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HETEROCYCLIC CONSTITUENTS OF MEAT AROMA

Firmenich SA, Research Laboratories,

CH=1211, Geneva 8

Heterocyclic compounds play an important role in roasted
fiavors and particularly in meat products. They result
from nen-enzymatic browning reactions between carbohy-
drates and aminoacids. Some have interesting organclep-
tic properties and very low thresholds. This review des-
cribes all volatile heterocyclic constituenfs identified

in the flaver of meat and meat-refated products.

Among about 3,000 known eonstituents of aroma,l heteroayclic compounds deserve
particular attention. They generally originate from odorless precursors of most-
ly high molecular wetight, either enaymatically or — more frequently - by the ac-
tion of heat. Accordingly, we come across these "breakdown" flavors in ocur daily
food, consumed after cooking, baking or roasting. It is during this processing

that heterceyclic compounds tend to be formed in large numbers (Table ).

—663—



TABLE 1. Distribution of heterocyclic volatiles in food flavors

2

kinds of aroma

number of constituents

identified

total. _ heterocycles
roasted coffee 540 3t0 = 57%
roasted sesame seed 67 32 48%
roasted filberts 232 95 41%
processed meat 600 223 383"
heated pork meat 281 96 3L%
roasted peanuts 279 92 33%
cocoa 386 124 32%
tea 339 100 29%
potate chips ~ 1LY ko 27%
peach 78 13*% a7
cooked chicken 1833 18 10%
pear ‘ 127 0 0
banana 226 ¢ 0
cabbage 74 0 0

*

this review.
* ¥

essentially lactones

Owing to their characteristic odor, heterceycles contribute significantly to

- the flavor principle of processed foods. In fact, the potency of numerous hete-

rocycles ts such (Table 2) that even in trace amounts their effect becomes ful-

ly apparent. Two recently published review ariicles discuss their relevance in

the most. tmportant fbodstuf?h.4’

5
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TABLE 2. Odor threshotd data of meat aroma constituents (ppb in water)

2-methylfuran  (2)

4=-hydroxy=2,5-dimethy|-3(2H)-furanone (35}

(FURANEOL®)

maltol {36)

y-decalactone (44)
§-decalactone (61)
5-methy|-2-formylthiophene (84)
Z2-acetylthiazole (143)
Z2-acetyl-2-fhiazoline (149)
2-methy|Thiobenzothiazole (145)

3,5-dimethy!-1,2,4-trithiclane
2-pentylpyridine (156)
Z-acetylpyridine (162}
2,3-dimethylpyrazineg (169)
2,5-dimethylpyrazine {171)

2-acetylpyrazine (194)
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At present, one of the most tmportant problems in flavor ehemistry is the in-
vestigation of meat aromas. Indeed, complete knowledge of their constituents
would allow the creation of true-to-nature flavors and thus development of no-
vel foodstuffs. These, in turn, are essentigl for an efficient control of un—
dernourishment in general, and lack of proteins in particular, from which two
billions of th; world's population are at present suffering. There has been
great progress, Jjudging by the achievments of the past 10 years, but further
efforts will be necessary in order to approach a sclution to the problem. The
atm of this report is not only to give a complete survey of the latest activi-
ties in meat—related heterocycles but to stimulate individual efforts in this

particular field.

The exacting task of systematically investigating the substances responsible
for the aroma of processed meat products (beef, pork, lamb and poultry for in-
stance), eould not be approached successfully before modern analytieal proce-
dures had reached a high level of sopkisticqtion. It is therefore no surprise
that references on aroma constituents of products rvelated to meat were practi-
cally non-existent before 1960. Several reviews sum up the extensive research

in this field during the past 18 years. ' 23

Meat aroma cannot be attributed to a gingle compound or a particular class
of compounds. Indeed, the odor profile of a meat product is rather a sum of all
the sensory effects produced by a large number of volatiles of different struc-
tures, present in a particular quantitative proportion. Past investigations,
however, leave no doubt that heterocyclic compounds contribute significantly

to the aroma impression of meat.

Of about 600 constituents known®® 223 ave heterceycles belonging to 26 dif-

—666—




HETERQCYCLES, Vol 11. 1978

ferent basic skeletons (Fig. |). This paper reviews all the heterccycles dis-

covered so far in meat-related flavors, classifying them by struetural groups.
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FIGURE 1. Basic skeletons of heterccyclic compounds

found in meat flavors
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Cyctic ethers are found in all food aromas which are produced in the course of
a thermal process. Among these non=-enzymatic "browning tlavors"®>'26 the turanoid
compounds occupy a privileged position, owing to their wide distributicon and the
diversity of their structures. They are usually formed by degradation of carbo-

27,28

hydrates. In coffee aroma alone 85 different furan derivatives have been

29,30

found, while the volatile part of bread containes 256 and caramel 5731 re-

presentatives of this class.

