2-TFIL-3, (5016)-S A FILES S EFMME LT
E&HS tkﬁéﬁmﬁ%g%ﬂﬁ1@¢6$ Einr (B)

1. (FLSHIZ _

2-LFI-3, (5o16)-CAFINET UL, T—E Y FEOMBESZE L. BRP-KKIZTE
E\itﬁm%t$U¢m¢6”°m%f@‘ﬁ%§¥,7427U—A;#v>#4—~ﬂ
FEHL, ANRE. BAGLNIERICEY2BRT-0FMEATLS,

2. B | |
BAEFEEIT. TR 14 E7 AOESE - BRFEESSEREESHETOTREEIZHL,
(DIECTA TEFRMICKEMETHENET L. —EORENTREESERSATEY, 1D, @
KER U EU BESTHEMASA < EH 5N T TERMIZRERASB L EE X DR3BS
MISDWTIE, BRSNS LOREEEEE DI LM<, EMEHMICIEE IS A - R %5
FHAHERLTLD, SRCOFHITHLUT IFHORS E LT, 2-TFIL-3, (Sor6)- P A F
WESOUICDNVTEHIEHNE L E -2 eMD, BRERSEREICRS: AREESS
AN BRREEERICHEEN-LDTHS (FEK15E 11 B2 A, BERSEEED),
B, BEITOVLTIHEESBEICR LTV TBRENMOREER MEfREREIZET
é?ﬁj[@gow¢r@wmuﬂménrmé*ﬂwyéﬁﬁmoﬁaucurjLgoé
EHOBERNTHN TS,

3. &HE |
B 2TF I3, Sor6) SAFNES DY
H : 2-Ethyl-3, (Sor6)-dimethylpyrazine

B -
=N |

=N

{esgst CsH 2N,
DF= 13622
CAS = 13925-07-0, 55031-15-7

4. R
() HEI=HE |

& (Salmonella typh. TA98, TA100, TA1535, TA1537, TA1538) #FHLV=1EIREREEHERIC
VT 0~50,000 pg/plate T TH o=, T v FIFEIZZE FILV=FEL DNA AEJEEitEﬁI B
LT, 100 pg/ml 'C[Hi’caéot 2,

@) REHRE
HERES v B ~OREERE 90 EFaﬁJiEh‘ai;it%ﬁ (18 mg/kg AFE/H) I2HNT., XBREOE
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[FEH BN T Y, BEME (NOAEL) 13 18 meke AE/AEEZ DTS,

(3) LA

International Agency for Research on Cancer (JARC). European Chemicals Bureau (ECB). U. S.
Environmental Protection Agency (EPA). National Toxicology Program (NTP) Cld, FEAAMDEHE
[EER TV, | |

4) Tty
R < ELT?:’&?E#O'&%#E‘*:I&*E:—E-IT— bfc#lf‘

5. ERBOHTE | ,
AYEOBHE LTOERERENLEEALODM 10%AGHEL TV ERET S JECFA ®
: PCTT BIZES LK, KERUVRMIZHITE~A—BHYDHETEREL. FNFhoug BRU 4
ug?s EFEICITERRZROBHATICEAERNDELEZ N3N, BIZETIhTHHER
B DOIHHE & FRKOWEEREHREEE OERNHS T eh i, BELETORYEDH
EEDER, BEXEIpg i 4y ODFEFEICHLEBPESI D, GH. RETHE, B
HEHEREET IS ‘J: LCOFMRDOEREL.E IB’JI_,ﬂuém—zs%Ea) 98 & & D
1539, |

6. RET—CUDEH

90 B RE R SSEREAED NOAEL 18 mgkg AFE/H &, *Eﬁéfné}ﬁﬁ#ﬂﬂszi (9~44 ng/
b ~E) % BARAFEEE (50 kg) TS & CHEI S 2 HEEERE (0.00018~0.00088 mg/kg
RE/H) LHBL. REVY—T 2 20454~100,000 HF oD, ' :

