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Conidial
Apparatus

Fig. 1. Aspergillus flavus infection of corn.
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Table 1. Chemical properties of aflatoxins
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7} APEN 0™ AspergillusEe] A3 FEo] YA (Fig.
D). Aflatoxine 196039 Turkey X'H9] Ao ZA Lo F
28 - 38EJY Aflatoxine  coumarin Lo §FE
dihydrofuran =5 tetrahydrafurano®] d5-E-olw, F3go]olx
207 ©]AY] aflatoxin  FEA7F ] HATH(Table 1)
Aspergillus flouse aflatoxin B, 2 B,5 A4¥3k= whdo| A
parasiticus= aflatoxin B,, B,, G, ¥ G, & ArH3IThFg. 2).
T2 heterocyclic 323 720 aflatoxin® B3-S et o]
23 A4 olsir EF3TH UVE FAKE o aflatoxin B,
B,= AAPFS U5, aflatoxin G G,& SHUFFS U3
E}- Aflatoxin -F=AELS Azt SA0] Zo)7t Jth. Aflatoxin

¥ 7yEs 34 9 el ZEZ0 gulsl= A4S
7]'11 Q= \hHo aflatoxin M2 aflatoxin B, Z= 2] €t

& fFEeE WA B4 2S4S /T UG Aflaoxin

Aflatoxin Molecular formula Molecular weight Melting point Ultrgg(z)};%z;brs;)nrgtlon Fluorescence emission
B, C.H,0, 312 268-269 21,800 425
B, C,H,,04 314 286-289 23,400 425
G, C,;H,,0, 328 244-246 16,100 450
G, C,H,,0, 330 237-240 21,000 450
M, C.H,;0, 328 299 19,000 (357 nm) 425
M, C,H,,0, 330 293 - -

B,A CH,O, 330 240 20,400 -

GA C,,H,,04 346 190 18,000 -
R, C;H,0¢ 314 230-234 14,100 425
B, C,H,,0; 302 233-234 9,700 -

GM, C,;H,,0, 344 276 12,000 (358 nm) -
P, C,H ;004 298 >320 14,900 (342 nm) -
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Fig. 2. Chemical structure of aflatoxins.
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Fig. 3. Chemical structure of ochratoxin A.

B, G, ¥ B,Z 433 <279 LDl Z2 036, 1.78,
334 mgkg® BEo] oM aflaoxin G, B, ¥ G,9 54
B=7t 712} aflatoxin B,9] 10, 20, 50% =082 ez}

Ochratoxins. Ochratoxine AspergillusS} Fusarium%2] T
ARHEC|Y Blerze B w) L-B-phenylalanine®] ojn|= IE
o olmfol=AFoz AZAH 34-dihydromethylisocoumarin 5+
ZAEelt). o3t FFEEL 7IEF AFES FUsle 7
o= A Stk 'k, Fof e SEZH AlA
FFE XN, Ochratoxin A= Ochratoxin T84 714

T-2 Toxin

Fig. 4. Chemical structure of trichothecenes.
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Aflatoxin G
0 (o]
(e)
OH
(¢) (8] OCH;3
Aflatoxin M2

7aEst B4 sikEolth(Fig. 3). A ochraceusX A= H-e]=]
AL, 2 Foll et Ao A EIBIL A= Penicillium?:2)
o|x} trAHEEA dEiFlth”

Trichothecenes. Trichothecene™+ 12,13-epoxy-trichothec-9-
ene®-2 ZH= sesquiterpene 3FFEE°ItHFig. 4). Trichothecene
3L Myrothecium 3+
Trichothecium F= A7 St} T2 toxin, diacetoxyscirpenol,
deoxynivalenol ' nivalenol& trichothecene =4l &3}, T-
2 toxin#} diacetoxyscirpenol= FAJ o] 7FSIAL ethylacetate 2}
diethyl ether®} 72 B|=/d4uld] & 591, deoxynivalenol2}
nivalenol& LTE 9] Fggehe] & =),

Zearalenone,  Zearalenone-=  6-(10-hydroxy-6-oxo-trans-1
undecenyl)-B-resorcylic acid p-lactone® 2 Y#HA UrhFig. 5).
F graminearum® 72 Fusarium?: ©1ZF UARFEEZEN 715,
E3] Hrl9] dod SF2E dovin e e i)

Fumonisins. Fumonisinss= E proliferamm} E verticillioides
o] AAsh= ddEHoln, 71 delrd d9E AU 54
Wsh= 715S AdvhFg. 6). A8 545l Fumonisin B,
£ Fo] T AEd Bk ohe} A HRSHE dogin

ELEL FE2  Fusariums:0)
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Fig. 5. Chemical structure of zearalenone.

