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Vznik piiftldnkovfch dusikatfch heterocyklickfch zlftenin
v Maillardovfch a pyrolyzovich reakcidch

MILAN KOVAC - OLGA RAJNIAKOVA - UTCURT- UHER - JAROSLAV KOVAC

Sfhrn. V prehtade sd uveden6 poznatky o piitdlinkovlch heterocyklicklich zhideni-
n:ich s jednjm alebo dvoma heteroat6mami, ktord majri vfznam v oblasti ar6movfch
a chut'ov!'ch l6tok.

V prrici sa uv6dza vfskyt niektorj'ch derivdtov pyrolu, oxazolu a imidazolu, moZnosf ich
tvorby v Maillardov!'ch a pyrolytickfch reakciiich, ako aj v modelovlich systemoch orien-
tovanfch na potvrdenie reakdndho mechanizmu ich vzniku.

Pri analyze aromatickych l6tok v potravinilch a pri sledovani ich reakcif sa

pouZitim plynovej chromatografie alebo plynovej chromatografie v spojeni
s hmotnostnou spektrometriou dok6zala pritomnost' heterocyklickich zlfde-
nfn. Vznik derivi{tov tiofdnu a ich prftomnost v r6znych potravini{ch sme opi-
sali v predch6dzajricej prrici [1].

Piit'dl6nkovd dusikat€ heterocyklickd zhideniny s jednim alebo dvoma he-
teroat6mami tvoria charakteristickd zloZky praZenych, pedenfch a varenlich
jed6l. Vzhladom na velkf senzorickti vidatnost' sa uplatfiujf v ar6mach oby-
dajne v diivke niekolko ppm (napr. pyrol je stidastou ar6m praZenfch produk-
tov, polievok a mdsa, 2-acetylpyrol a 1-metyl-2-acetylpyrol zasa sridast'ou

zmrzlin a pudingov [79]). V tabulke 1 sf uvedend niektor6 deriv6ty pyrolu,
v tabulke 2 derivirty oxazolu a zdroj ich vfskytu.

S6m pyrol bol identifikovany v hovddzom i kuracom mase, praZenych orie5-

koch, chlebe, k6ve, kakau, p6re i tabakovom dyme di samom tabaku. N-al-
kylderiv6ty pyrolu sf charakteristickd pre kilvu, kakao, daj, dokoli{dovf ma-
su i tabak. Mono- a dietylderiv6ty pyrolu sa nach6dzajf v orieSkoch, chlebe,
kdve, daji i paradajk6ch. 2-Formylpyrol a jeho N-alkylderivi4ty sa okrem spo-

mfnanfch, najmii tepelne upravenlich potravin, dalej vyskytujf v Spargli, hri-

Ing. Milan Koviid, CSc., Vjskumnf ristav potravindrsky. Trendianska 53,825 09 Bratislava.
Ing. OIga Rajniakov6. CSc.. doc. Ing. Michal Uher, CSc., prof. Ing. Jaroslav Kov:id,

DrSc.. Katedra organickej chdmie. Chemickotechnologickii fakulta SVST, Radlinskdho 9, 812 37
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RI R2 Rr Ndzovr Zdroj2 Literatfras

H H H pyrola a, b, c, d. h, j, m,
p,r,t,u

2,3,5,7,10, 12. 16.

18, 19,24,36, 42. 15

H CH, H 2-metylpyrol5 a,b,c,d,i,r 3.6,8,19,32,42

H CH, cH.. 2.5-dimetylpyrol6 o, p.t 8. 39,44

lH
I

CH:O H 2-pyrolkarbalde-
hydt

a,b,c,d,e,f,g.h.i,j
l.m,o.t

3. 5. 6, 13-15, 20-2.1.

