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Kim & (1987) o#ifFictnid, vo—ariz o0 CofME (Bacillus
subtilis H17 (rec*) R O*M45 (rec’) ) Z# AV 7= DNA {&1E8# B (Jav
FERE) (BEHAE20.1 mg/disk) PEBINTE Y., RBNEMELRIERF
ETFTHVEBETHZEEINTWE, (BHE5)

@ DNABREBZERLTI2TOMORER

Williams & (1980) o#&ic Livid, 2o —a{Z2uvT® Fischer 7
v MFOMEE B AR Z 7~ DNAEEICE 4 538 (e AE 1 mM)
MEmINTVWD, FORKE, Co—VidkaHEICZBWTEH DNA &8
FHRELholzbtdh T3, (BH6)

Kim 5 (1987) o@EICLniE, Eo—nizs0WTo )L 77— DNA
ZHvz DNA UIrEe (REHEESOMM) AERINTEBY, AL
L TRV DNA UIrER B o bz ahvtnsg, (BH5)

(2) BEFRAZERZHEIRLT HHR
D WMEMERAVLIERERETEFR

Florin & (1980) ®# &Iz kv, o —niz oW COME (Salmonella
typhimurium TA98, TA100, TA1535 K TA1537) % FV 7= 1817 28R %
FEAER (f & & 2 mg/plate (0.03 mmol/plate) (TA98 @ 7x) 0.2 mg/plate

(3 pmol/plate) (TA98 LI4V)) BEMEINTEY, BHETHoTm L EINT
WaH, (BET)

Ho & (1981) o#®&EIC LT, Fe—nic >0 ToOME (S
typhimurium TA98) % F\ 72 17 22584 B3l (& A & 0.50 mg/plate)
DEMMEINTEBY ABHEEERTFET CRECh LTS, (B
fE8)

Riebe & (1982) OB FICLHiE, ¥r—niZ >V TOME (S
typhimurium TA98, TA100 & (X TA1537) % 7= 18R 2ERE Bl (7
LA rFaX—Va b EfTolB B OR&IRE 35 mM) A ER ST
D AREEEEROBR BRI P PDLTEETHs LN TV D (ZEI9)

Aeschbacher © (1989) @@ HIC IhiX, Eo—iZoWToOME (S
typhimurium TA98, TA100 %1 TA102) # W= HRERE B (K
m & 94 mg/plate (1.4 mmol/plate)) BERINTEH L, REHEMELR
DEEZPPOLTERMECho IR TV, (BH10)

@ BEFRAZRZHRLTHIZLOMDOER
Riebe & (1982) iz L, o — oW T OHME (Escherichia
coli 3431113 (polA*) KT KMBLI1787 (pold)) % Hu 7= @ (5T 2BRE &
B2 (0.01 mghplate) REBINTEHY ., BETHo LI TV, (B
fE9)

(3) #BHFERZHIRET SRR
@ FHESEMRTAVLIEEHRERRR
B4 5 @A Lt s (2007a) I uiE, i GBE) TEa—n)
oW T® CHLAU (Fo A =—R « NAAX—fii B ZMatE) #H

5



WikEERERE (B2dRt LrkelE  SREOABEHTEE LR
FETFE T L OSEFGAR 0.68 mgmL (10 mM) ; SR AR BEEE (LR T
fEF 0.085 mg/mL (1.3 mM)) BEEIN TV D, FORE. RETEEL
FRIEGFET TREETCH- 2, RBEHLRFE T CEBHVEETH-
mexnTnsd, (11, 12, 13, 14)

2 FowmBEBERNLNERR
JEAFEAEERBREE (2010) I LhuiE, B GERD T o—)
OV TO8HERDICR~ U A (£ HHE6IL) ~DO2HMMEHEORE (F
HNHFE) (2K % in vivoli Bi/DZakBR (e 100 mg/kg{FE/H) 23 EHM
EhTBY, B EChoztznTnb, (313, 15, 16, 17)

PLEXY, DNAHEAEBEELIT53RBO—HIcBVW TEHE CHBEORRERN
HEINTVEDE, BEFEAREZERZHEEL T3 RBRIIBV TV TR b EED
R Thotz, 72, RAEKEFEEZHEELTLIHABRICBV L, REEELR
FA1E T Din vitrod: KB FEHEB CHOLBHEOREARE IR TV A2, FKm
B CEBXINTin ivoNERBR CRREEHEOER TH- -, LEB-ST, M
W (EFRD) TEo—) iz, D L8 /R E L TRV LR S ERER T,
EEITE o THEBREL L BEFEIZIRVEOEZE I R,

