.3

52

Elisa test kit (Veratox™)

T-2 toxin (ppb)
149.8
70.5
83.8

0.0
0.0
0.0
0.0
0.0
10
2.5
0.0
0.0
0.0
0.0
10.7
26.5
19
0.0
0.0
0.0
0.0
0.0
0.0
0.0
14
0.0
57.2
66.4

Fumonisin (ppb)
0.0
1,000
1,100
400
9,500
4,200
1,700
300
3,800
300
300
0.0
1,000
2,300
500
800
0.0
0.0
100
1,300
2,200
2,600
0.0
0.0
0.0
0.0
5,000
2,100



Aflatoxin (ppb)

113 4692 16
114 4693 1572
115 4694 0.3
116 4695 0.5
117 4724 12.9
118 4725 0.0
119 4726 0.5
120 47217 0.7
121 4728 14.4
122 2128 0.0
/ 105/122
% 86.06
nd = not done

Limit of detection (LOD )

fumonisin <200 ppb, T-2 toxin < 30 ppb 1 ochratoxin < 1 pph

122

Ochratoxin (ppb)
48
0.4
04
11
0.2
0.2
1.0
03
12
0.8

63/99
63.63

Elisa test kit (Veratox™)

T-2 toxin (ppb)
10.8
53.9
2.9
11.8
0.0
0.0
0.0
0.0
0.0
0.0

51/122
41.80

Fumonisin (ppb)
700
200
500
1,000
0.0
0.0
0.0
0.0
0.0
0.0

86/122
70.49

aflatoxin < 2 ppb.
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fumonisin 4,000 ppb
Aflatoxin T2-toxin
(ppb) (Ppb)

4072 35.0 214
4073 3.0 117
4104 0 4.1
4262 1.2 25.8
4390 0 112
4499 31 0
4500 29.8 0
4691 5.5 66.4

nd = not done

Limit of detection (LOD )

fumonisin <200 ppb, T-2 toxin <30 ppb 1 ochratoxin < 1 ppb

3

moniliforme Sheldon

4072
4073
4104
4262
4390
4499
4500
4691

icroconidia
Microconidia

(urn) (um)
1.3-3.3 4.67 - 10.00
1.3-2.6 4.67-7.33
1.3-2.0 3.33-10.67
1.3-3.3 3.33-8.00
1.3-2.6 4.67-7.33
1.3-2.0 3.33-8.67
1.3-2.0 4.00-8.00
2.0-2.6 5.33-8.67

Fusarium spp.

Orchatoxin Fumonisin
(ppb) (Ppb)
nd 12,000
Nd 7,900
0.1 8,300
11 17,800
2.6 5,200
0 9,500
0 4,200
2.1 4,300
aflatoxin <2 ppb.
croconidia Fusarium

Macroconidia

(um) (um)
2.6-3.3 30.00-40.00
1.3-2.6 24.67 -34.00
2.0-2.6 20.00-40.67
2.0-3.3 14.00-14.67
2.0-2.6 14.67-30.00
2.0-2.6 16.67-32.00
2.0-2.6 28.00 -33.33
2.6-3.3 14.00-27.33

54



4072

4073

4104

4262

4390

4499

4500

4691

6.4

5.7

6.5

1.5

9.0

6.0

6.2

Potato Dextrose Agar (PDA)

PDA

55
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Fusarium moniliforme 4072 ( 1)
PDA 15 28-30°C
PDA 15 28-30°c
PDA slant 10 28-30°c
conidiophores, phialides  young conidia ( X400 )
conidiophores, phialides, macroconidia icroconidia

camera lucida

56
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Fusarium moniliforme 4073 ( 2)
A) PDA 15 28-30 C
B) PDA 15 B-30°C
C) PDA slant 10 28-30 C
D) conidiophores, phialides, macroconidia ~ microconidia

camera lucida

57
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Fusarium moniliforme 4104 ( 3)
PDA 15
PDA 15
PDA slant 10

conidiophores, phialides, macroconidia

camera lucida

28-30°C
28-30°C
28-30°c
microconidia
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Fusarium moniliforme 4262 (
A) PDA 15
B) PDA 15
C) PDA slant 10
D ca B
3) CSA 30
F microconidia  macrocronidia
G) conidiophores, phialides
H) microconidia

