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H AR P B B4 & JE W £ Lijinsky and Shubik &
1964 5 vy %% BJ ¥ 1512 2| 8 pyrene # 2 J& # — Benzo[a]pyrene
(Bla]P) , 3%, Masuda eral. (1966) ¥ JE ¥ A 69 & 20 B 3E
R A, BEPEL polycyclic aromatic hydrocarbons (PAH),
Nagao, et d #1971 F AR EERXFRE U AR TBEE G
G AT HRIBKEEN, EF—F®, Sugmum eal
(1977) &, & Bz 2 BR (4= tryptophan) 2% f& 4 3% %] 3-amino-1,4-
dimethyl-5H-pyrido[4,3- blindole (Trp-P-1) &  3-amino-1-methyl-5 H-
pyrido[4,3- blindole (Trp-P-2) FH X & 4, W izl
HHANER D AERABE D IR BEELREEY
B AR, K44 Yamamoto ef d.(1978) Wy L-glutamic acid % 24 A% 4
% 48 i 2-amino-6-methyldipyrido[1,2- a : 3',2'- d Jimidazole (Glu-P-
1) = 2-aminodipyrido[1,2- a:3',2"- d]imidazole (Glu-P-2) 3t 78 & & &
M, Yoshida et d.(1978) .l K R E G AR EH T HF A
5 —#& 3 % 8 2 amino- o carboline(A oC) , E b, FFRE
ABERHTHEGHE. BEABRFRLRY FHIBE(H 500°C-
600°C) Wy MR 1%, T EABRAMATANKRESE Y, WH
EE2H/ % A AR E P E Matsumoto ef al.,1977) o

Zif, Commoner et d.(1978) F 4 K A& R i R FF 2L — &
KEIEFXN BT AFRYFNAFAEBRA)T
LEEAREEY, 19 FKasnied LE—BREEFE
R TEHPETEAQANERERREE Y —




2-amino-3-methylimidazo[4,5- flquinoline (IQ) &.2-amino-3,4-dimethyl
imidazo[4,5-f]quinoxaline MelQ) , & ¥ & & FAEF 6§ IQH &
&M (Figl) , wHALS YK EERRMESR, L2
aflatoxin B1 & & , H %, Yamaguchi et d.(1980b)F» Yamaizumi et
d.(1980) X 4~ B 74 B B ¥ & % BB Trp-P-1 , ¥ Matsumoto
dd(1B)LERERHEFREREHRNEZE 0C, B
B, CREAGSZHBELEABRIBZGTABLE LHNRE
S, PRE—FIRLSRIANQBGEFE R AL HYGE
B, #FE, Kiad FERFATREAF-RAGIQAHK
By — 2-amino—3,8—dimethy1—imidazq[4,3-]‘]quino>iﬁline (MelIQx)
(ALFig.1)o

EAAHMPERBERE " BWFX, EFLEEAL
BEERNGARE, —AAMERERE, lead.(198) %
Linetal .(1982) H £ L& MAFHF AT P AETERRME
A B &M B I IT B L F W (frameshift promutagen) , B 7]
RYVFIREEBTAB R LR EAELRES
(reverse mutation) H %, WP E LB RAWB EA AT YR
B, B AR A HORHM, SRRERTEHHBRANY
£t 4 AR AL T Fo Fr iR Maillad B JEHY EATH M, B R348
BERNMAFPBRATPELNREEDFE RO L0
A ¥y 3% 52 8 M — Trp-P-1,Glu-P-1 ZBa]PE R B o

Hargraves #v Pariza(1982) # 7 & 48 8 @ 89 4 B R4
ERGFRAERYFBRNF AH— g, ERXERAEH
G5 A R ER AV silicagel T AR ARA =8 2%
SR BRI AL AGFAFRRSYZHAFH, AR EHE-E
BEER, AFREIHNEERGRARIMBINH, CsF




TANKLE, ARERAS T e adF AERY
A MIQx. MQAIQ, MR A4 N FRYITEHER
S A MIxFQ, EAHNFA, AREZESH
MelQx (Hargraves and Pariza,1982,1983) , EAR, Turesky et.al.
(1983) L EH @R &4 A FRYF T4 651 QE MIQ
4 %) & 41-142 ng/g $1 142-527 ng/g o 5 9}, Hayatsu et
d.(1983a,b) F) A £ & & 4 1L E 4 B 4% Blue cotton) # 43 B &
FHERDTFTHABRED>EAL, EXEFELE
&t MelQx (222-273 ng/g), 1Q ( 21-40 ng/g) , 7 Barnes et
- d.(19832) A B & B AT ik AR AT #Ysilica gel F A K&k
FX, FEAAGERNLLATRIAIQERALE,
BREFNTEBEBRABRT LIQE 201 g, &M
BB AEPIQHNA ST E03;, YRHTR, BH4AEY
S RLEBEINXZERIBRE,

Felton ¥ A (1984) E M A F A ¥ LB F —HHHY
1Q & # & £ 4 — 2-amino-3,4,8-trimethylimidazo[4,5-f] quinoxaline(
48-DiMelQx) (Fig.1) , B & B & E4 A ¥ 454 F % 0.06 ng/g
, 7 Takahashi % A (19852) 4, fE 48 B & 4 A X B4y F 3 2|
48DIMelQx , X485 100 ngfes , HENBFANLES
h167462 % ), B ERGHAEERM-FTE S, &
AEROUBEALGIQAKEEY Fig)me, E8ER
FRAEBRYFHLETRER—BRITERANAFALER
o

Takahashi e dl. (1985b) ¥A "i& #8 B #7 & & & 10 F 18 #]
LCEC)' ¥ F ik, REREFHAFZRGFHEUGHREY
— MIx&EE53ngt Rt AEXRY, Bings@ AL
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FRAERY, AT EELARHHEHE, ARRE
BAREZHEEEHFTREL, Rl THLBR , £
1986 5, Kikugawa 5 A f& VA %% X& 49 68 & #5 7 3] 8] MelQx ,
EE&FH20ngy, HAE G G4EE R E0-120C 85RE&
T Am#50-120 1B, BERERMIQHEERZR AR
F ek, MEFEHARMRBYRBEFER , @ Kao
etal. (1986) T RBEL R EFEREFER, AR T AEZHE
FREEVABFRLR Gt e, &, e, R, X
R, MEZ & &), &RXFRUAEGIE Q0-140°0) B #.4E
ENESHE ARG RRE N, FIPRAKIKE (50-
80°C X, 15-30°C) Ak Foib-, 2B XEH 105 B 34 R LB H
SHRTEN, T, ZHfThlEg, IR ETERY
SRS B AW A, BFEAEAME, BF, K
REBHERERGG ST ARSI LIS EENE
‘MelQx, E4 %08 ng/g, MAZWHERTEY K48
DiMelQx

Yamaizumi et d. (1986) R  —#E A ERH TR EEH
A FHEREABYEARE TS E, RHRABE
MR RBEANERLRER L, BRALRMEN—E#
SHT, mERERS R HBREES N, R TFPEAY
BEREH—Q. MelQ&E, T HERAEBREFAH, UT A
THAEFHLE, THELRAMKZABRELE G ARRTD
ME, BEHENFALNEEEN Q. MQEFIK
AU TE, 2448, vEAFFAAAETHREEY
EHHE, nEERBGELE, ARV REERIE
BAER, WA TREEBREERE TR LGS HRRA
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R, ARELTUAFLEBEEHRREZELELNTE,
EREF, GueFAR)LHHMEFHALEQ, F&E, &
REEFEEFAMEFT RS URLZQ IR —KA HEHS
FEK . |

Kikugawa etal. (1987) X #— 3 & 48 vA 1000C & 20°C4 3]
A 48R 025 N EE AL, RREZ AT ERGEHHEE
M, #RXEAF_LEHEE R, RETHZI—HH
M, FTEEAHRENEEE S, AT AR Geat-
dried) & X PT B & 69 B R 8 ) £ & K MelQx $2 4,8-DiMelQx ,
WA BRERERBYBREELS, ARG LSS
1% : 52ng MelQx/g #2 54 ng 4,8-DiMelQx/g , VA K ¥ £ 34
BR W, AW EEHALQ.,. MQ X GuP2 &
£,

F 5L, B ZMelQx #= MelQx #9425 48 4% 4 — DiMelQx
, BEREALTASELERN, RARIERFE O)EE
#HM)EAESHIRE, LEEXTL BRI EREYGELE
Y, ERABEEBENM ST ZTARS A E
e, RBMEAHRRETETEOELLLE, EHA
XHSGHREFENERE R TR FMI L, B HKnize
ad. 18NREEK S EHBEGERLT, HEHLS P AL
BAZHEEY, 5 A E MIx EHEHEEH A
A& DMeIQx MR RS T, BAJHRBRAWEITERE
(HPLC coelution) Be.&-# Ak R 69 T8 %, FTRIZ L E
GHEEN ETARREHRAALE, SEAREEN
B2 By 9 3, 5] 8-MelQxFn4,8-DiMelQx F R AEH B & M,

Zhang % A (1988) A AR T B A Lk B LR
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A AN A, ¥ — 8RB (walleye pollack) , BE Bh &2 &
(variegated carp), B haiai) 2 F ¥, BZ oW AMEE
FEHGEZEL, WAL ABRAASEAFL IR, £EAR
MNERAZARBFLAARGERSL, RATHTEAR
RLERGIEZRLHPER, £, BERARG EFER
¥, TSR EEHATER, EAXEE T XHAY
WHRANEEY, CRHFEREBESRHK, BRI TN
SORSHERAV IR TABARRZ LS RER, &R E
FEBT RBANGRBRREAARBHRE SR, =2
EXFRERTHAGFXBRYTEIAN L THZ
— W HEREN, TARANFTABEYEL R EHRGRE
B, MEURMATNBNGELEEE, AREERR]
HBRREYG T 52—, ARBARFHEEHGA TR
BRTHAMMEEEGEL, AXZAKRZTER LR
B! AHRTERRBROREFIRSELEMAFHRR
AR F F R, REBATHEHREDHERRL
AF, EPAMIQx 1 & b A6 3B S HQ40%) , Rl
¥A 2-amino-1-methyl-6-phenylimidazo[4,5- b]pyridine (PhIP) 15 3% % &
(69.20 ng/g) o

BT P EXR I, Becer erd. (1988) AR LB 3 &
NRBBREBRNERNTERERY, LA —BER, &
HAREAEOIE0D DT, 345 B, 30%BES,
44% Bh-FRHZH, FHF, AL L5848, £+ —
B 75 3L Am 42% FLBR, WAF BT B A 2SCR
W44, FHNKEHMEGTHREL, RRLBRRIZE
A RTEMNG ERL, B HEIB XAD2F B A A& BT




d, ARFUEHRRIBI &I, L TAISBERZ S
FAVZE, BRARARRPBY REANEF=ZMIEZHT
SHER, MM GHBLARUYER, B
HEZERGEKTEMN, FoIEL G RE R R mIUER
6 BRI ARSe & 491845, HAMER 69 Im AN R4 R4
HREY, MATEREVEHHRDLERIZ THHE
g4, FEZNAETREZNBRBE TRERE EH AR
HAT Y | AR R R R EY, AMIQx R
BRRERELE, EANYGRREYAMBEYGITRF
FEEE 2-amino-3-methylimidazo[4,5- f]quinoxaline (IQx) (Fig.1) & 2
amino-1,6-dimethylimidazo[4,5- b]pyridine (1,6-DMIP) , IQx #7% %
# M A MelQ 8%, 1,6-DMIP 4F A& (% R &IQx 8
1/16000) , REAB WA LEAHRHEALREE S T
THRALKFTEBRRRKGFE EREPIPAK), B
5 AE KRR RIAF

— . MalllardR BS- B RBEHEEE Y

BHARHFZNEHERGEERSY, Flio, &
AEg, BB, BHE., BLEZFPBRBHEF, 22t HhE
—Em A E A FTHAEYLERE, & Mailad & FF
AREFT—HEITEZHLERR, £E A — R 3|4 Maillad &
RE %, sif® % 8% K L Maillard £ 1912 5 BT 2 8
, WEARGEIFERGELA - BAERYILER
o Mailard R R ER G mIE, EAMEEXRGBE
Blde, CEH g R Ak, 2 & \%%u&@%,L




