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FOLET, P4 (EEHOBRH TR
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BHXNE ()., AFBL BLUKAFG @ LD50 K
TEWTENEN L. T6me/ke, 2. 83mg/ke TH
Sk, Tv TR 200me/kg FTHELRD
aniamolz (8).  AFBL V3 LDy, D¥ESELTF
OHETRMEOREMERRECT. & MR
{2395 LD50 ¥ AFBI : Ippm, Gi:5ppm, G2:
16ppm T 7= (9) . BripHiiE O« DB
BERWEENEROBREMS, 61, B2,
C2DEMRTNTNB ©50%. 20%BLU
10%TH50).
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HiR< 2O/ EEEORR, ARGl T
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70— 1 pAS0 10 & > TIE M IR BT PP
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E<HIESL DN TH 7 b, RAIE<E
TET Y, NAALEHEFET S, AFBL Oififz
ERBXURAE AN AT ARBE RS
NTWAMN, AFBl I DNA IS L. H %
BGEFTHEpDIFVIVERODST 7=
CEFIDVVIIERTH. TOHEEELEDY
5. HBEFTHS Ki-ras ® c-myc,
c-Ha-ras, 14-3-3 B BIFICHERZRIL
FEEMEE AR5, ChS50BRN
MAAE AN Z LD EDEEZEZENT
Wa, FRENDIRFI RETIINIYF A
S~ FEATT—FEOERERT NS
FAERETHIETHEIN. DNA HBE
R Z 5, [ARCDE/ 75 712504
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DOBRENEBABICEELTNS 8,
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bR O—)b AFBl K DEWRENAER
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g BFHmIC LRE. BAH AV AFB]
DD EHEEZIIE. L L AFB2 & AFG2
OBEEMHIZTEH L THENEROERTIX
DNA . RFEEATBRBIUVHEREO S
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1) RIFENE
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AFOMENTEEIREHOEEIIBN
TOBRREPH CHTIRZEEEDD T
EMRHENTWS,

BEOWETIE. 77 7 hFL 2 HEICL
STT UNF—REICEAROEWT 17
O THIEANEIT 2 ERNH D Z LR
NTnw5, T, BERIC S - THENHIcE
WEDTHELEDTSZENEHENTY
2. AFBl IR /07 7y—VOABREEETE
. IL-2 FEERET I 520, BREHEH
BNOEEDEEINS,
5) )3 — A EEBE

Tha—ZARBICEHROEN
Glyoxalase~] FEHEIEL- L@ AFBL I LD
HMEEND, N3 —A T EMIEDEL
M, T73 bFErENMTHFBOBRELZ
FRTHEEZ LN TS,

8 BEFRIANAET IS MF
BRIV AN BERT D EICED ARBI

- ORBEMN EF U AFBI-DNA 7 & 7 MEBL

WTEEDE., TOEEEFRTA IV ARK
TR HRET S0, pdBETFLEOE
BINES. HREICSAUEERET S EES
nTn5,
T b NTORBAEDY Z 27 55

1998 @ JECFA DFMAIC L5 &, b dIH
T 5 AFBI DOEFEHFFEA > ~D U X,
—BFE Lkg H7=0 1ng D AFBl #& HHEER
THERELEBE, FRTAINATEREL

TWRRWREZZE TR0 AFAIZ0.01 AN

B BIFHRD I ICREREL TS MTIL
0.3 A% AFBl WRETHA 2/ s EHE
LTWw3,

LML, B MCHT2EE0NRERLT 75
R CEREBEEOBWETRNA T
TN EERAOBRETHIT &P, AE
DBVWPLEFEICIDRHACHEERZED
EUNKECES &R CRNZET A
BREN,

1. BOETOBEREEREER

T MF 08, 20 BRE, 875 #HE
= IEMBETHAELE., TORBEEREED
FHONE2 THDHN, ONERFEEL Tn
LHEROBREEM. K. Ry Fa3—2, FHL,
d—>7b—2, ErDEO2Y, AT—hk
a— Fid, AN, E-bh s
WAL EOFT 73 32 EBE SR,
oz E—TFwYW, Fadb—h EAYF
T, idEFE. T, FFE 237, v—
TN —, T—FLR, 2= )y
Hold, BHEFULEOT 75 2208
WaEhn, REETHAFBL A9 neg/ke bEA
TWaHOEH-EN, BRURhTOBER
BL~NTHoz, I ERITHE L BEE
ZRWTESBRIBEZRDED, Wiho
BRaeZEM S ugke #BADEI
BRBEIEHINE -, 20T &1,
BREOICT I M F0BREHZ I
ERLTWS, £k, E—Fuv, a4
Uy Jid. FE., KEERFRIRDLN
BRI ToH, BREEICREERRL 0BT
g EIh NS, BREROoE=4 Y
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7 DBEVENERE &0 7z,

BAHEN&RICBWTO AFBL, B2, 61,
C2REEERTRZE, -2 FUwy, ¥
AZFF . T FFERHIB I —TE
WEZZONEN, FOEMOEHETH.
BG 7N — T E Mo T T E—F T
BZN—T30 G N—T0ESNERBE
BEWEWDIRFMAE OGN, ORI,
RiAEEFHEL THED., SEERE<<®E=Y
J L TwS BERH S,

V—dw IRy —2FBaDnT 7S
FFEETORBEOEBEERLTHAS
&, AFBl BKEEpOELICRO B, BE
FOMOEIT 1:2(AFBL:TAR IBETH o=,
Z ORI, 2007 I EN/-RRNERES
g EFSA) MBE 07— RF x— D5
WBIZET 5K B2 (CONTAM /SR DS
ETH. F—YNT 752 E% AFBI
DB EHEFL TWBD T, REOHRER
FEZBITE. BURBEETHHEEZI SN
7. '

3. BRBTFT—FDVIal—Ya MR
Z3INEBRBRBIUVARAROHEASDHEIC
DWTOERROT—F % HEERSTT
D) ERELEHOBESEZMELZBDR
FLm., CZITHRIECADTFTII—V-
F— o NBE (BTOBICESE DT,
WMOBREZHEBTIMESETHY. 56
DEIT, HHOFRTRERBRETOH
TIEBRTABESICLIVRERELED
ND) OEIZERT S, (ZOfEI. hEn
FIESENREL, L5 UTFEEETETO
BEELEINTVLES,

4, HEEBRZEESTR

EXFhANMD YEal—iraEFTo
FRRBONCBEEST T4 DOREH
. 2DOTFREUTORES. g 8@
DWTERAITRT.
ERBRETELSTTLEBEARED
AFBl OIBERIL, botbREMEL S
Ty UFTHD [BER (ABL OH

10e/ke) ] DIRFE ADFEETI9. 98—t

24 NVABEAS 2. 06ng/kg/day TH 1, bo&db
Slrdic BB 5NS TAFBl 4 rg/ke, TAF 8

wg/kg | @B T 99.9 N—t& 1 IEW
1.88ng/kg/day TH o7z, lng/ke/day A
HEERNTNOF)FIEBNTH 0.2%
BELE-oT,

DERE

775 bR OFEMRDT. SNEEE £5E
. EEt. BEEEMSF@mENTY
D03, IARCASEHE L TWA X DI, BA %
PRLEERRBEHEETHS. TOANZX
AHIZBEL TIX AFB] TREHIIZHR SN T WS
M7 RFE O RO RO 2,
SOZHEEEMNBA A HICEBESLTHD,
TEESOESNF R O-LP450i10k
D8. 9TARFB{LL, DNA MRS >
N7 TERRNCRSL., BETFERE2RECT
ZEREDAAMEMBIERITNZIZE
AFBl XD EFINRET ENED SN TS,
—H, TRFLFELSETINIFF S S
AT —EDOERAEZZFIEESITE.
Wy FF AREERERE L. AFBl BRI N
5, TIHEZOLIERFL RSO INAND
BEAEREMBADINS 2 ANH DK
BRIV 70— ER->TNSE, IOARED
BB T AFBL DRSS IEHEICIRYTE
WHBME, TNy binED AFBL it L
TEREHOBRNTHICHERTIENE 5E
TNIFF oS-I A T725—FiEH
HEWMSEEWDRh TN, LISy b
PYIAREN 8, -TRF 2 RESEIH
THRINIFA Y ST VAT 2 5—HE
HREBWOT, 777 M T 28E
BEARBWIENEALND.,

