
This review deals with the occurrence of p@dine det-ivatioes in food flaoors, tobacco, essential oils
as well as in model systems. Their fot-nwztion and olfactory properties are also discussed,
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I—INTRODUCTION
During the last two decades the role of heterocyclic compounds in food flavors has been reviewed by
several authors (18, 78, 79, 117-122). While furans (66), pyrroles (68), thiophenes (61), thiazoles (62, 63,
120), oxazoles (65, 57), Iactones (64), pyrazines (55, 56) and their reduced systems were periodically
treated, surprisingly, pyridines which are among tbe most widely distributed volatile flavor com-
pounds have not been described in detail (69). Therefore, the purpose of this review is to fill this gap.

11-PYRIDINE COMPOUNDS IN FOOD
FLAVORS, TOBACCO, AND ESSENTIAL
OILS

1.Occurrences

Since the discovery of the 3-methylpyridine in
coffee by RADTKE in 1964 (87), many pyridine
derivatives have been found in a great variety of
food systems among other heterocyclic com-
pounds. They are present in traces in the fol-
lowing food flavors (see Table 1): fish, meat
(beef, chicken, lamb), vegetables (artichoke, dry
red beans, leeks, beetroots, asparagus, potatoes,
tomatoes), cereals (rice, corn, barley), bread, nut
products (almonds, filberts, peanuts, pecan, soya
bean), milk and dairy products (cheese), fruits,
spices and condiments (pepper, Trassi) nonal-
coholic beverages (cocoa, coffee, tea), alcoholic
beverages (beer, rum, whiskey), tobacco and es-
sential oils (jasmine).

A detailed list of pyridine compounds iden-
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Pyridine and Derivativaa

tifiedfiom the above foods is repofiedin Tab]e
2,

As it can be seen, the parent compound, its
2-methyl-, 3-methyl-, 2-ethyl-, Z- and 3-acetyI-,
3-carboethoxy-, 2,6-dimethyl-, and 5-ethyl-2-
methyl derivatives are the most oflen encoun-
tered.

Gas chromatographic analysis of volatile ni-
trogen bases of boiled beef shows the presence
of pyridine at 0.9 pg/Kg meat (29). a-and &
picolines, 4-ethylpyridine, 2,5- and 2,6-dimeth-
ylpyridines were also found to be present in this
aroma, in the same wayas2-propylpyridine (56)
and 2-amylpyridine (132). Pyridine and 3-
methylpyridone were found in cooked meat (96).
So far, 16 pyridines from which six 2-
alkylpyridines (R = CH~, C*H~, C~H7, C,H%
C,HII, CoH,,) were identified in cooked lamb
and mutton (7). Some of them were reported in
fish (141) and caviar (27).

The parent compound was also isolated from
many other food systems including eggs (49),

artichoke (8), aspamgus(lll), dry red beans(6),
beetroots (82), roasted onion (54), baked
potatoes (89), potato chips (4), tomatoes (44,
138), popcorn (129), pecan (131), tea (128), beer
(32), mm (137), whiskey (75, 133). Its 2-methyl
homologue was identified in about the same
flavors. 3-Methylpyridine was found to be pres-
ent in the flavor of beef (29), fish (141), lamb (7),
bread (34, 142), rice (139), cheese (71), coffee
(126), tea (128), rum (137), whiskey (75, 133) and
SOYU(77). 3-Butylpyridine was recently reported
in an oil of poultry byproduct flavor (30).

2-Acetylpyridine is an important component of
potato chips (4), roasted barley (33), roasted fil-
berts (93), roasted peanuts (130), cocoa (140),
coffee (126), tea (128) and beer (32). It was re-
cently discovered in the same way as 2-
aminopyridine from baked potatoes (9). The 3-
acetyl isomer was isolated from white bread
(20), roasted filberts (93), coffee (126), beer (32)
and tobacco (91). Among 3-substituted
pyridines, 3-carbomethoxy-pyridine (or methyl

Tabb 1. Food and Relatsd Systems in whkh Fyridlnss hsvs bssn Idsntifbd
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nicotinate ) is another important flavoring agent. dimethylpyridine. It was found in beef (29),
It was observed in roasted filberts (93), roasted bread (28, 142), coffee (126), tea (128), whiskey
peanuts (130), soursop (57), strawberry (86), (75), tobacco (91) and shoy” (77).
coffee (126) and jasmine (109). Its higher Among other disubstituted pyridines iden-
homologue was reported in artic bramble (45), tified in foodstuffs 2-methyl-5 -ethylpyridine was
beer (112), jasmine (109) and shoyu (77). mentioned in Iamb (7), dry red beans (6), cheese
Another widely distributed compound is 2,6- (36), cocoa (127), tea (128) and whiskey (75).