7. BEY S RICED CEHE

EYEIL. ESVUFEERICHEINIBEGHSTHD. AFIEBBRES D EHOFELGR
HEDIL. AFLESBESN-KBEEOES D AR VEEE, HH0ME, ESTUEREEK
BIEIN-E FOFUESU VAR VEETHS V. ESTU2-hILRUEIGE FRUA X
HEOEPIZHENT, F-5-EFAFUES O U2-DNRUVBIZEMIZE N T, REEROE
SUF I FOFERBIEYE LTREShTEY., Rp~EEshsd® 9,
| FYEEUE OHERBEDITERRS TIEEWD ., SRORNEBILORBREMIFEL.
BOSHFENCENTRINEZLLYISANIZHEELE O,

8. JECFA [ZH 1 5EHE o
JECFA TI. 2001 EITES D UBEBARDITN—T & LTEHliah, 25R I IZHEEhT

W5, BESNDRTIERE (9~4 ug/ M/B) [, 73RN OEREFSE (540pgt MA)

éiﬁuTﬁétm;%ﬂ&brmﬁ%ﬁmﬁﬁﬁmuaéntué%

9. TERMITRASN TLSEHOEAECHIT HREMEHEE (8D < ,
FYEIZ Y SATICHE SN EFNCEVWTHERE L GHEGERITNEEZL SN,
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Ffo. 90 BRRERSHBITETCRET—UY (20454~100,000) 4% 90 BRIRERSHE
DEGHEREI—ILEENS 1,000 EXEC LY, AOBESHAHERRE (9~44 ng/ |
E~/B) AEEY SR OERFEE (540 ug/'k |~/Ei) %Ezu\m\

10. FHiEFER - -
2-TF)U-3, (Sor6)-T A FIVES D U ERMDBEEDEMTERT 6158, ﬁéﬁl_ﬁﬁ:fa\f;
We&ER oD EETHE LT, '

(51RA3CHR]

1) TNO (1996) Volatile compounds in food. Ed. By L.M.Nijssen et.al. 7th ed. Index of compounds.
TNO Nutrition and Food Research Instiotute. Zeist.

2) Heck JD, Vollmuth TA, Cifone MA, Jagannath DR, Myhr B, Curren RD. An evaluation of food .
flavoring ingredients in a genetic toxicity screening battery. The Toxicologist. (1989) 9: 257. '

3) Oser B1.. 90-Day feedlng study with 2-ethyl-3 5(6) dimethyl pyrazine in rats. Unpublished report.

| (1969) :

" 4) % 57 [@ JECFA WHO Food Additives Series 48.(draft : unpubhshed) :

5) TR 14 F£ERE E?ﬁ‘iﬁbﬂ%ﬁ?ﬁﬁ%@ TEIZFI El‘old'%ﬁnn B*HEA%JU)‘E@E%%J’]EL
BAEHIES . _

6) Adams TB, Doull J, Feron VJ, Goodman ]I, Mamett LJ » Munro IC, Newberne PM, Portoghese PS,
-Smith RL, Waddell WJ, Wagner BM. The FEMA GRAS assessment of pyrazine derivatives used as
flavor ingredients. Fd. Chem. Toxicol. (2002) 40: ‘429—451. _

7) Hawksworth G, Scheline RR. Metabolism in the rat of some pyrazine derivatives having flavour
importance in foods. Xenoblonca (1975) 5:389-399. :

8) Weiner IM, Tinker JP. Pharmacology of pyrazinamide: Metabolic and renal function studies related
to the mechanism of drug-induced urate retention. J. Pharmacol. Exp. Ther. (1972) 176: 411-434. ‘

9) Whitehouse LW, Lodge BA, By AW, Thomas BH. Metabolic disposition of pyrazinamide in the rat:
Identification of a novel in vivo metabolite common to both rat and human. Biopharm. Drug Dispos.
(1987) 8: 307-318.