REFEREBRREREEIRAECF, vhil, AR FHEEE
HESR, BRELABELIRST, nELHNE L RMEE
ko L AR Milbd R B E EA XK EH, HAREER
B E £ 4% E (Nagao @d.,1983; Omura ¢ dl .,1983; O'Brien ¢d .,
1988 ,1989) o

Hodge (1953) Bfl %4 YA & #2 i B 09 B A ER Ao BE SR 09 AL X
AR BGEREMBRBEPHLFER K, Spingam F»
Grivie (1979b) H 265 3, glucose /NH, B X, R 4 8948 8 2 4%
H#H TAB Fo TAISR B AT E M, RMARKEALKEE
Mo pyrzine 9 E F ZAM MK, R, A FHSEEH A
EEEX RGPS ERRAAHTEITRE, TEAR
BY#2 B 69 8 F 8 , 4] o Yoshida F» Okamoto (1980) # &%
B XA B EBORER, AHFLANDKELZ, TAE
B B2 P, 1A agnine, lysine Focystine ¥ TAS+S9 £ %
%G5, Jagerstad erd.(1983c) £ B — AR X A A Z A
MR ETERGPE, &R BT A threonine F» glycine
BEEMN, ASULFHREAARL, A LG KB, &
1T %o 7 W B A BA 2 Maillard BB 89 B BERX A& F, &
ARABRERYVECAHALBYAE, FHHAHZ
RETEME AR AR RE R G E (Powre o
d.,1981; Shinohara et d.,1983 ;Gazzani et d.,1987) , -4 MK
8 8B Fo UBR ¥ B & W ARF E MR ( Overvik erd. ,1989)

EA Maillad R B EBRX AL THEEZEHRGY
£, EHHETERSE, BRAFEREAEK, Shibamoto
(983 RN ARKFATRAK T 5 MAEL 3003 N




Maillard & & #1 o WA F 5 EAXH, Afuran,
thiophene | thiozole  thiozolidine , pyrazine, imidazole
pyridinefe X € ZERAEHF, AFELERSZERER
&4 S pyrazine #v imidazole ( Shibamoto,1982 )o AR X A K F £
VB A BT A L §Y pyrazine , 4 4o thamnose/NH 42 X, &
%77 A R &+ — & pyrazine, 15 &SR FE IR P 80% (
Shibamoto #= Bemhard,1978 ), Stich er al.(1980) ¥A Ames test 7 i #F
KB B pyrazine Fo W9 £F alkyl 47 & # : 2-methylpyrazine, 2
ethylpyrazine |  2,5-dimethylpyrzin e 2,6-dimethylpyrazine #} TAI00
TA1537 = TA98 ¥ & % £ # , % 4 Shibamoto (1980) &
cyclotene /NH , # X, & 4 F, &b i — 42 4 TAR F= TAISR £
HBCR MG Mailard BB # — tricyclicpyrazine o & imidazole 3f
4, Voogd et d.(1979) ¥ v Ames test 7 ik £ A &-4E imidazole F
nitroimidazole %9 2 % £ M, & F.A 3 4F nitroimidazole Fr wy 42
imidazole BL 4 & & & M, @y — % alkylimidazole, 4] 4w I-
methylimidazole , 1,2-dimethylimidazole \ 2-methylimidazole . I
methylimidazole .  4-methylimidazole = 4,5-dimethylimidazole FRIE A
HREM, £ LT MY Maillad & JE#, Shibamoto /&
1989 % % Review paper PR E X Z £ KT E MK, W
Maillard R E By E R S m LB BT H RBE R EHY A E 20
TP ELTFEHEL, 128 Jagerstad F A (1983 ) B R E
alanine/glucose/creatinine & glycine/glucose/creatinine #9 #£ X, & 4%
T, Wi Malad L R EHBRBEEE N LOTE, A
B B4 3] m A2-methylpyridine #22.5-dimethylpyrazine ¥ 3 5%
50% F= 80% 9 B 52 8 M
BUTHZ 4%, RMLLELTRZRLHHEEHEQEY




- FeJEQ A 28 (Nagao o d.,1983; Ovérvik and Gustafsson ,1990
)o Jagerstad erdl. (1983a) ¥ #& i Maillard &_J& 7 — pyrazine #v»
pyridine 5~ R H R IQBH R EH W THRAF R EHF LWL
%y, 438 K pyrazine#e pyridine £ &8 oy strecker & & A,
amadorifb& ¥y, 8 8 R fy B K BR 42 strecker R E &
A, EAQE 44 midazole SRy, BT AR oy ALER % 8 AL
LBR BT Wy 446, A L= TERIQBEK T E
o HTREGIQHEBRENH AT RAFHER, Jo
Fig.24A FT % o # %, /& Nyhammar (1986b) ¥ H 43 X F A
HHE QA M R 5 —THBIE, #HIQREHH
imidazole 3f 4 7T 48 vy WUBR B K $% 88 A% WUER BT 4% b Ao B8 JAE
7T 8B X698 &4F A (aldol-type condensation) , R 4& F =
pyrazine & pyridine 44 M B RIQB K T & M, & Jones F
Weisburger (1989) #9484 A M R BE £, E&£BEHR
45 A& /£ T, threonine F» acetaldehyde /& diethylene glycol-5% H,0%9
IR AET A B8 A B89 3R 8¢ 4 — 2-amino-5-ethylidene-1-
methylimidazol-4-one(AEMI) &_ 2-amino-1-methyl-5-propylidene-
imidazol-4-one(AMPI) , ] M &A% % 7 threonine A7 2 9 8% #A
FNLBLET FTRE TR, AR R RN — B R HE
g, B, RALCEAREIARKEEFT P
QiLM, B EHHMEBBRTRPNBRETR F—HZ
B ERANER R RIQAKEE M, Mk—4T
A~y AR T 48 B AR B 354 BT A 50 %9 Maillard B o
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N. PXHZ

B AT ARIE R M (12 AVEE) B9ILA AR (102 °C)
#, AR TRFERYGE B EXATRE X S98H
ET, €HIPMKRE AR EAKTENR, EH#—-FH
BATOREFRYAERFREL, FAFEAERS
B GHEORAB AT B, A AR EREBRR
P AEER SR B A R BIQR B T E 4, RAMLAL
SR LR OO TR E R P Y 2P
MelQx v IQ & MelQ, /53T & 48 B T F &4-F 41 &L
MelQx , 37 M E6T1Q R 12 & 5% 85 MelQ , v P4 MelQx
v IQAMQ S HMEEALREETEFMNY 190% | 273%
% 343% , R e AT ¥ e AR T KR E e DiMeIQx
(BEREREBRHEUDF, PELSEX I M RAEAZTRR
F8 T 64 7 G v MR F A

EAMBATPIREAXRZTE NN NES, W
gluicose , rbose  alanine . creatinine & Maillard B_JE #1 & &~ B
INBRATRIX AL THINEHBATHERARETESY
S, 4 R BE T glicose . alanine |  creatinine & ribose 3 48 ¥ 5%
HAAEXALZIHEE H 27674, Muiad 8BS F 49
2-methylthiophene | 3-methylpyridine \  2,3-dimethylpyrazine &_tetra-
hydrothiophen-3-one % 6 & 1220 K R & HZ H m, W
imidazole F= 2-acetylpyrrole B & |8 BT HEX AR I H R
S AR 0R2H0345, BREKMBRE ST Es A ITA
ARAKRHEETE WO HRTREEFEATEXNREH
BREREHHBE,
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BT HHEEATEIAARZIHEEIRREERY
¥ #& Maillard B_J& #7 — tetrahydrothiophen-3-one #» 2,3-dimethyl-
pyrzine 4 B A s AT BX AR PRI LR LE RS
A, &R %525 mmol #9 tetrahydrothiophen-3-one & pH 5.0 #R
BRTABH0IKREARSEEEE, ®HF A2 5mmol
#49 2,3-dimethylpyrazine #£ pH 6.0 F & # 2> B ] & 2,3-dimethyl-
pyrazine 8 & 4 B EAAE o T AR VA F RORARBAT BT
REBRHEIZREEHFTRABEATHENRAETHE
ZIQHKREY, FW K ML S I tetrahydrothiophen-3-
oe &, 23-dimethylpyrzine 453 B 7T X R 4 F, ARABBHT
B E R B Mailladd L W A&, HFHAPK
REPGERARBEAME, BrRMER L HHEALE
HTHRESRBATEIXRETEREEEHGNESD,

® £, RATF A Maillad B4 /B4R /PLERET# B
B g B X R SR Jagerstad er d .(1983a) & Nyhammar (1986) Ff
RZTRBRIQBHK T E BB THRME, ERXRAE2
methylpyridine / acetylformaldehyde / creatinine %9 4% X, & % F &,
B A MBAET B £ 4 L9 1Q, BRERT AHE, T8
BHEEAMEXNRAANEE, HFE—FTHAR,
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5. BF

ABERERERMAAESESCEARE S HREE
LB EREAEHELINT, BRFERZAFALR
M, REBWN, AEERESTE, ELAEERBLY
FRE8Y, HldoBaP., TpPl, TpP2. GuP-1, GluP-
2. Q. MIQ., MeQx, DiMelQx Fe PhIP %% ( Kasai e d ., 1980,
1981; Felton et d ., 1984, 1986, 1988; Becher efd., 1988 ), i& %4k
MR ZOCHEBAREIRFSIBEELAERY AR
3 7% 4 (pancarcinogen )( Ohgaki et d ., 1984, 1986, 1987; Overvik
and Gustafsson, 1990), B E N A HF LR T B EEARK
FYBBLRETFLARPIGHRL ITEZ —,

SFRBINEHFE BT HITELRRE N AT
£, KEAFAHAEHA, EAFRTRERAZE "
W R TX, RELEEAMRERYHRL, — L
AREHERY, KAAEE Le erd.(1981) & Lin er d .(1982) H
AHEEWHMAHRBEANTFACLEARELABD EHHHS
#) 77 BB 2L K 85 4 (frameshift promutagen) , & 5| RV IR AR
BTARmESIORSBEHSREARRTE R E (revertants),
BEABRNBEA AT G EE, BREEALR A oG M
F, SEREKTEYHB AN EASFAMFFomig
Maillard B 4 EATH M, FI A B ERFMAFRA
TPEEANBREDPEF LN HERE ¥ — Tp-
Pl, GuP1Z BaP¥FF, B AMTREZEALRZE
ZHEEHMAFEATFHSHERED,

FI, HEMRTERBTREN— BT ZHERY,
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Bl ho BEE B A BR . WUBA R MM ET R SRS 2 LK EEY
MR H—ERBNRIX AL LERE LRE
EBR 6P E, 5o Jagerstad er d.(1984) $L Negishi er d.(1985) f&
H R /IERET /B EABOEXN AL EETE A MIx
#2 2-amino-3,7,8-trimethylimidazo[4,5- flquinoxaline (7,8-DiMelQx) ,
7 Muramatsu = Matsushima (1985) /& & BBt / LERET /8 &
BHBRXRAAE LG E S M # 43DiMelQx o ABTRE
AWCERBEATF, TE2HAKEEHH I ES T
B A8, BRET, B fMilad R BHF, EEAR
FE, BT cyseine 5, EE19FEM AR B R L EE
FEARARR R BB REH TR, BFEFRAFE T IR
BRABREAZPBRATEIXNRALETESEAHREEDLT
REHE,

AT 5 Maillard X JEAE AR K R 46 F A B R B 4T &
A MM, 2 A0 Mailad B E By m A3 B TR X A
BP, AEFFEAHX Mailbd B EHH B EX R & PR
ERBHHRZHE, WmIFE 3 Maillard B EH E 8 A TTAEX
AR AE, F5, IR E R A H Maillard &
HEHATEIXN AR THAREESNBE, ABIR
&R BT, A SRR AR B AR S AT B A fe R A
Maillard R E #6988 AT X RAET B RN LT ZRKEED
FARE ITARIQAFFIQEAKEE NI HHALTE
o ERARAMBNBONMBEATHEIXNRREMRBEF L
% Mhaillard B_JE H %9 -5 88 4%, A3 B4 4 Maillard B_JE %
L REEEWGT Ko