4)

young conidia
macrocronidia (X400)

28-30°C
28-30°C
28-30 °c
28-30 C
28-30°c

camera lucida

camera lucida
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Fusarium moniliforme 4390 ( 5)
PDA 15 28-30°C
PDA 15 28- 30°C
PDA slant 10 28-30 °c

microconidia ~ macroconidia (X 1000 )

conidiophores, phialides, macroconidia  microconidia
camera lucida

60
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Fusarium monilifomne 4499 ( 6)
PDA 15
PDA 15
PDA slant 10

conidiophores, phialides, macroconidia
camera lucida

28-30°c
28-30°c
28-30 °c
microconidia

61
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Fusarium  oniliforme 4500 ( 7)
PDA 15 28-30°C
PDA 15 28-30°c
PDA slant 10 28-30°c

conidiophores, phialides, macroconidia ~ microconidia

camera lucida

62
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Fusarium moniliforme 4691 ( 8)

PDA 15 28-30°C
PDA 15 28-30°C
PDA slant 10 28-30°C

conidiophores, phialides  young conidia
conidiophores, phialides, macroconidia microconidia

camera lucida

63



4.2 Fusarium spp.
9
(aerobic condition : A)
(semi-aerobic condition : ) 35
14 aflatoxin 14 22 21 14 ppb
2.1 . T-2 toxin 409 03 387 36.7 ppb
25, : ' ochratoxin 1502 116
51 ppb 1-8 fumonisin 3,600

28,000 1,00 5,600 18,900 600 200 0

1-4
(control) 3
14 control aflatoxin 009 13 19 15 ppb
ochratoxin 0.7 25 12 18 0.2 ppb
fumonisin 2,800 3,300 1,900 3,700 200 ppb
T-2 toxin 49
1-4 control  aflatoxin
06 10 170 15 ppb T-2 toxin 00150
3.7 ppb ochratoxin 02 04 13 03 0 ppb
fumonisin 2,000 0 1,400 1,700 300 ppb
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9 Fusarium o,/ fforme
35

Afiatoxin T2-toxin Ochratoxin Fumonisin

(Ppb) (Ppb) (Ppb) (ppb)
1 14 0 0 3,600
2 2.2 40.9 15 2,800 A
3 2.1 0 0 1,100
4 14 0 0 5,600 A
5 0 0 0.2 18,900
6 0 0.3 116 600
7 0 38.7 0 200
8 0 36.7 51 0 A
A = aerobic condition = semi-aerobic condition

Limit of detection (LOD )
fumonisin <200 ppb, "-2toxin <30 ppb Lochratoxin <1ppb  afiatoxin <2

ppb.
10
Fusarium monilinforme semi-aerobic condition
35 49
Afiatoxin T2-toxin Ochratoxin Fumonisin Afiatoxin T2-toxin Ochratoxin Fumonisin
(ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
1 0 0 0.7 2800 0.6 0 0.2 2,600
2 0.9 0 2.5 3300 1.0 0 0.4 0
3 1.3 0 1.2 1900 1.7 15.0 1.3 1,400
4 19 0 18 3700 0 0 0.3 1,700
Control * 15 0 0.2 200 15 3.7 0 300
*
Limit of detection (LOD )

fumonisin <200 ppb, T-2 toxin < 30 pph Lochratoxin < 1ppb  afiatoxin <2 ppb.
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3 2

fumonisin 2 1 4 10)
(Subculture)
14 1 subculture 4/3
fumonisin T-2 toxin subculture 411 4
subculture 3/4-1 fumonisin 26,900 ppb
T-2 toxin 4 subculture 3/3 fumonisin
14,800 ppb T-2 toxin 4 subculture
32 3/4-Il fumonisin~ T-2 toxin
fumonisin 12,300 10,400 ppb T-2toxin 1.9 7.9 ppb
subculture 31 3/4-I1l
fumonisin 3,100 2,300 ppb T-2 toxin
4 34
35 semiaerobic subculture
fumonisin T-2 toxin fumonisin 99,100 28,500
13,000 ppb T-2 toxin 283 16.2 28.3
ppb affatoxin oo . Pppb