AFBl O ffl, FIHRICZEHS 2B T 5 AFGI,
AFM1, AFQI,AFPI BXUT 73 hFa—Jb
i AFBl IZERBHMBANWDREA 2 H
T3,

TEEAZD IV AFBL BEUNARGY DR
AL TOEEREOGEWRERZE
NTWizk, LAL T EJLICBWTIL AFB2
MRBICE ST AFBL 12723 2 &R ESH
THD, AFBL BRUXAFCI BNEBH o HE2FRT
Ba. FohORBMESZIT AFBL 50
13 ARGl WERT A0 ANEETHDS &
Ez 615, WEETTORSETH. & ik
ZREWE in vitro OEBRMSRZOL I



P

ZHMPE I S HEEERIISRE R TN, L
L AFB2? BLTFAFG2 RS EIT. EREMW
DIEEMMEE B WEERM S, FHEH AFBL
D WHBLN 0% THH T EMASMIZR
> THED, #ESHERASTHEEBEL2ZRE
THESITILAPB BLAFG bEEIZAN
BRETHAD, BEETHT 75 1
DFEINAMEY Z 7 DIEFITI, AFB] D55k
ENEDNT WA, T v 7 2ARBTH
B2h—=ZNT 73 hFELTHERE
BETEHARE B EADT 7S R
Bie L3820 BREEE=FE
RICHIE T A EETREL THDHENL S,
ENEMOBRAECEEEEEET S
Fedictl, BEODMEIICEBL TWA &R
EOBET 7 hFI 0 ERLTHSED,
Fix, TOERREERTZZ &L EORE
ELOREOEENRT 7S hFI U RES
NTHENEREL. TEICONREICBITS
TZIhR DAY EFET HHEN
H5D, TLT, EER1 6FEMSFR 1 84
EETT 75 hF EBERINEHED
HHERBZP0IC 0 BRE 8D BEER
RIZT 75 M FOERERELE,
FOER, E—Fwy, Faalb—h,
VAYFA, &k T, &%, a3
7. E—=FwuynNy— TR, -
F) Wiz, ERBSEL EOBEDOFEEN
Roeink, FIC—JF v YNy, A—
DT 75 bEY BRI BNTIE,
E—F o YN —NFEEC)AJRFT
HBEENRHEEN TS (10) &ML,
BROUEICBITA Y —F v IR —DHEEER
EROREEBEATHENVRETH S, TiF
BN ZED o NN, WEDEZAFT
A SIBRIHEINT Wiz, O, FEE
J237, Fadl—kr &T7A4 MFaal—
b NBPLFE, T—FER, VAFFFTFw
W, BE—F oy, O=15) 9l HFRH
EHoNfElEMS, SREINSARDT 7

SRFIOBROUIAIERELUTHET

DB DB,
3 EHORERAER EBHINIZAROE
WENS., BEBNFTEICLD, DFEOT

TR EBROEERTIIo . £k,

BEEZRETDHLRELESE. ULTD4

DO

A a BIRK (AFBI @& 10 pglke).
FUF b AFBL: dng/ke BRURT TS
R0 8ug/ke.
o)At AFBL: 10pg/ke BEURT 72
b 15pglke
FUFdAFBL: 10ng/keg BLURET 75
b Wuelke

EFEELT. TNThOREBOEEZRA
oo BoEBERMEESLFUFTD
99, 9/%—& & 1 JLEAS 2. 06ng/ke/day TH
D, o EHPRDHT 99.9 X—E%1))
{813 1. 88ng/ke/day TH - 7=, Ing/ke/day %
BAHAEERVWTROVYFUFITBNTH
0.2%8BELIZo7=.

$ /x5 AFBL I3 LT 10 ng/keg THREL
TWABRKIZBWTIE. SEOEZE TR
OHEICBNTHEELZREBBED SNk
ok, CNEBIEICEET ERIIBNT
ik AFBl OEHEMN. RFELBRHEEZERR
HHOOEENLRVEDHEEISND,
CDERBRESTE > TWABRENEHIC
BRELTWS D E2Bm<FRLTNG,

SEIOER %, Ing/ke/day/ DT T B B
FFRTA N ABIBZE R BWT0.IA/I0FA
SEODHBADREVRA NS D ETE E
WORENSFEMT D E, BREARBWTT
TS FUVBEBICLEDIFBAREDY X
ZRTAMENbDEEZAEGNS (E 5. &
NETOMRITEI N, AFBl Z#E/IC
Ing/kg/day HEERL 2 BSOFESARER
VB BEFAFIEBSEECBSNWTIH/ 107
MEFUSLEEETIL I EINTNS,
SGEOVIab—va fHERTHRY—Fv
V. T FERICED Ing/kg/day DLk
BHTBDIBAE<AE L > THRHED
0L1~2%THY. MBFEOBERICESFRAD
BEREZZEAERRA TN W, 8bhn
2.

CodextF2005IZHEMI 7 —E> K - A
—EIT Y EXFFAORT 7T hx
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Food Additives Series 40  “Aflatoxins”

World Health Organization, Geneva 1998
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KB E B TOEHTM
UNERF, ESEE

LRk r 26 B A T AL UFARRT R SR
(1588501 HETEFHINAR LA 1181)

2 F

fefippicpiles 542 b2 viEd, KBECERLABAIS6Hh2BBEELIDLE
WIREIC AN R ENBS I TS, Z0LYTERBEIAESBRLRECH
MEBEATETHI T &x b, SETRENEMRE ISR ENRICHEMEL R
WLTWE, LaL, FECoEoEm s K 2 BB LT -0, BEENICE
I-F o AHBERTI TS, ZhbOIEEEIL FAO/WHO 25T OfSEE O EE
MEFNTH L JECFALEILE-T, BEEE-TWVWAE24 T MY 2 WRICENTE
B TvwE, ARITIE, WEEFTIECFA TN E R4 T P+ v POICERE
% TR A AT T 6 DTH S,

F—7— KBTI, —BUERSRER, i

(Received: April 10, 2006)
[TUBHIC

T4 AL FL YD LS BEAEL, REAORALERL T LR TETERAITN T LR
BTHhD. FTOED, INODBIZ > T HBI S h A MEHELME»I2 L [EEOSLET 3
R b [Genli) #HET2 Ity ~IEEREENEL+ ST L, TAThoE0Y
SRRSO A S LTI 2 BT 5 2 2 2, B ABEEE:Bhhs,

BEHES & BT B 7= 0 12T & FHREEOIE, BIEE, ALY Y 7Y VR EUUs
) F - a v EREGHIFE, SEHERL S SO REEAOEE, BHE TS oOEED
i & B RUTH T B RFIRIES & 53 545, AT CRBEETFMIC OV TRNS.

SR

HVERRNE, FAO/WHO &RI&&BIWEIER S (JECFA) &l T, EfEMICEAMOE
HEEB-TITHhATNA, HEHENRICE PEEBEETRENTHIBEIE, TOEENELD
WCEIMiE M B AS, B LA EDEAIEEME MO EBERBROBRLZ S LICENE N, BESTDLA
TV AERIM A Voo B ER BRI, HOME5EMAER, MERSFEMRE, s
B ERHEERSELES S, FRREMRBRTEREMERWEAERAELADZ I8, Th
5OERENT, OECD IZ K VIEL Eh-FEOL 3 CERNCEL s hiEd 4 K54 VIS TS
ZENEE L,
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LR, 7 PR XIS B & 1 EREIEICES L, RS S hiitho 50
BT BIR (LDw) ERDBEDTHS. &/, CORBICLDED L S LBUNREL,
FORN R EATH I ETIRT A I EATE S,

ARG BEVEASRIZIZ 28 (105 3 o A2 TOEMBURRLE 126 2 £ TORIIHIERE S
H5, G BMERROFERE» S/ oMW AHRAEEID, EETA2HEA MDD, BRI
WA OISR TS L, B o SRR, s, BB SARE L, IR T8
HALFHAER, IR IR E A A S,

LRTHERENT, 7o PR T ERW R L B A, FRMEORE, FK, BEHR, KBRS,
PR BERDRT AR IS T A A R T A A 0T H A, MR L -E=RIM (F 0 1Y)
SRR A I IR S U, 2 ORICIERD, MR X85, ROBROEY (F1HR) 26k
FLte D 5 BT A RRTIC IR S L, 2, % &2, F2 RoHER TR ERE s
BB,

ARG, RN ERREORRICEZ»ES A AZRRETHE, IHR6ELS
15 B oS- LT, 21 BT UIBRO B RRELHIRRE LT 5.