2. REBESH

JEAE S5 @ ZReaBa sy (2007b) (2 L, 5l SD 7 v b (& BEMEME
% 10 o) @iy GEED Teee—) (0. 0.03, 0.3, 3 mgkg (A&H/H) %*
90~91 AMIXEWMHBE O RS TI2HEBAERIN TV D, TORE, BHEC
2DV THE, 0.3 mg/kg (FE/A LU LORGEHORETHMA A L8R H - 72
EENTWA, ZThiZ2oWT, RERHYEILX, 2REHETICALNEE{LT
272K, BEOHRBICIIFEN ol &b, BEMALLOTHE L LT
Wb, MEFMBEICB VLTI, 3 mgkg (KE/AREREORE T APTT O&EMEH
HofeblENTW5DH, T2V T, RERBEYE L, APTT 04 EH XKD
WWEBWERZ2WVWZ L0 BEFHNRBRIZZWVE L TWSH, £72.0.3 mgkg
(FE/HU LOBRERFEOM TCHMERE OB BRBO SN LI TWS, MiELE
{LZEOBEICB VT, 3mgkg FE/BREFHEOMTRI L AT o—/L, I
VLR yGTP O LA RBOLNEINTVS, ZHRIZOWVT, HAEREY
FiX, oo — VEELEWIBZLIMALEIRL, HFECOBEBRTER O
hay FUTICBTAIBERBEEICLSZZBLTHE LA LTS, KERE
[ZBWTIX, 3mgkg KEH/BERGEOHEO T r Y ) —5 035 BEEL
TEBIZEP2T-LENTWVWA, ZHIZ2WT, HBREYEIX, UL EVR
EEAEBIERIG ARSI & K FERRE CEMSE % R4 5T RN
WZ &, RHEERFEARE CIHE 2 ST T, MR OVEBICEY AR DR
WZ EENG, BEELL ITARET, HRDEIBREREOV T V=7 AR
ERIGLTCT BB EREINTZ LI E D20 ThH- T, BBERIGTH
HELTWS, FEEREIZOWVTIX, 3mgkg (RE/H &5 O1E GO
R EEOHMMBA LN L ERTVWS, ZRIC2WT, REBBYEIZ, M
DHDETHDZ ENHBRENELOTHL E LTS, TOIED, —R
e, (FE., IREFOKRE, JBEOHHARKRTEOBRECSON T, #HBRYE O

6



SICEELEZELITFBO N hot INTWA, HBRBEYF X, AFEBIC
B+ 5 NOAEL # EIZ>WTid 3 meg/kg (KHE/E REHEOR AL AT o —/1,
FN T AR yGTP O LH%FEE LT 0.3 mglkg (KE/H , #Eiz>VTiX0.3
mg/kg (FH/H UL OB GREO AMRE OB %2EE L T 0.03 mg/kg (FFE/H &
LT3, (B2, 13, 14, 18, 19)

BEAREEEBS L LTH, ARBRICHIT 5 NOAEL %, T 0.3 mg/kg (K&
/A, T 0.03 mglkg (KHE/H & 3EAf L7,

3. EAAMK
FMEGFA L, Eo—iconT, BRAMRBRIIfTOR B LT, [EHESH
B4 (TARC (International Agency for Research on Cancer) ., ECB (European
Chemicals Bureau), EPA (Environmental Protection Agency) 1} NTP
(National Toxicology Program)) {Z X A% AMEEME LTt TWgnd L
W5, (BH2)

4. TNk
AHREFE L, Eo—icon T, Nown< SUER AR AEEMEICE T
HEBRIIITbhTWWizneE LTn5, (BHE2)

5. ERMEDH#E

wmmy GER) Er—) OFRE LTOEREREO2E2 ADD 10%
BEELTWA LRET S JECFA @ PCTT (Per Capita intake Times Ten)
BB 1995 FOXREROBIMNCBITFS—A—H b0 OMEBREIZ, £+
NEN0.01 pg XUV'0.1 ng Ths (B2, 20, 21)., ERCIIEEERED
EBHRAEICLAEBESLELZZONGN, BICEESR QW AERMEOH
DEEBKOHEEBREDNFRBEE L OE®RIHL (BH22) 216, D
ECToARSBOHEERREIT, BL% 001 ug 75 0.1 ug FTCOFAIZRD &
HESND, 2B, XETE, BRFICLEbEFETIRYELTOE R—
IVOFERERE (2,314.7kg/MAD/AE) (B2 3) 1, 1995 FoiRmy (F
B ea—n oFRE L TOFEMBEREDR 20,000 FThHs LEEEINS,

