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Vznik pyridinov a pyrazinov v Maillardovf'ch a pyrolytickfch
reakcir{ch

\IILAN KOVAC - MICHAL UHER - OLGA RAJNIAKOVA _.IAROSI-AV KOVAC

Srihrn. Prispevok uviidza poznatky o (estili:tnkovly'ch hetcrocykloch s jcdnyrn alclro
dvoma dusikovlimi atdmami, menovite dcriviity pyridfnu a pyrazinu. ktori ntajti v'iznarrr
v ch6mii aromaticklich liitok potravin.

Uviidza sa mo2nost ich tvorby v Maillardovfch a pyrolyticklch rcakciirch. ako aj v rno-
delovlich systimoch orientovanich na potvrdenic reakdniho mcchaniznru ich vzniku.

V zdvislosti od reakdndho prostredia (teplota. obsah vody a pH) podstatnd
zlolky potravfn - bielkoviny, cukry a lipidy - podliehajti jednak hydrolytic-
iym reakci6m za vzniku nfzkomolekulovlich zlfdenfn (peptidy, aminokyseli-
ny, monosacharidy, mastnd kyseliny, glycerol), jednak polymerizadnym reak-
;iiim vedfcim k rdznym vysokomolekuldrnym agreg:itom. Okrem toho sa

musf podftat so vziijomnou reakciou vzniknutych zloZiek, do e5te roz5iruje
reakdnd moZnosti a mnozstvo vznikajricich produktov. Vziijomnd p6sobenie
medzi cukrami a aminokyselinami, peptidmi alebo bielkovinami sf tzv. Mail-
lardove reakcie. Dalej sri to karamelizdcia, termicky, kyslo di biizicky kata-
lyzovan6 vziijomn6 reakcie cukrov, reakcie aminokyselin a bielkovf n

s produktmi oxidadn6ho odbrirania lipidov. Najv5eobecnejSou charakteristi-
kou vSetkych tfchto reakcii je tvorba hnedosfarbenfch zl0denin vznikajricich
(niekedy viac, inokedy menej) v systdmoch uprednostfiujricich Maillardovu
reakciu. Vlisledkom tychto reakcif sri aj prchavd zlfdeniny - aromatick6 ldt-
ky, ktor6 dodrivajI viacerym potravin6m ich celkovd senzorick6 vlastnosti.

V predchiidzajfcich priicach sme opisali vznik deriviitov tiof6nu t1]
a piitdldnkovlich dusfkatlch heterocyklickych zhidenfn [2] v uvedenfch reak-
ciiich. V priebehu Maillardovfch reakcif, alebo pyrolfzou jednotlivlich zlo-
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ziek potravin sa potrrdil aj vznik pyriclinov r pyrazin.;v. P;;ririiny a pyrazinr
sa prejavujI vyraznc odliSnirni aromatickynii vlastnostami, napr. 2-alkoxypr'-
rid(ny majii neprijemnrh fenolickir ar5mu, ale 2-aikoxy pyraziny majri sladkrl
ar<imu orechov. viidsie rozdiely v ar6mach ziivisia aj od rozvetvenia a <tfztr
relazca.

Deriviity pyrid(nu a pyrazfnu vznikajri najdastejSie pritepelnom spracovani
potravfn. Tvoria charakteristick€ zlaLky praLenych, smaZenych, pedenfch
a varenyich jeddl [3].'Iabufka I uvddza niektord derivdty pyrid(nu a zdroj ich vliskyru. Pyridin
a jeho substituovan6 deriv6ty (alkyl- pripadne acyl-) sri zloZkami ar6my sirok€-
ho spektra potravin; napr.2-etylpyridin je charakteristicky pre ar6mu vare-
nej Spargle [4], 4-metylpyridin je charakteristickf pre ar6mu varenej dervenej
repy [5]. Nachddzajf sa aj v tabaku, tabakovom dyme, aikoholicki,ch n6po-
joch (rum a whisky) a pod.

Pomerne mdlo redukovanfch pyridinovfch deriv6tov sa naSlo v ar6mach
potravin, napr. 2-acetyl-1,4, 5, 6-tetrahyclropyrid(n v ar6me chlebovej [Z], pi-
peridin v tabaku [6].