Bz, A EGE— Tt e &k MAR
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BATTHEANRRE K, FAEEEX R RKT
EHAZE, $HEANMFLELEBAQEK R E M T
‘}é-o
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B, AT ®

—. MHARKFES

HEIHEBNA BT RETERA, B, B
#% ., glucose-6-phosphate (G-6-P), nicotinamide dinucleotide
phosphate (NADP) , copper phthalocyanine cellulose (Blue cotton) A
WEH Signa RERZRNTGRF, —THREARY, B
TRREA ., HBBAF L £ H Sgmib ® K S T AR,
AR EAEB A WAEEE Meck L& E N5 BE, NER
B MAE, AREFFPECHITEAEES LA G E
B E Merck f6% 2 5% 4 8] i %, &-4% Maillard B_E 4 A 5 B
% B Aldich & B oo 8], 4% B2 4 8K 8 5 — 2-amino-3-
methylimidazo([4,5- flquinoline (IQ) v 3-amino-1,4-dimethyl-5 H-
pyrido[4,3- blindole(Trp-P-1), 3-amino-1-methyl-5 H-pyrido[4,3-
blindole(Trp-P-2) & &y H AR 7 Wo /4 F % Bk 4%, 2-amin
3,8-dimethyl-imidazo[4,5- flquinoxaline (MelIQx) 2-amino-3,4-
dimethylimidazo[4,5-f]quinoxaline(MelIQ), 2-amino-3,4,8-
trimethylimidazo[4,5- f] quinoxaline(4,8-DiMelQx) y 2-amino-3,7,8-
trimethylimidazo[4,5- f] quinoxaline(7,8-DiMelQx) & & %% 3% Swedish
X % Grivas,S. ¥ -8 $L, 2-amino-1,6-dimethylimidazo[4,5-
blpyridine(DMIP) & 2-amino-1-methyl-6-phenylimidazo[4,5-
bpyridine(PhIP) ¥ £ B A= M X # Felton,J.S. H# L RE 3L,

—. BRATEXRAALGRE S
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4% P8 Lec et al.(1981) & Liner ol.(1982) #5 5 sx 8 4 &
o EENFTWHEDHESE KT AT I ZABKE
ot o, REFRBREEL, RRKBHANLCREF
Hulit, HEBRNBEREFEGEZARREEEZABRE
1250 ml, BP& 25ml #9B 458 B FPARE AL FH100g ¥
Mo b 25ml 8 A EARAEET, £100-105°C T
AR, REPREATEX ARG,

=2, BREEHEZ AR

R HZAE R AEKAARE % RI4F Maom and Ames
1983) o ATRREE & L Bk (S9) R A A M Sprague-Dawley X &
AR R E 4T Aroclor 1254 & AT Bk 8 48 M 4% [ A 500 mg/Kg &9 |
FH# Aroclor 1254 ZH AR MK & K (180- 200 g L EF, &
AEWAG LHERL, PEXRMLAKFALELER
& T B il AFBR 36 4R & Maron and Ames (1983) #9% xSt F B8R
HAS9 EREASI Bbk]l, ARETHEBHERE M (
histidine auxotroph )= Salmonella typhimurium strains TA98 &
TAI00 & ¥7 £ B e M X F 4 % K 5 & Ames,B.N. & 7%
o, WA XA FHAZRE Maron and Ames (1983) #9 7 ik
THANE L EHEAEABREIET T,

W, HATRSTHREH NS
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W ER, L, S8 X BEF B oFig. 257

T o

(—). HWATHERGRES BFR

MR AEF RIORANEREE A THAS, A 25m
5 R 4G K T A AL 245 0G5 , YAINHC 38 pH 18 &2.0
, FmAN(NHY,S0,, RERMEFAEZHRE G, LXK BN
BREE, REAZLEFAG KR TRFTE W 2DF
B—k, AAREEFG_RTRFIERRFEL, H_&T
%%, /& BP BR /& (acid fraction ), SR 4% - #7K /& F 10N NaOH & H
165100, REZAABRAG_R TR FEOW2ZDER—
R, AUAREBRG_L&TRFERR L, Y LT
%t /& PP & /& (basic fraction ), BR., B 5 HmA &K
Na, SO, BAKFRBBEGHBRAAE, LBENATEAD
AREF, HERRERGRAE o —F R E R Blue
cotton) %&_F¥ ZE BX

(=) MEBRAEMRAHFPFREERESEY

W RFER Yk B EE, BAELETFTRAKE
W, PR Hayatsu eral. (1983ab) 89 F ik, EmABREET R
THRENSENARKRZERSZRFTERFHL, RAUE
MRBEF R ERTRGEZR, BFRABKRRELKS %, F
AYF BEFe B &K (v,50:1) B F e B AR SE 4 30548 45, H
HEREHTREL, RERXRTEBEUAFERE RRER
THER -k, RAK R FRZ—BRARE&E, 53

18




1—2m HLCE FTE T, FAFRESIRANE IR
1, ARG ERE, RIMRE K. BEARFIR IR I LA
E, BERMEBITHELSENTRE, FARLBRRTER
RE, HEARAHRERGFOURRE, BREREH
FTEFHE-THTR,

(). HmAFHAR SRR B sk
e F AR BTAZI LI AFRAE

ODS-FEC % A (10 pm particle,10 X 250 mm, ¥ B Regis 2 &] )%
BE ., St ROR AR B AR A B A Hitachi D-6500 3 4] & 4 ,
BeoH L4500 & 64 58 — 4258 & 51 £ 3 {1 3R] B ( photodiode array

detector )& L6200 intelligent pump( H A~ Hitachi 2> 8] ), 3 I& &
% & CH,ON/ 10 M B84 -8 $. 1t 4% @H 7.2) YA gradient F X, 7
3, i CH,ON #9364 2546 & :05 min,10 1 25% linear gradient ,
5-10 min,25 to 35 % linear gradient , 10-20 min,35-55% linear
gradient,20-25 min,55 0 60 % linear gradient , W& ik & &4 4% 25
£ , ERKk &K 2003600nm , K ELLIS HREANE R
SATBRL B TR R ERRIE, HHR RS
MERRBEBBAFEATEFHE-—FTHINTBFZRR
AT ARLHT o

(W), 2B EHERABAEZ 810

H 42 E 3k 4h 40 8 A% e i A\ Nucleosil Cpg & £ (5 pum
particle, 4.6 X 250 mm, INPAC Co. )#Eit — ¥ 4&4t., H % #4n
ERFI : K/ TR 12: 88/0.1, vl ), R BFHLE
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—ZEH, AT aAXYAEBRERES s BKRER
e, S REE RS AT RN T AR NRIE, AER
REEYERE YNGR G MR SR T AR B
FERE, RAZETHKXETEHQABRIERQE),

(F£). MelQx, IQ. MelQ#DiMelQx% L 444y = 4541

H L iR 4k R HF 69 4 5 i ST\ Nucleosil CN& A (5 um
particle, 4.6 X 250 mm, INPAC Co.), BE#HAMER T : K/
— TR/ BER [pH6.0]) (12 :88/0.1, viviv ), iR BFHE 54—
% FF Becher erd ., 1988) o K i ¥uik VA K — 4252 & 7 b3 14
RABARZIZHEEES &AL H MIX, IQ. MIQ
Fo DIMEIQx F 4R B e b B L RSN EEE, R ARERE
ZHRERERZEHRLEZERESR, R ARELST
B EEAREH ARBRA B GHEE HRFLE L LA
=P ZEE,

(%), B#Z AR

E {32 »A JEOL Model JMS-DX 300 double-focusing & %
&A1, A T4k A 3% N insertion probe, BEKFE
90°C, 70 eV H 3% Z trap current F&#F /& 300 pA , 7 accelerating
voltage % 3kV

Z, BATZIAHERGSH
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AT EAR, B8 RANERREFILE G0 R
B H L kT
(—). ReR B 69 E B (A Waters 600E &% 48 B AT 4% RI4F)
27 T sk % Prieto et al. (1990) BT B & 89 7 3%
1. JEe X B8 A2 # 3% vA dansyl chloride derivatization :
20 A& fie 2 B4 AR 3 iR A& (-0.5 mmol)
#£#~200 ml 0.01N HCI¥P
F10ml e LB AR IR AR
#m10 ml 1N K,CO,
m10 ml dansyl chloridei% #&. [0.5 g/25 ml (CH;),CO]
A% 2min
¥A0.45 um i BE 18
VA HPLCAELAL JE ¥ 4%

2. %k & ¥A dansyl chloride derivatization :

R A B GE ATASE2m
bpa2 ml 1IN K,CO;
Dpa2 ml dansyl chlorides& & [0.5 g/25 ml (CH,),CO ]

l;%: # 2mn
‘VJL 0.45 umJE B2 18 J&

YAHPLCRE ¥

o —

3. B A BR @GHPLCR B 5 #ri 4

Controller : Waters 600E system
Detector : Waters Model 441 ( absorbance at 254 nm )
Column : Merck 50983 LiChrospher 100 RP-18 , 5 um,

21




(=).

250x4 mm
Mobile phase : 12 mM K,HPO,/CH,COCH (pH 6.7) : CH,CN

Agradient X 3, v CH,CN &4 bk 4 &
1 % : 0-10 min, 15 to 20% linear gradient , 10-
20 min,20 to 22 % linear gradient , 20-30 min,22
-30 % linear gradient, 30-40 min,30 to 35 % linear
gradient , 40- 50 min, 35 to 45 % linear gradient .

Flow rate : 1.0 ml/min

B8 65 HPLC Z S 9 ¥4t
DM Fr ik B Coppola (1984) B % % 8448 &

Controller : Waters 600E system

Detector : Waters Differential Refractometer Electronics Unit & R
401 ( Refractive Index )

Column : Interaction Chromatography Inc. CHO-620 carbohydrate
column (cat.no.25210) , 300X6.5 mm

Mobile phase : deionized water

Flow rate : 0.6 ml/min

Temperature : 90°C

Sensitivity : 16X

(= ). WUERET (creatinine) By A F X F

JR B K Jaffe kinetic reaction, 4477 3k 2% Larsen (1972)
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Absorbance wavelength : 510 nm
Temperature : 30°C
Measure against water
R | M 4% H Alkaline reagent e picric acid ¥ & /% &~ & working
reagent
VAR B¢ R
{511 ml working reagent £ cuvette ¥ ( 30°C)
| l7&:2)\0.05 ml 69 A% 2 5 RAR 55 (100045 55 #F)
l«fé/é\ ¥ 4330 44, HIX510 nmR 3 B & Absorbance 1
l—ﬁ-‘%@ 304V 3% BX 510 nm*&_3%, & & Absorbance II
lAbsorbance II - Absorbance I=A A
st
Unknown concentration =

AA of unknown / AA of standard X standard concentration

x. BEATAEKX RS P Maillard &_JE W 69 57

(—). Maillard &_J& ¥y &5 F I
3 BT 3 4 Shibamoto (1982) Ff 32 84 B 75 %

B AR AT IEZ AR AR 10m = R TEE
B, R#EEomyl, FERAFR=Z L, RORHEFS
AT BFPARRBRELEIE, A 2m TV E44£1E18 02
umiE RS, BASAE SRARSE E Ou, FREABE

FH o
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(=)e ARARBATAR 57 Maillard B_IE
47 7 3% %% Hong and Richard (1992) BT & % SC Bk
F A8 B AT 4R + Varian STAR 3400

Polar column : Chrompack WCOT fused silica coating CP-WAX
52CB capillary column ( 50 m x 0.32 mm i.d.)