Endophytic tremorgens ¥ ergot alkaloids. Acremonium
loii, A. coenophialium, Claviceps purpurea 2  Penicillium
spp.9} 728 FHol= AN & AR} o]#]E endophytic
FAole B2zAd 0|59 715s TARAE 2 A5
2458 A2 Feth A i P BxoM A}
H indole-terpene 4173 = (lolitem B)S- A4 3th(Fig. 7). Ergot
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Fig. 7. Chemical structure of endophytic tremorgens and ergot alkaloids.
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Hol HARGFO2A aflatoxind] & A77F AFEHAG 5
8 958 93 29542 B¥oH, aflaoxin B, @5 &
ochratoxint E3te] FYHBRE 49 4EEE A7)
HAR-S Z7 AT A= aflaoxin ThE F3o)
TGl 7R AER FUE A Y, dnd
FA ek 9 A9 Haddst 2 el vel
3 A7ATE B AR 29% FET FE)EA)
AYE HAFE Zolth. Aflatoxin®] 7HERl tht of
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Ak 2o AFdA FRlFE, aflatoxing 412 AIRE
HlA UL o BFA AAE oISk 7 ARAFAY F

7HEEATY S aflatoxin® 9] wrea-N 71 ¥ & @
2, ¢77, EglEgiEiol=st /159 BTS2 FTh

Ochratoxin®] At} 299 74 T AHE ZAArF o,
o83 HA QA Az Y AFe= 842 adenisine 37,5
monophosphatedl] 2]&4Q] Tl Flolvjo|=2E A3l 7]
o, AtEARES &4 Aot 738 E S
o 157d ® w9 U AoA] alkaline phosphatase, acid
phosphatase, lactate dehydrogenase, succinate dehydrogenase®]
L F roseumdl| 93] 297 AEE AFHT o] W3l
Atk olHg TAEA Wshs AN MESETAN, AT
ZHae D AEAAE 2 such. 758 HolA T2 toxin 2
diacetoxyscirpenolE HAE W) AR AFF T2, AF I
TAAY B8 2 s FAske o] SEEUY 351
A¥ o] AlFo] 6mgkg? T2 toxing A3 kL 24-25
¥ AdEolAl 20 mg/kge] diacetoxyscirpenolE AF3HA 3191
£ 734 e wEe ket

HA). =X FEolskdd 7P dRig FESY shielnt
Southern®} Clawson(1979)2 A& 385 ug/kgoll % aflatoxins-
HA Y] vt Hof g el Ttk SRsiant 0 s
9] 7oA kst ko] aflatoxino] X3 AlEE HFHO
2 1 Holuls AlFo] AlES] 0.385 mgkeo] TEE] 2
£ A9 A%FoE sy, 7he) FAE AlRC] 71
0.385 mg/kgol k2] aflatoxinol] 2J8] F7H= oL}, 7HA ER ol
= =2 &9 aflatoxino] EE ALEE B XA
WAFUT. Huff(1988) 52 =AM aflatoxin® ochratoxin
Aol W8-S H7ISIATEY 7bz) tizeh Hialdted  aflatoxin,
ochratoxin A % F7H] BF ZFE ALRE AFINE | &
FAE 26, 24 2 5298 ZAAFHQCH FWols4vF QHH A
B =Hel HRES o =iRe] Aol At ol FHA
e R FEo vl ol haEly] wEoltt.

=i=]ellA] ochratoxin 552 A180E, sk, AFAY 1
2 o] e} vinTrt 5ol FAE vepdth T3 K
= fumonsins3?} ergot alkaloidss2] Fgol=4ol Wisit}, o
2 fumonisin B #AFEH A7 & 557 A 7157
NE AT Sl Bshs HTEe 42 AAER
o o3 3ol ol2A Hr}. oA X Aol T 27He
YA 2 HEAA H Yolr] dHAES RT3 dojdtt
FHzoll A% AgellA sphingosinedl] 218t Ca™ channele] W3
7t Bhte] fle® JERdTE.