, ochratoxin 24 14 18 ppb



Fusarium moniliforme
semi-aerobic condition

14

Aflatoxin -~ T2toxin Ochratoxin
() e (et (ppd)
plate

1 41 0 0 0
(4072) 413 08 7.2 0.7
4 31 0 0 2.2

(4262) 32 0 19 0
33 0 0 44

3/4-| 08 0 0.7

3/ 06 79 01

3/ 11 0 0

nd = not done

Limit of detection (LOD )

fumonisin <200 ppb, T-2 toxin <30 ppb 1 ochratoxin < 1 ppb

fumonisin

Fumonisin

(pro)

1,200
3,200
3,100
12,300
14,800
26,900
10,400
2,300

Afiatoxin
(ppb)

nd
nd
nd
nd
nd
01
0
0

67

2
35

T24oxin ~ Ochratoxin -~ Fumonisin
(ppb) ~ (ppd) (ppo)
nd nd nd
nd nd nd
nd nd nd
nd nd nd
nd nd nd
28.3 24 99,100
16.2 14 28,500
28.3 18 13,000

aflatoxin <2 ppb.



fumonisin
fumonisin
(ELISA test kit)
)
30 ppb ochratoxin
LOD
fumonisin
toxin ochratoxin
LOD ,
aflatoxin
aflatoxin
15
fumonisin
fumonisin
ochratoxin

Aspergillus flavus

30

68

9 fumonisin

fumonisin . 7

limit of detection ( LOD

LOD  aflatoxin 2 ppb  T-2 toxin
Lppb fumonisin 200 ppb
10 fumonisin -4
4
T-2
49 3
49
3549
9 10
fumonisin 35 [
1,100-18,900 ppb 49
aflatoxin

Aspergillus ochraceus
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fumonisin 30

fumonisin 1 4 semi-aerobic
aflatoxin ochratoxin
Aspergillus SPP.

fumonisin
4 34 plae | 4262 subculture  3/4-1) F
moniliforme fumonisin 26,900 99,100 ppb
14 35
fumonisin 35
4 subculture  3/4 35 ochratoxin ~ T-2 toxin
14 T-2 toxin
ochratoxin ~ T-2 toxin
F
moniliforme fumonisin "-
2 toxin Fusarium  spp.
(seer!) F

moniliforme 4262



toxin 7.9 pph fumonisin 0 ppb

4.3
1-25

13) aflatoxin 105 ppb ochratoxin 0 pph 12
aflatoxin 5.3 ppb ochratoxin 0 ppb

T-2 toxin 565 ppb fumonisin 1,200 ppb

3125

288.5

3.030.46

51015 %
(FCR)
14 16-17 51015 5
142 243 474 1040 1/ 90.3 1772
4934 FCR 0.63 0.69 0.76 2.09
1536 29.32 54.52 11890 /[ |/ oo 1681
501.8 FCR 071 087 0.94 2.3
SPSS ( 15
510 2
(R<0.05) 15
(P<0.05)
3.97t 053

70



%

70 398 nd
105 6.9 nd
18 91 nd
8.5 208 03
81 208 03
nd = notdone
13
Aflatoxin (ppb)  Ochratoxin (ppb)
6.0 0
75 0
6.3 0.8
105 0
53 0
Limit of detection (LOD 1

fumonisin <200 ppb, * -2 toxin <30 ppb 1 ochratoxin < 1 ppb

%

%

%
15.2
nd
nd
11
6.5

%

4.6

nd
nd
08
08

T2-toxin (pph)

56.5

%
L7
nd
nd
08
0.7

Fumonisin (ppb)
100
200
2,100
0
1,200

aflatoxin < 2 ppb.