B BB 13, #RE 2 DNA 2187 2 »E2 % in vitro £ 743 in vivo T&
HEETH D, Invio FURATIH B L EFR IZEZROT, BWHABROEMERLRHT 5 Ames FHER
F 7SI TS I O R R R A R T B RBE T b h A Invive BBk E U TiL, IZFLGMY
DB NI ORE AN & RAE T 3 MRS Thh 5, '

FEH PRI, TN ETORBERTRPANZ2EH T 2TRENEVERBEIZIONTITbh
DR THO, T b BIUYT A WS L-TRES) #8015 - 2EBMKEHRSL, B
B U 7= 0055 00 IR =0 56 1 M A P b e & S BB TSRS B Z L TRAVPAMEZHIET 5. L3
BHORA M EFNT AEIFERRE UTIARC A H 20, 2T 7 AT Ehki i iz2F o1
BT EMNE,

FOMOMENEE T, RRRE (SRR PR AR T, B SE & &) PEREM
A BEENGE, & s AR, BEAMIESE»FETFE NS,

—HEEMEENEORE

L FE T M 4 OB BRSO 2 b | ERIZSMENRER (BRENRER) 2o, Rkl
fEFI R (NOEL) F /i3 Kieizie (NOAEL) #Kb 3 T &%y, & L NOEL NOAEL MERE
A LB, RNE R (LOAEL) #4232 db b, ZITREShZREARERE
HEITREHEERCT, ~HYEMEHIE PMIDD & LTHWS. L L, SUETRE»L
5 h7- NOEL 743 NOAEL & 1 & , {hDFHERBR THE &5 1f NOEL /713 NOAEL DR E YK
Dot AE, FOMEBRFICREEINS, 7, FOERDESEREYE S 50RO L E
PRBIIBEELERE 250 T, @, toF -2 -4 mkah s, %% TIZJECFAY T
Ml TR YA 2 P EIVENGRIZ, JARCEY, [PCS W EUSCF? R EMNAERLTWEE
HERBR I DV TIHIICE LD e DFFR 1 —TICE LA, JhbDREVEFTRE ST
AEMREEROTFELLOE v 27 9 T LAELDTH ), HENZLOTR AW &2 THNB
ENAELG, COLSEBEMRRS YA T LFFY YDA TWAE I L2 M- Tu A Thid
EEWTHE.

TREDFiA 6 JECFAICBWTIE, A2 5 %% v AD PMTIDI & 14 ng/kg bw/day & L T
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#£1. T RFL

BEFLET A
(1) HeHy MO
i SRR D 0.9 %25 FLPIT 20 % AR HEAl,
Coww T (1) AFBi [RfSPITREF S h AFM,, AFP, AFQI, AFLIZZEfRE

., EHIZAFLM), AFLH) IS BmaEh 35,
(2) HFBETF + o O 4 P450 i & ¥ AFR1-8 J-epoxide % ERR.

2) BRI

0.3 mg/kg bw (AFBi #8201, &4 &)

(3) kOl Etl g

D M {zEE

) BT S S DR

i) BRI

25200 ng (AFB;: Ames 3B, YT F )

2) Sy

D3ty e e B 1 R R (IR 72

i) IARC &' — 7"

0.3 A)

SEERIDH -

Sufficient evidence (+% ZfEHL) . 77 7 F 2y OREW,

AFB1, AFGy

Limited evidence (fRAENYZEIHY) | AFB2

Inadequate evidence (R4 7Zcst#) | AFG2

= D

group 1 (AICH L THRSAAMEZTT) 1777 b F L rOEEY

3) “ERTERE

V) AERUEECINT A R %;{DI;L VERIEE

i) BT R

4} REARNEME

) BRI B 5 S IR

i) B A

W~ NENE Tk

5) % DAL RENE

300 ug/kg bw/day (45&B, 3 v 1)

BB R Mt RIEOKT
N/A: not available
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&2 FUrIrFLVA
BEMER
(1) W, i, S TR eGa
s R AL, HtEASWR
il PRI 24 DFI RIS - B - A5 - BFUE - T - R - O
T ML L e £
i R BWRURS &Pt ]
ot NP TAERIEIZ L 5T dR)4 A Foadst o7y
Al gh, s5itF s rxvralin@ahs. ERE
D36, 6%NF 2T rEPALLT, 115 %A (4R)-4- >
A FoAFLF o3 bFAELT, 2527 %8455+
Yok UTIRD 5 HER,
(2) bt
LDse gtz 2 - FaREL, w9 X - 7o FiEEN

TR oy

0.2 mg/kgbw (BO: 4 %)
Tmg/kgbw (O : 745)
46-58 mg/kg bw (B0 <=9 1)

ihfil / SBAES IR (BB, Db, RRIE, OE)
FATE (PR, )R

T

FEBLAEA A B B I & ANV Y

BRI R

NOEL = 0.008 mg/kg bw/day (501, $12 Bk, 74)

W REHEAL

(4) RIVELLATDE

1) Wisit

D) BIZRAEITET B R S AR iR

(1) 04 pg/ml (AFRRYHURSIEMIRL, < &)
(2) 290 pg/kg bw/2 days (Gavage, 6-12 38, 7o 1)

(1) Raz W) DNA &5&
(2) B, FFE DNA BB

2y TRiwtt

i) FRIEPE I B AR S UKV NOAEL

i) B R

i) IARC 7 n—7

NOEL = 21 pg/kg bw/ 8518 (24, 5 v I)

JEERTH | 5y Bt (sufficient evidence)
EblAL—F 0B (RAVEERTIRENS D)

3) AR

b ARATEEIZ R B e b KV B

it ) FEIESE R

1 mg/kg bw/day ({Ffk6~15H, 7w +)

R RO B R

4) HESFIEE

IR A0 A T e WY R Y= Jisd
i) BN

| 1.2 mg/kg bw/day (AER8~11H, v )

JHEYLel

5) T OO

i) Fo{hORERLC T 3 B4 {50 NOAEL

i) BUNEE R

(1) 029 mg/kg bw (F13, 117 4805, 6,80, #AEEMY)
(2) LOEL = 40 ug/kg bw/day (REEFNE, w72}

(1) Mm% (k) HAHaE
(2) Kulg/ Ak oET
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&3 FhAEvZAL/-
TEVESEA
(1) TS
e E R E D YN
""" R P e

SR (VAR (At

3-Acetyldeoxynivzlenol, 15-Acetyldeoxynivalenol

(2) BdEaipk

LDs

BEIA BT RN

27 mg/kg bw (ZF, 10 £, 7))
46 mg/kg bw (50}, == )

Helg s gaan, g - mauk

(3) ) EPENTSS

R PR I B e B ATV R0
T R0 T

NOEL = 0.04 mg/kg bw/day ($00, 74)

PR, BRI

(4) BRI AEPTANT N

1) B

)RV B i B IR RS

héﬁrgj

i) RS

0.06 mg/kg bw/day (£, 8181, w7 =)

B R S0

2) TR

) SRS IS B R R GO B

i) [ARC ¥ n—7

g Ehion

Dgroup 3 (FEH VP OWTHETELZN)

3) AR

) RRUEVEIZ YA B IS0 EDE

NOAFEL = 0.375 mg/kg bw/day (10, v 2)

BRB O SR ORI

4) fEATIAE

1) fEATENEIC AT A RS ALY
i) BRSSO

NOAEL = 0.5 mg/kg bw/day (0O, < 2)

NIRRT S, NREE, BRAE

5) F Ol

) OO BT 5 RS IR RIE

i) BT

{1) NOEL = 0.1 mg/ke bw/day {7 %)
(2) NOAEL = 0.25 mg/kg bw/day (BFgEts. v %)

(1) REET
(2) Srseo bR/
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P WA IV,

ARG
{1) 44, Pelh UMt
3 4i5 57 B TS 23 % UHE (N5, T, T, ) Xi3m
WHICHED.
""" w | aemumckss snE sk
(2) B ‘
LDso 2948 mg/kg bw (0O, #v I )
45.7 mg/kg bw (R, v 2)
""" mwe e w®&
(3} HIWIEE R
iﬁJUlTﬂt’Iil:rﬂ-ﬂ'éﬁ%ﬁﬂh\"&%g{ 0.1 mg/kg bw/day (JHE, 7o b}
""""" womow® | FR. MM-ME/DNA, RNAROWS
(4) S REMEITR
1) MAHEH:
i) UERTEIEC T B i SR EUE 20 mg/kg bw/day (RBLCl1, NAX ¥ —)
""" N T
2) FEWEYE:
1) SR B R SN NOEL = 0.1 mg/kg bw/H 3@
""" O wwsoww 0 Na T
""" i) ARCZL—7 | S0 inadequate evidence (RFAAIEM)
3) ARt
i) ERGEPEIC N B B ARG B BEgahign
""" N 0 T
4) fil AN
T RIS B B SN R 1.5 mg/kg bw/day (23, 5 )
U e v BROKEET - mRE
5) F OB W
i) ZOMOEEYHIET B EVEE | (1) 2mg/kg bw (REEMN)
{2) 1.6 mg/kg bw/day (MERE, Z o ) (FREEEML)
""" O mowesww | () BERRECYTsRGEOET
(2 7¥FR2 ) Y1 A5 F - ¥ & Na/KATPase DIEEIZ L B
ThH AR UETIEE
—5q —