Detector : flame ionization detector ( F.I.D.)
Carrier gas : N, , 0.8 ml/min.
Injector and Detector temp. : 250°C

Temp. program : 70°C (8 min)—2°C/min—160°C (60min)

(Z), Mailad BB Z R A7 QT EKX R & B AR
BREE WGP E

EBm Fag 1008 ) AT EXNRET,
A 7% # Maillard B_JE# (& Smmol) , =ik A H 2K, &
EXEBRBBHHETEN, ARETEHZERF X £ AW
Z(—)o

BRVEARLHZER YR BAEHN, BH AL
R REHpHAL, R RE MR BRI EEGRE,

1. pHAZ 84 B 45
# A Maillard B & %4 % B 742 X & 4 vANaOH 2,
HCl AR Ak Z pHAE4 31 %3, 5. 7 9 114 & 10
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105 CTF=iEmakl 2 044, FRE—R B {4k oK
HEERELUNER Y EHDBBERLEGRIE,

2. R JEHE P b R4 - |

H A K Maillard B_JE 4 69 8% A T X & 4 E 100- 105
RETmikl, 2, 4 8, 12, 16, 01, FRE—K
B M SBETERERER B BBBELZEY
R,

3. R R R B HE -

2-FE 25, 5 10, 20 mmol # Maillard &_J& #y #m 2] 25
mtE AT BXARE, A A2 IE, FRE—RE
BEMBMEEERARNLER S SR EABEREE R
Z o

b, BEZ AT

WA 12D R EETRWEDG A T
vo, FMAGRHEFET/E4E, A% INE ¥ & (Shimadzu
UV-2100)#420 nm % & ) & B K E o

N, RERXAAERTHEREH ST
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(—). BEBXREARGREYBFER

7 Fm Maillard B_JE 4y, 8 3R LBR BT 7 = T 8h H 85 —
7K & #% (DEG-5%H ,0) 3 i 1/ B 45 89 -4k o (105 m) , Aw
A 420ml 99 2% 48K T A AE R SRR R, AR 4K 3B 8 XAD-2
column , #~312A200ml & &, FEEFEZ, HREIEH L
RBRREHBRAEA MG EETRY, AEZBRES
RBEBLALWEZ(—),

(=). BEHXAERBZILL

B EAERAMERGTER TR WX (=)
%, BEREBRNMABAIEAGHEANRAERE RS MK
(Thin-layer Chromatography, TLC) , # 4% fa4Fik — F bk, #
RBERFMERAMERERSKZE HEHF Q. MelQx,
MelQ & DiMelQx 35 42 3 b 4~ 5| B 78 45 & E Merck Kieselgel 60
Foo, B B K L, HA AT HM LS (methanol-
chloroform)(10:90, viv) # 4k 4R AR R B Mo 2B, K144
FE254 B 36omFELETHRELRME, AE6mMAE
WMATEZBR G E B4 & BIEEE (band), ¥ T & BEHS A
T BE Fe &4 (10:90, 50:50, 100:0, vv) #Ak i i 45, S BFE
REZHREN, AEAREEERREYERRESRE,
B AF SR FH ok BT R EAT R,

(Z). %A FHAEHRRAEIT R

BERE RYIERALEGERFLAFN AR TR
BAR BB (AR WZCE)HFiE) , KERIQ
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BESHFAREHMOER, REISLFASTERHRK
B AR BT RIS Nuckosl N EAEZ L # (B EWX (@
VEIF &) o

(), BB FPIQZHHER

4238 — 3k Nucleosil (N & A 4k 4% #5 4% % F A Spherisorb
pH Stable Co%& # (5 ym particle, 4.6 X250 mm , INPAC Co.) , it
Wik BRTE : K/ ZCHA(12: 88/0.1, vivwv), Fik BF
SE—ZH. EHRBRAXL-BER I LEMARBHEL
FZHFREESNAEEEHIQBE R LR o k3
B, RAZZ LI RZHEERFRZEFANQ, A AR
BEomdR R EEMEAH ARBRAEYEEE HRAFLE
EEKERFTZLE,

(&£), B AxE
B2 ARk REZ ()M,
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—. BATERHTIZHREHI BT :

R B M AT E AT F R A GER B R L KT & A
B, BATRARESENR, HAkBHEERY LB EH
R M FFRS, B TEARERRTRIFZIRSEY
FUAHERAARMZFUERETERESMHELKER,
R EFIRRZERER, LBITE AL KRR X
BIFZ B R 8 ¥ B 4 (Revertants fraction) B R, Fg 3, B« A
ARDHERTERGER T E2F EMIQx . 1QF MIQ H 4%
B 3 #9% G ¥ M) Retention time) i, B H LA SFHE
BRGBBKERSE, E—FRIME GFERFHRE
AR S TR FgdFTw, RPI5BLELENER
SHERE MK, QWFERMMBL, MEITENE
HAFMIQARIE, FIEDZ BLBHERARETE BE
B, ARG MBEA L DMIQx, BEHNRITZHE
SRR A A AR SRR RN T ARILR S
Za Rk, £RF)A Tbel , BT AR FZH
REESPFPIQARREHZESH R BIFH—K, Wi
FIQAKXTE N — TpP2 R BB EER K, HHE
IQRB REWAEBRMET R E AR SMERAMBIKER
EALFIQBKTEHAE, B AMATLLLGHEE
HARR BAIQEKEEY,

REI TR LIEZRRERRS T AREHL, FA
SHMBCNERE RS F—HEH, HC,TENMAZXRT
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oA BREEY— M FIQRES5H, BFERMN
BETAE=MEEIZES, BEHAPYERM F 55 5
ARBELAIER, BN BB E 5 R g R IR
M Fig O AR KRB ME RS MNE 225 m, 2608 mA
262.6 mFAHFEERET L —FK, RHEF UK ¥ Mass
spectrim) PEX L H &, W= RHEAKEZE YA ELER
ZEEZREARS, meo R 523, 198 & 212 (Fig. 7, 8, 9,
HERERToEHMAFRBATFEIZREEDE
MelQx . IQ & MelQ, iE A ¥A& KA E ik 7 2 £ MIx #21Q
Z R %9 3K 8 M B R T 48 A DiMelQx (Fig. 5, A E &R
REYTAERERE AR EE TN A Table 2, P LHMAFH
# BT AR AR MelQx, IQ MelQ #= DMeIQx F w9 # 1Q A &
REY, AKX TE NG 00% , FF2AMIQx, IQ,
MelQ % =4 215 806%, %31 & 190% . 273%F= 343% ,
ABHHRADBMEEL BT HHEAZ M, 1Q. MRQ¥ =#
BHREUNEE, FAATLHHNEH 41, 3TR 124
Fo |

W Table 3L EBEHAARTH T ESHIQBEKEE
M, BRERMTAZH AT T8 MIx £ FRAAF A
(Hargraves and Pariza,1983; Felton etal .,1984; Murray etal.,1988), *&
Y& @ $E (Kato erd . 1986) K%, 2R AMF A FRHR
#9 /& (Hargraves and Pariza,1983) : #7 IQ#)-4- 5 & & 3 A& 4
Bl (Barnes ef al.,1983; Felton et al.,1984), ¥ 4 A fe bt &
(Yamaizumi et al. ,1986), 42 B iV T & (Kasai e d., 1981;
Yamaizumi et al. ,1986) % 1% ; £ AMelQ ¥ & A & A4 A
(Felton et al.,1984 )& &, Mk B T &, H & &1
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(Yamaizumi et al.,1986) o

HRTRAAERFMARG A FTXTELGHTE
HoEE REEFMA, BFrX1&, EFYEAGRS
NEFE, IR, REBALRICERENELR
Z M, FEAFFHREAZFR!

FBI, ETbe 4 BE IR HITEHEEE DR
BEHE—%E, LA EARMANRERS,
B RAERBATHREEFHOGSE, BRANFKATE
4 1Q, MEQ, MelQx, DiMelQx & PulP 5 €, 4n 2 % £ 4 (Vahl
etd., 1988), A &R RMGEFTLLM, REBHGFTX
FekZWFXELHERE, REAKHRAKESEFAHAFLE
25, EBTAERAHEAREREMA ST, L
AIQ, MelQ, MelQxZE DiMelQx ¥ &, 4 IQ R s T & 4,

. HATZXHEREIR., RSP IBRE AAHA
BB BE ALK EEU T RZBE
EARWNMAFRBATEATCEAREE HIAT
RIBARIENF AR —HEELARIT RS
MG AEERENR %R, BRSIFAT P HESRERE
BAEZ BT/ S8, #£F 4o Figlof Tabe ST H
HBRTASZOBREABRERRE, R4 TEAMLEBARLE
THRE 1A Lok k EHis, Ala, Pro, Met
v Asn, Tyr, Arg, Ser, Val, GlyfLys F, #AZU
FmTREARRBRZITEH G X, HELBENG =
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AR R FR A 2mmol EB AT P EH, BERAEK
B ESFHRF e Aa, Tyr, Gly, An, Ileu, Pro
FREABRGRLSR, FHFTEMH T ILE =450 E(Table
6), FHAEIm Alady g BT FIRex Bl FROR A B TR
oM, BRAEMEERVEEERTREAT AHRA
1. 3-5. 24% (Fig11; Table 7), W Ala e BT & FHTHE 1
FEXAERE A, TRAlLREABRBATFHEAREEY
W E R EELER,

EAREBPIPIREEHATAHRTNAN ST
Fig.12 4= Tabe 8P7 7, AT HEBTHHHB. RBEAH
¥meE, ADNEHFBEHEARK, BBAZ, REAX
¥, FAIRNINBRETH RV ERALF L O%, BTFHHA
BHEE, RE. BBRANBREFFRTRLETBRAKE
£ 7 Maillard B_JE .

Table 9 PH &M TR AR AT HARETE DI E
BB mABRATPES, ARBMARETE H o
W A A 2 mmol #9 ) B0 M AR 8 A T4 ) B
REH, FHBULFmEBOREERERE D HE
7B 492.54% 5 5 % Am 17.5 mmol #9 FUBR BT 44T 3 B 5 BB S
45, BN, FRRER . PDULBR BT & Maillard B_JE # — tetra-
hydrothiophen-3-one ) B i Jm 27K Fo 3% B 7 ¥ & Bp L ARILE
EHETEMR 145 242, AhAFTE RS HATERE
EREYBROEZWNEY,

ww AT AR ARARELTOARLAT, 2H
IR ADBATIRHMAF Ala, Proy Asny, Tyr, Ser, Thr
v leufe GlyF KK, M Macyerd.(1964) #9454 F A A
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BMTXKRBIHERTIH AR A AN EBELIRGEL
F, EP LRABAMGELTLEL, RERMAHLER
FEEL, H, ERBOELLE, #RATABTEAR
BEBELER, BEAZ, REEXE, T May o
d.(196H R X BB ERERIMRAT LD D, B
R¥E, XRAEZMGREHDES, TLRAMHELRRS
BEWE B F R B,

FREEASR P ERRE N H RN P E, Yoshida and
Okamoto (1980 )H# & A& ke X B o &) A 4K P £ FH D
&, AZ®TRFRLK BRKEELHRALE, &XE
ARAF hghLlys HTABR E9EEAHTEHMH, Onmn
ed.(1983) AR B XA GBAEEDHBANYT
Br, &RXBEFTHRT Arg, LysZ s, BHmT GlyFelle
BA B REMN, Jgestad ¢ d. (1983) XA F — A X & & AF
RERABRH AR RTEHGBE, wMHEAR, VB
Fo B BB EAE WK 6 = T 8kH B & (DEG-14%H ,0) F
BARDEL, EEARBERSRBEERETERERE, A
HAH Thr feGly EARBHHTER, §LERATR T &
MBI ANRETHREZERIAREBERNRZKEEL
BREM,

B Table 10T & & alanine Z BN A KL FTHAGTE
Z MelQx . MelQ & 4,8-DiMelQx % 8 & & ¥ (Grivas & al, 1985;
Muramatsu et a.,1985; Grivas e al, 1986; Overvik et al,1989),
proline €~ & 21 Q (Yoshida er al.,1984) , 5 tyrosine BY & 2 MelQx
(Overvik et al, 1989) , serine €~ 2 &%, MelQx & 1Q(Overvik er al, 1989;
Knize et al, 1988a), iE H glycine L8 ERE X R & P £ &K
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MelQx . IQZ& 7,8-DiMelQx (Jagerstad et d.,1984; Grivas et al, 1986;
Negishi e al,1984 ), E B AR ER S AT FEALKX
9, BERREZEEARTRARHNTAFFBRARER
SHHEZWNES