1



()

5
10
15
25

a =

14

66 66 14.2 153

48 46* 243 29.3a

30 28 474 54.5a

12 10 1040  118.93

2
(P<0.05)
15
Xt SD. (min - max)
46+ 128 3974053 nd
(2.78-8.36)  (3.33-4.85)
382073 3.65:0.43  0.2£0.08
(2.64-523)  (298-4.75)  (0.00-0.33)
3.03:0.46 3970532  0.23£0.07
(1.96-3.82)  (3.33-4.85)  (0.04-0.13)
2.87£0.65  321£072  0.2£0.04
(2.22-4.69)  (201-4.35)  (0.15-0.26)
(p<0.05)

nd = not done

90.3
177.2
312.5
498.4

nd

0.15£0.05
(0.06-0.25)
0.09+0.04
(0.05-0.21)
0.17 £0.04
(0.12-0.23)

86.8
168.1
288.5
501.9

0.6
0.6
0.7
2.0

nd

0.28 £0.12
(0.00 - 0.43)
0.27£0.05
(021 - 0.42)
0.42 £0.08
(0.33-0.61)

FCR

0.7
0.8
0.9
2.3

nd

0.324.0.07
(0.18-0.46)
0.29 £.0.08
(0.19-0.43)
0.40 £ 0.12
(027 - 059)



3

o ¥ e ke ik
snmii 16 whsudisunmindaueslnilafuansiie

wu.A (NFN)

600.0

500.0

400.0

300.0

200.0

100.0

17 (FCR)

FCR
25

20

05

00

278 ()|

B naumuan H napmaaes \



74

P>0.05
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2 305 %
2 , 5
(fatty change) 5% (918 ) 16.7% (318 )
10 5.5%(1/18 ) 15
, 16.7%(3/18 ) 55
% (118 )  hydropericardium .. . / (218 )
2 1 167 % (318 )
25 60 %(6/10 )
100 % (1010 ) 50% (5/10 )
%) ' /) 1 hydropericardium
1505L 25
asT ALt | 16 223
DL %
(p0®) AP ( 7 24)
eor (U7 0
5 2 05
5 AP GGT
(p0)
18 26 - 30
1
(panlobular fatty infiltration) 5
(hepatic cell swelling ) 1.28
fatty degeneration ( 21 34)
10 0.89

(bile duct epithelial cell death)

75



21

F.moniliforme
A) 5
) 15
C) 25
multifocal mucosa
) 25
B F)

4262

76




10

15

25

15

25

16

AST  ALT

x+ SD (min - max)

AST (unit it

ALT (unit/Iit)

210 56 29.7t 55
(20-37) (19-39)
356 + 82 465 + 105 628 + 524 628 £14.0
(20-210) (33-76) (43-250) (41-87)
33.0t %41 96.6 +1.9a 222+ 57 85.9 +34.4a
(19-250) (57-140) (19-40 ) (53-170)
20.3+ 09 1327+831a 283 £12.2 131.9 £76.0a
(4-19) (2-250) (19-47) (53-250 )
2145+ 26 91.0 £ 29.0a 394 £ 56.0 132.3 +42.35a
(19-27) (62 - 163) (19-208) (67-210)
(P<0.05)
17 ALP  GGT
' Xt (min - max)
ALP ( unit /lit) GGT (unit/ fit
2126 +1975 2011 + 735
(60.8 - 999.1) (475-352)
364.3 + 390.2 1420.9 £ 709.3a 1919 +721 3843 + 85.7a
(1105 - 1706.7) (823.6 -4034.0) (59.1 - 833.9) (242.0 - 548.83)
174.2 £ 741 13559 + 458.73 174.2 +74.1 1161.0 + 10.23
(60.8-572.1) (642.6 - 2136.5) (455- 335.2) (994.9 - 1355.1)
4324 £ 5194 121041 232.2a 188.0 + 819 1194.4+ 129.4a
(109.1- 19513)  (8250-16736)  (455-3%.) (994.9 - 1355.1)
221.7 +108.3 1212.0 £ 239.2a 1795 £ 69.6 998.4 £262.93
(60.8 - 487.8) (825.0 - 1496.7) (905 - 324.9) (4255 -1355.4)