Miller(1981)= aflatoxin 105 £<F 04-0.8 mg/kg 425~

A% gaAxe] o5 % AVFES AT Rus)
oD gy o ArAaHe] ojshd =X Aeg HeRks
L 500 mgkg A=Y T& F=7t obd 04-08 mghkg BEe
1Y Welrds wkeAdel Aol7t glokal RAEHH. A 4%
o] obd AE FFoIA aflatoxine FH A 7]5o| Uk K
I e}, B3 aflatoxin B TS E52(0.1-10000 ng/m)E
7VeiE9S W DNA A7 Vet

oo o) fitE AAH L ochratoxin A%l LF
SAEAF 9 2HE AHo] s A Aold, o3
gog A% AE@Esd 2 3 ks, uNE 8
2, AR st AA f2ls 5o e wol
wrstel, sjRA2] 7)%50] thek zearalenone®] Fo] R
=0 glucuronideZRFE} zearalenone®} E/4Ed0] F4ETA
BuEgoen o)gld A3 zearalenoned] EAER FafollA
A%}, Zearalenone®] 2EE AlRE HA] HAHAMNAE

SRl g4 AT JEH AT E5E AT
o zearalenone?] AJZ o] o3t AWA7iHe] EAE H1H
o 95%2] 445} zearalenoned 25-100 mghkg T2 AM7E
W ojr] iAo AHANAL A I 3 A 7FEset
371%% 3ol RaE

o, "o FFolEA FETE &Y Lol aflatoxin BS
AANDE 75584 ughkg) FF 2 AER7 Aito] VR,
ol

]
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o} 121 wE t}E Aqtolie 29 aflatoxin
AR APTA| o|2A she BA4E Bt FH2,
AT AR FEtet A 8, T vltE, 7ke) gl
EAQAAL, A Ao Folrt WA +
aflatoxin B/ & XH4E FEZ JHAMAE 4F SATF R 4
ogo] 7kt A#Eo] 7S At Aflaoxin EHE
(aflatoxin B,, B, @ M2 114, 10, 6 ugkeg)S S5 A=l
20] 4HAANA AR AAE FHS o 7 &3] B
Ak, ol et FFo| 54 8L F moniliformed® <
3} ANE S2o)A Hohdslse) ARES FHlele] 28
o] waHr). T HuwAsEe Hydz, Fiu|, A
Z, o)F7)% A, 94 2 ¥ FERSe &) VERdTt
ek zekol. 1952 e ZHde] F@ol7t LEE 24 E
o] At #EE S g3t 1 Fol aflatoxin®] WAL,
o] EAE 19524 aflatoxin B, 29 wE FTFEC] HEIE
GHATE. Ketterer(19755 ZJolR(9] &<k, 28248 4 e}
o] Z4S BYFHILW 0|52 BT aflatoxin®]l QFE W&
F A Apgaiiy. olF AoRe TEES RS
g %2 F%o(aflatoxin B,9] 100 ugke, aflatoxin G,& 40
ug/kg) aflatoxino] HAEHALH el 749 2 EQAL FE, =
7= 2 oeEe aflatoxin S50 Uz FAtoln), &S F
of wt 39 ¢t AL 4= e LD, T vEH e
0.5-1.0 mg/kg, LU¥olE 0.3-06mgkg A Eo|th. Aflatoxin®]
FE52(05-1 mgkg, 235 B A gels FAES, A
7rel ghgo] AdA o). oA FIY FHILY F52
e, o3 &4 A $uELS F B, 44 E W