10) FLEILESSUE G)*%::‘ED SR
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BEEES DA (2—:::9'—1» 3, (50r6) S AF ) E55Y)

STA FlT

YES: —>

i

il

;}l 19, open chain I(......u_- .........................

i

1 a. carboxylic acid ¢ Na,K,Mg,NH4 15
b, amine OISV IIEEME

4, BHEOHBTY R hEHEMH S 1oDIEUTOENDTH S

¢. Na- K-LCa-sulphonate.sulphamate or suinhate

17. FBO terpene. -alcohol,
-gldehyde M {d-carboxylic acid
. EC@%[ﬁﬁ?ffﬁ“ﬁ?éﬂém

20, ZOWThrOEREEES

P ester I8 4 DLF

LEHM
RIS B U, TRl b &
a. alcohol, aidshyde, carboxylic acid or |

b. LIFOBEERNS—DLLET—DTD
acetal, ketore or ketsl, mercapian,
sulphide, thicester, polyethylene(n<4),

P13 3 amine d. alyl mercaptan, alyl suiphide, aily%
h thiocester, aliyl amine
i} 21 methoxy EB< 3EELED | i e acolein, methacrolein SUZ-E 0D acetal
P BUSEEREELN f. acrylic or methacrylic acid
g. acetyienic compound
N ' IH h. acyclic™ 8 BF BE ketone, ketal,
| 28 FERISHD | ketoelcohot MHEEREEL L, 4 DELE

"':V

T OH g

24. cyciopropane, cyclobutane &
" &= B <
monocarbeoyclic EEMTEIRE
HTOVROER L ML F SRR
% 1 DL IR ET
#Hon, {aicoho, aidehyde, {HEHED
ketone, acid, ester, 3E Na, K Ca,
sufphonate, suiphamate, acydlic

acoial or ketad)

b FREROVIn BIC 28T LT A ED

| ik

18, LFORNSTHSD
a. diketone 253 ; REFD vinyl I
ketone ketal /s

TRAT IS .
c. aliyl alcohol Xid acetral. ketal S’Ji ester

DR keto BOVT IO

n
16. HiEOD = [ o ppomCRS LTSS, 5 X
i tempene-hydrocarbon,  -alcobiol. " | (46 BIROop-FEH lacione 20 >
-aidehyde . ¥ /= [ carboxylic = | s OBRIEE FASSEEL TR,
acid (not a ketone) TH LD "ot Mﬁ@ﬁ&iﬂ%ﬁ%ﬁﬁ&bﬁh
% x ;gfﬁym W BER REER

o

. BIHEELZS sterically hindered .

15, mj@”tﬁ@i%r:%‘i
SohkamEshaip

>

hd

v

| 27, msipdtafon |
P ¥

25, LIFOLvThn
8, 24 T A=EREDA O cyclopropane

------

26 EFOiNgS erfJ\fJ*
a.24{cUARLIL m%ﬁ%a%%&mx
b T ketone ODBEBICBEHLHL T

it 28 DL FeFE Mid cyclobutane mohocydoakanons /1 bicvelic 1HS
FRER DN b. mono- or bicvelic suiphide or mercaptan \ -
v T . Qr 32 Qa0 DEHEEOA, UL
-é— 28, Wk SIRERIT Ly 0 10D hydroxy, methoxy BEER LT, Q81 OFRG&ELTOER
P BESUEELLSD | 3 TORBEFIORTRER -6 OERAE | | 31. Q30 0, acycic IR TERDD
g ¥ E G TUROBEEER D, yi aceln, etal or | i a MEULAEREEER
P o B TADLRAKESD SV aleohol, -ggier OENID carboxylic ring
S 5 | ketone, aldehyde, carboxyl, B esteri | ' b, RAH 5 EBA DB
i ester ﬁ*i)ﬂ?k‘ﬁ%ﬁ’é (ks RERITTREH 5 LITORE d 018 . FHEBIRFICIIEEN
NHEE FRIRLONT | Bidead) 220 MEUIREHIE LT polvoxvethviene §H
Q19 HHE ester AR v
KAFEN5 & il Q22
EEFEELOE :
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Zﬁévhv%%»ﬁ%bzﬁﬁm%tttimé‘tt
%éﬁmﬁﬁ%%ﬁml%Tég EER (B |