ALEFBRMAELGEGBIX AL TREAGER, &
EHBYHRT ALY, BRABRBKTEDTRA N HFED
4T ? Overvik ef al. (1989) 9~ B A -+ Z A& fir L B Fo LER A JE
AT HNOEX RAARLFE T ELARIEH T EHT AR
HHE, AERXFHELIIImEIABRGERARNARAEL
BRERYHBERFLEAE WM&, EXBEFTThr &
HBEAHEREMIE, AP A =ZHEELBKR—Ser, Ala
FoTyr B A RMelQx, MEHBATRXALET, KMER
N alanine ¥R B IQABX R E M AR, FiB, §
Taylor etd. (1986) #54F A H B XA LZL FTHERF AP XK
g AFPEATEIRG AR EL, B AEEFIERS
MRERBRAF AT T, A Tp. CysFProfHEFA
TiEL Eegs 8, wAla, TyrZGly#f £ R
B, TAFATHBATHEIXN AL BELABRRLFERLR
EAF, ABRAFBRORZEREHFEEL,

EEAEGATRER, XMTHEMNEAMBELRR
EREHTEDNENHERE AT EAFHITH
Ala, Pro, Tyr, Srfe GlyF &Lk BAHETHRIQA
BREY  mEBEBHTARADGE, BB, REFELALK
KXo Bif sk A AT A LS AT HAIQREKE S
M EEZTNEM,
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=, AT Mallard R B EZFHTHLGELFL
FmAHATHRREEWYSREREASHZ
FEE,

28 # Maillard B_J& # 42 & 5% Z £, 488 #7 B 4o Fig.13 FF
=, AT A SRS E P A A RZ Maillard B EH 8905 &
BULAKETEPHRZAH L, ARAABATIE R B 5% A
TRXAGA S EAFA L RHMAHBR T & A 2,3-di-
methylpyrazine F# tetrahydrothiophen-3-one (Fig.14B) , k& 3 fm #
B 89 3 A T B R A Maillad BJE 445 %9 854K (Fig.14
C,D,E,F, G H, Do 4 B EZHO. L 2, 4 8 L, bR
20/ BEF ARIE, B R 2,3-dimethylpyrazine £ &% M 65-4-F
gLEixrEndHKEe MM c=-031,P>005 ,
77 tetrahydrothiophen-3-one #J&- & & 138 X 8 & € M 8 F1&
Bl E s A4 M ¢=-0.82, P<0.1), 22 3-dimethyl-
pyrazine #e tetrahydrothiophen-3-one #J £ 4.8 — &+ F 1, AlAfe
HREMAE M EAM M ¢=-0.71, P<0.1)(Table 11) , %
77 2,3-dimethylpyrazine #= tetrahydrothiophen-3-one éélﬁi WFFe &
HHATHEERGHRA AN, FHH A 23
dimethylpyrazine 2%, tetrahydrothiophen-3-one #7%% K 7T £ X & &
P, WHAEMailad B EWEE EEARBEEHTBAZ
FE MM, Tibe 12 4R B 7 F Am Smmol 4 2,3-dimethylpyrazine
ZHATHEXRLEY, ¥ Milad B EH S EETME A
HEHMOLEERIER, TRPREERGRIZARETA
A M M(r=-0.85P<0.01), BF&3 58 HNEHKF 23di-
methylpyrazine #3-&- €3t €& Y 5 M & A= 5 mmol #9 tetrahydro-
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thiophen-3-one £ & LB M F A M o928 & R 2R,
SRR E AAE M ¢=-0.83, P < 0.02)(Table13), Wb E T3
) 2,3-dimethylpyrazine #= tetrahydrothiophen-3-one FE & 232 & 3
HATHEXNRETHEREEEY,

FHw T P R B H & F % 144 2,3-dimethylpyrazine
¥A &_ tetrahydrothiophen-3-one , -F-if 3F H A #8Maillard B_JE H 4o
3-methylpyridine .  2-methylthiophene \ 2-acetylpyrrole &_ imidazole %
(Fig.15) , 4% AmAm AT FEF 204, ALk
FERR M BT E P, Wb Tableld & & X B8 < Maillard B_JE #
™ #4 thiophene \ pyrazine F= pyridine #83& H 42810 & M & 4k
REHTE W AR, £ F L thiophene LS P
tetrahydro-thiophen-3-one KL ¥ B AT H A AL ZHEE
H1 290 4%, Hk 4 % K 23-dimethylpyrazine . 3-methylpyridine
v 2-methylthiophene %, #E3321.64-1.234%, B bk FF13E &)
FRELEHTRESARATENREBRERED
7 2-acetylpyrrole = imidazole B 7 ¥ 48 & & & 034 Fo
020 4%, AIER]pbHHEMaillad & EH TR EEHKZE
T R H H R B B B TR B R
2, EARLETHARBANAFLE—F L,

BT HFN Mailad R R R EHET S A A THEX R
RUREREY, RME— T AHRRAMBIT RS
A8 T Fe i dm R B Mailad R EH 2 ER P QAR R
ey 4F (Fig. 16, 17), # R 4o Table 15 A7, BETFim
R B} Maillard B_JE 4y Z_ & 2R A0 B AT B Fo 8 B 7T 0k B F
By R BRE AN, EZAE—KEEELS WK
REMBHEL, M Mibd R B EHRERE, &
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Fm tetrahydrothiophen-3-one BT 2 &%, #5 IQR B X £ #8533 v
% %, Xk & 23-dimethylpyrazine , 7 2-acetylpyrrole #e
imidazole #X R B # mIQARHK X E H i 4 F, KW RK
F£4&F, Bt KT HRA tetrahydrothiophen-3-one Fv 2,3-
dimethylpyrazine 5[ fE R A B A TR X AL B REEZE D
AT o

vy b i£ & & R 7T 4= tetrahydrothiophen-3-one #F= 2,3-di-
methylpyrazine 8 L W B #H A TR XN AKX ZIHZTE A, BAr
R A LR A Maillard K& #0i — F 033 K F Maillard B
R AR THEN AR KGR B/, Milad B EHEE R
AHFEHMEFERBESTHYE, LEREHEHATHERARK
REDPYRER RSN, ABRGELSMEPIHERE
4, W Tablel6 ¥ 4= &% #m 2,3-dimethylpyrazine F= tetra-
hydrothiophen-3-one 2% BT X & %+, & pH 3.0, 5.0, 6.0,
7.0,9.0 F= 11.0 #9k & F, A& Im tetrahydrothiophen-3-one f&
pH 50 #= 90 B Z 4F, W ¥ A 2,3-dimethylpyrazine B 24 pH 6.0
FOOMRAREBAKTEN, RARF LA F i
Maillard B_f&.4 %9 %% B TF AR X R R Z R 42 g {4840, Bt
] 3 RIA Am 2,3-dimethylpyrazine 2, tetrahydrothiophen-3-one | 3%
ATERXRAATERTGERE LI BAREEHZILERR
%, TR H90 K4S E 3% E (browning intensity) 18 47 45
1%, RERXRXHFTHEBRLABEREELZZ pHA Y HE A
TRERXARKRTEIBRREENZ I EZNER EEE,
RGTREAFEHEAR I RBFATFEGH L4
RGBT H

Table 17 && & ¥ Jm 2,3-dimethylpyrazine #Fe tetrahydro-
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thiophen-3-one 2| AT X A A TFTEARBHREE RO
R MERIRE, 4 FFoik A B JmMaillardd B # &9 8 A
AEIXAAEARBREERGA DM —3 AR 20
DN, MAHEFRANEARIHFEIARZIHEEEME, &
# #m tetrahydrothiophen-3-one % K B8 7 4o {2 % & 3% L/ B BF B
A RKEEY, MHATRAFHFH I 2,3-dimethyl-
pyrazine 8 X R KA L AA RSN T EELKRE D,
A A 82 & Jm 2,3-dimethylpyrazine £ #F B K] & & 2] 204
B, RAHESHEELLAE A TERK, EHTF 23
dimethylpyrazine #&. 3 2| 4% ¥ 2 g7 418 A T X R & &
KEEY, MAAAERTERPBERAEMG ML,
FRAHBEAT A S EZAVEHE MM ¢= 082,P<0.05),
7 $ 8 B 7T A 23-dimethylpyrazine #9AE X & S 4L AR
FE M M@= 0.83,P<0.05), ZF#H# A HH Im tetrahydro-
thiophen-3-one WX A% EF B EFZ MM ¢=0.85P<
0.02), TRBEREGESAXNLEIXNAENREEY
7 e |

EAF B % AT X R & T % Mailad K E SR K
HHEBEDERZ YL 4o Tabel8 FTF, £33 23-dimethyl-
pyrazine 3, tetrahydrothiophene-3-one AR VAScAw 2.5 mmol B E &
REBENHEEMR, W & K EJE E tetrahydrothiophen-3-
ae HEHATEX ALK TEHZ T AL F A 2,3-dimethyl-
pyrazine LA BB E, FARLEREZERPBER
B eg Mk b, B8 ATH R &R E23-dimethyl-
pyrazine WA X, A % £ ME =0.21,P>005), EAH%
® 7 3 #m tetrahydrothiophen-3-one #94% X, & & R A 94 B2 48 M
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M= 091,P<005), TRERBHRESAMFL, BER
J& R B $L3F Jm tetrahydrothiophen-3-one ¥ X RAZ K T E&
BT R o R EASG L AR LK B3 9 Mailard &
FEHTHRET RIQBKEE MY ITES, FRBEHGRMY
£-#% ¢ X B8 7 tetrahydrothiophen-3-one R #F £ H RIQA K &
L Z AR,

R B 74 # A Maillard KRB 4 3 A & 09 0K R B AR BK
EHHHARZIE, BRHTHe UFERE X ERETERK
FE YR IAMME, {24 Table 13 & Table 14 B 7 & e
X & Maillard &R 1 H, ABAETREE EHHY RANA MR
ZAME, BTl Table LRI HAH AT AL H
Maillard . E & EXRHHAE B B R\, FIME
Table 13.% Table 14Z T H H AARF & mE T, tetrahydro-
thiophen-3-one %9 7§ #£ 8 84 BE &b 2,3-dimethylpyrazine &% X, 3t
7~ = J& 3T % P 4% 3| tetrahydrothiophen-3-one % 8 B ¥ # &9 7t
BX ARG EEWZ TR I 2,3-dimethylpyrazine £ 7
BRABBEGER

EAH B A TR A T4 R Jm 2,3-dimethylpyrazine
#Fe tetrahydrothiophen-3-one ¥ = #4& X, & 4t A& < M pHAEL L
AR, B#RTASOHTERAEPHI &FH, BE
Lin et d. (1982) % Taylor et d. (1986) #9548 & AREAL . F F Hm2,3-
dimethylpyrazine #= tetrahydrothiophen-3-one ¥ 4% X, & %, f&EpH
900 M RE M LA KGR BE, 7 a7 Mk ERE
£ 4L Maillard B EZ £ 4T, B sA# 2,3-dimethylpyrazine #v
tetrahydrothiophen-3-one & pH9.0 B m A 8 B 7 77 & ¥ &12
BEHEE PG AER, BFE T Mailad BJE T 48 S 5L 3%
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AT EARRE MG RHAERE,

Table 16 BE & 8 B 7T £ 8 4 R JE HAL EHS.0) 5~ %) & Im
2,3-dimethylpyrazine & tetrahydrothiophen-3-one B8 3% &, & 1K &
BEHHEEMN, 7 Taylr ¢ d. (1986) 44 4 B 7 k42 B
pH & (pH 4.0) 4~ % # Jmpyrazine , 2-methylpyrazine & 2,5- |
dimethylpyrazine ¥ = #& Maillard B JE ¥, &R ARLH TE M
Ex, RARMEHNT FH I 23-dmethylpyrazine %9 & R
P AA, 42 ILF Jm tetrahydrothiophen-3-one ¥ B_JE B # £ &
X, BT E A H ) Maillard B_JE 9 E 48 B pHAL T 424
R RNBERERGEL, EAHATPFFATHHRE
PESLA B RS M W 4L 3R, W Table 17a#¢ Lin erdl. (1982) &
Taylor et al. (1986) #9484 AR B T — B &9 M &,