28,28-31.35,38.
41.44

H cHrco H 2-acetylpyrols b. c. d. e. f. g, h. i, I,
m,p,s,t

5,7 , 14.15, 20-25. tr
34. 35. 38.40, 44

CH, IHll
il

I

H l-metylpyrole i a. b. c. d. g. h. nrlir
,, -i-1' -,-,,*r-r l-^ , * *

2.4.5.7.9-12. 15.

r7-t9.22,27,37.13

Tabulka l. Mono- a disubstituovan6 pyroly
T a b I e 1. Mono- and disubstituted pyrroles

l-etylpyrol c.d.h.p.s

,[,tR^NJl
Rt

R2

6,43

22.30.33

Irr

LcH. lcH.-col l-metyl-2-acetylpy-: c. d. e. h. j
rolll l

i

1."t),12-.",lpy--];CH.CO 7.40
rolls

l-furfuryl-2-pyrol- 3. 10_ 28
karbaldehydrn 

i

a - praZend orechy. burskd orie5ky; Roasted nuts, planut nuts. b - biely chlieb; White bread.

c-ki{va;Coffee.d-tabak;Tobacco.e-Spargla; Asparagus.f-su5endhriby;Driedmushrooms
g - praZcnd licskovce; Roasted noisette. h - kakao; Cacao. i- kukurica: Maize. j - hoviidzie md-

so: Beef meat. k - prd5kovli extrakt z pomarandov; Orange powder extract. I - bravdovd pederi:

Pork liver. m - varen6 hoviidzie. varend bravdovd mdso; Boild beef. boiled pork meat. n -varen€
krabyl Boiled crabs. o - daj: Tea. p - kuracie miiso; Chicken. r - iokoliidovd masa; Chocolate.
s - paraclaikv; Tornatoes. t - pdr; Leek.

5 l-l

iC,H'

'17 . ts . 20. 24.2e



:$.1

b: -[ltlRz
Rl

ir

Literatrlra3

3.5.7, 10, 12, 16.
. 19.24.36,42.45

i.6.8. 19.32.42

.. -19..14

: ' .r 5.6. t3_t5.20_24.
tr. l8_31,35,38.
j]. .tl

. -i. -. l.l. 15. 2U25,28.
,r;. -1-s.13.49,44

tl

l. -s. 7, 9_12. 15.
-Le.22,27.37.43

11.15.27.41.43

::. -j0. 3-l

-_

.:. -. l-1. t5.20,22,21.

-. l-<. 10. 24. 29

t. lt'

.:. -. 1-3. 2t.22.24.26 ,

ir r.i. t.1. .15

:rs.r chlicb; White bread.
: hrr:v: Dried mushrooms.
:. \l:izc. j - hoviidzie mii_:r::: I - braviovii pederi;
rJ€.1 rrrrk meat. n _ varend
iu.:.j.rr d masa ; Chocolate.

J(l

l8

rName; :Source; 3References; {Pyrrole; s2-Methylpyrrole; 62.5-Dimethylpyrrole; ?2-Pyrrolecar-

baldehyde;82-Acetylpyrrole;el-Methylpyrrole; r0l-Ethylpyrrole; rrl-n-Propylpyrrole; r:1-Acetyl-

pyrrole; rrl-Methyl-2-pyrrolecarbaldehyde;r{l-Methyl-2-acetylpyrrole; rsl-Ethyl-2-acetylpyrro-

le;r6l-Furfuryl-2-pyrrolecarbaldehydelrT5-Methyl-2-pyrrolecarbaldehyde.