1. IZL®HIZ

2356—r}~7;¢5=)bt:5)>l3t 0— thr}ﬁmﬁ* =5 L. ﬁnuq:’luf&kla#
FllEMBIz K YERT S U, FERTIE, BEEF, PARI)—A, #v174 ~ﬁﬁﬁ
S Wiznnﬁs ﬁ’lﬁﬂﬂlﬁnﬂu%&")?ﬁﬁ?ét&) ﬂﬂéh’tb‘éo

Hibe B
2. B

E&HEElE, Tk 14E7 AOES - ARFEESSERHESHETOTRERIZHL.
VECFA TERMICRSHIHENET L. —EOHEENTREMIRR I TEY., A2, @
KERU EU #ES CHERANEL RO b TOTERMIIREEABOEE X DM HBEHM
M OWNTIE, 2SN SOETEBE/ O L4, BN EARMICEEICH T -HE2RS
TEEHERLTID, SRIOEHISHLUTIEHORS ELT, 2356-F FSAFLAES
SUICOVWTEEERENE EE o &N D, BRREEKKICESE, ERERESETA
BREZLEELICHKESNLLOTHS (FRI15E11 A21 B, BRSELER),

BE. BEHICOVWTHEESBEIR L TO: TERENYOREEREREEREICEY
éhﬁjtmgomtr@@MLﬂﬁéhtMé*ﬂmgﬁﬁ&ﬁwﬁﬁlourjlgo%
BROBEMNTHA TS,

3. AWE
BHR: 2356-T FTAFILES DL
H4E 1 2,3,5,6-Tetramethylpyrazine

HEiER TN\i
P

N
1t$it . CgH]gNz

COFE 13622
CAS &S : 1124-114

4. BEHE
() BieEk

S (Salmonella typh. TA9S, TA100, TA1535, TA1537, TA1538) #FALV-EBE AT RHEIC
35LVT 0~10,000 pe/plate TIEMTH 1=, F-. Sv MHIHHE’EJ%L\T-TEHH DNA &Rt
BRITHBINT, 1150ug/nﬂ TR TH-1-7,

2) REERS

HEHES v b~ OEREIRS 90 BREIREIRGHER (i 50 moke KE/B. M 55 mgke FE/B)
IZHBWNT, BT, WBEEDEN &?b:l’bfd‘ METIE. 55 mg/kg FE/BRESHFHTHEZMND
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. REHEOETIXERDH bnfhs, J"EE%E’J&Fﬁﬁ.Iqu&‘)bhﬁfJ\of' Y, ABBOBESN |
'b%EﬁECMMHJ@ﬂM@@%Eﬂt%i%hf“é

(3) FEHLAM ,

International Agency for Research on Cancer (]ARC) European Chemicals Bureau (ECB). U. S.
Environmental Protection Agency (EPA). National Toxicology Program (NTP)"C I%. EHAEDFHE
CEERTLVELY, .

(4) %0)4111 _
AR pl!\iﬂ(ﬁLTi’éﬁbﬁ%#ﬁiliﬁétbﬁL\

5. EREOHE ' |
FYEOEBMHEASOZEFAND 10%HEE LTS &{RET S JECFA 03 PCTT &Ic&E
S RERUMMIZEITEI—A—BLY OEFEEREIL. ThEN19 pg B 8 gV, FEREIZ
| I;taﬂm&@:_ﬂj\nﬂﬁl,_é: AEIINELEZLNDN, BRIZEAShTWSEREOELE
CERROEEEREAREELOERNHS )T &b, BABRTOXRMEOHTERZL.
BBEELZ8ug M D 19 g OBFICHAEBESND, BH. KETE, BRPICHEDLLFE
TEENE LTORYEOEREIL. ERINISHEMSINAYED 54 4%0)%&&% 55 % 6

6. ®EV—UUOEH
90 BRERSHEERAED NOAEL 50 mgkg (AE/H t . B éhé#&ﬁﬁﬂni (8~19 ;.Lg/
b ~EB) ZBERANTEE (50ke) TES C & TEH EN BHEEEIUE (0.00016~0.00038 mg/kg