oA B3 uf gtk WA FE(0.05-03 mgkg, 6-8F F<hHe
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Pgo| Fa3) UEls S520ITh Aflatoxin®] TH
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o} FEo] WAL, Deoxynivalenole 7§} 318Fo)s)
frA -G #dol Jevl H dFd 9
deoxynivalenol®] g3Fo] AN OIX| A Q). e S4E o)
4.5 mghkg, 2FNE SAE Fo 77 mgkgs AL 1w o]
2 A HFE 7193 en, o)#dt e yYolunt
A7F B e U8 BHAFEY Jlek agole Az e
A9 deoxynivalenol g 707} 4-9YU F<h 8-10 ughkg, TLU¥olE
10¢ <2t 10pugkgE AFEIRNE W TESE dogtt. 79t
ZY¥e]2] deoxynivalenolol e S4 wHSRIolE 0.5 pugkgS
27317 W}, Trichothecenes?} 7ivt Tkolo] 7|3 F3k
o] ¥ u} E=d T2 toxin®] ZYo] FH UYE 2 mgkg
FARNES of HET a9 APEE %) WY 0.05 my
kgE T3t FARS A5 74 HAl WETF] X7} 23
o 006 mghkgS 7T FARE AS 249 FHel W@ 5
27F A2y FAE dHA= MY ASd 45mgke
deoxynivalenol, J2%°]9] %% 7.5 mgkg deoxynivalenol
olAe W AE AHF7t wl BHA SAEUS. AN AS
ochratoxing©] 0.2 mg/kgollX] FEZA), A&7 wluz, 4
oF 5] YElitt.

#H. FAe A7HE g 2dEH g =43 F9t Aol
olgstd sith. Tt olejgt Bl Al A7kat FHe
A= HAUS Aol =Ao] Jon, /A7 o
aflatoxin B, gt LD, Folwo] we} tjekst b9yt v
IHA. Aflatoxin B2 TR 95 B Smgkg T2
FALH 100% HAES] & A7t veisten], 2w
oJslH aflatoxin B2 ol thet olx} &3yt BuE = o)
£ 70 siE WAUSS S4B 4ANE R oz By
HATE 7R Aibd o= afaltoxin B,ol FEE FHox 24
=9, 7o) 33 5<¢ 002 mgkg FFL FoAo] B3¢t
2T Fumonisin B2 #9| 7Ht A3 ##o] glon,
25712] Fo| fumonisin B, & 50 mgkg® 26709 B¢ AT T
o31E W aflatoxin B, FU&H| 23] fumonisin B, 2]
A o7 el Trichothecenes®] FHoll W3t Eas Aod
ARE BI=olA g=d T2 toxind A 7EHe] LDe] 2.8-
3.8 mg/kg R IoIth. T2 toxing 5-25 mghkg¥ 165 B¢ AT
FoAloll FAEH7E F=el wEs DolXz gAY A
H3l7b Vet 3 vld 1.5 mgked] AT T 245
A3 A dabE 2900, AolA glucose$} tryptophan
F97F 5L A4a8Ao] Ak FHoll i T2 toxing] 34
< FES, SAAHH A, wET St 28 AReE F
&30 AL FIoF FLA ol=2A "o
Diacetoxyscirpenol®] 7-$ A% FAXd= # 9ze] HH
A AEe] W3E f%3t} DeoxynivalenolS Fo YA
=(0.1-104 mghkg)E HHANAE W] T2 A £, ¥=
5 B Abgo] #EEC}. Ochratoxin AS] LDS AT £
Al 21 mgkgo 2 VERtom 24-72417F ool AbgEiit),

AL Ao F Qi Uit FHolEA Fae F3]
=AUk, Aflatoxindl] NS =& 7093} 2o HEH

o (Y o

3 #AHo] 9lom F=3 oz Tl 10-60%7HA] AR
< Bt} Aflatoxin®l] g AAHEL 2 F<F 5.5mg, 25
B 35mg AHA GAAQ] A%Fe] e v, 23] |
2AL3 558 fEsh, SdEAe 2 EEUR 149 H
of 7+ge] ol F4E EAT F Ut A A
aflatoxin®] HF- WA Utk thFF 250,00071¢] THAIE
& WS AP S Al ode] ofze]TlellA uf
d 2L Qirk. Aflatoxin 14 pgd] 2 AHFE0] 79 BE
o F& LANES FEFIGL AAXAT, aflatoxin©]
Kxashiorkor®} Reye’s 572 &3l Qe ojdoleo] 2 oA
2R ol AW F=EZ At Ochratoxin A
£ G vwr]e] Bz FY] 43S F= Ao
2 el olg 478 EAE B8l thAEE7) 8
AR ot T 217k) ochratoxin AY] WMol M=
UEx QX ke Aelolt}. Deoxynivalenol# zearalenone-&:
= S5, B, 334 Wol Al FEOA e
Fumonisin B2 1=9] FA42HH A= HAlt 158 &
HESIC}, Trichotheceness TE, 354, 71&224e] B2 2 4