Until 1967 furanoid compounds had not been reported to be present in the aroma
of meat produc+s.32 Since then, 32 compounds of this class have been found in
meat aroma (1 - 32) among which 18 compounds carry functional groups (15 ~ 32).
Furan derivaTiveé are found amcng the volatiles of boiled,36 roasTed37 and canned

21,32

beef33 as well as in the aroma of cooked chicken. The 23 furans from cooked

port Ilver even amount to 29% of all its aroma constltuents, next to the pyrazi-

nes (21%), they are the most frequently occurring class of compounds.34/

As a rule, furan derivatives are considered to be important aroma constituents
from a sersory point of view, and 60 of them have been admitted as food additives
for human consumption in the USA as shown In the FEMA GRAS*HST.LIl Furans that do
not contain sulfur are mainly associated with a sweet, fruity, nutty and caramel-
~Iike odor impression,4 none of them being meaty, so, although they are not con-
sidered to contribute significantly to the basic meaty aroma, they could contri-
bute to the overall odor of broiled or roasted mea+.42 Z2-Pentyl| furan 7, presum-
ably formed by autoxidation of 2(E),4(E)~decadienal,32 Is described as having a
sweet and pungent odor.33 In vegetable oil at concentrations up to 10 ppm it im-

parts a beany and grassy flavar impression.17 The sensory value of furan deriva-

&
=

Flavoring Extract Manufacturers Association

[17]
A

Generally Recognized as Safe
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tives geénerally Increases when further functional groups are introduced intc the
furan ring. The odor of 5-methyl-2-furaldehyde 16 1s described as burnf, caramel-
like and slightly mea‘i’y.4 On the other hand, |~-(2-furyl)-propan-2-one 24 Is said
to have a rum-like smeli. According to another scurce, the odor and taste of 24
is suggestive of radish.*® The organoleptic properties of ethyl 2-furcate 22 are
characterized as burnt, buttery and vaniila—like.4 A certain importance is at-
tributed to the two ketones 23 and 24 in the development of the complex sensation

of the shallow=fried beef flavor.39

Sulfur-containing furanoids are formed through the therma! Interaction of §-
amino acids and carbohydrates. As a rule, in the pure state they possess a pe-
netrating cdor resembling burnt rubber which turns into a pleasant roasted note
at high dilution. Furfury! methy!l disulfide 31, for instance, identified in
pressure-cooked pork !iver34 is the character impact compound of fresh whife

bread cru5+.7

A wrong interpretation of spectral characteristics has ied to the conclusion

that "S5-thiomethyifurfural" (the correct name should be 5-methylthicfurfural}

36,44

was a constituent of boliled beef flavor. This errcnecus structural hypothe-

sis was unfortunately considered as a certain identification in later artic-

45,46

les A compariscn with an authentic sample of 5-methylthiofurfural prepa-

7

red In cur Iabora‘rories4 has definitly invaiidated this hypothesis.

Furans do not solely contribute to the acceptance of an aroma but can also de-
velop unpleasant sensory properties as soon as, due to external influences, they
occur in & disproportionately high quantity compared with the remaining aroma
constituents. During storage of canned beef, for instance, Z-ethylfuran 4 |is

relatively stable, whereas cther flavor components are altered so that as a re-
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sult the undesirable odor qualities "acid, sour" and "whey butter-1ike" are

sTrengThened.35 2=-Pentylfuran 7 on the other hand is believed to be responsib-

le for the characteristic off flavor of reverted soybean oil.48

XL fi REY

13 34,44,49 34 R = 37 51

35 R = cu35°

Compound 33 is the only tefrahydrofuran derivative which was found in meat
produc‘rs.34'44 2-Methy | tetrahydrofuran-3~one 33 is widely distributed in

roasted and manufactured products such as bread, coffee, peanuts, potato chips

52

and rum. |t has alsc been identified in tomatoes. 4-Hydroxy-5-methy|-3(2H)-

furanone 34 and ifs homolog 35 are important flavor constituents isolated from
beef broth.”® The sensory impression of 35 has been described as caramel-
like,53 burnt pineapple,54 which turns into a strawberry-like note as dilution
Increases.®> The odor of 34 is reminiscent of roasted chicory rooTSO with an
unmistakable undertone of maple sirup.55 Compound 35, which was introduced

on the market under the trade name FURANEOLCQ was detected in the aromas of
pineapple,54 s‘i’rawberry,55 roasted almond,56 spohge cake"r’7 and arctic
bramble.>® The pyrone derivative maltol 36, recently found in roasted beef fla-
vor,47 was already discovered in 1894 as one of the character impact compounds