Wi LR F B4 R, tetrahydrothiophen-3-one Fv 2,3-di-
methylpyrazine % % B 7T A B R P AR 2 E LR PE YR
A& Maillard B_JE ¥y, VAS Aot X AT K AL A8 . Maillard
BRGFERAZFEHMFRREH THBE, EREAE
A e s B 7 69 R B, A E ¥A tetrahydrothiophen-3-one
RAEBE, FEHEATF # 7 25 mmol #J tetrahydrothiophen-
3-one /£ pH SO MR FAH20NH L E LR HHE F K,
FIRFAEERRXETGIQARKREE Y, MPF-m2.5
mmol #9 2,3-dimethylpyrazine £ pH 6.0 F & #1218 A =2 23-
dimethylpyrazine %9 3% 4£ B_HEAM& 4 o

v, 2-Methylpyridine / acetylformaldehyde / creatinine £
NRAETBRIQBEREWZI AR
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# 2-methylpyridine / acetylformaldehyde / creatinine £ &, & 4
Z RERARBIBXAD2EF &, IHEZITFRZE LK BH
BEBRFARRE, FREEMGEARAL, HITFZIERESE
#HVATLCR B 4oFig. 8, AFE /&BHZIRAEBRETH
HEEHRERYER, FUABZKREENHZ EIHHARNE
ERXESBEAESLES, FRZAFREZHTEHM,
ERHBAUERBAFZRNBFIREREEHKEREB AL
Fig19, B TAEIQA MIQ ¥R ERW PG MRLAK
REREGER, FSEASNTEHMERAEZYHE
SRERLAARBESTAHBOEAER LS, AL
FRAEMIZREBVIQRKEE W) B RARLE, Eﬁ%
TRBIIQVKXZEHBEERRERE, £—FT 85
MABCNEEAZKARABM A S &R 4o Fig2 0 FF 7
, RE2HBLELENBREERERPIQY A G M A8
B, BERDBIEVERLBTEREE, TRE
MelQ, AHWEIRZHKZTEHRERTUEHEAL, FAL
MBCNERE LK, RFEKRS G RITE LTH 2
1Q# 8 % (Fig.21), F e sb i e B RO R &5 45 pH stable
Co BRMNZR#HSM, ABGHMEg 25 5 B QUEE
AL — B, RAK 4R 5 R g R SR Rl k3
(Fig. 23), B IQREZ MR LR Ik &4 7] %2617
m& 2613 m, ZRELNETEEZTLEALRETERY L
B, AR FEHZm/ LA REESZ n/ 2484 (Fig. 24)
,ﬁAﬁ&%ﬁ&%%éi&m,@ﬁﬁﬁ%%%ﬁm
BMEATEANIQENEK 64 %,
Jagerstad er d. (1983) & & %+ A= 2-methylpyridine F= 2,5-di-
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methylpyridine #| glycine/glucose/ creatinine & alanine/glucose
[creatinine X R KT L A EHBAHKRK #4500 %
80% , B 4R i pyridine #A4%-&- % ¥ &, imidazolquinoline ( IQ )
HMHEERGTRAFRE, BEP LFEHY midzole 3
27T #& & creatinine A R, W EARFTEFERF L ATR G
Maillard &_J& # 48 vy Strecker L #F 7% A%, Amadod 18- H 4%, Bt
B R I BR R PTIF 0 B R 4 48 A& (Jagerstad er ., 1983 ,
Nyhammar,1986) , £ b, & 118 4& 3% 94 £ 2-methylpyridine /
acetylformaldehyde / creatinine £ X & %ﬁ@‘ HRIQA K &
%y, k2 R Jagerstad erd. (1983a)& Nyhammar (1986) BT $#&
HARIQBEHE REHeIBAE (L L Fg 5AB) AT M, R
BRAEAEBRGERBETARZE BHTREEEL, BEE
A1 4k A (Fig. 18, AT ER B KR LT E RS, #
R 7T 78 & Jones et dl. (1989) Ff B3R, #9 8 & & # — 2-amino-5-
ethylidene-1-methyl-imidazol-4-one(AEMI) 2 2-amino-1-methyl-5-
propylideneimidazol-4-one(AMPI), R E &£ W FET, B
threonine #= acetaldehyde /£ diethylene glycol-5% H ,08 K A& T Jm #4
A, B AR B dreonine 7 2 ) B 4 LR
BEAT AR, HREKE N — s R
ARk, RAL AR AR KAE#EF T AIQLE
Wk, B AEE 3% B AR T AR A ULERET R 5 — 4 T L4
HERAER R RIQEKEEY, m—HEE
P AR T 48 R R B4R 4E PT AT R 4 Maillard B & # o 7 & KA
i R R Maillard R B A AEMIK AMP AR & &4 4 & 4
RIQB XK EEE WY,

FHI, HRAMX a\%%ﬂa}ﬂ ﬁ%%%ﬁ%A%ﬁnA}iﬁ VA
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B EABE, EThe VHERTHETREZE AN BASR
BB HEAERAGM %G, F4F5 Fg 26 (9B ML
BT AFEEBHRIBEEAS, AMEANKRTERLA
%, RAXRF Milad R KWW HE, AAHFEE—F
R, EAERKABBEAER, Hlde tetrahydrothiophen-3-
one F= creatinine B EL BB B T E Y, BRBERGFER
AEGHERMBMZFRERETES L, BTE
mEBEEGE R L EZHAQAKEEY Fg2n), mAiE
BEREBEEE YT BEULEREREX ALY
BE, FE—-FTHAE, B, AR LRBEXRER
HRGIQERKELLALTEF R AR, EAFHTRHN
WA ERZ NS ARNITTRZEST,
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- Boiled pork extract (100g/25ml) refluxed for 12 h

;

Acid-base partition against CH,Cl,/CH;0H

:

Blue cotton adsorption

l

Semi-preparative HPLC purifiction
Analytical HPLC analysis
(with photodiode array detection)

l

Mass spectrum identifiction

Fig. 2 The scheme of extraction and purification of heterocyclic amines
from boiled pork extracts.
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Fig. 3 The elution profile of the mutagens in boiled pork extract by semi-
preparative HPLC on an ODS column. The mutagenicity of 1-min fraction
was tested using S. typhimurium TA98 with S9 mix.
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Fig. 4 The elution profile of the mutagens in boiled pork extracts by
HPLC on an analytical Nucleosil 5 C,s column. The mutagenicity of 1-

min fraction was tested using S. fyphimurium TA98 with S9 mix.
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Table 1 The strain specificity and nitrite treatment of mutagens in boiled

pork extracts fractionated by HPLC.

Strain specificity

Nitrite treatment *

Test samples TA98 TA100 Before After
HPLC mutagenic
fraction 16 187+11 94+7 (2.7) 198+13 19519 (98.5)
fraction 31 178+10 9846 (5.8) 171£9 1628 (94.7)
Positive control '
Trp-p-2 26631122 117410 (1.0) 2621+136 436119 (16.0)
MelQx 738+28 10718 (2.4) 733124 723+25 (98.6)
MelQ 45114255 342+29 (5.6) 4476+113  4295%133(96.0)
Negative control
(-S9) 26% 3 718
(+S9) 40+ 4 90+10

*The procedure used for nitrite treatment is the same as that described by
Tsuda et. al. (1985). The doses of test compounds used were about 0.35 g
/plate boiled pork juice extract and 10 ng/plate standard. Values are

expressed as means*SD.
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Fig. 5 Elution profiles of the mutagens in boiled pork extract (A) .and
authentic heterocyclic amines (B) by HPLC on an analytical Nucleosil 5CN
column. The mutagenicity of 1-min fraction was tested using S. fyphimurium
TA98 with S9 mix. 1=DMIP; 2=MelQx; 3=7,8-DiMelQx; 4=4,8-DiMelQx;
5=IQ; 6=MelQ; 7=PhIP; 8=Trp-P-1; 9=Trp-P-2.
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Table 2 Distribution of mutagenic activity and amounts of IQ-type mutagens
in boiled pork extracts.

% of Total Amount (ng/g) ©
Mutagen Net revertants 2/ gE mutagenic activity
MelQx 303 19.0 4.1
Q 437 27.3 3.7
MelQ 548 34.3 1.2

DiMelQx 151 9.4

2 The net revertants determined from the mutagenicity deducted 2-fold spontaneous revertants
in HPLC fractionation.

¢E : equivalent amount of 1 g wet meat.

¢ The amount of IQ-type mutagen is determined by HPLC.
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Table 3 Comparision of amount and source of mutagens identified in heated
foods and food extracts.

Compound Food Amounts (ng/g) Reference

MelQx Fried ground beef 0.45 Hargraves and Pariza(1983)
Fried ground beef 0.1 Felton et al.(1984)
Fried ground beef 1.3-24 . Murray et al.(1988)
Smoked dried mackerel - 0.8 Kato ef al.(1986)
Canned roasted eel 1.1 Lee and Tsai (1991)
Food grade beef extract 28 Hargraves and Pariza(1983)
Food grade beef extract 3.1 Takahashi et al.(1985b)
Boiled pork extract 4.1 Present data

1IQ Broiled sardine 20 Kasai ef al.(1981)
Fried ground beef 0.6 Barnes et al.(1983)

. Fried ground beef 0.02 Felton et al.(1984)

30-h boiled beef extract 0.5 Taylor et al.(1985)
Broiled beef 0.5 Yamaizumi et al.(1986)
Broiled sardine , 49 Yamaizumi ef al.(1986)
Broiled salmon (skin) 1.1-1.7 Yamaizumi et al.(1986)
Broiled salmon (flesh) 03-1.8 Yamaizumi et al.(1986)
Boiled pork extract 3.7 Present data

MelQ Fried ground beef <0.1 Felton et al.(1986)
Broiled sardine 16.6 Yamaizumi et al.(1986)
Broiled salmon (skin) 1.5-3.1 Yamaizumi et al.(1986)
Broiled salmon (flesh) 0.6-2.8 Yamaizumi et al.(1986)
Boiled pork extract 1.2 Present data

68




Table 4. Occurrence of heterocyclic amines identified in heat-processed foods

and food extracts.

Heated product Compound identified Reference
Cuttlefish Glu-P-2 Yamaguchi et al. (1980a)
Sardines Trp-P-1, Trp-P-2 Yamaizumi et al. (1980)
1Q, MelQ Kasai et al. (1980c)
1Q Kasai et al. (1981a)
Salmon 1Q, MelQ Yarmaizumi et al. (1986)
Mackerel MelQx, 4,8-DiMelQx Kato et al. (1986)
Fish products MelQx Kikugawa et al. (1986)
MelQx, 4,8-DiMelQx Kikugawa and Kato (1987)
Egg patties IQ Grose et al. (1986)
Beef, chicken AoC, MeAoC Matsumoto et al. (1981)
Beef Trp-P-1 Yamaguchi et al. (1980b)
MelQx Kasai et al. (1981b)
MelQx Hargraves and Pariza (1983)
MelQx Felton ez al. (1984)
PhIP Felton et al. (1986a)
MelQx, IQ, MelQ, DiMelQx, Felton et al. (1986b)
TMIP, PhIP
MelQx, DiMelQx Murray et al. (1988)
1Q, MelQ, MelQx, 4,8-DiMelQx  Knize et al. (1987)
1Q, MelQx, 4,8-DiMelQx Turesky et al. (1988)
Beef extract 1Q, MelQx Turesky et al. (1983)
1Q, MelQx Hayatsu et al. (1983a)
1Q, MelQ, MelQx Hargraves and Pariza (1983)
4,8-DiMelQx Takahashi et al.(19852)
1Q, MelQx Takahashi er al.(1985b)
Fried pork MelQx, IQ, MelQ, DiMelQx, Vahl et al. (1988) (abstract)
PhIP
Boiled pork extract MelQx, 1Q, MelQ, DiMeIQx Present data
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Table 5 Comparision of free amino acids concentration in pork extracts
before and after 12h-boiling process.