Tabu{ka 2 uv{dza vybran6 derivdty pyrazfnu a zdroi ich vfskytu. Pyrazin
a jeho derivdty patria medzi najrozSirenejdie heterocyklickd zlfdeniny vysky-
tujrice sa v ar6mach potravfn. Tabulka 2 wddza najmii mono-, di-, tri- i tetra-
alkylderiviity pyraz(nu, ktord sa nachiidzajri predovietklim v mdse (hovii-
dzom, bravdovom, kuracom), zemiakoch, hrfboch, chlebe, kakau, k:lve.
orechoch a tabaku. Tri- a tetrametylpyrazfny sa nachddzaj:dv rybi{ch i alkoho-
lickfch niipojoch. Trialkylpyraziny sa tvoria v relativne velkom mnoZstve
podas praZenia a sd zodpovednd za orechovd vdiu produktov praZenia. Ace-
tylpyrazfn zistili aj v praienich sezamovych semen6ch, kiive, tabaku, s6ji
a s6jovfch produktoch i v praZenej kukurici.

Zaujimavd sri alkoxyalkylpyraziny ako charakteristickd vdne korenia. Naj-
zaujfmavejSimi vonnymi komponentmi tejto sdrie su metoxyizopropyl- alebo
metoxyizobutylpyrazin, ktor6 boli p6vodne izolovand z korenia, ale boli iden-
tifikovand aj v arrime hrachu, v mrkve i alkoholicklch n:ipojoch. Prah ar6m1'
(vdne) niektorych pyrazinov uv6.dza tab. 3.

Niektore organoleptick€ vlastnosti pyrazfnov opisujf prdce Saucedu a kol

[85]. N6hrada metoxyskupiny v 2-metoxy-3-izobutylpyrazine metylovou sku-
pinou m6 maly vplyv na charakter v6ne. Zistilo sa, Ze najsilnej5ie odoranty sri

tie, ktor6 majri objemn6 substituenty na tej istej strane molekuly [7].
Pyraziny predstavujri 4 "h aromatickych liitok pouZivanfch ako aditfva do

potravin; napr. am6niov6 sol 2-metoxy-3-etylpyrazinu ddva potravine zemia-
kovf v6riu, tetrametylpyrazin je aromatizujfcou zh]rdeninou dokoldd, kiiv"'
a pod.

11



r3 Ri

/, i :r
' r-

D
N3;r\Ni.

3 p'<

- 6'-<
$r{A)
;i'< N
.\ '.. =c, ., ,;

iii:ili iiii iiii'tli! Et illit :t iiE??t:i iifi i';*i#rFg; gi F:5gg gg i
F $ $=iFF $sF n $$ 5 3s;$ss gf 

$# $5g $€ $sF; Err sFs; ir$$ss5.Fg sf $$;g* g$ 
$

Ta b u I k a L Zdroj v,iskytu niektcrych derivi'rtov pyridinu
T a b I e !. Occr.rrre nce of some pyridinc dcrivative s

2-mctylpyridinl

3-metylpyridin5
4-mctylpyridinn
2-ctylpyriclinT

3-etylpyridins
4-ctl,lpyridinq

2,5-di rnetylpyriclin "l
2,(r-clinretylpyridf n | |

2-rnetyl-5-etyl-pyridin | 2

2-acctylpylid irr ll
3-acetylpyrid inrr

b. e. l. i, j. l. m, n. r. t. z.

a, q, l. nr, n. r. z.
I,h.i,r.s,t.u
d,j.i.k.n.t,u.z

i,k. l,n.r,z
i,k. I.n.r
g,f
f.g.k. l,n.o.p.t,u.w

c. i. l. rv, z
h.c,c,f.z
c.f

l-iterat [rrar

t{, I 3. l.l. 2l-26. 29-3 I , 36
l . -s. 6. 15. l (r. 29-34
I. 4. 6, r2. l5-17. 20. 26, 33. -14.
36
l3-19.2r.22.36
i 5. i6. l()-12. 26. 29-3 1