58,59

in malt. Since then identified as an important flaver constituent In va-

60 it serves as a standard of carame!

rious thermally processed foodstuffs,
cdor, 2,3-Dihydro-3,5-dihydroxy-6-methyl|-4H-pyran-4-one 37 has recently been

detected in cocked mea‘i’.sl

= Registered trade mark of Firmenich SA.
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Lactcnes are known as being associated with meat aromas of al! kinds. Among

the y-lactones are found all the normal members ranging from butyrolactcre 38

to y-hexadecalactone 50. In the 8-series the complete range was observed even
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61-63,85 \del experiments have shown that the

up to 8-octadecalactone 56 - 68.
factones originate from the fat portions of The most varied sorts of meat. Either
they occur preformed as 4- and 5-hydroxy %aTTy acids in.their glycerides or they
are formed by oxidative degradation from unsaturated long chain fatty acid5.6l'65
Saturated fatty acids, aldehydes and alcohols can also serve as précursors.68 The
mechanism of the formation of lactones have been explained in a series of re-

. 69-71
views.

Saturated aliphatic lactones are wide[;rdiSTribuTed in aromas of foods of ani-
mal or vegéfable or‘lgin.72 their characteristic and potent corgancleptic proper-
ties, rather fruity and flowery, give rise to a certain fresﬁﬁess and’in most
cases an agreeable note. The odors of corresponding y- and’ é-lactones- are essen-
tially very similar and differ mostly in nuances onty. Thus, the odor of y-deca-
lactone is characterized as "oily, peachy, nut-like", whereas g—decalacfone is
described as "sweet, c¢reamy and nuf—like“?3 Among the unsafdrafed fécfones an-
ly (Z)-6-dodecen-4-~clide 51 has been reported to ;ccur in lamb aroma from ani-
mals fed a lipid-protected dietary supplement, and is cons[gered to Ee fargely
responsible for The sweet flavor note of that parf%culér meat.®® "Recently, the
two butenotfides 52 and 53 as well as anhydromevaiolactone 69 were isdlated from
roasted beef aroma.24 g-Methyfthio—y-butyrolactone 54 found in the same type
of flavor is presumed fto be generated by the addition of methanethiol to Z-bu-
tenolide 52. Lactone 54 is described as having a cheracteristic sulfur-iike
note of onions.? Pantolactone 55, presumambl* a degradation proaucf of panto-

74,75

thenic acid, and previcusly identified in Spanish sherry is relatively
. . o t .

abundant in the neutral fraction of beef aroma.24
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70 R%,RE,R® = H 7677 76 R? = t-CyHg; RZ,RS = H %

71 RE = oy RLRS = RO 77 R conyy; RORY 4w TS
72 R = CHg; RLRS = H OO 78 R or RCgHi7; RS = H '°

73 RE = CoHg; RO,RS = H O 79 R? or R-CryHpgiR® = H

74 R? = n-CyHg; RI,R® = K 7° 80 R? or R¥%CHy; RS = H >

75 R? a t-CyHg; RI,R® = H '° 81 R:L,RS=CHy; RY = H O

Rs/L_siCHO R5 s R2 Q\//\CHO
82 RY,RS = 03644 g5 g2 gs |y 3476 g7 34.76
83 R? = CHi RS =H %% 86 RZLRY = CHg ''76

3)
84 RS = CHy;R® = H 3476

0O
Rs/ls_\xrﬂ L/_sf\ ) QCH&H
o]

34,76 97 14,76 93 76

88 R = CHz; R%=H
89 R,R® = CHg ' 7®
90 R = CoHg;RS=H
91 R = CyHg;R®= CHy O

6

*
tentatively identified

Although discovered as late as 1967 as aroma constituents in processed food-
stuffs, the thiophenes already play a certain role as artificial flavoring
agenfs.79 During the last decade 24 individual components of this type (70 - 93)
were detected in meat-related producfs alone. This class of compounds also occurs
in black tea and coffee aroma, various onion products, and the aroma of various

nut produc’rs.5
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Although the thicphenes are considered to be odorants.of unusually high po-
tency, quantitative investigaticns have not yet been performed. However, it is
significan% that a usage level of 0.5 ppm is recommended for 5-methyl-2-thio-
phene-carboxaldehyde 84, a compound having a cherry-Iike odor.B0 The odor of
the 3-substituted aldehyde 83 is said to be reminiscent of saffron and that of
the unsubstituted aldehyde 82 of benzaldehyde.Bo The odor of 2~acetylthiophene
88 In a syrup (1 g/100 I} has been described as onion-like, whereas in coffee
it develops a malty, roasted note. In a syrup its homolog 90 is perceived as

° The odor properties of alkyl-substituted thicphe-

. . . . . 81
nes are normal |y described as being reminiscent of fried onions.