Amounts (imol/g pork)

Amino acid Decreased

Boiled before Boiled after Decreased 2 % ®
Ala (A) 24.54 17.83 -6.71 20.13
His (H) 15.81 2.88 12.93 38.79
Pro (P) 5.64 2.06 3.58 10.74
Met M) 2.58 0.02 2.56 7.68
Asn (N) 2.39 0.87 1.52 4.56
Tyr (Y) 1.79 0.30 1.49 4.47
Arg (R) 1.64 0.81 0.83 2.49
Ser (S) - 1.10 0.19 . 0.91 2.73
Val (V) 1.09 0.34 0.75 2.25
Thr (T) 0.71 0.69 0.02 . 0.06
Leu (L) 0.69 0.36 0.33 0.99
Gly (G) ‘ 0.55 trace 0.55 1.65
Lys (K) 0.48 0.13 0.35 1.05
Ile (I1) 0.47 0.27 0.20 0.60
Phe (F) 0.30 0.19 0.11 0.33
Trp (W) 0.20 0.08 0.12 0.36
Glu (E) 0.11 0.29 -0.18 0.54
Asp (D) 0.08 0.22 -0.14 0.42
Gln (Q 0.03 trace 0.03 0.09
Cys (O) 0.02 trace 0.02 0.06
Total 60.22 27.53 32.69

2 Decreased = The amount of amino acid boiled before — the amount of amino acid boiled after.

b Decreased % = each amino acid decreased / total amino acid decreased.
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Table 6 Effects of single amino acid on the mutagenicity of boiled pork

extracts with Salmonella typhimurium TA98 in the presence of S9 mix.

Amino acid addition Mutagenic ratio of crude
(2.0 mmol) reaction mixture *
Ala ' 14.7
Tyr 13.4
Gly v 8.9
Asn 6.7
Leu 3.4
Pro 2.7
Val 1.7
Lys 1.7
His 1.4
Ser 1.4
Arg 1.0
Met 0.8

Data was abstracted from previous study ( Lee et al. unpublished data, 1991).
* Total revertants of BPE adding amino acid / total revertants of BPE alone.
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Table 7 Effects of the addition of alanine on the mutagen formation
of boiled pork extracts by HPLC fractionation. The mutagenicity of

HPLC elutions was tested with S. typhimurium TA98 in the presence of
S9 mix. ‘

Model Net revertants / fraction (ratio to BPE)
Unknown MelQx, IQ DiMelQx MelQ
BPE 75 677 86 606
BPE-+alanine - 97 (1.29) 891 (1.32) 449 (5.22) 1945 (3.21)

BPE: boiled pork extracts.

2.0 mmol alanine was added to the boiled pork model system.

ND: not detected.

The mutagenicity was tested with Salmonella typhimurium TA9$ in the presence of

S9 mix and 13 percent of total basic extracts were used in the mutagenicity testing.
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Table 8 The amounts of chemical components in pork extracts before and after
12h-boiling process.

Amounts (umol/g pork)
Component Decreased ratio ©
Boiled before Boiled after Decreased ¢ (%)
Glucose 2 0.89 0.41 0.48 53.93
Fructose 2 0.85 0.64 0.21 24.71
Ribose # 0.54 0.30 : 0.24 44.44
Total amino acid ? 60.22 27.53 32.69 54.28
Creatinine ® 18.42 7.37 11.05 59.99

2 Calculated from the calibration curve of HPLC quantification.
b Calculated by Jaffe kinetic method.

¢ Decreased ratio = component decreased amount / component boiled before amount.

d Decreased = The amount of component boiled before — the amount of component boiled after.
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Table 9 Effects of some components added to the boiled pork extracts

model systems on the mutagenicity in Salmonella typhimurium TA98
with S9 mix.

Models Total net revertants Mutagenic ratio
(x10%) of basic extract
BPE? 1.58 —
BPE+glucose  (2.0mmol) 4.28 2.71
BPE+ribose  (2.0mmol) 10.63 6.73
BPE+alanine  (2.0mmol) 4.78 3.03
BPE-+creatinine (17.5mmol) 7.91 5.01
BPE+tetrahydrothiophen-3-one 6.43 4.07
(5.0mmol)
H,0P-+4cpds® 17.18 10.87
BPE +4cpds 35.45 22.44

All revertants represent total counts, corrected for spontaneous mutants. Spontaneous
revertants of S. typhimurium TA98 were 24+3(-S9) and 451+5(+S9) respectively.

The amount of 2BPE ( boiled pork extracts ) and PH, O were equal to 25ml pork juice /
100g pork and 25ml H,O, respectively.

¢ 4cpds : ribose (2.0mmol) + alanine (2.0mmol) + creatinine (17.5mmol) + tetrahydro-
thiophen-3-one (5.0mmol)

All model systems were boiled under reflux for 12 h at ca. 102°C.
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Table 10. Food mutagens isolated from model system of

acids with or without sugar.

creatin(in)e and amino

Mutagen Precursors Heating References
Amino acid/ Creatin(in)e/ Sugar conditions

MelQx Glycine/ Creatinine / Glucose DEG-H,0*® Jagerstad et al.(1984)
Alanine/ Creatinine / Glucose DEG-H,0°® Muramatsu et al.(1985)
Alanine/ Creatinine / Ribose DEG-H,0" Muramatsu et al.(1985)
Lysine/ Creatinine/ Ribose DEG-H,0® - Muramatsu et al.(1985)
Glycine/ Creatinine / Fructose - DEG-H,0*? Grivas et al.(1986)
Threonine/Creatinine/Glucose DEG-H,0 # Jagerstad et al.(1986)
Tyrosine/ Creatinine / - Dry°© Overvik et al.(1989)
Alanine / Creatinine/ - Dry © Overvik et al.(1989)
Serine /Creatinine/ - Dry° Overvik et al.(1989)

IQ Proline /Creatine / - Dry 4 Yoshida ef al.(1984)
Glycine/ Creatinine / Fructose DEG-H,0? Grivas et al. (1986)
Serine /Creatinine/ - Dry © Knize er al.(1988a)
Phenyl :
-alanine/Creatinine/ Glucose Dry ¢ Talor et al (1987)
Phenyl
-alanine/Creatinine/ - Dry ¢ Talor et al (1987)

MelQ Alanine/ Creatinine / Fructose - DEG-H,0° . Grivas et al.(1985)

4,8-DiMelQx Alanine/ Creatinine / Fructose DEG-H,0? Grivas et al.(1986)
Alanine/ Creatinine / Glucose DEG-H,0° Muramatsu et al.(1985)
Threonine/Creatinine/Glucose DEG-H,0? Jagerstad et al.(1986)

7,8-DiMelQx Glycine/ Creatinine / Glucose DEG-H,0?% Negishi et al. (1984)

# Diethylene glycol/Water mixture heated for 2 h at 128°C.
® Diethylene glycol/Water mixture heated for 3 h at 125°C.

¢ Dry heated for 1 h at 200°C.
® Dry heated for 1 h at 180°C.
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Table 11 Effect* of the amount of 2,3-dimethylpyrazine and tetra-
hydrothiophen-3-one on the mutagenicity of pork extracts during the
boiling period. The residue of 2,3-dimethylpyrazine and tetrahydrothio-
phen-3-one at each boiling time was analyzed by GC.

Boiling Amount (umol)  [Ratio] * Revertants / plate ¢
tume
(hour) DMP 2 THT? DMP+THT ©
0 20.72 2.45 23.17 43 +5
1 229 [1.08] 4.37 [1.78] 26.66 [1.15] 53+6
2 16.54 [0.80] 19.46 [7.94] 36.00 [1.55] 55+6
4 9.19 [0.44] 12.08 [4.93] 21.27 [0.92] 61+8
8 7.82 [0.38] 519 [2.12] 13.01 [0.56] 346 + 31
12 20.85 [1.01] 7.78 [3.18] 28.63 [1.24] 281 +32
16 '9.42 [0.45] 2.25 [0.92] 11.67 [0.50] 866 + 66
20 18.56 [0.90] 2.44 [1.00] 2419219

21.00 [0.91]

DMP: 2,3-dimethylpyrazine; THT: tetrahydrothiophen-3-one.

The mutagenicity was tested with Salmonella typhimurium TA98 in the presence of

S9 mix and one percent of total basic extracts was used in the mutagenicity testing per
plate.

* Ratio : the amount of DMP or THT during boiling time / the amount of DMP or THT
before boiling.

# No significant correlation between a and d: r= -0.31, P > 0.05
b Correlation between b and d: r=-0.82, P < 0.1

¢ Correlation between cand d: r=-0.71, P < 0.1
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Table 12 Effect* of the addition of 2,3-dimethylpyrazine on the
mutagenicity of pork extracts during the boiling period. The residue of

2,3-dimethylpyrazine at each boiling time was analyzed by GC.

Boiling time Residue of DMP No. of revertants / plate
(hour) (mmol)

0 4.962 40+ 5
1 4.684 36+4
2 4.495 43+3
4 3.852 474
8 3.373 280+ 26

12 2.128 488 =38

16 2.089 338£27

20 1.686 248 +34

BPE: boiled pork extracts ; DMP: 2,3-dimethylpyrazine.

5.0 mmol 2,3-dimethylpyrazine was added to boiled pork model systems at pH 6.0
condition.

The mutagenicity was tested with Salmonella typhimdriitm " TA98 in the presence of

S9 mix and one percent of total basic extracts was used in the mutagenicity testing per
plate.

* Significant correlation : r=-0.85, P < 0.01

84




Table 13 Effect* of the addition of tetrahydrothiophen-3-one on the
mutagenicity of pork extracts during the boiling period and the residue

of tetrahydrothiophen-3-one at each boiling time was analyzed by GC.

Boiling time Residue of THT No. of revertants / plate
(hour) (mmol)
0 4.809 44+6
1 3.912 418+ 35
2 2.123 1077 £ 129
4 1.376 413+32
. 8 0.391 1171 +90
12 0.107 1925+ 221
16 0.056 15374222
20 0.030 2381+ 322

THT: tetrahydrothiophen-3-one

5.0 mmol tetrahydrothiophen-3-one was added to boiled pork model systems at pH
5.0 condition.

The mutagenicity was tested with Salmonella typhimurium TA98 in the presence of

S9 mix and one percent of total basic extracts was used in the mutagenicity testing per
plate.

* Significant correlation : r=-0.83, P < 0.02
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Table 14 Effects of the addition of Maillard reaction products to boiled
pork extracts model system on the mutagenicity of basic-extract with S.
typhimurium TA98 in the presence of S9 mix.

The addition of Maillard No. of revertants/ plate ( ratio to BPE)

reaction product

BPE ' 704 £ 109

BPE + tetrahydrothiophen-3-one 2041 +£232 (2.90)
BPE + 2,3-dimethylpyrazine 1152+95  (1.64)
BPE + 3-methylpyridine 1076 £99  (1.52)
BPE + 2-methylthiophene 866 + 58 (1.23)
BPE + 2-acetylpyrrole 236+16  (0.34)
BPE + imidazole 142+34  (0.20)

BPE: boiled pork extracts.

5.0 mmol Maillard reaction product was added to boiled pork model systems at pH
6.0 condition.

The mutagenicity was tested with Salmonella typhimurium TA98 in the presence of

S9 mix and 2 percent of total basic extracts were used in the mutagenicity testing per
plate.
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Table 15 Effects of the addition of Maillard reaction product on the
mutagen formation of boiled pork extracts by HPLC fractionation.The
mutagenicity of HPLC elutions was tested with S. typhimurium TA98
in the presence of S9 mix.

Model Net revertants / fraction (ratio to BPE )

Unknown MelQx,1Q 4,8-DiMelQx 7,8-DiMelQx MelQ

BPE 75 677 ND 86 606

BPE+THT 97(1.29) 981 (1.45) 375 886 (10.30) 3206 (5.29)
BPE+DMP ND 715 (1.06) 310 521 (6.06) 1230 (2.03)
BPE+AP 27(0.36) 115 (0.17) ND 10 (0.12) 288 (0.48)

BPE+Imidazole  102(1.36)  27(0.04) ND 45 (0.52) 14 (0.02)

M.R.P. : THT: tetrahydrothiophen-3-one; DMP: 2,3-dimethylpyrazine; AP: 2-acetyl-
pyrrole.