C BE/E) LHBL, REY—DU 131,579~312,500 AR/ HN L,

7. BEISRIZEICGHE | |
 AMER. ESSUBERCAEINIBRES THD, A FLEERES S UEOELR
BEME. A FLESBIEINKEEOES SUALRUEE D HB0E. EISUERE
m@ténttFn#bﬁiﬁyﬁ»ﬁvﬁﬁfﬁémnt?ﬁp%hwﬁzﬁMEb&U4
REEQEPH T, T 5-£ FAZXIES SU2- 0L RVBEEMISE LT, Hiisiziio
ESTF S FOXTERBIENE LTHRESATEY, Rp~HtEh 5 219,
AMERVZOREEDILERRS TEAVA, {04 FILEBEEEER & RO RBHER
AIFFEL. BOSHAENC ENTRENBIELY I SRTIHESND Y,

8. JECFA (I 25HE | - |

JECFA TI&. 2001 SICES D UFBHROTN—T L LTHHlich, 75X T IHEESNT
W3, BESQSHEFERE 8~19pgk MB) 1, ¥ IR T OEHRHEE 540yt ME)
EXBCTEZH, EHELTOREROBEIEDESh TS,

o. TEEHICABShTOAEHOBANEIC ST 2R UIEEl ICHS<HE
AMEED SR T IHEEN, EERISHOTHEBEL G SREBIE I L7 bh,
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F-, 90 AMREIRSHIRERICES (RET—UY (131579~312,500) #590 BRMRERS
HBROBYLEREY -V EEND 1,000 ZREICEEBY ., HMOBEShHHEERRE 3~19
pg AME) DS R DERFEE (540 Mg/t ~B) ZHA TV,

10. F0Ofth .

%Eﬁﬁ#%ﬁ%ﬁmmm%abtwﬁmlomrﬁﬁizié Im%&otm -yl
LTOFERIZBVWTEZONSEELY LHXDERSE #MHUEFT&U EHELTES
RY [:zFSL\'ctiEnElElatf;L\a%i BTz,

11, FHfiFER | _
23.56-T b3 AFIN PSSO U BR0OEEOEMCHERT AES. érii_ﬁm\m\a%
Z BB EFHE L f<o ' - -

[51FACHER] |
1) TNO (1996) Volatile compounds in food. Ed. By L.M.Nijssen et.al. 7" ed. Index of compounds.
TNO Nutrition and Food Research Institute. Zeist.
2) Heck JD, Vollmuth TA, Cifone MA, Jagannath DR, Myhr B, Curren RD. An evaluation of food
flavoring ingredients in a genetic toxicity screening battery. The Toxicologist. (1989) 9: 257.
3) Oser BL. 90- Day feeding study with 2,3,5 6-tetramethyl pyrazine in rats. Unpublished report
(1969).
4) 5 5781 JECFA 'WHO Food Additives Series 48. (draﬂ unpublished) :
5) THL 14 FEREFOHETRGEE ARCHT ERAT FE A MO BREHREE ).
BFAEHIES
6) Adams TB, Doull J, Feron VI, Goodman JI, Marnett LI, Munro 1C, Newberne PM, Portoghese PS,
Smith RL, Waddell W], Wagner BM. The FEMA GRAS assessment of pyrazme derivatives used as
flavor ingredients. Fd. Chem. Toxicol. (2002) 40: 429-451.
7) Ye Y, Wang S, Jiang J. Studies on the metabolites of tetramethylpyrazine in human urine. Zhonggrio
Yi Xue Ke Xue Yuan Xue Bao. (1996) 18: 288-291.
8) Hawksworth G, Scheline RR. Metabolism in the rat of some pyrazine derivatives having flavour
importance in foods. Xenobiotica. (1975) 5: 389-399. |
9) Weiner IM, Tinker JP. Pharmacology of pyrazinamide: Metabolic and renal function studies related
to the mechanism of drug-induced urate retention. .J. Pharmacol. Exp. Ther. (1972) 176: 411-434.
10) Whitehouse LW, Lodge BA, By AW, Thomas BH. Metabolic disposition of pyrazinamide in the
rat: Identification of anovel in vivo metabolite common to both rat and human. Biopharm. Drug
Dispos. (1987) 8: 307-318. '
1) PLELES D VEODEEI SR
12) Grisold M, Koppel H, Gasser R. First description of the effect of a non-sulfonylurea compound,
- tetramethylpyrazine, on coronary response -to desoxyglucose-lnduced ischemia. Acta. Med
Austriaca. (1998) 25: 16-20. '
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ELHBEL SADE (23567 FSAFIES

.

