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6. =5

SR BAEE FEFRE 7l AEY 7HEA
of LA AXY SHMe A5 gEC] T
e Hurig A r]e] AAE 60TAA 7}
3t FEAAAT} 6700 A 1470 AR s o
AN a7t oz FAE ZE [4-hydroxyalk-
anoic acid lactones T+ 5-substituted-4, 5-dihydro-2
(3H)-furanoues] o1\t A7 9] €47} Sgez +
¥ Shydroxyalkanoic acid lactones H+ 6-substit-

Qr (1 :j
R s R No” Yo o 9

X1 Xl X1

XV XV

¥ 1~5% 482350 AA, 12~162 4845 AlA.

uted-tetrahydro-2-pyrones 5°] AAEh =3 o=
o] REL Y179 FrYEME dHd.
Agtago] e SAqAE BHo AH FHE] A
Aed. gaF7t G2 o4l FEFRE EFSd
Aelol =9 A A WAkl 4- E= 5 Yo A
Z 712 Aate] gEsel 9siA AAEHAY A
ArE Ao Atsle)] oA AdE. ol &
ERY g5 718U, HE WA, B8 FE 71
o 7ldE "9 Y5 FLYYS A
MR &Ae] gy AA TS vAA &
=k

a7 AE 271 223 ER7E E8EHH
o] 7}t 4-but-2-enolide(4-hydroxybut-2-enoic acid
lactone) (XIII) methanethiol® 2§35t 3-m-
ethylthio-4-hydroxybutanoic acid lactone(XIV)& A}
A3ch(130). o] EHL F3F A FL A AT {9 F
ZES 19T ok AAEY Futo] Rl
H &3 YA S Zet. 8§47t 120]3 EX3) &
£9l  4-hydroxy-(Z)6-dodecenoicacid lactone (XV)
£ AR siuterIAE Aol AR &(146) 7 &
(147)9] TR A A BHAHALH o] At SF
i 718 E 7MY td B3 FIERE UL

Atk
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7. e sholzki

FAFHE 19673 Nonaka 5(112)0 JaliA
e Aoz WAL o5 ze¥
34 3F7] 4 2 7Fe-El methyl 71 Z5-E heptyl”] 2
38 AFNe 2-alkylfurand HASGATE o] F R
% 62709 FEF7E BAHAH 29 A7 2@
g Fdo] gii-Foltt. FEFe Ad vy 7
obste] #2 A9 zlA F= EAHAoY F
a7el A BAsE AL v $AHET). alkylfuran
(XVI) 7h&H octylfuran 74A1= o -2 &FolA
s s o]F 718 B o] 2pentylfuran©]th
=7 wmE AAe w717 X gE FIRF(XVI),
x5l 31829 alkenylfuran, dihydro H% tetr
ahydrofuran(XVIII-XIX) 5% EAHNw ==]9
7t A& difurylmethylene(XX), phenylfuran(XXI)
7 ¢ 4]3117]o) A= 2-methyldihydrobenzofuran

o =
X T
tlo
€1

7. Furans ¥ Pyrans¥

(XXID)o] &

3L =2 -
Feie

A= Ak

2712 Azg Fstd AAEY Maill
ardih-gol A g3lEe] Ralle 7MY 8 A%
2o|th, =2 Aze XA 71g4sl, thiamin®]
BE 3 5-nucleotides?] ¥ 5el M= A
Ht}. Chang% (148)2 2-pentylfurane linoleic acid
23 E WAE 4-ketononanal®] FFstell o)A A
Al Aoz BEsY oY linoleic acide] 9-hydr
operoxideZ A& Zlo] H& 218RA Bk
(Z1%8). , 2-pentylfuran Fg linoleic acid®] 2+HsHAd
B2 2,4-decadienal® A3tz AWAECT. 2-m-
ethylfuran®] % %] 4mg/kg©] A%+ 2-pentylfuran®] %
A= 6X107°mg/ kg (149) 0] ©] =3 FE2 FH[ AU
U ZHA e 715488 ZaUtH(8). 2-pentylfuran
S T4 dge R 2 9oz FHAUY
(148). 59 FNAQENIA LHE furanFe] Ay
o]4he t}& uh&-7|(carbonyl, alcohol, thiol Z sulf-

Pork Lamb/

e Cured Uncured Mutton GliRken
Alkyl substituent 18 7 5 3 12
O-containing substituent 17 6 15 2 2
S-containing substituent 5 1 4 - 1
Furanones 3 2 1 - 1
Other furans 1 3
Pyrans 3