(P<0.05)
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unit lit

200

180
160
140
120
100
80
60
40
20

22

*  AndustniludrAgyneaia P > 0.05

AST

-

g4

23

ALT

5 INPES

* AnanuetniteaAuIata P> 0.05

10

*

25



24 ALP

ur,it/lit
1600

1400
1200
1000
800
600

400

! e 10 15 % (9

25 GGT

18" o, . AOOELLL

1400
1200
1000
800
600
400
200




(karyorrhexis) ( 35)

10 glycogen
degeneration  hepatic cell swelling .
0.89 single cell apoptosis (0.61)
2 15
( 3) hepatic cell swelling (1.62)
single cell apoptosis
(' massive hepatie cell death ) (1.39)
bill duct epithelial cell death 072 |
5 30)
, (2.60)
(2.20) (1.89)
15 fatty degeneration
15 10 0.39 0.28
glycogen degeneration (1.44) 510 15011 11
0.61 ) 1 (1.50)
(2.80)
5 (0.75) ( 39)
( 37 - 38)

083  1.00 , 111 133
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18

Hepatic cell swelling

Glycogen

degeneration

Fatty degeneration

Hepatic cell death

Bile duct epithelial
cell death

5
15
25
15
25
15
25
15
25
15
25

0.39
0.50
0.42
0.72
0.17
0.44
150

0.08
0.33
0.17
0.33

128
0.89
161
2.60

061
144
0.89
0.28
0.39
061
061
1.39

0.33
0.06
0.72
1.89



15
25

3.00

2.50
2.00
150
100
0.50

0.00

19

0.50
0.83
0.75

cell depletion

0.72 . 0.06
0.78 : 0.17 0.56 0.72
1.80 0.83 - 1.33
' 26 Hepatic cell swelling
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3.00
2.50
2.00

50
1.00
0.50

0.00

27

A
IfLaL

10

83

glycogen degeneration

wMe
________ fo U I
15 2 ()
fatty degerenation
—
15 %



3.00

29

Hepatic cell death

84

250
2.00
150
1.00

050

0.00

3.00
2.50
200
1.50
1.00
0.50

0.00

10 15 25
R Blle duct epithelial cell death
t
10 15 25




o

N

3 Cell depletion fil
[
5
0
5 10 15 25 ()
32 cell depletion

0
5 — a AN
0 7 AN -
0 —
0 e a— T

33 Cell depletion

5 10 15

EH
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a) fatty degeneration

) fatty degeneration
C) glycogen degeneration
d) glycogen degeneration

N

2
3

(H&E)
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rfxr

35

single cell apoptosis

hepatic cell swelling 2
hepatic swelling 3

karyorrhexis

hepatic cell apoptosis

hepatic cell swelling 3
(massive hepatic cell death )

apoptosis

c

1

1

2

15

87

(H&B
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- 5 (H&B
a) portal
sinusoid
(de e)
) hepatic cell swelling 1
panlobular fatty degeneration 2
glycogen degeneration 2
0 hepatic cell swelling 2
( massive hepatic cel! death) 3
karyorrhexis
d) hepatic cell swelling 2
hepatic sinusoid (dlilated)

(bile duct epithelial cell death)
e) (karyorrhexis)
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3