P32



Vol. 56 (2), 2008

E5 T2 rxvr

TR
(1) Pheh RO _
S T2 My EUVETORMEDET L2 0 vEM RS ERITES RS
gt
e ] WAHTIET € F Ak Eh, HT2 b55 Y, T2 7 b 54— LIfRal,
(2) T '
LDso 0. 06 mg/kg bw (LT, 3 3)

BRI

ST M & UHESE

%fﬁnﬂ’l‘ BAapE, KRk, TH, B-/NE- B R *"}i:

(3) HWIREMEOFSS

TR T 3 it L R0AY/3)4

RS /e

LOAEL = 0.06 mg/kg bw/day (338H), 787 %)
BILERE - RO Ielig - IR0

(4) Jedulwidd:ap 7%

1) A

) HEEYEICBY S B I SO ERIE

i) k“‘m?;»’ﬁ/ﬁ,@

(1) 0.1 pg/ml (34 22— V79 {I88) (a)
(2} 0.015 mg/kg bw/day (FECY, =¥ 2, 12 86H)

(1) BiEFER
(2) AR AL - Bt

2) sertt

i) SRR B R AR RE

i) TARC #'—F

R  BREN L (limited evidence)

3 AHGEE

) ARDETEC T B A S G BRI

i) PR R

NOAEL = 0.45 mg/kg bw/day (2nd generation)

& TR 1 B )

4) fEEIAE

V) MRS B R S ADEbE | BEahg
e T a T
5) T OO
() F DM BN 3 7 S5 I | LOAEL - 0.23 mg/kg bw/day

i) EoIEE gt

0.75 mg/kg bw/day (DNA/RNA & SFRE)

0.75 mg/kg bw/day (BEEESHEE, BEE, vo2)
10 mg/kg bw/day (TR - X, vH2)

20 pg/kg bw/day (Gmik - M, 7%)

oRstE, ATIRIE, &0 _LRBIRL
BEE, MR, R9lR (REoEAREF)
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#6. TEZVY

TENEEFAN
(1) B, B AR TS
RECIHE BCR 5% ompiIEe A ¥ s,
""" W v=EscoamemolbErs.
(2) B ARV ,
@ LDw POt Bt AR S b

ORI G

(3) RN EMEAF

QEBRERIIT 3 ] 5V RIE

O R

NOAEL = 1.8 mg/kg bw/day (FB1,
NOAEL = 0.2 mg/kg bw/day {FB1,
NOAEL = 0.2 mg/kg bw/day (FB1
NOAEL < 4.5 mg/kg bw/day (FB1

TUA)
Gy by
L TR
. TE)

APhR, WhE, B (HEAHEEBE (12), <),

| ORI REE (13), 7 )

(4) B0 LR

DR EFHETE

) MR B R LT

i) RRRRRTRW

AL 457

DT

) RIS I A RGO B

____________________________________

i) JARC #A—7

LOEL = 0.67 mg/kg bw/day (BB, 5 v })
LOEL = 0.7 mg/kg bw/day (AFBE, M o )

HE F344/N 7 v M ICIRHIEIREASHBIZIHM
i B6C3F1 7 v MCHREBASHRICHEM

BRI © 4372 EEH (sufficient evidence)
E b ogroupZB (ALK LU TRPARERTEHESXS 3)

QAR
i) ARREMZ S B I b A R o x e
_____ O mtmesws 0 Na T
Oy g Ak
i) BEATEPEIC RS S R R A R 10 mg/kg body weight.in LMBc mouse (22)
''''' O mmvowE |~ esems0 0
®F OO EHM:

i) HENEE R
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HE AR

(1) w0 AT Gt

EVINR I

RECIFERLZ , 80-85 AR & h 5.

a -zearalenol, [f -zearalenol, « -zearalanol, /I -zearalanol,

FEREY T REW

220 g/kg bw (L1, = 32)

(3) AUI0LEPERT

KIHIEYEIZINT 3 R & {5V NOAEL

(P R Pics

NOEL = 40 yg/ke bw/day (0. 7 #)
NOEL = 100 pg/kg bw/day (303, 5« b)

T

(4) RIEYERERA

1) #EE

D) B {ATEVEICRIE 2 RS K0 NOAEL

it ) B RN S

2 mg/kg bw/day (T§lE, v )
DNA HiHED B

2 ¥Ematl
i) BRtEIBT AR KLY N/A
iy EEMRRT T N/A

PERGDYD © PREERTAGERE (limited evidence)
b b ogroup 3 (BF I OWTHET R W)

3) AANAETE

£) ERTIEMICBT B R b 16 e

i ) B E R

40 ug/kg bw/day (R, 7 #)

TEERSYPM, 2 oy R

4) REa etk

i) REAETECE T A R0 R
§) R R

HE X

5) T Ot

i) TOMBOEEIIRT 2 RS g

it ) B

) AT 7 R DR IR B
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V14 [KZ Health Canada™ Tid 4 ng/kg bw/day, EU Ti3 5ng/kgbw/day & LTW3 . T4 F
ZNL S —1LdD PMTDI it 1pg/kg bw/day & LT& D, BOBLIZIZEETH 5. JECFA Tid/®
V) Vi, 0dmg/kg bw/day DR Z3M 3 BHR S U - RAEN (CEREEMNE - BR2AN) OBR» 5
NOEL=43 ng/kg bw/day L E5\ L, £ DEICEKEFE 100 5 LT, PMTIDI # 0.4 ug/kg bw/day & L
F2. T2 bEI VI, T2 TO LOEL-29 png/kg bw/day % % &2 LT, BEES00 %58 L, PMIDI %
60 ng/kgbw/day &S L7, 7BV Vi, 79 FPEOEBEBEMKBRIC B 2 FEMTICET S
NOEL~0.2 mg/kg bw/day # £ UF 7 » P ED R BRI IC B 13 2 BIEE ICB T 5 NOEL-0.67
mg/kg bw/day 2 5 FLEHEF 100 &£ LT, PMTDI % 2 ug/kg bw/day & L7z ¥7 5L / » O PMTDI
12 TECFA TH 05 pg/kg bw/day &35 LTV 348, EU® i 0.2 pug/kg bw/day & LTV 5,

SHROERE

777XV VDESIOBETEREETIRI VBEOBECIILEVENRVEDLELL
NTWBZ a6, FINRFYRIZHESITIAARETHELERBEINTHEY PIDIIIRESh
Ty, LA LUES, SREREOM, #2WEE0 BB+ ZRICAH, KENETFAICES
WT [HY ) R 2 AIETE 5 3 AR (negligible cancer risk intake) | ##E@E L, FEMEMEEEIC
ROusilAadifiz > Tnd Y,
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Toxicological study in experimental animal for hazard identification of myecotoxins

Yoshiko SuGrta-Kownisal and Atsuiaka KuBosakt National Institute of Health Sciences (Setagaya, Tokyo
1588501 Japan)

As mycotoxins can never be completely removed from commodities, many countries have regulated their
levels in food according to their known adverse health effect. For defining the regulation level, an assessment
of the health risk is required. To understand the toxic properties of mycotoxins, it is necessary to perform
short-term, sub-chronic, and chronic studies at varfous doses using experimental animals. Also needed are
carcinogenic studies in vivo and in vitro using bacteria. From each adequately performed animal study, a
threshold dose, such as the NOAEL or NCEL, is defined. The value is essential for the estimation of a
provisional tolerable daily intake (PMTDI). I present toxicological data and information of mycooxins that
have been evaluated by JECFA.

Key words : mycotoxins, PMTDI, NOEL
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The mechanism of the carcinogenic effect of aflatoxins and
the occurrence of aflatoxin B, in nuts in Japan

Yoshiko SUGITA-KONISHI

Department of Microbiology, National Institute of Health Sciences
(1-18-1, Kamiyoga, Setagaya-ku, Tokyo 1588501, Japan)

Key words : aflatoxins, carcinogenesis, mechanism, occurrence, peanuts, almond, pistachio

(Received: May 20, 2005}
Introduction

Aflatoxins (AF) are recognized as the strongest causative agent of liver cancer. AF are a group of
closely related compounds with small differences in chemical composition. Aflatoxin B, (AFBy), B
(AFB,), G (AFGy) and G: (AFGy) are frequently found in food. AFB, is the most potent and well
studied among them. It is generally accepted that dietary exposure to AFB. is associated with an
increased incidence of hepatocarcinogenesis. In this paper, the mechanism of the carcinogenic effect
of AFB, is examined based on-an evaluation by the International Agency for Research of Cancer
(IARC) in 2002, The occurrence of AFB: in nuts in Japan is also investigated.