-

o

R = alkyl R = H or alkyl

XVI XV

R =H or Me

XVii XIX

R =H or Me
XX

XX1

XXn
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ides )9 & Aoy RS
A,
FollA BHET o]E2
shr A2 E A3 ETH(56).
adoriA A &9 w32 A3t furfural,
ag]a ool 4FshE furantr
urfural,

methanol &

2] 31770l A
At A%E furanFe 719EH 284
)7 Maillard -8l A g
Maillard9H-g-ol A} Am-
furanone

5ol 449 2+

5-methylfurfural, 2-acetylfuran ~L2]iL furan
< dutE o g S/ V|G EAN E
5 WAEE BHEZ l-amino-l-deoxy-2-ketose 2]

Amadori /52| deamination®]4} dehydration®l
oA golatAl WA
oxy-5-methyl-3(2H )-furanone ¥} 2, 5-dimethyl-4-hydr-
oxy-3(2H )-furanone #32o] F7}x9] F Q3 furan-
one2 7zt @t ® {
B AdE. &

olsh W] %3HA 4hydr

3o Amadori A E 24

B24L A7) FEAA £

’O\ cHO R /O\(CHZ)"CHO

XX R=H n=1or2
XXIV R = Me XXV
(6]
[\ . (X N
Q\H/ o (CHa)Y
(@]
R = El or But n=1o0r2
XXVIN XXIX
/ / N\ n
@‘/OR o
o o Q
(o] (o]
R =Hor Et
XXX1 XXX
S 8
od O
XXXIV XXXV

oy SRl A= ol THAHAR
Fig=

Furfural 79} furanonefr= YHt3 o2
o] agln A Fr|EHS 7:%%‘4 5-m-
agla

(150) &

ethylfurfural-> ghy A, ZFha Ay, o3} 1
71 YAE ™ 1-(2-furyl)-2-propanone( XXIX, N=1)
S #HEe vzs WA g Zerks8).

2, 5-dimethyl-4-hydroxy-3(2H )-furanone-> Tonsbeek
5ol 98 HurlxEelA AL (150) <
o Z, &), 559 UREE7]|SAME HAHAY
(8). °]D7“ F71EARL 7t gl S, sl el &
WA ob v =R Be FrolAe Er|YAlr)
©rh(8). @70 methyl?l7t 288 KA
(XXXVD)E wlEAHe &3 232 Rs @
WA 7 B8 dA 7 9o AFEE furanF e 59

CHO

SRS

o) R o
(@]
R = H or Me
XXVI XXVl
(o]
XXX

(o] o

XXX

XXXVI R=H
XXXVII R = Me
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7)ol =LA 2E35A] E5A| 9 thiopenefH THE
altE S E3e PR FsEEo] Utk
B3} eysteine®] hydroxyfuranones#He] ¥Hg-©
2 89 IR APEEE FH}E 9477t
A EF ATH49,151,152). ©] AP ELS Ko ¥
71543 v)§- FAFSHY  mercaptofuranones, merc-
aptothiophenes, thiophenes, dithiolanes 2] 3L trith-
iolanes 53 #& B 3 Fr|AEol AHE
o5 UFES F9 IVEAS 7HRIAT HA=
So A EaE 42 2 Ho|th. MacLeodw ©]
9} 28 model systemol] #gH Ao tste] FFH
o=z A3t th(16). Thiol, methylthio X #4] =
333132 furansT ok 71549 K9 N5
A} v FAFSFEH(153). 2-mercapto”] 7} X f-
urans &} thiophene & BUl& T 3o WAz}
R gk 3%= 49 §1A]7} thiol2 X8 A £9
717 Bh(9). 28y olAE {9 FUEAE &
£ thiofurans &olA EHAGE ATFEILE
f1tt. 5-methylthiofurfural- S Hiraisell 234 5]
g7 7kl stz A A5 A2 (154) Oholoff
9} Flamentol] ©J3] Apdo] ebdzle] LR AT
(8). 2-(methylthio)furan <+ A€ §olA] ®1
F 2.9 (100) 2-(methylthiomethyl)-furan®} 2-(m-
ethyldi-thiomethyl)furan & %71l o2 %3 furan
& 7MtEAkE = A9 7k (104) A AT F
2 A a7 e A(103) 2+zt EE = ATk 2 24
uranmethanethiol = 42 4] 11719} & = A 117]0|
A BAEATH103). o]E AREL HEF SHAA
Aoy &9 F7EAS ARG 79
M= Bad Hlch