Table 2. Pyrldlne Compounds In Food Flevore, Tobacco and Eeeential One

e
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2-EMlylp?.ldtn.

2.P,.pyluy,idl!l.

Z-l,opr.py,py.ld%,m
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16,17,78,19,m, 2?,?2,,2zb,25,26,
29, 37,30,39,40,b,,W, 43,!46
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Pyrldine and Derivatives

Table 2 Continued
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.) ,0.,..,systemsmeaning... the.Orre,po.d,.g,.reren.es, seeTable1.
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Pyridine end Derivetivee

Numerous variously substituted pyridines
containing alkyl- phenyl., cyano-, acetyl-,
hydroxy- and heteroaryl groups also occur in to-
bacco (74, 91). Several heteroarylpyridines 2 to 7
patented as tobacco flavoring compounds (40,
41, 42, 72, 140) are listed in Figure 1,

Four alkylated pyridines and ten alkyl sub-
stituted nicotinates were found in the basic

&action of the Chinese jasmine (109). Relatively
few reduced pyridines occur in processed foods.
One of tbe most important products of this cate-
gory is 2-acetyl-1,4,5,6 -tetrahydropyridine 8
which has acharacteristic bread crest aroma (38,
39), N-alyl-5,6-dihydro-2-pyridinones 9, some
monoalkylpiperidines 10, the four dimethyl-

pyridines isomers, 2-piperidinone (11; R = H)
nnd its methyl derviative (11; R = CHJ were
reported in tobacco (91) (See Figure 2).

N-Nitrosopiperidine found in cured meat is
formed during thecooking of meats (15). Hexa-
bydropyridine or piperidine is a component of
black peppe~ (110), fish (141), caviar (27) and
soya bean (1) flavors. It is used as flavoring ad-
ditives in nonalcoholic beverages, meats, soups,
ad baked goods. Piperi”e12 is another imPor-
tant component of black pepper where it ac-
counts for 33 to 3570 of the extracts. iV-Fonnyl-
piperidine, dihydropip.sridine, isopiperine and
piperanine are other components of this spice
(10,109). l-Ethylpiperidine has been fo~lnd ina

Figure 1. 2;.. ? .

Hetemarylpyrldines
found In to4ece0 (2) q
or patented as .CQO

Q.

tobaoca flavoring
, c“,
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QU)QQI> “

NIcoqr’ne Anaba,ine Anatabine 2,3,-DIP,,id,1

—

0-’%’ cl-$?c2HN.2)cw,co,Et
a 4 5

(x- 2. or 0)
R - IIor C63: “ = ‘, ‘I-LO ‘lkyl

o ‘2 “ ‘1-12 alkyl,cyclohexyl,arylo,

: RI :“,C,O”,R,R,
hete,.cy.le

6 ‘“2 “ %)”
with “ M,terqe,

C+’
\ ~oR

R - 9, .,3, C2H5, Q-C4K9,C6H5CI!2,

“
‘6”13,C7”15<‘“3 “’ ‘6’5

7
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fish flavor (141).

2. Offactory Propeties
Few organoleptic data are available for food-

associated pyridines (see Table 2). According to
PITTET & HRUZA (85) 2-alkylpyridines as
their structurally comparable 2-alkylthiazoles
possess green odors while 2-alkoxypyridines
were found to have unpleasant phenolic odors.
2-Isobutyl-3-metbyoxy-pyridine has a charac-
teristic green pepper aroma as other heterocyclic
compounds of similar size and bearing the same
functional groups in adjacent position to the ring
nitrogen.

From the patents of WINTER et al. (134, 135)
it appears that most of the evaluated compounds
had green, astringent, better earthy or burnt
notes. Acetylpyridine isomers had roasted and
coffee-like odors. The presence of pyridine in
some foods: beer (33), lamb (7) should be re-
sponsible for certain off-flavors (12).

However, insufficient number of pyridines
were available to draw significant conclusions
with regards to their flavor properties.

a“””’

Odor aualities

LNJJ

13

af same alkvluyridyl ketanes
(13: R‘= CHg, C,HS n-C$Hj) “were” evaluated
and structure-activity relations were investi-
gated by SOUTHWICK & SC HIFFMAN
(103).

The ador properties did nat carrelate signifi-
cantly with the partitian coefficients between
actanol and water ar with a measure af calumn
retentian used in high pressure liquid chra-
matagraphy (HPLC). However, they were cor-
related with ‘SC-NMR measurements af the
chemical shift of the carbanyl carban and with
mms spectral fragmentation data.