The mechanism of carcinogenesis

Aflatoxins (AF) are metabolized in the liver upon ingestion and the metabolites possess
carcinogenicity. There has been numerous studies on AFB,. AFB, is processed through a number of
competing pathways. These pathways have been well reviewed and are summarized in Fig. 1. In the
primary stage, AFB, is conversed into 8,9 epoxide or hydrolated metabolites by cytochrome P 450
enzymes (CYP). Based on experiments in animals, CYP3A4 and CYP1A2 have been identified as
major enzymes in the metabolism of AE CYP3A4 mainly generates exo-8, 9 epoxide and CYP1A2 also
generates exo-8, 9 epoxide but mainly endo-8, 9 epoxide and Aflatoxin M,.

Most of the exo- 8,9 epoxide binds to N7-guanine in DNA or protein and forms DNA-adducts or
protein-adducts, leading to genetic changes necessary for malignant transformation and cellular
toxicity. However, the remaining exo-8, 9 epoxide and end-8, 9 epoxide are detoxified via a number of
pathways, resulting in glutathion S-transferase conjugates and 8,9-dihydrodiol. Also, the dialdehydes
from AFB, and AFG; form Schiff bases with primary amine groups, stich as lysine.

DNA adducts are related to a high frequency of mutations affecting 249* of the pb3 tumor
suppressor gene {codon 249 G: C to T: A transversion), resulting in an inactivation of p53 function.
As a dose-dependent relationship between 249*" mutant in the p53 gene and the intake of AFB; has
been observed, DNA adducts are used as a biological marker to estimate the risk of liver cancer
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caused by AE

There is synergism between Hepatitis B Virus (HBV) infection and exposure to AF in
hepatocarcinogenesis. As part of the background of viral infection, the AFB,-DNA adduct could allow
the fixation of G: C to T: A at 249 in the p53 gene, leading to an acceleration of the neoplastic
process. In areas with a high prevalence of AFB; and HBV infection, this synergistic interaction has
been observed significantly. This synergy is recognized as an important factor for cancer.

The differences in susceptibility to AF depend on various pathways, being the result of activation
of the epoxide and the reaction of the epoxide with proteins and DNA. The phamacokinetics of AF in
hurnans are still not clear.

Several investigators have studied the carcinogenic potential of AF in vivo using laboratory
animals and most of these studies have focused on AFB, and hepatocarcinogenesis. Based on such
toxicological studies and on epidemiological studies in humans, JECFA estimated the incidence
(cancers/year per 100,000 people) of liver cancer resulting from exposure to 1 ng/kg body weight per
day of AFB;. According to this, no-HBV carrier estimates for AFB: alone would have been 0.01 per
100,000 per year on average and the HBV-carrier estimates would have been 0.3 per 100,000 per year,
Assuming a population with 1 % carriers of HBV, the estimated population potency for this population
is0.01x 99 % + 0.3 x 1 % =0.013 cancers/year per 100,000 population per ng AFB.. If the proportion of
HBV carriers is 25 %, this yields an estimated population potency of 0.01 x 75 % + 0.3 x 25 % = 0.083
cancers/year per 100,000 population per ng AFB,. Finally, the estimated population risk for liver
cancer depends on the intake of AFB:.

Therefore, in order to reduce the potential risk for liver cancer, it is important to prevent
exposure to AF, To minimize exposure, a variety of approaches exist, such as control through good
agricultural practice (GAP), control through the HACCP program during processing, the setting of
maximum limits of AF contamination in commodities and enforcement in international trade.

Contamination of nuts in Japan

The acceptable level of AFB, in commodities is 10 pug/kg in Japan. Table 1 shows the contravention

P39



P40

Vol. 55 (2), 2005 131

for AFB, contamination in imported commodities in the monitoring systems of quarantine in Japan,
Contravention occurred in 32 of 5777 cases in 2003 and 43 of 7978 cases in 2004. The rate of
contravention for nuts, spices and pigeon tear was more than 50 %, 22 % and 16 %, respectively, in the
last 2 years. These results Hem_gnshate that nuts are the main source of contamination in Japan.
Focusing on nuts, 6.9 % (355 of 5117) of samples were contaminated with AFB, at 0.2~760 ug/kg and
2.8 % (145 of 5117) of samples has more than 10 pg/kg of AFB, in peanuts imported in 1999 ~ 2000%,
Itoh et al®. reported that among raw shelled peanuts imported into Japan from 1972 to 1991, the
concentration of AFB; exceeding 10 pg/kg was detected in 0.4 % of samples (24 lots of 5,595).
Improvements in the method of sample preparation, which were introduces from 1999, would be one
reason why the rate of detection of AFB; increased in 1999 ~ 2000 compared with 1972-1991.

The level of contamination in pistachio nuts imported from 2000 to 2003 is shown in Table 2. In
2000 ~ 2001, the percentage of positive cases was more than 40 %, but in 2002~2003, it was less than
8 %. Although in 2000 the rate of contravention was 2.9 %, this fell to 0.6 % after 2002. The maximum
level of AFB, in 2000 was 643.5 pg/kg but in the last 2 years, the maximum level was 95.3 ng/kg. In
the period from 1997 to 1998, the rate of contravention for AFB: in pistachio nuts was more than 30 %
on inspection at ports?, though 3 % of nuts purchased from local markets were found to contain more
than 10 pg/kg of AFB,”. The ministry of Health, Lobour and Welfare in Japan ordered the testing of
all lots of pistachio nuts and requested that exporting countries provide good quality nut with less
than 10 ng/kg of AFB;. Strengthened monitoring for pistachio nuts and the request resulted in a
decrease in the rate of contravention after 2002. ‘

The level of contamination in almond nuts imported from 2000 to 2003 is listed in Table 3, The
proportion of positive cases was in the range of 12~16 % and that exceeding 10 pg/kg was in the range
of 0.05-0.17 %. Though no AFB, was detected in 151 samples of almond nuts in 1998, there are some
contaminated cases with relatively low levels of AFB, in the late years.

With regard to AFB; in peanuts, almond nuts and pistachio nuts imported into Japan, relatively

Table 1. Contravention cases for AFBI in Japan from 2003 to 2004

year 2003 2004

number of monitoring 5777 7078
number of contravention 32 43
nuts 50 % 62 %

proportion of contravention spices 24 % 22%
pigeon tear 24 % 16 %

Table 2. Occurrence of AF contamination of almond nuts imported into Japan from 2000 to 2003

number of pumber of detection 0.2:10 ng/k > 10 pg/k contravention
year samples positive samples ratio (%) ’ HE/KE HE/kE ratio (%)
2000 1251 13 1.01 12 1 0.08
2001 1943 16 0.82 16 0 0.00 .
2002 1654 15 0.89 12 3 0.18
2003 1778 12 0.67 12 1 0.06
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Table 3. Occurrence of AF contamination of pistatio nuts imported inte Japan from 2000 to 2003

. number of number of detection confravention
.2-10 k .
year samples positive sarmples ratio (%) 0210 pg/kg > 10 pevkg ratio (%)
2000 877 68 7.75 42 26 2.96
2001 786 40 5.09 28 12 1.53
2002 310 5 1.61 3 2 0.65
2003 368 8 217 ) 0 0.00

low incidences and low levels of AFB, have been found. Therefore, the current risk for liver cancer
caused by AFB, seems to be very low. However, it is important fo establish appropriate regulations
and to enforce a monitoring program. At present, many countries regulate AF contamination in food
as total AF In Japan, the time for reconsideration of the regulation as total AF has come.