5.0 mmol Maillard reaction product was added to boiled pork model systems.

ND: not detected.

The mutagenicity was tested with Salmonella typhimurium TA98 in the presence of

S9 mix and 13 percent of total basic extracts were used in the mutagenicity testing.
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Table 16 Mutagenicity and browning intensity of boiled j)ork extracts

with or without Maillard reaction product at various pH conditions.

pH BPE 2 BPE+DMP b BPE+THT ¢
value

Revertants Browning Revertants Browning Revertants Browning

/ plate intensity / plate intensity / plate intensity
3.0 112+9 3.704 188+18  3.272 668 £50 3.641
5.0 393£35  1.336 1407 0.836 1569 +£119 0.792
6.0 192+18  0.408 335£10 0.680 1019+105 1.121
7.0 153+£14 0439 28614  0.399 1144+ 108 0.730
9.0 489+ 50 0.376 298+19  0.361 1397 £130 2.215
11.0  450+42  0.296 268+12  0.283 128464 2.214

2 BPE: boiled pork extracts.
bBPE + DMP: boiled pork extracts model system with 2,3-dimethylpyrazine.

¢BPE + THT : boiled pork extracts model system with tetrahydrothiophen-3-one.
5.0 mmol Maillard reaction product was added to boiled pork model systems.

Browning intensity : absorbance at 420 nm. ( 10-fold dilution with distilled water )

The mutagenicity was tested with Salmonella typhimurium TA98 in the presence of

S9 mix and one percent of total basic extracts was used in the mutagenicity testing per
plate.
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Table 17 Mutagenicity and browning intensity of boiled pork extracts
with and without 2,3-dimethylpyrazine or tetrahydrothiophen-3-one
during various boiling times.

Time from BPE? BPE+DMP P BPE+THT ©
boiled
beginning Revertants Browning Revertants Browning Revertants Browning
(hour) / plate intensity / plate intensity / plate intensity
1 536 0.152 3614 0.157 418+35 0.243
2 55+6 0.191 4313 0.187 1077+£129  0.342
4 61+8 0.380 4714 0.293 413132 0.346
8 346131 0.578 28026 0.490 1171£90 0.734

12 281432 0.625 488+38 0.440 1925+221  0.686
16 866166 0.698 338+£27 0.455 15378222  0.474
20 2419219 0.926 248t34  0.466 2381%322  0.912

BPE: boiled pork extracts.

5.0 mmol Maillard reaction product was added to boiled pork model systems.
Browning intensity : absorbance at 420 nm. ( iO-fol'd dilution with distilled water )
2 Significant correlation : r=0.82, P < 0.05

b Significant correlation : r= 0.83, P < 0.05

¢ Significant correlation : r=0.85, P < 0.02
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Table 18 Mutagenicity and browning intensity of boiled pork extracts

with  2,3-dimethylpyrazine or tetrahydrothiophen-3-one at various

concentrations.
Added concentration BPE+DMP ? BPE+THT ®
of Maillard reaction
product Revertants  Browning Revertants  Browning
(mmol) / plate intensity / plate intensity
0 309+ 17 0.547 294 + 30 0.547
2.5 486 £ 51 0.541 2737+256  0.942
5.0 425+ 42 0.586 1404+ 162  0.686
10.0 . 335+21 0.547 716 £ 40 0.702
20.0 420+ 39 0.566 523+ 36 0.706

2 BPE + DMP: boiled pork extracts model system with 2,3-dimethylpyrazine.
YBPE + THT: boiled pork extracts model system with tetrahydrothiophen-3-one.
The pH value in  BPE+DMP model was 6.0.

The pH value in ® BPE+THT model was 5.0.

Browning intensity : absorbance at 420 nm. ( 10-fold dilution with distilled water )

The mutagenicity was tested with Salmonella typhimurium TA98 in the presence of

S9 mix and one percent of total basic extracts was used in the mutagenicity testing per
plate.

aNo significant correlation : r= 0.21, P > 0.05

b Significant correlation : r= 0.91, P < 0.05
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Fig. 18 The profile of TLC fractionations from extracts of 2-methyl-

pyridine, acetylformaldehyde and creatinine model system. 2 X Back-
ground revertant level was indicated with a line.
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Fig. 19 The elution profile of the extracts of 2-methylpyridine, acetylform-
aldehyde and creatinine heated model system by semipreparative HPLC

on an ODS column. The mutagenicity of 1-min fraction was tested with S.
typhimurium TA98 in the presence S9 mix.

96

----- Reverlants/ fraction




260 nm

Absorbance at

0.032 - - - 2400
- 2000

0.024 4
- 16800
0.016 4 1200
- 800

0.008 +
400

00004~ ¥ o 8 AR RO
—— - T ¥ T T 1 0
0 10. 20 30 40
Retention time (min)

Fig. 20 The elution profile of the extracts of 2-methylpyridine, acetylform-
aldehyde and creatinine heated model system by HPLC on an analytical
Nucleosil 5 CN column. The mutagenicity of 1-min fraction was tested

using S. typhimurium TA98 with S9 mix.
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Fig. 21 The elution profile of the mutagens in 2-methylpyridine, acetyl-

formaldehyde and creatinine heated model system by 2nd analytical HPLC
on a Nucleosii 5§ CN column.
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Fig. 22 Elution profiles of the mutagens in 2-methylpyridine, acetylform-
aldehyde and creatinine heated model system (A) and authentic heterocyclic
amines (B) by HPLC on an analytical Spherisorb pH Stable 5§ C,4 column.
1= DMIP; 2=MelQx; 3=I1Q; 4=7,8-DiMelQx; 5=4,8-DiMelQx; 6=MelQ.
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Fig. 23 Ultraviolet absorbance spectra of purified fraction of 2-
methylpyridine , acetylformaldehyde and creatinine heated model

system (A) and authentic IQ (B) obtained from photodiode array
detector by HPLC.
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Fig. 24 Mass spectra of authentic IQ (A) and IQ isolated from 2-methyl-
pyridine, acetylformaldehyde and creatinine heated for 1 h at ca. 150°C

(B). Fragments occurred at less than m/z 100 were not shown.
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Table 19 Comparison of Maillard reaction product and creatinine with
or without aldehyde model systems on the mutagenicity of basic extract
with S. fyphimurium TA98 in the presence of S9 mix.

Model No. of revertants / plate *
Pyrazine + acetaldehyde + creatinine 930174
2-Methylpyridine + acetaldehyde + creatinine 230+29
2-Methylpyridine + acetylformaldehyde + creatinine 9221446
2-Methylpyridine + diacetyl + creatinine 1448+154
Tetrahydrothiophen-3-one + acetylformaldehyde + creatinine 49150
Tetrahydrothiophen-3-one + creatinine 262425

The mutagenicity was tested with Salmonella typhimurium TA98 in the presence of

S9mix and 1/450th of total basic extracts were used in the mutagenicity testing per
plate.

Samples were refluxed for 1 h at ca.150°C in diethylene glycol containing 5% water
(DEG -H,0) and basic extracts were obtained by XAD-2 fractionation and acid / base
partitioning with dichloromethane .
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Fig.25 Postulated reaction route (A) (Jigerstad et al., 1983a) and alternative route (B) (Nyhammar,

1986) for the formation of 1Q compounds. R, X, and Y may be H or Me; Z may be CH or N.
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Fig. 26 The structure of some aldehydes,

104




Absorbance at 270nm

270 nm

Absorbance at

- A 14000
0.320 - - 3000
; MeleMeilo
0.240 4 \, e} 1
| ! - 2000
0.160 « i
L 1000
0.080 -
e LS e, E‘---:
0.000 ——"" J__J,-J 5- -f'" L — _
T T ¥ 1 ¥ [ L H
B 4000
0.320 - - 3000
0.240 o
- 2000
0.160 - ]
- 1000
0.080 4
.
i ' -
~N
TR
0.000 - P E:g_\‘
ey e S T |

0 10 20 30 40

Retention time (min)

Fig. 27 Elution profiles of the extracts of tetrahydrothiophen-3-one and

creatinine with (A) or without (B) acetylformaldehyde heated model
systems by semipreparative HPLC on an Nucleosil column. The muta-
genicity of 1-min fraction was tested using S. fyphimurium TA98 with
S9 mix.
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The boiled pork juice was refluxed at 102°C for 12 hr and then basic extracts
of the mixture was found to be mutagenic toward Salmonella typhimurium TA98 with
S9 mix. The mutagenic fractions were purified by blue cotton extraction and high
performance liquid chromatography (HPLC). The HPLC fractionation followed by
mutagenicity testing yielded mutagenicity profiles with peaks in areas where the
heterocyclic amines standards appeared. The mutagenic fractions were collected and
confirmed by the comparison of UV absorption spectra, strain specificity, and acid
nitrite treatment. Finally, mutagens were identified as MelIQx, IQ and MelQ by mass
spectrometry (MS). One gram of boiled pork juice was estimated to contain 4.1 ng of
MelQx, 3.7 ng of IQ, and 1.2 ng of MelQ, which accounted for 19.0%, 27.3% and
34.3%, respectively, of the total mutagenicity. The remaining mutagenic fraction

might be DiMelQx isomer which will be further confirmed by MS.

The possible mutagenic precursors in boiled pork extracts, such as glucose,
ribose, alanine, creatinine, and some Maillard reaction products. They were added to
boiled pork juice model system seperately to examine the effect of these compounds on
the mutagen formation in boiled pork extracts. The results showed that the addition of
glucose, alanine, creatinine, and ribose to the boiled pork juice enhanced 2.7-6.7 folds
mutagenicity of boiled pork extracts. The four Maillard reaction products, 2-methyl-
thiophene, 3-methylpyridine, 2,3-dimethylpyrazine, and tetrahydrothiophen-3-one,
also increased the formation of mutagens about 1.2-2.9 folds. However, imidazole
and 2-acetylpyrrole significantly inhibited the mutagenicity of boiled pork extracts (0.2
and 0.3 folds). Thus, we suggested that glucose, ribose, alanine, creatinine,2-methyl-
thiophene, 3-methylpyridine, 2,3-dimethylpyrazine, and tetrahydrothiophen-3-one

could be the possible chemical components which participated the mutagen formation
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in the boiled pork juice model system.

Then, two active Maillard reaction products, tetrahydrothiophen-3-one and
2,3-dimethylpyrazine, were added to boiled pork juice and estimated the optimal
reaction conditions to enhance the mutagenicity. Data showed that 2.5 mmol tetra-
hydrothiophen-3-one was added to boiled pork juicé boiled for 20 hr at pH 5.0 had the
most highly mutagenicity. However, 2.5 mmol 2,3-dimethylpyrazine boiled for 12 hr
at pH 6.0 was the optimal condition for 2,3-dimethylpyrazine. The HPLC mutagenic
profiles of basic extracts of the addition of Maillard reaction products were similar to
that of boiled pork extracts. We also evaluated the correlation of the variation of tetra-
hydrothiophen-3-one and 2,3-dimethylpyrazine in boiled pork juice models during the
boiling period with their mutagenicity. Our data showed that the residue of tetrahydro-
thiophen-3-one and 2,3-dimethylpyrazine during the boiling period were significantly
correlated to their mutagenicity, respectively ( r=-0.83, p<0.02 ; r=-0.85, p<0.01).
These findings suggested that tetrahydrothiophen-3-one and 2,3-dimethylpyrazine
could participate the chemical pathway of the mutagens formation in boiled pork juice
model systems.

Furthermore, the possible pathway of IQ-type mutagen formation proposed by
Jagerstad group was studied using a Maillard reaction product / aldehyde / creatinine
model. The preliminary data showed the 2-methylpyridine / acetylformaldehyde /
creatinine model can produce IQ mutagen indeed. But the optimal reaction conditions
and the role of aldehyde in this model system for mutagens formation will be investi-

gated in future.
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