6. RET—CUOEH

90~91 A ERSHERERICEB T At NOAEL 0.03 mg/kg (AE/H & |
HESNAHTEERE (0.01~0.1 ug/A/A) Z{FE50kg THIAH Z & CHIH X
N AHEEERE (0.0000002~0.000002 mg/kg (KHE/H) L &2HEkL, e~
— 3 20,000~200,000 BEHNLS,

7. BEISRICED CEE

Eo— s s S RAMICpEI NS, AYEIL, B H 2% 0 Ttk
DEVE L 720, kLo TRPICHREIN S LEZZI DR TWVS (B
B2, 20, 24) . Shinohara 5 (1990) @O LhiE, U-937 (b +l
RRERME Y B EMIEER) I — AN A U FaX— LIk Z A,
SV GIa SR R b —F T, NADPH-F horn—2Ahec Y &7 2 —FOiEH
BEALEEIRTWS (B3H25), £7, Primiano b (1993) O#WM&EIZ L
L, Ee— (100 mg/kg (AHE/H) % 4 HEXEERENRES L2 SD 7 v

T



FFlg BT TN EF Ay ST AT 27— FPOEMEROREN L L
= EINTWVWS (BE26) .

8. JECFA IZH T 5 EE M
JECFA X, iy (FH) Eo—n) 22TV, Er—AERF /Y

CHEEEOIIN—T L LTEMEL, HERRRIIME Y 7R [ OFRTEE
(1,800 pg/ A/B) % FEIS =8, A HZBROBER L ~UZB W TEEMEIC
BEZLLTHOTERVWELTWS (BE20), 2B, FEMEFHIL.
JECFA BAGHO#EZ 7 AZMTIT/a< 1 L LEBHIZSWTAATHS

ELTWB (BHE2),

I. BamEmEs g
BREEEBRL LT, My GRH Tv¥e—n) X, e LbFRE
LTHWHRAEAER TS, £EKICE - CTHEREE 25 E T 2VWEDEE
B, £, BREEEFRSL LT, EEMICHAIA TV A2EROEBEIICE
T AREREMREEIEIC LY. BN (FE) [Po—n) 3@E7 7 AMICHEX
., FDOEE~— L (20,000~200,000) (% 90 H M5 18 #5303 B 0 ) 72
TeEe—VrER5 1,000 Z EEY, o, MEXIHAHEEERE (0.01~0.1
ug/ NH) DEE 7 7 AMOBEGFEME (90 ug/ AM/H) % FlalA Z L R LT,
UbkXo, &mnt GEE IEe—n] 2, BROEEOEMNCHERT LIES.

IR ENRLRNnEEILRS,
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RIFM (Research Institute for Fragrance Materials, Inc.)-FEMA (Flavor and
Extract Manufacturers Association) database (website accessed in Jan.

2011). CGR&H)
Er— L O (EFEERERD.

Nijssen LM, van Ingen-Visscher CA and Donders JJH (ed.), VCF volatile
compounds in food, database version 12.2, TNO (Nederlandse Organisatie
voor Toegepast Naturwestenschappelijk Onderzoek), the Netherlands
(website accessed in Jan. 2011). (GRAFE)

HRtEeRHiERS S, HENCHH S TH 5 FROZE2MEHHO 75
2OV T (Rl - BETIERD, ¥R 156411 A 4 8.