N6zovl Literatrirar

,crH, i11 'H ]2-etyloxazolr l. \,rc.n

Tabulka2. Substituovan6oxazolv &--t
Ta b le 2. Substituted oxazolcs 

' 
^/olr'

I zole -17. .s l. 5-1 
I

it----- - i - "---t----- -l
'cH,. cH, c.H. 2.-t-dimctyl-5-ctyl- c -lfr.l7 

r

I I : ()xaz()lrrl

-- 
L : .-l

lcu] lC,H, CH, 2.5-dimetyl--l-etyl ic -16.-17

L_ 
oxazollr

For explanations see Table L u - slaninal Fat.
rName; :Sourcel rReferences; r2-Ethyloxazolel i5-Ethyloxazolcl 1'2..1-Dimethyloxazolc; 72,5-Di-

methyloxazolc; s.l,5-Dimethyloxazolcl "2.,1.5-Trimethyloxazole;r02.J-Dimcthyl-5-ethyloxazolc:
I | 2,5-Dimethyl-4-ethyloxazole.

boch, bravdovej pedeni. 2-Acetylpyrol a jeho N-alkylderiviity boli potvrdend
v kukurici, krive, daji a pod. Mono- a dialkylderivdty oxazolu boli identifiko-
vane v kiive, kakau a daji, trialkylderiviity v rdzne upravenych miisiich.

Okrem zhidenfn uvi{dzanych v tabulk6ch boli identifikovan6 dal5ie dus(ka-

td piitdldnkovd heterocykly. Napr. pyrolidin v rybacich vyrobkoch, kaviilri,
syroch i tabaku, 2-acetyl-l-metylpyrolidin ako typicky komponent v6ne chle-
ba. 2-Pyrolid6n bol identifikovany ako prchavii aronratickii liitka varenei ry-
Ze, jeho N-metylderiviity sri prftomnd v lieskovfch orieSkoch i tabaku.

Charakteristickri ar6mu vareneho hovddzieho mesa tvoria alkylderivitty
3-oxazolfnu, kfm derivAty 2-oxazolinu majf ovocn6 ardmy.

Sridasnd Stridie potvrdili, Ze pyroly vznikaiir najma v procese Maillardovych
reakcii. dalej pyrolfzou prolinu a hydroxyprolinu, ako aj kondenzadnlimi
reakciami vznikajfcich a-dikarbonylovfch zlfdenfn s amoniakom. KedZe

podtlbn6 deriv6ty pyrolov sa nachiidzajri v r6znych mnoZstvdch vo vyrazne
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Rr Rl R.r Niizovr Modelov!' syst€m2 Literatrira3

H H H pyrols b.d.f.k. l.m.n 55,57,60, 61,66,6',7.
70.7t

CH. H H l-metylpyro16 I,O 63.72

crH, H H l-etylpyrolT p,t 73,74,76

furfuryl{ H H l -furfurylpyrolE f. j. k 61,65,66

H CH., H 2-metylpyrole f.i.s 61.63,75

H crH, H 2-etylpyrolr0 s 75

H I CH:O
I

l_i__iH cHrco
+_

Icn] CH:o
j

t-- 1---cH] cHrco

| , i-.--

H
I

IH

ju
I

l

]H

i-
i CH,

2-pyrolkarbalde-
hYdtt

,-*"ty\r)rr"l"

l -metyl-2-pyrol-
karbaldehydr3

I -metyl-2-acetyl-
pyrolrl

l-s-airn*ro-nr.l'

a,f,g.m,s

b.c, l.m,s.t.v

*,rn-

c.m

54,56,61, 62,69,7s

55,58,68,75,76.81

tt,56rrt, 
", "

56,69

5S ?5

Tabulka 3. Pyrolovd deriviity identifikovand v modelovych systemoch n$lU
Table 3. Pyrrole derivatives identified in model systems - 

A., '