ARRIE TR DIEAE ST

US| Ci3H TBo|SLo| W
&, G, 94 9 AT B ISFEES HuSTERT
2A4H BN Sl B $H 9] & elA 9A)
U Tk 5, T2, FE S AL, 4 2 A S

A Aflatoxin 48] BAFsE, tial 9 HEAIA Y] 24
A9 JgS FI YL RoAFET) & AlFEe aflatoxing 10,
26, 564, 81.1 2 1085ugkgSE HA} A7ES Z7MA7H
aflatoxin@o] F71TE ALRS An|Fo] ZojEUT. 155¢
Foke] AJFoIA] aflatoxin B,(600 pg/kgye RS Hollx FAs)
< B F Utk &9 AEAH Hae AR 4
, 258 A4 2 ARt S 2. Aflaoxin B9

of thgh Aol HAYGA] wIAUESH Zol549] A
#E JERT). Ochratoxing HHAE S 250 2 AH=R
= 29dA #53A ¥l Ochratoxin  A(390-540 ug/kg) <+
aflatoxin B,(12-13 mg/kg)ol 2EE R2lE 12198 &9 I
AgolA HHEAE Ve &dtt. Aflatoxine L FE
aflatoxin B 3} aflatoxin M, & HFFo2H FAhe] -k
J&e v}, Applebaum(1982) 52 AFolA Ao 79 F
¢t i 13 mgkg® aflatoxin B, & FUE W & $-fl
aflatoxin M2] % 1.05914 10.58ng/LE W3} & $-§ <ol
ZAEATE T2 toxin RIYGA 74, FANET 4, o
ot ZhA, Qb 23] AFEE fEsio e B
AE o] gk fAE AEL T2 oxing] 99E AEAH
AF=E Jepton ALEE 10-50 mg/kgS £HIE oA A%k
F FF4Y E717F eyl 28y deoxynivalenol E
diacetoxyscirpenol= 6 mg/kgdl A= Aol FEE n|XA] i)
Zearelenone= $-9] ABA7A 2 AFS3Ae] €] He A
o= Ao

% G2 52 AFAHE Z2 Yl Wogan(1996)-2
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Table 2. FDA action levels for aflatoxin

Species Commodity Action Level
17k + 5 0.5 ppb(Ml)
o1 7} 2.8.2 #) 9|3t 24 20 ppb
WA FECUER), 34R St 3758 20 ppb
HESE S5 EE S5 zﬂ&l?‘f& =7 20 ppb
5T 2, 5% H9A, R S5el JRE 100 ppb
100 1bs®] 4343} 5= SFT FRE 200 ppb
Ea S5 T/HE 300 ppb
A, 9/, 7 233 7+ 300 ppb

aflatoxin®] o] e =L LD, (500 mgkg)gbS AA 3} O
Newberne® Butler(1969)= aflatoxin®] A3} Eo 84 oFe A
BIUTY 22} Fernandez(1997) 59 =FollA 219 <t )
Y 25mgkge] aflatoxing oA He) AA4Q 7 @ 7h
I ARe] FANAE RIS H Y H2 Femandez(2000) 5
< 379 &< aflatoxin2 mg/kg)S ALEC 4o FUL W 35
d L FE Yol 125 goﬂ*i 79898 EA31, Fe] AE

3 @Q_ﬂ]}\éo] 71—/\3]—.2 = 01211;} 19 Fusana«] EAE 289
B¢ deoxynivalenol(15.6 mgkg)yS FolAl HHL W 71 7%
I oo ot FgS Fe Aog H}?‘Vio‘:ﬂ FolA 349 &

?F diacetoxyscirpenol(5 mg/kg)E =<l At —,—71]72\_7} Uojut
o A7t 349 B9 diacetoxyscirpenol $F 7Fe- FukE
aflatoxin(2.5 mgkg)S HARAES W FAZA7E Ve
Zearalenones UATH 717H12 mgkg of feedyEF A3 ke
st A4 245 7o ™| zearalenone®] FF(11.1-
45.5 mghkg)yS S7MA7IE FAHAYL A= 4= o] Zy)s)