# <+ MacLeod®}t Aamese 2] 117]9] Aol Y
By §71 549 FARECE 2-methyl-3-(methylth-

i

XL XLl

a4y

XLIV

io)furan(XLII)& 2As3AcE o] AL aRFS
9 A RAME FAHJOP(155)FL X
g 73 9o (5X107°mg/kg) 107°mg/kg BT} 2
S Yol {9 Fo] YA ¢ & FxoAE
thiamin# ®] 523 WA 7} (156). ©]o]A Gassers}
Grosch(65)= #1719 7|4 B7keu WA o
EE AES A77IAEe g Mse wE e ALg
Ak 7HE &9 WAl 2R 73 WIS
7Hzl B4 L 2-methyl-3-furanthiol® ©]¢] o]Ed 9]
F3E21 bis-(2-methyl-3-furyl)disulfide(XLIV)©]
Atk T M9 A7t 2FE FFEY X E 2
X107°mg/kg 2 7HF F& X F9 3lto|th(64).
thiol> methyl-F-=1?] 2-methyl-3-(methylthio)furan
Hoh of 25008 FEe ¥& HAE /A1 UG
(65). o] A& 179 FI|FEENME ¢y
I ot @77 9Fste] Gasser Grosch methylfur-
anthiolo] Y disulfide R0} FR %7} 3] I},
2-methyl-3-furanthiol#} disulfide7} 7] Y Aj 2} W)=
3tthe A2 EversSoll 98] @5 dtH(153). 12
I thiol® 4-hydroxy-5-methyl-3(2H )-furanone® 23}
T4 AP E Zhed ol AtH Y1), o
Qe XS thiamin®] EAHE(60), ERFEE

5) 12]3L thiolo] FA¥-<Q cysteined} ribose?
E5AAME HHEA(157).

o) o
OH HO OH S
, H3CO
o o o
o
XLV XLvI XLV
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9] F7149% 7k oA 7AA BiE pyran?)
FEAle 25 #1719 oA FHHUAG. oE
2 WMo} £F9 #F<Y maltol (3-hydroxy-2-m-
ethyl-4-pyrone) (XLV), $&% amadori¥H-3-4 4 &<
g0 A maltol®] A FEZQ 5, 6-dihydro-3, 5-d-
ihydroxy-2-methyl-4-pyrone 12]3L £-0]3F F & W)
© methyl-3, 4-dimethyl-5, 6-dihydro-2-pyran-6-carb-
oxylate(XLVII)%5-°]t}.

8. Pyrroles®} pyridine

S5 F 33709 pyrmoles® olo] #AH 33

Bo] Rusel oy ByLsA EAse AL
obuth. I-pyrroline(XLVIID)® 2-acetylpyrrole(LII,
R=Me)F7H = el H oz Fol|H= FAEA &
Sttt pyrroles, pyrroline 12] 3L pyrrolidiness < 7}
dE oej7iA] A FANA BAE 5L prolined}
-2 amino acid®] 7FE#3l, Amadori ¥H&-A 4 & <)
w32 doiFl dicarbonyl® ¥E Yot} EE furfur-
al? ammonia®he] ¥Hgo2 A ETH(56)(1H3).
2 a7le A thHEe] pyrolesfe 2formyl &
2-acetyl (LII, LIII) ¥} 28 alkyl7]7} 3€ 34
o] tH(XLIX, L)(3%8). F71¢] alkyl”]7} X|8¥ pyrr-
olediones, dimethyl-12] 3 ethyldimethylmaleinimide

CAEES,

NH T
R
R = H, Me, Et, R = El, diMe,
Bul or isoBut triMe or EtMe R = Me, isoBut, or Pent
XLvii XLIX L Ll
- R
/[ \ . /7 N\ . / \ —
NH N N
o} | o )\ - NH 7O
0 R
R =H, Me or Et R = H or Me R = H, Me or Pro R = Me or Et
L L LIv Lv
N
\ /
o V4
N
-y e}
o
X =Clor Br
LI Lvi
CN_/\ &o : :NH “R
R =H or Me
LIX LX R = Me X1

XI R =EL
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(LV)5< 1719 FrFEE4 =AY
(130). 7ksts2ke s =] el A {2 ¥ pyrrolese
formyl, acetyl %= propanoyls2] f=Ao]tH(104).
A7) A BHE FLE pyrrolef= pyrrole®t
1-(2-furfuryl)pyrrole(LVI) & ©]52 2 & #H A1
710 A W7 = ATH(103).

2-formyl®E= 2-acetylpyrrolesi= %71 wl] o] Z10f A
l-acetylpyrrole(LVII) €] 2-bromo % 2-chloro+-=#
o} A ®2F AcH98). FFE A 2-methyl =
2-acetyl-pyrrole ©]€]ell 1- 2 2-(2-methylpropyl)pyrr-
ole, 1-butanoylpyrroles’s-©] 2] % 21tH(80).