Kim E, Shinohara K, Murakami H and Omura H: Pyrrole compounds as
food mutagens. J Fac Agr Kyushu Univ 1987; 31(3): 279-85

Williams GM, Mori H, Hirono I and Nagao M: Genotoxicity of pyrrolizidine
alkaloids in the hepatocyte primary culture/DNA-repair test. Mutat Res
1980; 79: 1-5

Florin I, Rutberg L, Curvall M and Enzell CR: Sereening of tobacco smoke

constituents for mutagenicity using the Ames’ test. Toxicology 1980: 18:
219-32

Ho C, Clark BR, Guerin MR, Barkenbus BD, Rao TK and Epler JL:
Analytical and biological analyses of test materials from the synthetic fuel
technologies, IV. Studies of chemical structure — mutagenic activity

relationships of aromatic nitrogen compounds relevant to synfuels. Mutat
Res 1981; 85: 335-45

Riebe M, Westphal K and Fortnagel P: Mutagenicity testing, in bacterial
test systems, of some constituents of tobacco. Mutat Res 1982: 101: 39-43

Aeschbacher HU, Wolleb U, Loliger J, Spadone JC and Liardon R:
Contribution of coffee aroma constituents to the mutagenicity of coffee. Food
Chem Toxicol 1989; 27(4): 227-32

GhHfEdfENL T2t o ¥ —FTHHIERT, R 18 FEERN « NS RRIEEIC
BT A2RBEEZICHSONT, BPr—NOF v =2—R « NARX BRI %
AWwA kR adi (RBRES G-06-071) (E45@4 FEHicA5), 2007a.

D R mBet o7 —REFHER, BRREETEE RE: to—1o

FxA =—R  NLARY—FRMEEMO L2 REFRERR) GIEEES
G-06-071-No.1), 200943 H 4 H.
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14

15

17

18

19

20

21

22

23

WEME v o — VO R (FEFE(EREED

Sigma-Aldrich, Cerificate of analysis (product name, pyrrole, 98+%, FCC;
product number, W338605-SPEC: lot number, 09026LE), December 2006.

(BODIMS EFRFHITERT, REBEE, Eo—10<y Rz 5 /MR,
MBRE S 0 10109 (A @E LrtaiiR), 201043 H 19 H.

(BRDIMS ER 2T, Er—A o~ 7 2% fv 5/l o B3R e,
BT 5 0 10108 (EAw#E LFtalk), 201042 A 8 H.

Sigma-Aldrich, Cerificate of analysis (product name, B 22—/, =98%,
FCC; product number, W338605; lot number, S44913), Jul. 2008.

BN T2t o 2 —FBHEHZERT, K 18 FE 0 - SRR EEIC
B4 A2RBBRESICOVT, Fo—ADFy h2HVWS 90 AIKERO®RS
EMRER T AR GREBRE S C-06-009) (EA @4 EZe3E), 2007b.

W EmELRLeYE 7 —FTHIEH, REREETEE (RE: v'o—1o
v bEHVWSD 90 HERER D R5EERE) GIEEES :C-06-009-No.1),
WIE£1HTH.

Pyridine, pyrrole and quinoline derivatives. In WHO (ed.), Food Additives
Series: 54, Safety evaluation of certain food additives, prepared by the
sixty-third meeting of the Joint FAO/WHO Expert Committee on Food
Additives (JECFA), Geneva, 8-17 June 2004, WHO, Geneva, 2006;
pp.195-233.

Lucas CD, Putnam JM and Hallagan JB (ed.), Flavor and Extract
Manufacturers’ Association of the United States 1995 poundage and
technical effects update survey, Flavor and Extract Manufacturers’
Association of the United States, Inc., 1999 pp.3-9, 12-4 and 260.

et g (BAEE THES) « FR 14 FE 08T R ORRBN OLFRY
LZEMRERICET 207 (ARICK T 52 ERTEHELEY O EEERNE). K
wRE (DHEURE), EATBRAENREE@E e (B - EFEMELZEREU
FHE [ AEREORRPIY O FEN L 2RISR 078 (EF
ZE KRERR D FER 4 FESEFEREE EREFEOBRKROH Y TR
OB BRI X 52T E MBI+ 54781, 2003 44 A

%% : http://mhlw-grants.niph.go.jp/miph/search/NIDD00.do

Stofberg J and Grundschober F: Consumption ratio and food predominance
of flavoring materials. Perfumer & Flavorist 1987; 12(4): 27-56
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ro—LOREs 72 (EEEERER) .

Shinohara K, Kong Z, Miwa M, Tsushida T, Kurogi M, Kitamura Y et al.:
Effect of mutagens on the viability and some enzymes of a serum-free
cultured human histiocytic lymphoma cell line, U-937. Agric Biol Chem

1990; 54(2): 373-80

Primiano T, Gandy J, York JL. and Novak RF: Enhanced glutathione
S-transferase 7-7 expression in rat hepatic cytosol following treatment with
pyrrole. Biochem Biophys Res Commun 1993: 190(3): 1136-42
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