< vepnt,

=HHO[F20| 7%

Aflatoxins. Aflatoxin B M3} A Z=A o] Aee] 3
TH(Table 2, 3). Aflatoxin(0.5 mgkg AFE)S 65 F< FHo)A
AFAMZE W RNASH DNAS @4o] A=t} E4sle
aflatoxin B, (aflatoxin B-8,9-epoxide) HAFMES  guanine 9]
N7# 2% Feie o1 Fa, o] He AZl: aflatoxin
B -N7-guannine £7H& FelE FHa}3 9t} o]71& DNAY &
43 £3% DNAZE E9RlolE 4o %S HAs. 9
A B 7HE P53 EF AAl8-A=e] 249
codon®I* G — T=Z WHIsl= A4 FHPY, NE=A &34

ol tHejXE aflatoxin B9 7ol 7h| %] A2l £Abe
ol ™, H=ol aflatoxin B& ), 7+ B 71&oA] cyclic

71Age

nucleotide phosphodiesterase®] A E5F-S B8},
Ochratoxins. Ochratoxin A9] 287122 2o g nE
ZEgol BT vt} MEIZFA ochratoxin A 2
S A AT 7] v EF= o} ATPase, succinate
dehydrogenase & cytochrome C oxidase®} 74A82]¢l ol=nke-
< ste Ae®m vtk iEelA
phenylalonyl-tRNA synthase®] 7Z3437<] ¢
e TR Aoz dEA
Tricothecenes. Tricothecenes®] A|X 3= thil 2z RNA

ochratoxin A+

iAol ofs) Sl ¢

4 DNAZAH 2] AAlel ##Ho] T}, Tricothecenes’t &
Al ZElE 2R AFHS Aol Hejmgde weis
WA Hoh. Tricothecenes= e 53 7152 EA7|H, |
ARk Aot ARl o] 52 [T S B,

>

N2 2] 715 floir T2 toxing 7]b% o}u]lt@, AL
9 glucose?] olFWE] 2 Ca-Ke FFL
2 toxin AR} 7174 free radicalS EE} MR 5’4’5}3‘5} Ll
#A7A trichothecene FFFE 2 Vehyttt, Hgul-go|
o8t QIZF FAEFY F21& T2 toxin, deoxynivalenol 2
diacetoxyscirpenoldll &J5] AAIH= Aog Yo, Table 4
+ deoxynivalenole] td FDA2] 91X E vehdrh. w3
T2 toxin #&] oA W7 tiAMEe] 24 AT
55 AT
Zearalenone. Zearalenone> F=2] oAEZAN] F3FS
T AR YA It AERA FFS F= o ETA
TEAE HY AR 2910 zearalenonedl] o3 &%
FEAE F TR drERA FEES Asle Ao
E vERsith #2 AtllA zearalenoneo] ~EEA wRg

Table 4. FDA advisory levels for deoxynivalenol

Maximum
Class of Animal Portion of Diet Deoxynivalenol
Table 3. Relative mutagenicity and carcinogenicity of aflatoxins Level
. Relative mutagenicity to Relative in vivo Finished wheat products
Affatoxins Aflatoxin B, carcinogenicity Humans (flour, bran &germ) 1'ppm
Aflatoxin B, 1.000 Most potent Beef and feedlot cattle  Grain and grain byprodpcts 10 ppm
- older than 4 months not to exceed 50% of diet
Aflatoxicol 0.560 50% as potent as B, Grain and erain byproduct
. . rain and grain byproducts
Aﬂatox'm G, 0.055 Less potent than B, Chickens not to exceed 50% of diet 10 ppm
Aﬂat0x1.n M, 0.020 10% as potent as B, ) Grain and grain byproducts s
Aflatoxin B, 0.010 Not-tumorigenic Swine not to exceed 20% of diet ppm
Aflatoxin P, 0.010 Not-tumorigenic All oth imal Grain and grain byproducts 5 oom
Aflatoxin Q, 0.020 - 100 less potent than B, other anima’s not to exceed 40% of diet PP
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Fig. 8. Biosynthesis and degradation pathway of aflatoxins.
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Fumonisins. Fumonising §E9] MEZZ4d] 23 A¥s}
3 g AeMdE JERITE. Wang(1991, 1992)& fumonisin B,
o] FZre] njolAZEol] EAl5h= sphingosine N-acyltransferase
< JAIFCeZA sphingolipid tHAF B2 HTka S22
Fumonisin B, protein phosphatases$®}  arginosuccinate
synthetaseE Z3H3F WRAEZ G4E AAlsle Aoz Bz
th. Fumonisin B2 sphingolipid THA}, ©¥2 thA} 2 yrea
cycle oAlGol o8 MEE H}Fgit}. Fumonisin B,2] Wb
AL o7]1%] 2 DNA ¥4, cAMP9} protein kinase Coll
o3 signal®] W3t B FAFHQA AEEF Fd 93
sphingoid®] 2ol FAE g}