I CH:O I CH. 5-metyl-2-pyrol- ,e.h,s.v
karbaldehydrn

a - fural, H.S. NH.; Furale. H,S, NH.r. b - cystein/cystin * rib6za; Cysteine/cystine * ribose
c-glycin*fural:Glycine*furale.d-Skrob*glycin;Starch*glycine.e-gluk6za*glycin:
Glucose * glycine. f - glukciza + NH1 * H,S (resp. * L-cystein alebo cysteamin); Glucose -
NHr + H,S (resp. * L-cysteine orcysteamine). g-gluk6za * glutaminl Glucose * glutamine
h-glukdza * fenylalanin;Glucose * phenylalanine. i-glukdza * $alanin * glycfn, + (glukc,
za*glycin)+(glycin*xylSza); Glucose*palanine*glycine,*(glucose*glycine)-
(glycine * xylose). j -glukdza * hvdroxyprolin (ramn6za); Glucose * hydroxyproline (rham-
nose). k - arabindza * hydroxyprol(n: Arabinose * hydroxyproline. l- (cystein, metionin. cs-
tfn) * 2.3-butiindiSn; (Cysteine. methionine, cystine) + 2,3-butanedione. m - lakt6za * kazein.
Lactose*casein.n-sachardza*serfn.treonin;Saccharose*serine,threonine.o-hovddzr
tuk * glycin;Beef fat * glycine. p-gluk<iza * kyselinaaminobutdnovii;Glucose * aminobuta-
noic.r-gluk6za*L-teanin;Glucose*L-teanine.s-ramn6za+NH-r; Rhamnose+NHr.r-
gluk6za * alanin: Glucose * alanine. u-xyl6za * metylamin;Xylose * methylamine. v-glr-
oxdl * glycin; Glyoxal t glycine .

rName; :Model systemi rReferencesl rFurfuryl; sPyrrole; 6l-Merhylpyrrole; 7l-Ethylpyrrole; "l-
Furfurylpyrrole; e2-Methylpyrrolel r')2-Ethylpyrrole; rr2-Pyrrolecarbaldehyde;r22-Acetylpyrrole.
rrl-Methyl-2-pyrrolecarbaldehyde; ril-Methyl-2-acetylpyrrole; r52.5-Dimethylpyrrole;r65-Mer-

hyl-2-pyrrolecarbaldehyde.
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lri;n slstdmoch
lsrstems

{-l-tT R2

R1

Literatrira3

-<_i.57.60, 61,66,67,
-0.7l

63 .72

- i.'71.76

61.65.66

nl. 63. 75

:-<. 58.68. 75,76,81

:5. -i6.69,77.81

:f'.69

:9.7-s

:.1. -iIJ.63,75, ul

Cr:l;rnercvstine * ribose.
L-:re e -glukdza * glycin;
tl. .-rsteamfn); Glucose *
nrn- Glucose * glutamine.
rlnrn * _elycin, * (glukd_
- , giucose * glycine) *
- nrdroxyproline (rham_

| - r ;r stefn. metionin, cys_
roe m-laktdza*kazein;
r. rhreonine. o - hoviidzi
ri. Glucose * aminobuta-
H,. Rhamnose + NH1. t-
r - :nerh)lamine. v-gly_

rr.rl;. -l -Ethylpyrrole; 8l-
bhr Je : i:2-Acetylpyrrole 

;
h-rn:rhr lpyrrole; 165-Met-

odlisnfch v6fiach celkom odlisnfch typov potravin, je mozne usudzovat' na

ich spolodnf P6vod.
Vznik Oerivatov pyrolov i oxazolov v Maillardovych reakcifch moZno, po-

dobne ako derivdtov tiof6nu [1], naznadit sfborom spolodnich reakcif po

vzniku redukt6nov a dehydroredukt6nov, ktor6 dalej reakciou s NH3 poskyt-

nri pyroly. streckerovou oxidadnou degrad6ciou a-aminokyselfn za prftom-

nosii c-d-iekarbonylovfch zlfdenfn a dal3ou heterocyklizdciou vznikajf tiez

pyroly i oxSzo[y.
^ 'goia 

Stuiovinri'tvorba N-alkyl-2-formylpyrolov pri reakcii xyl6zy a vybra-

nfch alkylamfrrcv alebo a-aminokyselin [77]; autori predpokladajf tento me-

chanizmus

t-i-N c-H=o
I

R

CH:O
I
C=0t

H
li
CH
I

cH2oH

CH:O
I cvktrdcn-R-NH.------ C=N-R-"'"t I -A2o
cH'