The 2-pyridyl ketones had the greatest adar
intensity and appeared ta differ qualitatively
from their 3- and 4- isamers.

Olfactaw detection threshald using pyridine
was reparted by PERRY et al. (83). The nannal
range af alfactary thresholds were established
far pyridine slang with age-related changes in
detectian. The mast diluted salutian detected
was recorded as minimally perceptible adar
(MPO). The mean MPO was 10-’4 M which in-
creased with each successively alder group

(0-15, 16—30, 31-60 and >60 years old), The
ability ta detect pyridine with a patient’s in-

Vol. 7, Ott.ber/November 1982

creasing age suggests MPO should be evaluated
on the appropriate age-related curve ta deter-
mine any abnormal deficiencies.

Owing ta their arganaleptic properties certain
pyridines are used as fkivar additives in USA
(88) and in the Eurapean Cammunity (7I) (See
Table 3),

111—PYRIDINES IN MODEL SYSTEMS
Sa far, relatively few pyridines have been

faund in madel systems (see Table 4).
Pyridine and its 2- and 3-methyl derivatives

were found by KATO et al. (47) by heating glu-
cose and cysteine at 160°C. Replacing cysteine
by cystine, pyridine, 3-methylpyridine and 2-
methyl-5 -ethylpyridine were observed, The lat-
ter campaund is also fanned when paraldehyde
is reacted with ammonia at 200°C (76). TRE SSL
et al. (113) reacting praline with glucase at
251YC far 2 h. identified a series of 2-substituted
pyridines (R = H, C H,, C,H3 CHO) in the same
way as 3-methyl- and 2,3-dimethylpyridines.
Pyralysis af a melanaidin resulting f’ram a
glucose—ammonia reactian produces pyridine,
2-methylpyridine, 3-hydraxypyridine and 2-
methyl-5 -hydroxypyridine (114). 2-Hydraxypyri-
dine fonnatian in glucase—hydragen su”lfide—
ammania system was reparted by SHIBAMOTO
& RUSSELL (94).

A methylpyridine was the anly pyridine de-
rivative identified among the thermal degrada-

Table 3. Pyridines Used as Flevorentea

M

Pyridi”e

2-Eth@pyridi.e

3-Eth,lwF1dl”e

2-Pe”trlPy?XdLne

2.,,Ob”tylpyria,“.

3-8-But71,,ridi”e

Z-A.ety,p,rLdine

Z-ey,id,.....mnetli.l

2-Pyr,dyLmercaDta”

3-I!et!wlwrid5“s

2-Eth,lwPidlne

3-1SOb”t,l,,,id1“.

3-Acet7Iwrid1“s

2,6-D1ueth,lF.YrLdln.

5-EW l-2-oethyl,,,ldi“.

?,,,,,,1”.

Piper,”,

. .
3394 -

3383 - 2

3370 - 2

3371 - -

3251 + 2

3232 22?9

.

. .

339U - 2

33’71 2

342U - 2

35’40 . 2

3546 - -

2908 675 2

?909 Q92 2

a) R,rmenm I ist em. FlavorMaterials (881:
[-1 baa”, a oc-mund Whioh 1, “d listed,
(.1 means a listed .OmOu”d

b) ,verass .,ase rewed frm 0.1 t. 10 ,,. 1.”.1.

0 ) ,.,.,. ”.,,.”., .ma. i.akl.n ., ,,.,.. Indu, t.ies1 i.t
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Table 4. Pyrldlnee In Medel Syetams

~
Pyridille

Z-netwl,,ridl”e

,.mly,p,.ldi”e

Z-h..tonylpyrldi”.

2.Fomy,pyr,din.

,.Acetyl,yr,dine

Mlyd..xy,yridlne

3-n.t.ylpy.i,i.e

3.vin,,,,,%,In.

Methyl.i..tinat.

3.nydmxypyFM,”e

U.neth,l,y.ld<.e

4.Ew w,id L“.

2,3-DLmethylPyrid1..

2,5.DfmeMylpy.l,,ne

2-neth,l.5-eth,lpyrld1..

Z-wthy1-5-hyd..xypyrid1“.

2-MN 1-5-m.mylw,ld$..

2.htio-5-m.t,ylpy,i*tie

2,6-DrmathY1p@,%..

3,MNmewy,.y,i.i,,e

3.EwY1-4.meth,,,,rid,“,

DL-(xethylwrboxam<do)-3,4-,y,Ldtie

3,5-D1mnwIwPf,lne

2,3,5-TPLmethylw.idlre

2.MI.V1.3,%ii.e,hylpyvrd1“.