MacLeod®} Coppocke pyrroles¥7} 431719 &
7N1EA4E Rosted Fa¥8Ae RE2Y )8R
74ed 7HE Fol HL EFol £3dn BH3)
Ak 3 pyrolesie % gy S A ¢ vl
3 37| EAS 71A 3 92y Baines®t Mlotkiewicz
v gazelA #2lE 1-pyroline(XLVII)S w7k
ol EFF A3 HEIAN7F FoEHE AME 2
AskATH9)

2]a17]o) A #2]E pyrolines? pyrrolidines2 %t
T8 w Aol 71548 Z= (65) 2acetyl-l-pyrmr-
oline®} rnethylpynohdme"]li} 1-methylpyrrolidin-2--
one 71 Heo| frAlolA &= A9 I-ethylpyrrol-
idin-2-one2 & = A 3719] 5 A Aol th(s,
161).

Benzopyrroles, indole “2¥]il 3-methylindole(skat-

olv] thAtEA A A o] EEAL wfEe
AXE 7HAH W] WAjel v F7EAHE 2
aYTh EAA HEFG A FFRAES F
HAE A tryptophan] WAt elA] BAE indole
7} skatolee] wWiAdo] E7MEdtAl Sol FFolE o
Aol &Kol W v23 B FHE fEsiAEY
(162). o)A & 3t 5@ -anhydrost-16-en-3-one} 3t
7 FEjR e EHF el AF-Eo] ATh(136).

7 e F09 methyl7l Y ethyl?] 7} 2| $He
pyridines# 2-acetylpyridine> thH#9] &l 4]
LA R H(EE) &9 FAHA Fr|EAAE &
JFe F2 e oz AAd. olgdx &
zp#ko] 2 alkylpyridines7} %2 A &HoA FlH
Atk Butterys 2 T Fi7le] AL F371F
73t methyl €l hexyl7}# %1470 9] alkylpyridin-
ed} o9 dialkylpyridines& #2]3tAtH(129).
Fio] 2-9] 9o g sFEolAem 2.
entylpyridine®] #&Fo] 7hd @tk o]EH ] oA
£ 6X10"'mg/kgol™ F7IEAH2 A5 715t
B] sl B2 AU AEA SR 7F A R
3l A% alkylpyridine® & ZFFE I 9lrk(129).
o] 52 A WAtsto| Al AAHE dienalsfFeb ofn=At
o Halz AAHE gEYole wrgozm 5=
Aoz Holn webA pentylpyridine 2,4-decadi-
enal¥ 4EUolele] wrg oz AAHAT(E 9).
2-pentylpyridine2 715l §Z1 #ar7]el A Fe] =

ole) 52 BE §HA wAFHE fsle BEEE Rom Htolw HEAH(80)I & =HAL71(103)
E8. Pyrroles, Pyridines ¥ =4
Pork Lamb/
Beef i
- Cured Uncured Mutton it

1H-Pyrrole 1 1 1
Alkylpyrroles 8 5
Acylpyrroles 4 5 1 3
other Pyrroles 3 2
Pyrrolines and pyrrolidines 2 1 1
Pyridine 1 1 I 1
Pyridines-Me/Et substituted 10 7 7 7
other Alkylpyridines 2 1 8 3
other Pyridines 1 1 1

Piperidines 4
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R — CH=CH—CH=CH- CliO

NH, H,S
CH-Clf /cn: CH
% N\
R-CH (_<l3H R - CH,- CH \CH
| Il
N e gi—" )
y #
HN

| |

R—cli, >s7 (CoH

l[ol l H,0
g WD

S

23 9. dienalZ ¥ alkylpyridines3}
alkylthinophenes2] A A =

o & e Ak

pyridine7h&d] o228 EHL HE FAFole]
F7154S 4% trialkylpyridineQ! 2-(2-methylpr-
opyl)-3, 5-diisopropylpyridine &2 & ol &= S 7ol
A 225008 3methylbutanal® ammonium sulf-
ide¢te] ¥hgo oM E AAH = oz 83
Ak EOE 2,3, 5trialkylpyridine2 2-pentyl-3, 5-d-
ibutyl f- =4 2 hexanal?} ammonium sulfide®}S] Rk
Soz AAEY BHAY F7EHE Z=0
(165).