I would like to thank Mycotoxin Research Association, Nippon Kaiji Kentei Kyoukat and Japan
Frozen Food Association for providing information on AF contamination in nuts imported into Japan.
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ABSTRACT

We conducted a survey of aflatoxin By, B;, Gy, and G,, ochratoxin A, and fumenisin B, B,, and By contamination in
various foods on the retail market in Japan in 2004 and 2005. The mycotoxins were analyzed by high-performance liquid
chromatography, lignid chromatography—mass spectrometry, or high-performance thin-layer chromatography. Aflatoxins were
detected in 10 of 21 peanut butter samples; the highest concentration of aflatoxin By was 2.59 pg/kg. Aflatoxin contamination
was not found in com products, corn, peanuts, buckwheat flour, dried buckwheat neodles, rice, or sesame oil. Ochratoxin A
was detected in oatmeal, wheat flous, rye, buckwheat flour, green coffee beans, roasted coffee beans, raising, beer, and wine
but not in rice or camn products. Ochratoxin A concentrations in contaminated samples were below 0.8 pg/kg. Fumonisins
were detected in popcorn, frozen com, comn flakes, and com grits. The highest concentrations of famonising By, B, and B,
in these samples were 354.0, 94.0, and 64.0 pg /Kp, respectively.

Mycotoxin contamination in agricultural products is a
significant threat to human health and results in enonmous
economic losses from exclusion of contaminated products
from food and feed chains. Among numerous mycotoxins,
aflatoxins (AFs), ochratoxin A (OTA), and fumonising are
of high priority for control because of their frequent and
worldwide distribution in agricultural products.

AFs arc potent hepatotoxic and hepatocarcinogenic
compounds produced by Aspergillus favus and Aspergillus
parasiticus. In Asia and Africa, human hepatic cancers and
acute fatal diseases, including hepatic lesions, have been
associated with consumption of foods heavily contaminated
with these toxins (4, 12). Commodities frequently contam-
inated include peanuts, tree nuts, spices, com, rice, cotton-
seed, dry fruits, and copra (§). OTA is produced by Peni-
cillium verrucosum and various species of dspergilflus and
is regarded as the causal agent of endemic nephropathy and
urinary tract tumor in the Balkans (7}, A variety of com-
modities are contaminated with OTA; relatively high levels
of contamination have been found in com, rye, and coffee
¢7). Fumonisins are produced by Fusarium verticillioides,
Fusarium proliferatum, and other Fusgrium species. Fu-
monisin contamination in corn has been observed in many
areas of the world (8), and an association between human
esophageal cancer and high concentrations of fumonisin in
comn has been reported in China and Africa (3, /9, 24).

* Author for correspondence, Tel: 81-3-3700-1141; Fax: 81-3-3700-9527;
E-mail; ykonishi @nihs.go.jp.

Although contamination of food with these mycotoxins
has been studied extensively in Europe and North America,
relatively little information has come from Asia. In Japan,
a survey of AF contamination has been conducted for a
variety of foods (I, 70, 20, 21), but data on OTA and fu-
monisin contamination in local and imported foods are very
limited (13, /8). In 2004 and 2005, we conducted a survey
of AF, OTA, and fumonisin contamination in various foods
collected from retail markets in Japan to evaluate the risk
to the health of Japanese consumers.

MATERIALS AND METHODS

Sampling. Rice and wheat samples were harvested in the
2004 fiscal year except for 2 samples of rice (2003 fiscal year)
were supplied from the Ministry of Agriculture, Forestry and
Fisheries. All other samples were purchased in a random manner
from local supermarkets and small retail shops in all parts of Japan
from the summer of 2004 to winter of 2005, Samples were stored
at 4°C until analysis.

Reagents. AFB,, AFB,, AFG,, AFG,, and OTA standards
were purchased from Sigme-Aldrich Co. (St Lowuis, Mo.). Fu-
monisin By (FB,) and FB, were purchased from CALBICCHEM
{San Diego, Calif.), and FB, was from PROMEC Medical Re-
search Council (Tygerberg, South Africa). Methanol and aceto-
pitrile were high-performance liquid chromatography (HPLC)
grade. Water was pwrified in a Milli-Q system (Millipore Co.,
Bedford, Mass.). All other reagents were of the highest analytical
grade available.

,_-85_
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Standard solutions. Original standard solutions of AFB,,
AFB,, AFG,, and AFG, were prepared in toluene-acetonitrile (9:
1), and a standard solution of OTA was prepared in toluene—acetic
acid (99:1). The conceniration was determined according to the
AOAC International method (23). An AF mixed stock solution (4
pg/ml for each toxin) and a OTA stock solution {1 pg/ml) was
prepared by dilution with acetonitrile and toluene—acetic acid (9%
1), respectively, A fumonisin mixed stock solution (20 pg/mi for
cach toxin) was prepared by dilution with acetonitrile-water (i:1).

Extraction and ansalysis of AFs, AFs in collected samples
were analyzed at five independent laboratories, Twenty-five grams
of finely ground sample {except for peanut butter and sesame seed
oil) was extracted with 100 ml of methanol-water (8:2) and 5 g
of sodium chioride by shaking for 30 min. The extract was filtered
through no. 4 filter paper {Whatman, Clifton, N.J.). Ten milliliters
of filtered solution was diluied to 50 ml with phosphate-buffered
saline (PBS, pH 7.4) and filtered through a Whatman 934AH glass
microfiber filler. Twenty milliliters of filtered solution was loaded
onto an AfiaTest P column (Vicam, Watertown, Mass.) at a flow
rate of 1 drop per s. After washing with PBS and then purified
water, the column was dried by pushing air into the column with
a syringe. AFs were eluted with acetonitrile into a silanized amber
vial (4.0 ml, Supelco, Bellefonte, Pa.). The eluate was evaporated
to dryness under a gentle stream of nitrogen gas at 40°C. For
trifluoroacetic acid (TFA) derivatization, the residue was treated
with 0.1 m! of TFA for 15 min, and 0.9 ml of injection solvent
(acetonitrile-water, 1:9} was added to the mixture, For photochem-
ical reactor derivatization, the residue was dissolved in 1.0 ml of
injection solvent and injected into the HPLC system, which con-
sisted of an LC-10AD pump, a SIL-10A autoinjector {100-pl
loop), 2 CTO-10AC column oven, an RF-10AXL fluorescence
detector {excitation, 360 nm; emission, 450 nm), a DGU-3A de-
gasser, a CBM-10A communication bus module, and a class LC-
10 chromatography data system (Simadzu, Kyoto, Japan). The an-
alytical column (4.6 mm by 250 mm by 5 wm; Inertsil ODS-3V,
GL Sciences, Inc., Tokyo, Japan) was kept at 45°C with a mobile
phase of acetonitrile-methanol-water {1:3:6) at a flow raie of 1.0
ml/min for TFA derivatization or with acetonitrile-methanol-water
(2:3:5) at a flow rate of 0.7 ml/min for photochemical reactor
derivatization. The photochemical reactor for enhanced detection
consisted of a short-wave UV lamp and a knitted Teflon tube (0.25
mm by 20 m, Aura Industry Inc., New York) and was set between
the analytical ¢olumn and the detector. The calibration curve was
prepared by plotiing the peak height against the concentration of

" AF standards. Quantification of each AF in sample solution was
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performed by measuring the peak height at each retention time
and comparing these curves with a relevant calibration curve.

For peanut butter and sesame seed oil samples, the method
of Kamimura et al. (9) was used for analysis, A 10- or 20-g sam-
ple was extracted with 50 or 100 mi of chioroform. The extract
was loaded on florisil columns, from which AFs were eluted with
acetone-water (99:1). The eluate was evaporated to dryness under
reduced pressure, and the residue was dissolved in 200 ] of chle-
roform. A 20-ul portion was evaporated to dryness and deriva-
tized with TFA for quantitative analysis by HPLC as described
above.

Extraction znd analysis of OTA. OTA in collected samples
was analyzed at five independent laboratories with a standardized
analyticat method. Each sample (except for raisins, beer, and wine)
was thoroughly mixed and ground to a fine powder. Raisins were
slurred with water (five parts raisins to four parts water, wt/wt) io
form a homogenous paste. Beer was degassed in an ultrasonic bath
for 30 min. Extraction solvents used in this survey were methanol-