2.Ew ,.3-h,dmxJ.6.meChylDyrMin.

3,5-D,metw,-2-etm,,,rld1..

Hod.,s,,tem(d

., b, ., ., ,, u, r

., c, d, e, ., p, q, “, ,

d

s
d, ,
e, ,,r

t

a, ,, d, ., ,, ,, ,, .

v

P
“

P, “

P
d

t

,, ., .

.

1, ❑

s
i

%, k, ,

P

P

~,.
.

>
“

d

dine were identified by reacting L-rhamnose
with ammonia (95). 3,5-Dimethyl-2-ethy lpyri-
dine, 3,5-dimetIryl-4-ethylpyridine and 3,5-di-
methylpyridine were formed by heating the
qrraternary pyridinium betaines. Pyridinium
salts were themselves prepared from the con-
densation reaction of glycine with propanal
(105). Similarly, the thermal decomposition of
the condensation products from the glycine-
propanal- crotonal system affords 2,5- and 3,5-
dimethylpyridine isomers among other uniden-
tified compounds. The lactose-casein browning
system investigated by FERRETTI et al. (17, 18)
also showed the presence of pyridines, namely
pyridine and its 2-methyl- and 2-acetyl deriva-
tives.

Recently, SHIBAMOTO et al. (97) observed

Teble 5. Pyrfdines Predktsd by the Computer for tfra
Fleeotlon Mw$en Furfurel end Ammonie (2,S4)

*3

m

‘4 / ‘2

F+MR’

Model Systems:
a = glucmse-cysteine (47)

b = glucase-cyatine (47)
c = riboae-cyateinelcystine (73)
d = glucese-L-proline (36, 113)
a = Iactose-casein (17. 16)
f = AMADORI interintia(as from glucose-glyune

system (60)
g = L-rhsmnose-ammonia (95)
h = maltol-ammonia (97)
i = furfural-ammonium sulfide (123)
j =glycine-propanal(105)
k = glycine-propanal-crotonal (105)
I = pyrolysis of cysteine (4S)

m = hydrolysis of cysteine (48)
n = pyrolysis of alpha-alanine (58)
o = pyrolysis et beta-sknine (58)

P = thermal degradation of trigonelline (124)
q = furfural-hydrogen sulfide-ammonia (2, s4)
r = glucose-alanine (W)
a = paraldehyde-ammonia (T6)
t = glucose-hydrogen suifide-ammonia (94)

u = glucoz.e-ammonia (114)
v = collagen pyrolysis (35)

tion products of l-deoxy-l-L- alanino-D-fructose
(99).

2-Acetylpyridine formation was observed in
the degradation reaction of the rearrangement
product (RP) from glucose-glycine system (80).
2-Amino-5-methylpyridine and 2-acetonylpyri-
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the formation of 2-ethyl-3-hydroxy-6 -methyl-
pyridine during the thermal reaction of maltol
and ammonia. iV-Ethyl-3-hydroxy-2 -pyridinone
and N-ethyl-2,6 -dioxopiperidine were found by
OUWELAND et al. (80). during wet and dry
degradation of the RP of glucose-theanine sys-
tem, respectively, 2,6, Dimethyl- and 3,4- (or
3,5)-dimethylpyridines were found by reacting
furfural with ammonium sulfide (123).

Pyrolysis of sulfur-containing amino acids
alone (48) or in presence of glucose (47) pro-
duces certain pyridines. Analogously other
amino acids such as a- and /3-afanine (58) alone
or in presence of glucose (or dicarbonyl com-
pounds) give pyridines. 2-Metbylpyridine and
2-methyI-5-ethylpyridine were identified in a
pentane-ether extract of the cysteine/cystine-ri-
hose browning system (73).

The thermal degradation of trigonelline is also
a source of pyridines, mainly in coffee. Recently,
PARIHAR et al. (81) reported that model sys-
tems containing sesame oil and amino acids
formed pyridines and pyrazines during heating.
This reaction was catalyzed by Fe and Cu.

Some pyridine derivatives have been reported
among pyrolysis products of collagen (35), chon-
droitin sulfate (46) and pyridine itself (53). In
this latter case, bipyridyl isomers were formed.

Finally, a great number of pyridines, mainly
substituted by hydroxyl and form yl groups have
been predicted by the computer in the reaction
between ammonia and furfural (or its degrada-
tion products) (2, 84) (see Table 5).