6. 13, l.l
l. 6, l2-lrl. :(I-22, 2F28, -j3.
15 16

l l. 15. 16. 11. 22. 3-s. 36

I
a-kiivalcotTee,b-orechy;nuts,c--lieskovceihazelnuts,d-Spargla;asparagus,e-kakao;cocoa.f-terbak;tobacco,g-tabakov!dyrrr;
tohaccosmokc.h-aL'rvenllllepa;redbeet,i-r'um.whisky:rurnwhiskl'.j-hoviidzicrrriiso(snta2eni.varend):treef(tiicd,cooked).k-brav-
ixrvi miiso pc-iene; roasted pork, l- kurercie miiso; chicken meat, m - klabie rniiso; crab mcat. n - pekiirenskd droZ<lie; bake ry yeast, o - i'ierni,

rybacia ornirdka; Philippino fish sauce, w - felcrnrincov;i olej; peppcrmint oil, z - jahiacina; mutton.

i - Name. I - Occurrence. I - References, { - 2-Methylpyridinc, 7 - 2-Ethylpyricline, I - 3-Ethylpyridine, e 4-Ethylpyriciine. ro - 2,5-Dirncthl ipy-
licline. rr - 2,6-Dirnethylpyridine, r2 - 2-Mcthyl-5-ethylpyridine, rr - 2-Acetylpyridine. rr - 3-Acetylpyridine.

CH, H

H CIlr
HH

c,H, H

H crH,
HH

cH. H
cl-tr H

CH, H
cH.jco H

H CH]CO

H
cH..
H

H
c,l-l.t

H
H

r{
H
H

HH

HH
HH
HH

HFI
HH

cH, FI

H CH.

-lLA



.-l 'I'a b u l k a 2. Zdroj vliskytu vybran'ich deriviitov pyrazinu
T a b I e 2. Occurrencc of selectecl pyrazinc dcrivatcs

RJRrR,Rr Niizovl Vyskytr Literattrar

H

CH,,

HHH

HHH

CrH, H

cHlco H

cH] CH.,

CFIT H

cH] H

cH] C,H,

cH:l H

CH, H

c,H, H

cH] cH:l

cH] cH.,

cH.lo i-c1H7

cH.lo i-crHe

HH

HH

HH

cH] H

H CH.,

HH

crH, H

H C,H,

c,H, H

cH:} H

CH:1 CH,

HH

HH

pyrazina

2-metylpyrazin5

2-etylpyrazin"

2-acetylpyrazin7

2,3-dimctylpyrazins

2,5-dimetylpyrazin')

2,6-dimetylpyraz(n rrl

2-mctyl-3-etyl py r azint I

2-metyl-5-etylpyrazf n | :

2-metyl-6-etylpyrazin r3

2.5-dietylpyrazinrl

trimetylpyrazinr5

tetrametylpyrazinl6

2-metoxy-3-izopropyl-
pyrazint7

2-metoxy-3-izobutyl-
pvrazfnls

a, b. c. e, f. g, ch, n. o. p.
q,u.v,x.y,z
a, b. c. d. c. f. g, h, ch. i.
j, k, I. m. n. o. p, q, u. v.
w,y,z
a, b, c, e, g, ch, j. m. n, o.
p,u,w.z
a, b, c, d. f. g, m, n.o, p,
z
a. b, c. d. e, f. g. i. j. rn. n.
o, p, q,u. v. y, z
a. b, c. d, c. f, h. ch, j, m.
11, o. p. v. x, y, z
a. b, c. d. c. g. h. ch. i. j.
k,l. m. n, o, p, x. u. v. w.
z
a, b, c, d, c, I.r, ch, nr, o,
p,q
a. b, c, d. e. f, g. h. ch. m.
n,o,p.u.z
a, b, c, d, e, g, h. m. o. p,
u
a,b,g,h.n,o,p

a. b, c. e, f. g, h, ch. m,
lt, o, u. v, w, z
a.b,c.e.g,h.n,p,y.z

a,i,r,t,v.w

p,r,s,t,w

4. 6, tr-r0. t5. t6. t9-22.32, 36.48-55.
58-6().62. 71-77. tt3. 84. 86
4. 6. 7-t I, l-s. 16, t8-24. 28. 32. 36-39.
.12-.14. 5 1-60. 6248. 7 t-77 . 83, 84, 8-5. 89