Glucuronide Conjugate

q----P

Reductase Aflatoxin M,
Dehydrogenase o on
Q OH
/, o 0 OCH,

5" Cyt P450 Aflatoxicol
i
‘OCH, :
Aflatoxicol M, !
v

Glucuronide Conjugate

Endophytic tremorgens ¥ ergot alkaloids. Ergot alkaloids
¢} tremorgensS 417377717l A7 &g HiXE Ao
d#A Utk Ergot alkaloids®] 8 F¥ F=oe 258
A453HH, o-adrenoreceptordl] AjtEo] EHrZo] AARE )
ERd B-adrenoreceptorS AT Ergot alkaloidss <I7H4 &5
E9] prolactin ¥HE JATRs 202 HARH, o] PP
prolacting ZZ3= dopamine 82| A& AT

SE8x%o| FWo|S2 CjAt

BAAEAM FHolma ikl Mg Fod I7 2
aflatoxino|th. YHOR 2] F <hollM ThFshe FEAA
aflatoxin®] A7} 7Fssich(Fig. 8). Aflatoxin Ak F3keizt
3,4, vel, 4%, 988 T, aflaoxin B, &5



ol At 9

g Fele Eddol7t ol EREERA) BB WY
o] cytochrome P450 monooxygenaseol s AT
Aflatoxin P, 2] O-dealkylation, aflatoxicol®] ketoreduction,
aflatoxin B -8,9-epoxide®] epoxidation, aflatoxin M,, aflatoxin
P,, aflatoxin Q,, aflatoxin B, 2| 7}rE3|E EF3E aflatoxin
B,°l 47kA] thAl7E Jth® Polycyclic aromatic hydrocarbons
(PAH) tiARS} FAKSE aflatoxin B,9] aflatoxin B,-8,9-epoxide>
2o ¥As= P450 84, prostglandin-H-synthase =
cytosolic lipooxygenase®| 14w o] T}, P4509] Therst )
€ & 3o met & U3 LS HolH, aflawxin B,-8,9-
epoxide®] B P4502] o}E2l 1A, 2B, 2C 2 3AW¢] &
29 o3 o] FojxIth. CYP1A29] ©|AZAQl PAH-F=AE
AZAAA 7HE AFTHo] HAUY, THEE A 9
aflatoxin B,-8,9-epoxide ¢} aflatoxin M, 2] 3|52 glutathione
(GSH)®} GST|| &3+ Aoz F=3)=joixH, aflatoxin B,-8,9-
epoxide dihydrodiolZ 71E3ldrt. 58 7] 84 ¢ &
& &%= 7] YE aflaoxin 5790 @#HSITE Aflatoxin B,
o] B4sh= HREe} el THE APl £349
Tl ByEoen & 7HE diAlolAe o] aflatoxin
B,ol aflatoxin M, 22 thAl "via Ru=i). a8y H+
AelX= aflatoxin B, epoxide, aflatoxin B, dihydrodiol &
aflatoxin B-GSH 238 4= ZA4E = AUAth. Aflatoxin
558 29 €4, ¥y 9 duEe Bl o3 A
A& Basiiont TN AT 5 itk A2 A7
o] GSH-GST 5% wAUES # &= E7le} vlud o <)
A ez @A Jepdioh Aflatoxin M2 &7}
aflatoxin B,oll QEE ARE =& W 05904 5%H&0]
AN FAETE 7oA aflatoxin B, HESHHE} &
] aflatoxin M, U= 95 AN, wlo|m=2d balas
24 B 7% el 448 5l 2Eisit waEE
9] aflatoxin BNE2E-E 53 GalA QA3 Al AL
Q1 otuli=At Al ofst galEe] WEke A = QU
Aflatoxin®} H|wE 739 tricothecenes®] Al=3tEHd o] T}
AEE A ATHAT BdolA] HAE 7R L g Akl A
phase 1 712319} phase 2 glucuronidation®l] W& C-3 ¥=
C-4 tricothecenes®] Atlahgo] ATETH T2 toxin®] 7%
HT-2 A= A E54dYdo] £ EUT. Deoxynivalenol®] w7}