IV-PYRIDINES FORMATION
It seems evident from the above results that

pyridines are mainly formed in processed foods
from carbonyl compounds and ammonia arising
from reducing sugars and amino acids. Indeed,
their formation from aldehydes, ketones, @u-
nsaturated carbonyl compounds with ammonia
(The CHICHIBABINE pyridine condensation)
is a well known reaction in organic chemistry
(101). All these starting materials were formed
during MAILLARD reactions: aldehydes arise
from STRECKER degradation of a-amino acids,
a-dicarbonyl compounds (glyoxal, pyruval-
dehyde, diacetyl .) and a-hydroxycarbonyl
compounds from retroaldolisation of rearranged
AMADORI or HEYNS intermediates, a, f3-
unsaturated aldehydes from afdol condensation,
and ammonia from thermal degradation of amino
acids.

Thus 2-hydroxymethylpyridine can be ob-
tained by reacting hydroxyacetone with its enol

Vol. 7, October/November 1982 Perfumer & Flovoris?/31
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form, in the presence of ammonia according to
the following scheme:

,. CW3C. CH10”
*H$Z5: ~

Wwf”,o. ,1 [.1 (2..,..

SCHEME1. Supposed 2-Hydroxymethylpyridine Forme-
tion

Trimerisation of aldehydes (R = H or CH,)
produces a,~-unsaturated carbonyl compounds
which react with ammonia to give aller dehy-
dration andoxidation 2-methylpyridine (R= H)
or 3,5-dimethyl- Z-ethylpyridine (R = CHa) (see
Scheme 2).

.
.. “..l. ”O

F a“,.

,R)m,..c”(”) ,),., “
—(%1.~ )

SCHEME2. Hypothetica/ 2-Methyl(R =H)and3,5-Di-
methy/-2-Ethy/pyridine (R = CH$ Formation from A/de-
hydes

Bycondensing hydroxyketones 14aand14b in
the presence of fmnmldehyde andammonia, the
piperidine derivative 15 was obtained. By de-
hydration, this latter compound affords the two
hydroxypyridine isomers 16 whichby dehy-
droxylation and reduction can lead to 2,6-
disubstituted pyridines 17 (see Scheme 3).

“o”~p~q
y.,.”

= !$$; =a:~~.,“.$e, $..<
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15
‘~.r;l
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SCHEME 3, Hypothetical 3-Hydroxypyridines Formetion

2-Methylpyridine formation from AMADORI
Intermediates is shown in Scheme 4.
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SCHEME 4. 2-Methylpyridine Formetion from AMADORI
Intermediates

The formation of variously substituted pyri-
dines from aldehydes and amino acids can be
explained by the mechanism shown in Scheme 5
(105).

3%erf.mer & Flawvrist

SCHEME 5. Pyridines Fomrstion from Aldehydes end

Amino Acids

The last step of the reaction leading to
pyridines19 fmmbetaines18 isprobablyaradi-
caf nucleophilic displacement (Sm2) similar to
that reported by KATRITZKY et al. (50) for 1-
alkyl-2,4,6-tripheny lpyridiniums C-alkylate ni-
troalkane anions. Indeed, pyridiniums are ex-
pectedto give charge-transfer complexes (CTC)
with soft nucleophiles. The electron-transfer
processes interconverting pyridiniums and
pyridinyls are known to be easy.

Some pyridines are also formed from cyclized
products.

The formation of 2-acetyltetrahydropyridine
21 from proline20 andpymvaldehyde has been
reported by NURSTEN et al. (78) (see Scheme
6).

p“ Cca. + “m’”” — Q=.”
:..“

,0 :..

:

Q=..., —,!., . . . ...!.. cm,,
!“

. . . ,.
21 ,.,

“,.

Furfural or 2-acetylfuran and ammonia can
also act as precursors of 3-hydroxypyridines as
shown in Scheme 7 (121).

SCHEME 7. 3-Hydroxypyridines Formetion from Furfurel
or 2-AcetyMan end ammonia (121).

The thermal degradation of trigonelline pro-
duces several mono- and dialkylated pyridines.
They are probably formed according to a

Vol. 7, Octob-sr/November 1982



radicalar mechanisms similar to that of the
LADENBOURG rearrangement of N-tdkylpyri-
dinium salts (see Scheme 8)

Q’L-_r

SCHEME 8. Pytidines Formation fromTrigonelline(118)

Pyridines in foods are also formed by many
other ways. Heat treatment of certain heterocyc-
lic compounds such as furfurylamine, tetmhy-
drofurfuryl alcohol, N-substituted pyrroles,
oxazoles, thiazoles leads to pyridine derivatives
(122).
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