.i. 6. t3- I I , 15. 16. 19.20.32.36-39, 43-50,
58{2. 65. 66,6U-77. .33, 84
6. u-10. t9-22. 32. 36. 42. 44-5 I. 5540.
69-77 . 84. 87
4. 6. rJ-l l. 15, 16, t9-24.26.32.36-39.42.
4445.68-77.83. tt4. 89
4. 6-t I . 15 . t6 . 20-24. 32 . 36-39 , 42. 4445 .
68-77. 83. 84. tr6. 87. 89
;1. 6-l I. 15. 16. 19-22, 26, 28, 32, 36-39.
.13--1-s . 4fr-5.1, 5ti-6-5 , 67. 69-77. 83-86

n. I I. t{l-22. 32, 3G39. 42.43.45-54.61.
69.70.73.7+77.85.87
6. 8-l I. 18. 19. 21. 22.37-39.44. 5l-55.
5 tr-6 I . 65 . 66 . 69-77 .84
4, Ir-l t. 18. 19.21.22,37-39,14,51-54.
s8-61,65, 66.71-77
8-1 l, 20. 32.36-39.14.5841.7t-77

4. 6-1 1. 15, 16. l8-20, 32, 36-4t, 44. 52-55.
58-62,69-77, 83-8-s
4. 6,9-tt . 19 .20.23.24.26.3A2, 4+50,
52, 54. 58-61 . 7t,72.75-77 .84. 89
7.4t.63.64. 78-80, 82. 85, 88

8. 7-s-82. tt8
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cHro i-c'rH7

cH.lo i-crHq

cr trrr rvtl'vtlt/ilt',

I t rrrrt.lr, l1r1 1.s7111r

I e I rir lltct vll),V ri ll in rr,

2-metoxy-3-izopropyl-
pyrazintT

2-metoxy-3-izobutyl_

lar f'r. I.l. 1N t,l. ll / t
.r, lr. I. r,, l.11. lr. t.lr. rrr.
ll. (). tt. \'. t\.. /
ir, l), c. e, g, h. n, p, y, z

a.i,r.t,v,w

p,r.s,t,w
ti, 7-5-82. 88

l.l. 5l )r

HH

HH

a-surove,prazcnf.rernrento'an€kakaov6b6bylfried,fermentedcocoabeans.b-bravdovimaso;pork'c-hoviidziemiiso:beef.d-kuracie
mdsot chickcn nreat. e - l;ielkovinovd hyclrolyzrity zo s6je; protcin hydrolysates from soya. f -praaeni kukurica; roasted corn, g -zeleny
a dierny dai; green ,rnd black tea, h - tlrozdie; yeast. ch -pivovarnicky slad; brewery malt. i - dehydratovane zemiaky; dehydrated potatoes,

t-susen€[r(bv; drictlnrushrooms.k-ptir; leek. I-zelendparadajky; greentomatoes,m-bielychlieb.chlebovdk6rka;whitebread.broad

crust.n-praZenclor.rcikv:roasrcclnuts.()-praZcnisezamovdsemenii;roastedsesamsecds,p-kdva;col'tee,q-papdja;papaya'r-korcnie;
spices.s-mrkv.:cxrrot.t-lrrach:peas.u--sparglalasparagus,v-rybacieorn6dky;fishsauces.w-alkoholickdndpoje:alcoholicbe'erages'
r- svr; chccsc, v - krabi. kirrovcc; crabs. crustaceans. z - tabak; tobacco'
r-Name.r-C),..currcrree.i-Rcfcrenccs.j-pvrazine.5-2-Methylpyrazine,6-2-Ethylpyrazine'1 -2-Acetvlpyrazinc.s.-2,3--Dimethylpyra-

pyrazine. r - 2.5-Drctlvlpyrazinc. rs -'Ir!methylpyiorin., 16 - Tetramethytpyirtin.. rr - 2-Methoxy-3-isopropylpyrazine' r8 - 2-Methoxy-3-

-isohutylpvr ':n .
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2-metoxy-3-izobutylpyrazinr
2-metoxy-3-propylpyrazinr
2-metoxy-izopropylpyrazini
2-metoxy-3-etylpyrazin6
2-metoxy-3-metylpyrazinT
2.5-dimetylpyrazins
pyrazin')

2

6
2
4.10r
4.10-r

1,8.106
1.75. ioe

Ta b u I k a 3. Prah v6ne niektcnich pyrazinov [8]
T a b i e 3. Smeli thresholds of some pyrazines [8]

Na 10r: dasti vody2

i-Compound,:-Per10l:u,aterparts,3-2-Methoxy-3-isobutylpyrazine,r-2-Methoxy-3-pro-
pylpyrazine,5-2-Methoxy-3-isopropylpyrazine,6-2-Methoxy-3-ethylpyrazine,T-2-Methoiy-3-
nethylpyrazine,.s - 2,5-Dinrethylpyrazine. e - Pyrazine.