S A7 S EEA 2kt the, Baur(1995)
2 deoxynivalenol®] XA de-epoxidation %! glucuronidation
& Zfratd HMHE] At Lol RusiT? FHe| A
Al A &2 tricothecenes T2 toxin, diacetoxyscirpenol
deoxynivalenol®] THA} & S|EZLES =om E3F] T2 toxin
F, =#A, &, g9 Al 7z nlolARE ] P450
esterased] 23] 7ieESET. FHeb Ao AFoA ochratoxin
AT EfEEN AAEE ¥A vl skl A
d & £9] ochratoxin AZ 00l mgLE FY3I Lo FHe
ochratoxin A2] WH3713= 103417}, HAIE 90AI7E, & 44)7F
ojt}. FHZo| Y ® =Hix]e] A7l ochratoxin A2 3 W)
7ol S7FEES] #Alo] IZRFHLL

¥

rhu

% =R |
71Z0] daslt}, ol#fsl /e Q7 BEe AEEH, A
et fojale] BEulg £ 1SN 4, ALY 2
Zu)g 2 Fekdel dyn)ee] &4 Fo] 3L A AAl
Aoz ZFAA Aol gk Fske oHIL e HalA
v Zgo)Eld ugt xx EE 999 guvke Rt}
AARoZ MG ALsdA S FFolE4e e ode =
83 FAZ QT Jom, olgg A7E Ful L E
2 AR G 257 BEAEH FEolEad] SH=HM
-5 RolFArt o) A elA HAA FEEY 25%7F F
Holiio 288 F UL AU FarsEsetM 7t
FER] e o080 ZgolEho| 91% f7F LIHYLL
A ST mISoll A 1988-198900 FA1E-2] 77)9] Fo)
A AZE Aol F3F REFAT SRS Saee
19.5%2) FFo|Eirt X EIYoH, 2EHAE g $9
F 247%7F YA =LA, Shane(1994)S F5Z2] 87) FollA]
9,7005+ @&9] &dje} by om dAlEgela 2dd S
FAEE oA FHHeRE 19 9EY &8 E ol &
Fooll Y& aflatoxintioletar FAEATE? JEe #3o]
Lol Qs AR A B B Ut FoM 7F o
FAQ oot} BiharX|HolA 19853FE 1987714 A2}
= 387709 A8 Foll 5%7F LEERNS YERIL A AA
oz AEI AlFEe] FHolFae] AR A HAE Al
At 2lem, 1999 19 FHATS aflatoxin®] FHoHe-8-
2 FAMAES 4 ppbe} aflatoxin B,oll tHEIAE 2 ppb e
237817 BEee2 AUt m=o)A Federal Food Drugst
Cosmetic Act Sec. 402& 21F3 Al aflaoxindS A g3}
Hqom, GRS AE AL 20 ppb, S 0.5 ppbolth.
19943 777l M= A3} AR aflatoxin S1-8-3HS AE
& FH3 50pugkg, AHEE 1,000 pgkgs 3HFERT wluk
A= 7+ 2 A ochratoxin ASHEF] 25 ughkg ool =
AANE BTt AADLCE Fusarium FHO)EAE
aflatoxin B T} FA7} ASHA| olFAR 5L QA ¥ Q). vl=
gME 7IECY 7HERY AIREE 2ole FFS oilseedd]

F 10mgZHAlE ok FEAIER JgEATE. 2 F 2
ojekg FEEo| deoxynivalenoldl 7ol SHE oz of
&4 FEAES TEALR kgB 05mgs 2AA] B FE

o7 gHslopdths AlQtel AAIEUTE MAH SR Fgols
A SAEEE ARL AvEHe 28 ASHL AT F
Fo|F4e At A s A& 25T Je
2= du) B2 GETh FAOE ALES 824189 FgolEh
298 F07] 98 ML == FEe e e,

FAQS] &5& FFol=io sk £l A} 7e4R
Qo] zAelr}. %9l oA FAOE aflatoxin®] #

1z r
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