Faz)e] FrPE ke g SREG 22
o] & alkylpyridinese] & © @Won o]ejzhe
AR B g2 SRS AV Fol L &
F9 AFEAo] Fuv]d EA= AMEE T3
#t}. Baines®t Mlotkiewicz(9)= Fi7ldlE o
SRR ofvqte] Fake] B Wi o] FF
< HL g wAs drYolrt F4% A <
A7F B4 A Ao2 HYT o5 o|gEL &
2 Bdgdedre obvlicite] Maillard WHE-ell
Froddte] ofu| e A A7} pyrazines?} 22 THE 4

R2
i ; o
| o ]
N x X
N R N N
. (0]
R = alky! 1= H or alkyl
Lxim LXIV LXV
= C=N =~
C OO
\
\N \N N C=N
LXVI xXvi LxXvir
| O
fj)\OCHS i O\/
|
x R
N NH
R = H, Me or Et
LXIX LXX LXX1

ez 98 Anng Az Aste gy
o7} B Aoz AZsgiTh o]9h#o] ofu|iit
SzRE AAdHe Yol o8 Tt M
H 27180 glycines H7iste] 71Ed Ate}
X Aol &3t Maillard¥H3-S AF3 A3} o]
A% AYAe] de Aoz v Ak 2-pentylpyrid-
ine? 2-butylpyrdine EF 2]7]5°l glycineS 3
7kete] 7HEd g Aol AAHA2 Y glycineS F7}
RG-S Agolle AEHA FATHEB3). EF gly-
cine®| Y cysteinedl riboseE &% model systemol)
Aoz KE FE3 lecithing &3l w3417
23} 2-pentylpyridine®] A=A} o] Aol A=
cysteine®] Strecker degradation®] 9J8|A] Fmo}
7F B 0] cysteineF 7ol A glycine 3 7HF1.th
AH o7 viH-2 2-pentylpyridinec] A= Atk
(84).

ol9lef| = & m7]o A ER1E pyridine =4 = n-
icotinonitrile¥} ©]2] FX=A <1 pyridine-2-carbonitrile,
methyl nicotinate®] 3L piperidine3} ©] 2] N-methyl,
N-ethyl, 2-ethyls®l &7} AUk
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9, ol

Pyrazines#& & 7k4 A FAA vl$- Fa3 &
1R FEez vt golfle EHE AR
Att. tetramethyl pyrazine©] 1879'd AMRFE-$-9 o
oA Hgow FIHJL oo 1928 Z A
alkylpyrazines %7} 7] dlel| A A=At T2}
1960t o] EAdEe] el 7HA] AFelA Eels
7] AlZsle] o] FRE @ B ATt A%
HAuck 2Fe F7E 7heu o] 229 23
Aol f gt nFx LR ATH(166,167). FE717F
sholl A WA 7hA] X 3HE pyrazinesfre BF S
o] P74 RN EE=HA & RE FEAER
2ol Hm AN AFBE FH7F RIHJTHE
9). 7b dukE o2 methyl”1 9 ethyl7l & -3
pyrazines® 7} Ri® uilew W 2= 2,3-di-
ethylpyrazineo| U Wi7f 2] &4A 77} A 3E =A%
T ET. oftdx &9 F7|HEAAE alk-
enylpyrazine® %ol 2l propyl, butyl, pentyl”]
7} A 8E pyrazines® A€t Alkylpyrazinew
dmtx oz AR, Fzte] F3 vt YA
Ze} vl JAIE 7H7] wjaFH T 2L FE
A& 22 TH(168). methyl7] 7} skl A F-E v 7|
7HA AjHE pyrazines®] HX = 433 ¥ob (Img
/kgo1’3) 58] FrI R T8 48S A EHA
23 a8y sy == 1 9]39 methyl?] 7}
ethyl7]2 2|88 7 9o A= F43] oA v
(169) zz|€ &9 W& 7led T2 AXE 2
A sk gl

Pyrazinefol Al A2 E 73 X &A= w9 3

F#9. Pyrazines#

Pork Lamb/
Beef ——Mm8M8 i
i Cured Uncured Mutton Clscien

Alkylpyrazines 26 18 25 14 17

Alkenylpyrazines 4 1 2 1 3
Acylpyrazines 4 2 4

Cyclo?enl- 7 5 i .
apyrazines

Pyrrolopyrazines

Quinoxalines 2 1 5

Other 1 : 2

o] acetylpyrazines(LXXV)2 7}tZEbE =] 9] 3t
(104), 213171(170) 71&l 2 wolA(R), ¥+
A1 3271 (103) 5ol A e = At Pyrazinyl-2-prop-
anone(LXXVI)& 7ttZ2td 2lmolelA 252
2 22 (furyl-2)pyrazines(LXXVII)= = A2 7kl
A AR AT Acetylpyrazinesit= FE I} B
YA E 7Y QA& 3 ug/kg AT FELR
v - Fa3 P EF] sfrtolth(168).