J. Food Prot., Vol. 69, No. 6

water (8:2) and § g of sodium chloride for corn, corn products,
rice, oatmneal, and buckwheat flour, acetonitrile-water (6:4) for
wheat and rye flour, and methanol-1% sodium bicarbonate (7:3)
for coffee and raisins. Twenty-five grams of sample (45 g of rai-
sins paste} was extracted in 100 ml (80 ml for raisins paste) of
extraction solvent by shaking for 30 min. The extract was filtered
through Whatman no. 4 paper. Ten milliliters of filtered solution
was diluted to 50 ml (100 ml for coffee) with PBS or with PBS
plus 0.01% Tween 20 (PBS-Tween) for coffee and raisin samples
and filtered through a Whatman 934AH glass microfiber filter.
Twenty milliliters of filtrate (40 ml for coffee) was loaded onto
an OchraTest column (Vicam) at a flow rate of 1 drop per s. The
column was washed with PBS (PBS-Tween for coffee and raisin
samples} and then with purified water. For beer and wine, 10 g of
sample sclution was diluted with 10 m! of 1% polyethylene glycol
8000 plus 5% sodium bicarbonate and filtered through a Whatman
934AH glass microfiber filter. Ten milliliters of filtrate was loaded
onto the OchraTest column at a flow rate of 1 drop per s, and the
column was washed with 2.5% sodium chloride plus 0.5% sodium
bicarbonate followed by purified water. OTA was elvted into the
Silanized amber vial with three washes (I ml each time) of meth-
anol-acetic acid (99:1). The eluate was evaporated to dryness un-
der a gentle stream of nitrogen gas at 40°C. The residue was
dissolved in 1.0 mi of injection solvent (acetonitrile~water—acetic
acid, 30:70:1) and injected into the HPLC system. The analytical
column (4.6 by 250 mm by 5 pm; Inertsil ODS-3V, G1. Sciences)
was kept at 45°C with a mobile phase of acetonitrile~water-acetic
acid (55:43:2) at a flow rate of 1.0 mi/min. Standard OTA sclu-
tions for HPLC or 100 pl of test sample solution were injected
into the HPLC system. The calibration curve was prepared by
plotting the peak height against the concentration of OTA stan-
dards. Quantification of OTA was performed with the same man-
ner used for the AF analysis,

Extraction and analysis of fumonisins. A 20-g sample was
weighed and extracted with 100 m} methanol-water (3:1} by shak-
ing for 15 min, The extract was filtered with Whatman no. 4 filter
paper and applied to Bond Elut LRC SAX cartridge (Varian, Palo
Alto, Calif). The cartridge was conditioned with methano! and
then with methanol-water (3:1). The filtrate was applied to the
cartridge at a flow rate of 1 or 2 drops per s. The cartridge was
washed with methanol-water (3:1) and then methanol, and fu-
monisins were eluted with methancl-acetic acid (99:1). The eluate
was evaporated at ca. 40°C and dried under a nitrogen stream.
The residue was dissolved in 1 ml of acetonitrile-water (1:1),
mixed well, and filtered with 2 membrane filter, and 5 pl! was
loaded onto a ZORBAX Eclipse XDB-C18 columa (inside di-
ameter, 150 by 2.1 mm; Agilent, Palo Alto, Calif) at 40°C for
liquid chromatography—mass spectrometry analysis. The mobile
phase was a binary gradient of solvent A (0.1% formic acid in
water) and solvent B {acetonitrile) programmed as follows; at 0
min, 25% B; at 5 min, 50% B; at § min, 50% B; at 10 min, 25%
B. The flow rate was set at 0.2 mi/min, Electrospray ionization
was used for ionization in the mass spectrometric analysis. The
capillary voltage and fragmenter voltage were set to 3 KV and 220
V, respectively. The nebulizer gas and drying gas were both ni-
trogen. The mass spectrometer was used in the selected ion mon-
itoring mode, detecting the positive ions {M + HJ]* of FB| (m/%
722), FB,, and FB;3 (m/z 706).

Confirmation of identity. The identitics of AFB, and AFG,
in the sample were confirmed by the method based on the guench-
ing of their fluorescence in reversed-phase HPLC. AFB, and
AFG, were detected as AFB,, and AFG,,, respectively, by pre-
column derivatization with TFA or in-line postcolumn derivati-
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TABLE 1. Recovery of total affatoxins from each spiked individual matrix

Spiked sample Recovery (%)
Commodity Concn (pg/ke) n AFB; AFB, AFG, AFG,
Raw comrmn 0.1 3 79.8 * 0.7 803 + 14 745 > 10 746 1.1
5.0 3 8§37 = 11 821 12 76.0 = 0.9 75.6 13
Canned com 0.1 2 65.0 72.0 64.5 70.5
5.0 2 66.9 68.7 69.5 70.2
Rice 0.1 2 82.0 839 84.4 85.9
5.0 2 83.7 57.8 82.3 87.1
Peanuts with shells 0.1 6 65.0 = 10.8 85.0 £ 123 66.0 = 16.2 85.0 = 20,0
5.0 6 800 =59 105.0 = 5.9 1025 =29 893 * 15
Peanuts without shells 0.2 3 9831 + 4.8 113.7 = 3.5 883 * 33 518 + 83
5.0 3 944 * (0.4 99.1 = 1.8 98.5 + 1.} 97.7 £ 0.3
Peanut flour 0.1 3 89.0 = 0.8 902 = 1.0 80.1 £ 1.5 822 + 1.1
5.0 3 803 +29 90.1 = 2.1 71.8 = 10.2 79.0 = 1.7
Buckwheat flour 0.1 3 781 = 1.3 786 £ 1.0 73.7 = 4.1 827 1.1
5.0 3 687 £ 08 756 £ 03 74.0 * 1.6 803 = 08
Buckwheat dried noodles 0.1 3 728 *+ 34 84.2 =+ 0.6 776+ 14 863+ 05
5.0 3 T =04 79.8 % 1.6 72.9 + 21 794 * 1.6
Popcormn grain 0.1 3 85.0 £ 4.0 773 £ 30 85.1 = 3.0 826 £ 20
5.0 2 67.6 72.8 34.8 84.7
Cormnflakes 0.1 3 95.8 £ 2.0 823 £ 6.1 875 = 5.0 851 % 4.1
5.0 2 788 754 779 793
Corn grits 0.1 3 881 28 863 £ 3.0 88.7 = 2.0 909 =20
5.0 2 76.5 76.5 58.8 91.7
Peanut butter 0.2 3 983 % 114 79.0 * 6.7° 84.2 * 13.8¢ 1012 + 62
] 5.0 3 938 + 3.1 935 *+ 2.5¢4 921 > 3.1¢ 923 £ 28
Sesame oil 0.2 2 90.6 102.8 76.7 98.0
5.0 2 103.7 107.2 75.5 84.0

a For n = 3, values are expressed as mean * vesidual standard deviation. For n = 2, values are expressed as mean only.

b Spiked dose was 0.1 pg/kg.
© Spiked dose was 0.3 pg/kg.
4 Spiked dose was 2.5 pgke.
¢ Spiked dose was 7.5 pg/ke.

zation of the photochemical reactor used in this survey. The dis-
appearance of the AFB, or AFG, peaks by non-TFA derivatization
confirmed the original presence of AFB, or AFG, in the sample.
The decrease of peak height for AFB, or AFG, with the photo-
chemical reactor UV lamp off confirmed the original presence of
AFB, or AFG,. For peanut butier and sesame oii, the positive
sample detected by HPLC analysis was spotted onto a silica gel
plate (Merck KGaA, Darmstadt, Germany) for high-performance
thin-layer chromatography.

The presence of OTA was confirmed by OTA-methy] ester
formation as follows, The remaining purified sample solution or
standard solution was evaporated to dryness, and 500 ol of boron
trifluoride methanol complex solution was added to the residue.
The mixture was heated at 60°C for 10 min and then evaporated
to dryness. The residue was dissclved in injection solveat and
injected into the HPLC system. The identity of OTA in the sample
was confirmed by the presence of an OTA-~methyl ester peak at
delayed refention time and the disappearance of the OTA peak.

RESULTS AND DISCUSSION

The recoveries of each standard mycotoxin spiked to
the individual matrix are shown in Tables | through 3. The
recoveries of A¥s from the matrix were 65.0 to 103.7% for
AFB,, 68.7 to 113.7% for AFB,, 64.5 to 102.5% for AFG,,
and 70.2 to 101.2% for AFG, (Table 1}). The OTA recov-

eries were 60.4 to 107.9% (Table 2). The recoveries of fu-
monisins were £7.7 to 136.0% for FB,, 70.5 to 133.0% for
FB,, and 70.3 to 136.0% for FB,. The limit of quantifica-
tion was calculated by the signal-to-noise ratio as more than
1.

AF contamination was detected in 10 of 2} peanut but-
ter samples (Table 4). Six and 2 of the 10 positive samples
were imported and domestic products, respectively, but the
origin of the other two products was unknown, AFB,,
AFB., AFG,, and AFG; were detected in four samples,
AFB| and AFB, were detected in three samples, and only
AFB; was detected in the other three samples. AF was not
detected in com, cornflakes, corn flour, corn grit, popcom
grains, canned or frozen corn, peanuts with shell, peanuts
without shell, buckwheat flour, dried buckwheat noodle,
rice, or sesame oil (Table 4). These resuits indicate that
peanut butter sold in Japan is frequently contaminated with
AFs.