'll
CH
I

cH2oH

Pr0dpokladi sa, Le oxazoly a oxazoliny vznikajri:
a)".dekarboxvl6ciou Ser alebo Thr vznikajri aminoalkoholy, ktord konden-

zitcious'atOetryOmi ioskytujri Schiffove bizy adalej cyklizujf na oxazolidiny

OH
I

H2N-cH-cH-R
co$l

cH^-M{lz IR-cq/tH-Rl

L
/AR0R1

b) reakciou a-dikarbonylovfch zlfdenin s a-aminokyselinami, dalsim Strec-

terovym odbfranfm vznik1a-aminoket6n, ktory po acyl6cii cyklizuje na sub-

stituovan€ oxazolY l47l

OH
I

- 

H2rHl|{H-R
I
/+\cH-o
I

CH--Nr,/ '\R-C.H CH-RI
\z^r

0x
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R,I

'C=o
I

C=0
R2

NHr Rl-zn.-

'n"lx'-coox - 
c cH-cooH

-c- 
R3

h.o
. H.o/-1f H-o

' I 
-',o,

R. R. NIL R. NH.
'ta,. 

- *r,ao* .ocvt6cb \r/ 
t \a- '

ltilc:o -C- Q./\ /
zoRz

lt
c

R2 R2 OH

il
ill

^r.r-.*=q -Q 

-R - H,O Kt:_ru

A 5' o 
o*oAo

R2oH.

c) reakciou aldiminu s acetoinom

R-GH-NH nr"o\a-tt3
.Ho-cH-c-c", 

- 
*Jtf .La'it 6 -d- \.r,

/ 
-ko

^17-il* --.qX::
Imidazoly v potraviniich pravdepodobne vznikajf podobne
a-aminoket6nov a aldimfnov:

ako oxazoly z

l+i} cx - n

' Hr-cq-t-q
0

oR.\,/ |

NH^ C
l' I

- 
R-CH 

-CH,
NH

/
/-"*

NH- C -&tl
R_C\,,,CH

NH

N- C 
-Rl

'-l l, --ltl
NH

5 llt



)ne ako oxazoly

Ako sme uZ opisali, mnoh6 derivrity pyrolu, ktor6 boli zistend v ar6me ale-
bo chuti poZivatin [80] di v tabaku, vznikajri Maillardovou a Streckerovou
reakciou cukrov a a-aminokyselfn v priebehu ich spracovania. Viacerd py-
rolovd deriviity boli identifikovand v modelovfch systdmoch (tab. 3), napr.
2-acetylpyrol v systdmoch: rib6za-Cys/cystin [55], 2-furrlnkarbaldehyd-glycfn
[56], gluk6za-glycfn [58], lakt6za-kazein [68], ramn6za-amoniak [75], gluk6-
za-alanin [76], glyox6l-glycin [81].

Predpokladanli mechanizmus vzniku 1-alkyl-2-formylpyrolov reakciou
2-furdnkarbaldehydu s glycinom uviidza Rizzi [56].

[J-.r:o 
-oH-/-\zcH:o 

-tto -[l-.r,oo\ \"-cH1coot, i 
- -

T", ,cH5coor-lcl-r2-cooH ,/ro,
[]-.r,:o

N

t,,

VSetky identifikovan6 alkylderivi{ty pyrolu majri intenzfvnu petrolejovri v6-
fiu, pri velkom zriedeni sladkastri, pripraZenf ; ako uviidzajI autori pr6ce[761
tieto deriv6ty mdZu mat' vfznamnf flohu privyberani charakteristickej v6ne
praLenia.