Az 2FA 7|9 Fr4Eez £
E4E9 7|dxE FAste= A¥A Bodreros
(171) 2-acetyl-3-methylpyrazine®} #3}44% &33h
Z3o] 718 T AL HHsA.

d
2
=
3

R! N R N N
- O
R
RSy R Y 7 Y

R = H or alkyl R =H, Me or Et

LXXII LXXI LXXIV

R = H, Me or El R =H or Me
LXXV LXXVI LXXVII
R! /N
| | | R2

A N

R? N |
1/'\/ N
R3 R

R' = H, Me or Et
R? = H or Me R =H or Me
R? = H or Me

LXXVIN LXXIX

TOO

R =H or Me R =H or Me

LXXX LXXXI XXX
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FAG 7189 HZIAY £ $7Y FNEEF
FAJA Hofol B pyrazinesHE 6, 7-dihydro-5(H
-cyclopentapyrazines(LXXVIII) o]t} ©]& o] F%
IFEY FIELAL FEA, 8, 28 &
YA Solth. wetA oletge WHoz ZeH
7o Fr|d A e s FosA HEFEHL A
(8). ©]&% pyrrolo-[1, 2a] pyrazine(LXXIX)& Fl-
aments (172)°] oJsjA E2d 4u7]e] FEES
7ydste] ¥-2letdnt alkylZ]7F X188 pyrrolopyr-
azinesHFe TFE A FolA e &E2l=A &3ttt 71t
AsE A 3719 2ol A ZEeld EZH pyrazines
F+ quinoxaline(LXXX), 5,6,7, 8tetrahydroquinox-
aline(LXXXI) 1812 ©]¢] methyl fr=4]o]t}. o]
tetrahydroquinoxalinest= 7FgAt&E 4 3L7]o A%
2] = ATH170).

Pyrazinesfrv Maillard¥+-g-ol oM = Y=
83 )Rl o5 Ao M e Be
A+7F FAHJTE ofv| et} ST 2§
o] 7HA] A ZTHE model systemoll gk -¥ETH
ofe} otmledby} Fo] tidle] ¢trjole} tEd
SFEL AMESte B g jESAld o] 27]7HA] ¢
&3t A7 FREJTHE6). o)L wHEA o)A
B2, WEAIZE pH, WMEEHY FxE FE
A 5ol MEAAESY B4 FFE FAAE
8% Az LA AT(56,167,173). whEtA ]
e AMe MzuE Wyez zxdE §Fe
Maillard 534 A 2ol 3 A pgtopy e} 324
pyrazines#2] Aol UAME S Fa g HAHo]
o

Pyrazines= -5CelA 3087t AT Afol=
A AT F238 pyrazinesHFe 70Co|Ae=z 7}
dd e} o] HS wo| EAXRow QA
Hoh(167). webs Ats dojele] 1nr]E 7
e FA2E7 BE 70-80CE dAgoenz L
o] pyrazines7} AAEHW thr)e] g0 Zwnkg
o] dojd EARS AN F2 WAYETH3T7).

A9 7H-E 163TelA 7tk B4 35714 9
pyrazines¥7F A AW o] 5o A 7|4 E9
0%E 83ste Aoz BuEAcHi). 23y
2 darist HA 7Y FrIPELS AHdY &
gatel=fet AR FFE °1F9H pyrazinesT
o} o] YA FEA Y ¢ mje-A-& Holth(71). T-
g% 7180 HZ g FRME 217H]

~—

do rlo oz

3
o A& methylpyrazine3te] A ATty B 13}
A cH(80).

MEoE x2300A 7HEdE HAnr|2RE A4
¥ olfAFdEAoY ANFERS vude ¢
Tl A ZTFHR KM= 277849 pyrazinesH
7} 2] ¥ 2™ headspace &FHol <3 &A1}
olEo] MM Fe] 77% 5 A7 wkA JPFA FAY
e FAME AF 1%°1He methyl £ dim-
ethylpyrazines7} #&l5|® FAEE 243 g
slol =9t ¢ Folrh(103).