25

(H&E)

cell depletion

1
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% (H&D

medulla  cell depletion
medulla  cell depletion
cell depletion
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% % % % %
( 13) T-2toxin 7.9 ppb LOD
T. toxin fumonisin ochratoxin aflatoxin
10.5 ppb ochratoxin ochratoxin 0.8
LOD fumonisin 1,200 ppb T-2 toxin 565 ppb  aflatoxin 5.3 ppb
( i)
015 5 (P>0.05
14 15
(P<0.05)
(FCR) (15 FCR 510
525 -0.08 -0.18 -0.18 -0.28
5
15 18-20)
(P <0.05)
(P<0.05
Kubena (1997h) 1", FBL (O 300 mgkg) T-2 toxin (0
5mglkg) ' 19 FB1 300 mglkg
T-2  toxin FBL FBL
300 mglkg FBL T-2 toxin T-2 toxin
FBL T-2 toxin

Kubenalt (1997c)
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aflatoxin 3.5 mglkg

5-25
AST  ALT 015 25 16) ALP
GGT 015 25 17) AST  ALT
(hepatocellular damage  liver necrosis) 1
(muscle damage) ALP (bone activity)
(Benjamin, 1981) GGT
(iver carcinoma) GGT (specificity)
(sensitivity) GGT
(Fadge, 2000) F. moniliforme
Espada (1994)
F. moniliforme culture material ~ FBL 30 mokg feed 2
300mglkg feed 1 GGT ALP
Kubena (1997 ) ' 1  FBI 300 mgkg feed FB2 89 mglkg feed FB3
21 mgkg feed  pure T-2 toxin 5 mglkg feed 19 FB T-
2 toxin FB GGT ALP
Ledoux (1992) fumonisin
F.moniliforme material culture  FB 0 100 200 300 400 mgkg &
ALP Fluff (1988)
aflatoxin T-2 toxin aflatoxin 2.5 nglgm feed T-2 toxin 4 tiglgm
feed 3 ALP Bintvihok
(1997) aflatoxin Bl 3 ppm ! ALP
Kubena (1997c) aflatoxin
oniliformin aflatoxin 3.5 mglkg oniliformin 100 mglkg 3
moniliformin -~ ALP ,  aflatoxin
ALP Javed (1995) FBL
FB2 ~ moniliformin 28 ALP AST
ALT  GGT hepatic  renal damage ALP
hepatic disorder hiliary obstruction - Kubena (1997 ¢)
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onoliformin aflatoxin lliformin AST ALT ALP
GGT (tissue damage )
ALP
moniliformin fumonisin
T-2 toxin afltoxin 2 ALP
AST ALT GGT fumonisin moniliformin -~ moniliformin
ALP

glycogen
degeneration 10  hepatic cell sweling  hepatic cell death 5

single cell apoptosis massive cell death 15
25 25 cell depletion
25
Ledoux (1992)
fumonisin acute multifocal ramdomly oriented hepatic necrosis
biliary hyperplasia kupffercell hypertrophy ~ Weibking
(1993) fumonisin -, fumonisin B1 ,, ' 225 mglkg
heterophils macrophages
diffuse hepatocellular hyperplasia biliary - hyperplasia
Brown (1992) fumonisin biliary
hyperplasia ~ kupffer cell hyperplasia aflatoxin -~ ochratoxin
acute multifocal hepatic necrosis fumonisin hépatocyte
Necrosis aflatoxin -~ ochratoxin  Kubena (1990) T-2 toxin
pyknotic nuclei  lymphoid follicles  Hoerr (1981, 1982¢)
T-2 toxin depletion cortex  medulla
medulla
coagulation necrosis portal

T-2 toxin
fumonisin T-2 toxin fumonisin
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karyorrhexis single cell
apoptosis aflatoxin 1 bile duct hyperplasia
hepatocytomegaly intermediated morphology ~ hépatocyte  tile duct epithelial
cell ( Bintvihok et al. ,1997)
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