Vznik derivdtov pyridfnu a pyrazinu v Maillardoqich reakcirich mozno
naznadit sfborom spolodnych reakcii po vzniku redukt6nov a dehydroreduk-
t6nov (aldolizdcia, Streckerova de graddcia a heterocyklizdcia) . Napr.

2 R -CH2-CH=O rrc-alrzs-ars---- 
,R)rc-ct,=0

li
R -CFtz- HC

I

kondenzocio I n -c'rr-cH=o

I

( R)r-rc-cH\cu (R )Nrr3 ll I

R-Cbl2Cll 
O4zcll

(q)

rnrrrc{cr\cHtnt\' \l
R-CH2-CFl 

OzzCH

t-l

I

I
R-4\.R

n ctzr( 
-ll" Nt-l

ror - o)o-"
R-C Ft2 -N'

Vznikajrici aldehyd (a) v pritomnosti NH, (napr. z cysteinu) poskyruje imin.
ktorli intramolekulovou cykliziiciou dilva dihydropyridiny a po oxid:lcii pyri-
diny.
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Mechanizmus vzniku 2-metylp'yridinu cez intermedidt Amadoriho je

0 l-l

I.cl'lr z- \
/t, L -ur-,

r-ro I Irlc|r" _c-cH.
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(-)
I

l_l r Nr-t3

?''
-r-,zo _ ,,b)r.\.ot,

Ijr( -l1ct',r.,irri_i.0.."

- - i-N{ethox1,_3_pro_

-,n.. - 2-Methoxy-3_

r'akciiich moZno
r dehydroreduk_
) Napr.

_ 2 t_t.O
a

t

ol-l
I

- 2 r-l r\'o'l
It-za \ ),.,,
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0ri^
ltl

r\ i

: -r.

:: -

1. redukcic
2 -HlO

0
il

li t l redukoc
lil
\ _/-..,, 2 -l-t.)0

Nl.l ur-r3 a - c t-t
Î

Pyridiny' v potravindch m6Zu vznikat
:ocykl.v v pritomnosti amoniaku, napr.

aj termickym p6sobenirn na in6 hete-

'rkr tuje imin.
,,r.iC:icii pyri-

c
Fi3N' .'h \-cocFr"

c lt.
-.--:l ,iNl+ c-L
l'lFIC C=C
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l-lc - c lt2
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Kondenzdciou a-diket6nov vznikajricich fragmentdciou cukrov s a-aminokar-
boxylovfmi kyselinami Stre'ckerovou degrad6ciou vznikajri a-aminoket6nr.
ktord v n:isledno-m stupni kondenz6ciou navz:ijom alebo s inimi a-aminoke-
t6nmi poskytujri dihydropyraziny: oxiddciou prechildzajri na alkylderivdn
pyrazinu [86], napr.

R1
-c=o

"l +(ff)Hc\
NHz

H^N.t -cHilt')
IAI ..+
c -2HcO

o// t 
R' :(-r:,

il

ll

R1 -NH.--Rz

o-\/-*,
n\'-f,1a'

R'-\NARt

t01

Niektor6 pyraziny boli identifikovan6 aj v produktoch pyrolfzy ser(nu
a treoninu [90].

MoZn6 biosynt6za 3-alkyl-2-acetoxypyrazfnov v zelenine je

n'- cH- coog enzlm - o'- a*-al + R- C -C -Rt - - omidocio ilu, 
_llH, 

3 3l.lH2

\zR .. R--N\.o_ o-r.t)-d
,-*#ffiE r-fi-o,f o.L*lo

Okrern uZ opisanlfch ntoZnostf vzniktt pyridrnovy'ci: a pyrazinor".:i:it rleriv6-
tov sa pozoroval a irotvrdil ich vznik v modelovych s.'stdntoch (tab. 4 a .5 f , na

pr. 3-rnetylpyridfn bol identifikovanf v systemoch gluk6za-n-hutylamin [EUj.
sacharoza-serfn alebo treonfn [90], gluk6za-L-cystefn a UV oZiarenie pri
L 253.7 nm [921.

max
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RrRrR,Rl Niizovl Modelov'"1 svst6ml Litcratirrar