21 Fo| A pyrazinesT9 AHA R M= o
kA Az7F AZEoId ey alkylpyrazines 2
X732 Strecker degradation®l A amino 3}&E3} d-
icarbonyl®] Z3}oll€]3] AAJE @ -aminoketone X &
e Adse Aoz ¢#A At Aminoketoned
AA A FH§o| A 2 aminoketoneHo] FHFo
2 dihydropyrazine©] =W o] 4ts}E] o] pyrazine
o] "th(2® 10). 5573t pyrazinesFE dicarbonyl
7 Aao F9 FF9A aminodHES] Al
w2} A EH174). A 7FA] model systeme] AT+
A3} pyrazinesHe @EUYolet dicarbonyls} &9
ol osfA A== Aoz YeElgen(175) of
=it frEgdryolrt %€ ¥H&A7F aminoc-
arbonylst§HE9] LAl Y722 ulr
pyrazine® F43 F22 AYAHHE

Shibamoto®} Russell& glucose, ¥Eyo} 18]
galgao] A EZRE 107149 pyrazinesT
g EEsiglen drYole FE7F ¥E54E pyr
azines®9 A FE F7FE N2 W pyrazined)
Bl FE HsHe g 2AsATH(176,177).
o]¢b= W2 Koehler & o}vi=4te] 40| u}
2t M2 239 pyrazines7t YA EH = AL 23}
o carbonyl SIFEH EFFE= Z7]|%E aminodl
A A7} aminoAtd] g dolle AL d4Urh
WgA 9 pe WHgE e JFE vix|o] ti/f
5.6 59 A3 pH M= carbonyld}§HE
i} oAt = amine?e] WSS pyrazined] Al
Agez WPE. a2y ofu|isato A fra]E
grYole] Fx7t 1A e A5aHA E
Yol & FEZ A3t pyrazined AAL
FrelgEYolete] whgo] HA dojdt)
Alkyl-6, 7-dihydro-5(H )-cyclopentapyrazines

e
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(LXXVIII)2 model system%F-g-AlolA ol &E0] 2,
3-butanedione @2  a-dicarbonyl3} &2 EA) 3}
o] ¢txyole} 2-hydroxy-3-methyl-cyclopentenone}
22 cyclic diketone?] ol oJajA AAEH =3
2 W HTH179). ol A pyrrolo[l, 2- a] pyr-

hexosa (R =Clly) I
pentose (R = H)

l» H,0

g

R
nl
3 o
HO o

"H,0 - 2H,0

N,y [ H0

g

amino acid

azine(LXXIX) e AA 7] %el dalA = v 5=g YA
Azt F48 vl o] 7ol cyclic diketone T
2ol sebgolut 6ol el ofsA A A Ehydr
oxy-a-dicarbonylo] RH-&oll Fddt= Aoz Lo

(1™ 10).

HO

NH, or
amino acid

HN

HO

- 2H,0

R! N
r
=
R4 R? N

l o

1
Rij
]
R4 R? N

E 231 ¥ Pyrazime =2 AR
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237 G Ee] FEENAME F7H 9 pyrim-
idine¢] Busoldtt. FE&AHEEE 7HdEte] Fl-
ament5-2 4, 6-dimethylpyrimidine(LXXXIII) & &3
oM (130) ARHIJE ALV FEEANAE
4-acetyl-2-methylpyrimidine(LXXXIV)& &2 3}
%t} Pyrizine®l dimethyl %4 alkylf =4 &
71EAQo] wj$- A8 acetylmethylpyrimidine
HAEAHA 7R Ha7)9 F& U AFFA= 0.
5mg/kg ©] T},

e
siele o e

XXX LXXXIV LXXXV LXXXVI

19709 «Ast7198) #=ulE s}y ge
SFoA 2Folve =R gAA FaE FA
At ¥r-g-3le] WA 9 nitrosamine®] A LS9

] ATH(180). L2y dialkylamine2 A3 == 1
7], Wlo]z5o PAS¥Erolya} 4L 2] a7]olA
T BAEACH(181). Z7HA] N-nitrosamine2 2+
HAFoA B wo]HeA W2 0. 1mg/kg
o] #E7H] 49 B ¢E ArH182). o5 FEA
AL FV4ET ARzt 2a gg WA F
5 A TH(183).

Alkyl nitrates(RONO:), benzonitrile(LXXXV), ph-
enylacetonitrile(LXXXVI), ¥ 7}4] 115 alkane nitril-
es(RCN) 59 E4o] A 7150 531 oA
A e EHE o5 544 AR opEatarie)
A A Fajukgo] <A AAHE Aoz 4
ATH101,102). 239 P2 A3 2 o
A Wil AE SAEFY FIEA 719311
Aoz dEF}. ofE=so} H|d FUE
BN ALIFEEL HAA A FE
< FATW BE S/ Fo3 VAR
FQl benzaldehyde®} @71 EAlo] n]%=3}

N fr

= o2 N

oX ox i
)