OTA was detected in oatmeal, wheat flour, rye, buck-
wheat flour, green coffee beans, roasted coffee beans, rai-
sins, beer, and wine but not in rice, cornflakes, comn grits,
popcorn grain, or canned or frozen corn (Table 5). Frequent
contamination was noted in raisins, beer, rye, and wine. All
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TABLE 2. Recovery of ochratoxin A from each spiked individual

matrix

1. Food Prot., Vol. 69, No.

TABLE 3. Recovery of fumonisins B, B, and Bj; from each
spiked individual matrix

Spiked sample Recovery (%)
Spiked sample
Commodity Conen (pg/ke) n OTA recovery (%) Commodity conca (pg/kg) FB, FB, FB,
Canned com 0.1 5 100.0 * 0.1 Raw comn 10 1360 1330 136.0
0.5 7 100.0 = 0.4 1,000 821 811 857
Rice 0.1 2 83.2 Canned com 10 103.6 989 9545
5.0 2 82.8 1,000 883 856 B66
Rye 0.1 2 86.1 Buckwheal dried noodle 10 1245 1236 1203
5.0 2 87.3 1,000 82.8  B41 964
Wheat flour 0.1 2 104.6 Popcorn grain 10 1170 103.0 101.0
5.0 2 87.8 1,000 67.7 705 70.3
Oatmeal 0.1 3 90.0 = 11.1 Comflakes 10 1129 79.1 mn.e
5.0 3 89226 1,000 926 757 78.6
Buckwheat flour 0.2 3 101.3 = 3.1 Cormn soups 10 846 1160 1013
5.0 3 912 + 12 1,000 1223 903 96.0 -
Popcorn grain - 0.1 6 996 £ 8.6 Comn grits 1,000 707 714 733
5.0 6 1000 = 03 Flattened barley 10 §1.5 895 904
Cormnflakes 0.1 6 833 > 86 1,000 719 727 739
5.0 6 99.9 + 0.4
Com grits 0.1 6 100.0 + 0.1 ? Values are expressed as mean,
5.0 6 100.1 = 0.3
Raisins 2'5 i gg; f ;57'8 contaminated rye and raisin samples were from imported
Wine 0.05 3 94'_7 « 4:9 products, whereas contaminated beer, buckwheat flour, and
.50 3 1079 = 2.3 wine samples were from both imported and domestic prod-
Beer : 0.01 3 084 + 28 ucts. Concentrations of OTA in wine of more than 1 wg/
0.5 3 975 + 0.5 kg have frequently been observed (7, 71), but the concen-
Green coffee beans 0.t 3 102,7 = 19.4 iration in this study was less than 0.8 pg/kg.
5.0 3 80.6 = 3.4 Reports of OTA contamiration in buckwheat are very
Roasted coffee beans 0.1 3 783 x 115 limited. In a survey conducted in Germany in 1995 through
5.0 3 60.4 £ 50

“For n = 3, values are expressed as mean * residual standard
deviation. For n = 2, values are expressed as mean only.

TABLE 4. Natural aflatoxins in retail foods, 2004 and 2005

1998, only 3 of 14 buckwheat samples were contaminated
at more than 0.01 pg/kg, with a maximum of 12.1 pg/kg
{7). In our study, buckwheat flour was very frequently con-
taminated with OTA, although its concentration was lower
than that reported in the German study, indicating the im-
portance of broadening the survey of OTA contamination
of domestic and imported buckwheat in Japan over succes-

Concen {pg/kg) in contaminated samples

No. of No. of Mean (range, no. of samples)
samples  contaminated
Commodity analyzed samples AFB, AFB, ARG, AFG, LOQ®
Raw com 14 0 — — — . 0.1
Frozen or canned corn 50 0 —_— — — _ 0.1
Rice 53 0 — — — _ 0.1
Peanuts with shells 30 0 — — _— — 0.1
Peanuts without shells 30 0 — — — _ 0.1
Peanut flour 10 0 — — — — 0.1
Buckwheat fiour 12 0 — — — _ 0.1
Buckwheat dried noodle 39 0 — — — —_ 0.1
Popcorn grain 10 0 — — — — 0.1
Cornflakes 20 Y — — — — 0.1
Corn grits 10 0 — — — — 0.1
Peanut butter 21 10 1.07 0.27 0.40 0.21 . 0.1
(0.17-2.59, 10)  (0.160.52, h  (0.17-0.81, 4)  (0.12-0.46, 4)

Sesame oil 10 0 — — — _ 0.1

o LOQ, limit of quantification.
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TABLE 5. Natural ochratoxin A in retail food, 2004, and 2005

AFLATOXINS, OCHRATOXIN A, AND FUMONISINS IN RETAIL FOODS IN JAPAN 1369

No. of No. of Conen (pgfke)
Commodity samples analyzed contaminated samples in contaminated samples LOQ (pgkey
Frozen or canned com 30 0 — 0.1
Rice 50 0 — 0.1
Rye 10 7 1.05 (0.28-2.59) 0.1
Wheat flour 50 24 0.20 (0.10-0.48) 0.1
Qatrneal 20 2 0.15 (0.13, 0.18) 0.1
Buckwheat flour 10 6 0.51 (0.16~1.79) 0.1
Popcorn grain 5 0 — 0.1
Cornflakes 20 0 — a1
Corn grits 5 4] — 0.1
Ratsins 139 7 1.54 (0.18-12.5) 0.1
Wine 10 6 0.34 (0.07-0.72) 0.05
Beer 20 12 0.02 (0.01-0.05) 0.0}
Raw coffee 11 2 0.45 (0.14-0.76) 0.1
Roasted coffee g 3 0.22 {0.11-0.33) 0.1

2 LOQ, limit of quantification.

sive years. Concentrations of OTA in other positive samples
were similar to or lower than those reported by many Eu-
ropean and American researchers (2, 6, /1, 14, 16, 22).

Fumonisins were detected in popcorn, frozen com,
comnflakes, and corn grits but not in the other products (Ta-
ble 6). Popcom and comn grits were the foods most fre-
quently contaminated food by fumonisins. The highest con-
centration among the corn products was found in popeorn,
with maximums of 354.0 pg/kg for ¥B,, 94.0 ug/kg for
FB,, and 64.0 pg/kg for FB5. However, concentrations in
these samples were relatively low compared with those re-
ported in other countries (8). All contaminated popcorn,
frozen corn, and corn grit samples were from imported
products, but contaminated cornflake samples were from
both imported and domestic products. In a recent study, no
contamination was found in domestic beer (78).

The origin of the materials used in the processed do-
mestic products was unknown, but raw materials such as
rice and raw com were confirmed to be domestic products.
AFs have been detected in imported rice in Japan (10} but
have not been detected in domestic tice until recently (20),
and the presence of these toxins was confimmed in this

TABLE 6. Natural fumonisins in retail foods, 2004 and 2005

study. AFs were found in peanut butter, with maximums of
2.59, 0.52, 0.81, and 0.46 pg/kg for AFR;, AFB,, AFG,,
and AFG,, respectively. Although AF concentrations found
in peanut butter retailed in 1988 throngh 1992 in Japan (20)
were lower than those noted in this study, it was concluded
that some peanui butter products distributed in Japan may
contirnously be contaminated with low concenirations of
AFs. In a survey in the Republic of Cyprus, 21 of 74 peanut
butter samples were positive for AF, with a maximum AFB,
concentration of 73 pg/kg (5). Siame et al. (/7) reported
that in Botswana the average AF concentration in peanut
butter was 23 pgfkg. In Sudan, heavy contamination of
peanut butter with AFs has been regarded as a risk factor
for hepatic cell cancer (75). Although risks to human health
from such low concentrations of AFs in peanut butter as
noted in this study may be very low, measures to reduce
further AF contamination are needed.
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Concn (pg/kg) in samples

No. of Mean {range, no. of samples)
No. of sampies contarninated

Commeodity analyzed samples FB, FB, FB, LOG”
Raw com 18 a — — — 10
Canned or frozen com 51 2 264 (168-360,2) 148 (148, 1) — 10
Buckwheat dried noodle 30 0 —_ — - 20
Popcorn grain 15 15 57.2 (5.0--354.0, 15) 169 (2.0-94.0, 14) 128 (2.0-64.0, 11) 2.0
Comflake 30 9 27 (1359, % — — 10
Com soups 29 0 — — — 10
Com grits 10 . 10 501 {(17.8-73.8, 10) 211 (17.9-29.1, i0) 13.1 (8.9-18.0, 10) 20
Flattened barley 20 0 — — — 10

¢ LOQ, limit of quantification.
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