HHIJH
CH.HHH

cH, cl-lt H H
cH., H Ct{r H

cH, H H CH,
C.H,HHH
cH, cllr CH. H
cH. cH., CH., CH..
cH.. H CH,Hr H
cH, H H C.Il.
C,H, Fl H C,H,
cH, c,H.. cH.. H

pyrazina
2-nretylpvrazfn5

2.3-dirnctylpyrazf n6

2.5-dirne tylpyrazinT

2.6-dimctylpyrazins
2-ctylpyrazfn"

trimetylpyrazf nrrr

tctrametylpyrazinl I

2-metyl--5-etylpyrazf n I r

2-nretyl-6-etylpyrazin rl

2.(>dictylpyrazinrl
1.5-cli nretyl-3-ctylpyraz in r5

c. g. h. j. o. p.
a, b. c. d. e. f.
n
c.d.h.i.j.x
b. c. d. h. i. k,
x
a. b. c. d. h. i.
c. d. h, i. j, u
c. d. h. i. k. n.
c.h.i,r,v
c, d. h. rn, x
c. h. i. j. m. x
d.j
I

x
h. i. j. k. r.

m, n. s, u.

k, n. t-r, x

s.t,x

92.95. 100. 106. 107. 109. l14
100-105. 107-ll I. lt3

92.102.103.107-109
92. 101-103. 107. 108. lt0. 112. I 13. i16

92,95. 1(X)-103. 107, 108. I 10. l13
102. 103,107-109. ll8
92. t02.103. 107. t0r,i. 110. I13. I16. 117
102.107. l(18. ll5. l19
92. 102. I ()3. t07. I l2
92. 102. 107- t0e. I I 2
103. 109
n2

oo
N) T a b u I'k a ,5. Vznik alkyderivritov pyrazinu v modclov'ich syst€moch

T a b I c -5. Forrnation of alkyl derivatives of pvrazine in model systems

a - sacharoza-NH,: saccharolg:NH,. ! - qh-q.: a.polysacharidl-lIf!,, oligo- and polysaccharides-NH., c - o-gluk6za-NH.; r-glucose-NH.. d -
r,-l'amn6za-NH,l rrrilmflose-NH.., e - fural-H.S-NH.r; fural-H.S-NH.. f - gluk6za-cystefn. UV oZiarenie; glucose-cystcin, UV' irrarJiation. g -
eluk6za-cystc'iri. UV oZiarcnie:'glucose-cystein. UV irradiation, h - sachirdza-serfn. treonfn: saccharoselserine, tirreonine, i - gluk6za-HlS-
NH,l glucosc-H:S-NHr. j - pyrolliza serfnu; serine pyrolysis. k - tiamin-kyselina askorbovd-cystein-H,O; thiamine-ascorbic ici<J-cysteinc-
H:O. I - gluktlzit-r'r-alanin: glucose-or -alanine. m - gluk6za-kyselina glutaminovii; glucose-glutamic acid. n - gluk<iza-leucin-propyldnglykol:
glttcosc-leucine-propylene glycol. o - gluk6za-glycin. cystin, kyselina glutaminovii: glucose-glycine. cystine, gluramic acid, p-- Siiob-glycin;
starch-glycine. r - lakttiza-kazein: lactose casein, s - frukt6za-glycfn; fructose-glycine. t - 2.3-butdndiSn-cystefn, cystfn. metionin;2,3-buianc-
dione-cvstcin. cystin. methionine. u - glukdza (xyl6za)-rr-butylamin; glucose (xylose)-n-butylamine. v - 3-hydroxy-2-butap6n (acetoin)-octan
ant6nny; 3-hyclroxyxy-2-butanone (acetoin)-ammonium acetate, x - gluk6za-kyselina 2,3- resp. 4-aminobutdnovii; glucose-2,3- or 4-anrino6u-
tanic acid.
l-Name.r-Model systcm.r-References.r-Pyrazine.i-2-Methylpyrazine.6-2,3-Dimethylpyrazine,T-2,5-Dimethylpyrazine,s-2.6-Di-
mcthylpyrazine, e -2-Ethylpyrazine. ro -Trimethylpyrazine. rr- Tetramethylpyrazine, rl - 2-Methyl-5-ethylpyrazine, tt * )-Mcthyl-6-ethylpy-
razinc. rr - 2.GDicthylpyrazine. r5 - 2.5-Dimethyl-3-ethylpyrazine.
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Z pyrazinovych derivdtov tab. 5 uvddza iba alkylderlf$y, z ktorfch napr.
tetrametylpyrazin bol identifikovani v systdmoch: gluk6zii-amoniak [96], sa-

char6za-serin, treonin [101], glukdza-sfrovodik-amoniak [102]. laktdza-
kazein [109]. alebo 3-hydroxy-2-butandn-octan am6nny [1 13].