V modelov;ich syst6moch bolo doteraz identifikovanych mi{lo deriviitov
oxazolu [75]. Pravdepodobnli vznik acyl- a alkyloxazolov v ar6me k6vy opisali
Vitzthum a Werkhoff 1471.2,4-Dimetyloxazol bol zisten;i v syst€me Z-furdn-
karbaldehyd-sirovodik-amoniak [5a]; trialkylsubstituovand oxazoly zasa

v systdmoch ramn6za-amoniak [75] a gluk6za-amoniak [78]. Predpokladdme,
Le z degradadnfch produktov cukrov a amoniaku vznikajf a-aminoket6ny,
ktor6 prostrednictvom oxazolinov poskytujf oxazoly, napr. 2,4,5-trimetylo-
xazol:

rg:g1-1-61.1, -Flzo

cH3 '0

cl.t- NH.N,/ 'c: ll
c,/\

cHs ot-l

NH'

CH
I
c

c FI3
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Imidazoly, ktord v poZfvatindch pre svoju mahi prchavost slabo ovplyviluru
ar6mu di chut potravin, boli identifikovand v niektorfch modelovfch sysre-
moch. v systdme ramn6za-amoniak bol pozorovanf 2,4-dimetylimidazol [75].v systdme glyoxal-glycin boli pozorovand imidazol, 4-metylimidazol, resp
1,3-dikarboxymetylimidazol [81].

ZAver

V priici sme opisali vznik piitdkinkovfch dusfkatfch heterocyklickfch zhi-
denfn s jednfm alebo dvoma heteroat6mami v Maillardovfch alebo pyro-
lytickfch reakci6ch prebiehajricich v potravin6ch a v modelovfch syst6moch.
Mechanizmy vzniku, ktor6 sme uviedli, poukazujf pravdepodobne iba na nie-
kolko moZnostf spomedzi mnohfch inlich. Doteraz vsak ost:lva p6vod mno-
hlich heterocyklickich dusfkatlich zhiden(n neobjasnenf, pravdepodobne
z neznalosti, pripadne neidentifikovatelnosti ich prekurzorov. Musfme si vsak
tieZ uvedomit, Le ar6ma, prfpadne chut' poZ(vatin, nie je dand obsahom jed-
nej zlrideniny, ale Le sa na nej zridastriujri niekedy aZ stovky zhidenin, medzi
ktorfmi sa prejavujf synergick6, resp. inhibidnd vlastnosti a ktor6 vytviirajf
charakteristicky senzorickf celok.
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O6parorenne rerepoqnrnnqecxn aSorf,brx coe1f,f,ef,nt cocrrtqn f,t ntru qJrenoB D peu-
qf,xx Mrfrrps f, B llnponf,3trbrx perxqnxx

PesrcMe

flprasogrtca o63op [o3Harn4ri o rerepoqnKJrr4qecKrD( coeAtrHeHr,rsx cocrasulrD( tr3 rrffTr4K
rrJreHoB, Koropbre coAepx<aror oIiv'd unn ABa rerepoaroMbl rMeroqt{e 3HatleHtre B o6racrtr
apoMarHbD( r4 BKycoBErK BeulecrB. Pa6ora npI,IBoAI/rr HaJrltqtre HeKoropbD( [por43BoAlrbD(

n{ppoJra, oKca3oJra ,{ ,{Mt{Aa3ona, Bo3Mo)KHoCtr rrx o6pasoBaHtra B peaKll,rflx Mariapa
r [rlpoJrrr3Hbrx peaKrlrax r{ TaK)r(e B MoAeJIbHbrr( cr4cTeMax, noTtsep)r(Aarcu$D( peaKrlroH-
nguZ l,rexagugM Ilx o6pa3oBag]44.

Formation of five-member nitrogen containing heterocyclic compounds in Maillard and pyrolytic
reactions

Summary

The paper brings information on five-member heterocyclic compounds with bne or two hete-

roatoms, which are of importance in the sphere of aromatic and flavour compounds. An occur-

rence of some pyrrole. oxazole and imidazole derivatives is shown and the possibilities of their
formation in Maillard and pyrolytic reactions as well as in model systems oriented to prove the re-

action mechanism of their formation, are given.
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