A rlo fo 2 o oL
o
™

Ioo%h I s

N
=

Ol

benzonitrile®} phenylacetonitrile $52. 2% <
B9 SAHARE K9] F7I5A9 oo

oXx, M

7198 AL ofyth nitrilesFe WH 2 Hil7]
U Hu7)e) F713ReAM 2 HAT o] EA)

]
7} 9 8telvE ¥A = K.
11. OxazolesT£} Oxazolines

2, 4, 5-trimethyl-3-oxazoline(LXXXVII, R1=R2=
Me)& 1968 A= ChangSoll <8l & 2i7]e] &
714 R A B2 g (184)01F T2 ATFAME AF
pag gtk o] B3 HZ 75 R §17)
o] FrAQRANE Hu=HACH80). E7HA HE
oxazoles(LXXXVIII~XCI)® 3-oxazolin-

F10. Oxazoles, Thiazoles¥ X

Pork Lamb/
Beef —— Chick
. Cured Uncured Mutton rn
Oxazoles, dialkyl 1 1 - 2 1
trialkyl b 1 1 2 2
Benzoxazole 1 = . : ;
Oxazolines 6 1 2
Thiazole 1 = 1 - 1
Thiazoles, monoalkyl 4 1 1 1 1
dialkyl 4 9 2 2
trialkyl 12 3 4 6 12
other 2 1 1 1
Benzothiazoles 2 1 1 ]
Thiazolines 4 2 2
Rl
—N N Et N
R2 o o R e}
R =H, Me or Et R =H, Me, Pro, isoPro,
isoBut or Hex
LXXXVII LXXXVII LXXXIX
R
x “
! 9w
|
; o
R = But or Hex
Xc Xcl
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R? NH,
COOH o
| Rl
H,N — CH-CH-R .
| H R o
oM

HyN - CH,— CH-R
|

OH oH
R“(
H
R? 0
- H,0 \//( -H,0
R®" ToH
A\ “
N RZ O R? N
A 1 NH, SCH—R
R CH—R ) I
CH
1 R o7 g R o
|
R H
R? R?
\,—NH I:N INH
R o)\ﬁ‘ Rl o)\R‘ A3 o)\ﬂ
l @] \il o]
R2
/[_N IN
A o)\n‘ A o)\n‘

2% 11. Oxazoles?} Oxazolines?] AAAZE

es(LXXXVIDSE §9 334 E4dA Bixi
A%t trimethyloxazoline®Hg A5 AZHA= &
(¥ 10). 2 Hartam$ol o8| A & 2317
(87), 7 =(80) 2 EZ1 w7 (98) A 2-m-
ethylpropyl, butyl, =& hexyl”7] &°] °olF E£& 4}
Zo02 X3H EE oxazolinesS LA} ox-
azoles S 92714 A FoA EelH T JA T cocoa

EE coffeedl A 307HA17F B FxA 7t dAE
Atk 28y 3oxazoline> o} 77X &= §Foll At
E2 5 QT mono, di- L] tri-methyl -¥EA &
gl A HA = ATH185).

e A 2719 A 2,4, Strimethyl-3-oxazoline®] A
& HAEYL fusE o] Aol &F 579 &
715A4S Yehl F71E uigloy ¢Fo R §4H
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TRY YEAN, FFoldA Ee FUES UH
A= 1mg/kgol ATH154,186). TFE 3-oxazoline>
AFFIYA, SEFIAY ok HAES e A

T 03 oxazolinee °kAl¢] WAY Fu 5& U=

2(186) AAHA ] F71 54 ol5 HEL thi-

azoles®] 1t} thiazoline THF S 834 71438kA] 23}

£ Aoz HQlth

2,4, 5-trimethyl-3-oxazoline S <44 #43t= W
2 acetaldehyde®} 3-hydroxy-2-butanoned ¥=Y

olgAdlo A REEAI7lE o] lon ol 48

L 25 &9 A APHER o] Ho] 73

A=) e AAAZE BAG(8)(ZF 11). 9]

HkS o A= H3F acetaldehyde®} ammoniaZ} HF-$-3}

& aldmine©] 2= Edo] AR HH o] EHL hydr

oxyketone@ 3= o] ZA 2] oxazolineo] A EH

(186). EThE whH .2 3709 w877} X3 oxaz

oles®] @-amino acid®] Strecker degradation®ll 2|3}

A A4d¥  a-aminoketone®} FYUF Strecker degr-

adation®| W} A A 9] ikstel] osjA AWAFE aldehyde

9} 3oz AAEE ZAoIth(56). thiazolestt thiaz-

olines?] APNM= F3rirt EATE wol= o]

o} AL BEg-o] dojdtt. alkyloxazoles® threon-

ine?} 2 ofu|izite] gebitel] A WA E am-

ino alcohol#} aldehyde®} Zdol <jsiA AdHG

(187).
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