Tvorbu pyrazfnov z acyloinov navrhol Rizzi [119]

D" \cH-ol-l
I

R,/L-w

R*C=O

,I
R -C H -NH2

-1"'. 

'o'

Na z6ver chceme pripomenrit, Ze derivdty pyrazinu a pyrid(nu ako velmi
vyrazn6,lStky s organolepticklimi vlastnost'ami vznikajri najdastejSie pri tepel-
nom spracovani potravin. Tvoria zloLky praienych, smaZenich a pedenych
jed6l, pripadne pochut(n. Shibamoto s Russelom [108] zistili, Ze v modelo-
vom systeme D-gluk6za-amoniak so zmenou koncentriicie amoniaku
v reakdnej zmesi sa menila vdria od praZen6ho mdsa k toastovandmu (podob-
n6 orie5kom). Niektord derivrity pyridinu a pyrazinu pre svoje charakteristic-
kd aromaticko-chutov6 vlastnosti uZ nalli aj priemyseln6 pouZitie ako aditiva
na zvyraznenie poZadovanfch senzorickych profilov potravfn. Tak moZno na
trhu potravindrskych aditfv niijst napr.

- pyrazin pouZ(vany do ar6m smaZenych potravfn,

- 3-acetylpyridin do kdvovych, kakaovych a orechovych ar6m,

- 2-acetylpyrazin do ar6rn praZenych ara5idov a infch orieikov, pedenych ze-
miakov i kukurice,

- 2,3-, resp. 2,5-dimetyipyraziny do ar6m pedendho, smaZendho mdsa, rumu,
whisky,

- trimetyl a tetrametylpyraziny aplikovan6 do ar6m kakaa, kdvy, rurnu,
whisky, polievok, om6dok i mliednych produktov.

J-)

dF



ZAver

V priici sme opisali vznik pyridinovlch a pyrazinovych deriv6tov v Maillar-
dovfch alebo pyrolyticklich reakciilch prebiehajricich v potravin6ch a modelo-

vych systdmoch.
Derivdty pyridinu a pyrazinu sa vyrilbajri ako adit(va do potravfn pre ich

velkti vfdatnost, kde postadujri v mnoZstve niekolko mg'kg-t. Zvyrazfiujri
najmii chut mdsa, orieikov, kakaa, k6vy, ndpojov a pedenych pochutin.
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06paronaune lrrlpngrrnoB rl lrnpa3llnoB B peaKqfiflx Marpa n rlnpoJrrlTnqecrrlx
peaKlIIrtx

Pegroue

B crarrr oflrcbrBaercff o6pasoeanre [r4prrAr,rHoBbrx 14 fifipa3fiIroBbrx nporr3BoAnbrx
B peaKr{[sx Maapa v\ nupoJrurr4.tecKriD< peaKrlrflx nporeKaroulr{x B nt{qeBLlx npoAyKTax

't 
MOAeJIbHbIX Cr4CTeMaX.

Ilporseo4nrre nt4pvt4vrna w fiilpasrLna BbrrrycKarorcff B qr4cJre go6aaox B [r4rr{eBbre npo-
AyKTbr rr3 - 3a r,rx 6olrruyro yKpbrBrrcTocTb, xBaTaroT B Korr4qecTBe HecKorbKo ur.rr-1.
floA.repxraaaror tsKyc rrpe]KAe Bcero Msca, opexoB, KaKao, KoQe, HanrrKoB, neqerrblx

'r 
>KapeHbrx nrru{eBblx rrpoAyKToB.

The formation of pyridines and pyrazines in Maillard and pyrolytic reactions

Summary

The paper reviews the informations on six-link heterocycles with one or two nitrogen atoms, in
particular the derivatives of pyridine and pyrazine, which are important in the chemistry of the
aromatic compounds in foods.

The formation of such compounds in Maillard and pyrolytic reactions is given, as well as in
model systems oriented to confirmation of the reaction mechanisms of their formation.
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