: |
2)*[ 19, onen chain I{......;...............- ...........

i

“,o"

zcéa_::ﬂuyjij\ﬁ?énz)ns

| Rniscsst L, iRt e
a. alcohol, aldehyde, carboxyiic acid
ester 7 4 DEUF

20. ROVWTHNHOERERESTEE

b. EIFTOBERERS—DLET—2FD
acetal, ketore or ketal, mercapian,
sulphide, thioester, polysthylene(n<d),

or

1§50 3 8% amine
v

21, methoxy ZE< 3BEL D

1
......
a

18 LIFOANITH B0

a. dketone JSEHE ; RIED vinyt FIC
ketone ketal 788

b. FSROVInYI B 28T A0 —IED

1 AT

¢. aftyi alcohol 213 acetral. ketal XX ester
FE

d. alyl mercaplan, allyl sulphide aiiyt
thivester, aliyl amine

e. acrolein, methacrolein RIZ#0 aceial

o)
YES: —> , NO: === >
>
4. SHEOEBETUR FENES o OETORND TH S
71 a. carboxylic acid ¢ Na,K,Mg,NH4 18 -
b, amine IRREME N ILEREE
‘L& Na- K- Ca-sulphonate sulphamate or sulphate
16. FED x [ o BOBCRELTOSH 5 X
terpene-hydrocarbon,  -alcohol, - = | {36 BERO0f-TEH! lactone /n "
sidehyde . F 7= I3 carboxylic w1 one DIRSAL FOFLREL TR,
acid (not a ketone) TH L n | ok u%%i%ﬁﬂ%&%ﬁ&@ﬁ&i :
7 . . ] N BER SR
17, Hl0) tepens. -alcohol, : Q20 (23
-aldehyde X [X-carboxylic acid

BASEEEESSTM £ acryiic or methacrylic acid
' . . acetylenic compound
h. acycic 05 BS #% kelone, kewl,
| 28 sEmiEmn | ketoalcohol DHEEREEEL, 4 DELE
: L4 OEFRE Keto EOLYTRAOEICED
24. cyciopropane, cyclobutane & i EREEL)Y sterically hindered
T OB BE &K 2 B < ;
monocarbocydlic LS YTEERE
FTORODEI MEL T OB RS
% 1 DEURE/IIERERE
0 (alcohol, aidefyde, HIgHD : .
ketone, acid, ester, MId Na, €, Ca, 15, —DTFDOORICHE -3
sulphonate, sulphamate, acyclic i il Bk SFEENDI
aceiat or keial) :
PN g 428 LTFoLyEhiet
f o7 BuEsEeon | 25, LIFQUa s Loyl @28 RURRLALBIOEEEE R EAL
PNy ' a. 24 T~ BREDLD cyclopropane Ph B ke DEEZLBLHLHY
o 28. ZoLlEmF N eyciobutane monocycloakanone 7 bioveiic (£
: EEEESE D0 b, more- or bievelic sulphide or mercaptan \ ‘
v . > o 32. Q30 DEHEEOH, X
< 20, Mok SRESIIT N 30. 1O hydroxy, methoxy BEER LT, , Q3% OREESLITOER
P | BESERLS, |3 FORSLIFIORY REN 15 ORE | | 31, Q80 0. acylic DRI TES DD
,fé LN % S — TN DEEEER OB, —lyi acetal, dewl or | a8 MELLFELE i3
fi | ThabbRekES SO aoohol, |1 ester DD carboxylic fing
U, 2 | ketone, aidehyde, carboxyl, B esterd¥ b. RFEH b THASEES
3 50 ester ASIRITR SRS (ks RERTREN 5 LITORE ||| > ois ¢ FEEHIRE SRR
na&E FERLMSME | R Es) T IEIRSIE, i IS polvoxvethviene
Q19 ' s B ester AV w2
KA NG &

_50'_%\%@;(:;@18
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