94 R= H 96 R? = CHg; RS = H 98 47 99 R= H
95 R = CH, 97 R%,R® = CHy 100 R= CHg'®

. 8
creamy and caramel-1|ike.

76

The cyclic sulfur compounds of non-aromatic nature 94 - 100 seem to be
characteristic of some particular meat preparations. Thus, ethylene sulfide 94
and . propylene sulfide 95 were found In canned beef,33 the two tetrahydrothio-
phenes 96 and 97 in cooked mea+78 and the corresponding carbonyl derivatives
99 anc¢ 100 in pressure-cooked b?ef.76 Y-Thicbutyrolactone 98 was detected in

7 The lowest member (94) of the cyclic sulfur com-

pounds is said fTo produce an odor impression of cooked cabbage.33

4
a commercial meat extract.

Among the five-membered cyclic poly-sulfur compounds, 101 = 103 were detected

78,82

in boiled meat, and 3-ethy!-5-methyl-1,2,4-trithiclane 104 and 3-isopropyl-

-5-methyl-1,2,4-trithiolane 105 occur in the aroma of beef ex'l'rac‘r,z4 all tri=~
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78
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78 82
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thiolane derivatives exlsting as diastereoisomers. When first discovered, 3,5-
dimethyl-1,2,4~trithiolane 103 was described as having a characteristic odor of
boiled beef>2 although this opinion was later questioned.*? Trithiolane 103
is easily synthesized by reaction of acetaldehyde with sulfur and hydrogen sul-
fide in the presence of a primary amine.83 This reaction 1s probably similar
to that which takes place spontaneously in foodstuffs, since it was recently
shown that the trithiolane derivative 103 results from the oxidation of bis-

(1-mercaptoethyl}sulfide which s a key product formed In the reaction of acet-

aldehyde with hydrogen sulfide.84

O O U I

106 78 107 78 108 85 109 76

S
i >ks/J< /l\s)\ !\/ SYS
110 76 111, 14.76,86 112 24 113 87

I,3-Dithiane 107 and |,4-dithiane 106’%  also occur in various sorts of beef
aroma as do the fwo 1,3,5-trithianes 109 and 1]076 and 3-methyl-1,2,4-trithiane

n2.%4 The ‘qualitative contribution of 112 to meat flaver Is said to be parti-
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cularly remarkable, Its effect being already noticeable at concentrations of
the order of 0.05 to 0.5 ppm.23

Trithiocacetaldehyde 10885 is a constituent of chicken aroma, and 3,6-dime-
thyi-,2,4,5~tetrathiacyclohexane 113 occurs in processed ham.BB Thialdine

111, which has a note typical of heated mea+,89 has so far been detected in

76,86 4

beef aroma and roasted famb fa‘r.l

. QR Rﬂ\CH-O /u\ R

N
H H o
Mg r=n?Y 16 R=H? ng R = cHg*?
N5 R = oz’ N7 rR=cng? 119 R = CoHg™?
& Dy
o
/k\o CH3
120 34 121 32
R,
S5 O X
S LS PN
NN N0 0NN X0 N7 o N o
H H | |
CaHs CHa
122 123 % 124 38 125 R = org??

126 R = C2H524

Among the "breakdown flavors" of various foodstuffs about 50 members of the

pyrrole serijes have so far been detected. To & certain extent this class of_sub—
stances also occurs In processed meat products. The lowest members 114 and 115
were found in a meat ex‘rrac:“l'.“ The carbonylated derivatives 116 ~ 120 were de-

34

tected Tn cooked pork [iver. The aroma of cooked pork contains |-ethyl|=Z-pyr-
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38 s
rolidone 124 as a typical constituent, 2-Acetylpyrrole 118,37 together with
the correspanding N-methy| derivative 121,39 was detected in beef products.

Ethyl-methyimaleinimide 123 detected for the first time in tobacco aroma 20

is, together with its lower homolog 122, a constituent of meat aroma.24

The two hydantoins 125 and 126 from roasted beef were previously unknown as

fiavoring agen‘rs.z4 Synthetic |,3-dimethylhydantoin 125 Is described as a com=

pound having a peculiar acrid +as+e.9l

. gl Xl

127 92 128 547 133 24

R4
I—N
129 RE,R* = Chg; R® = H 22 131 RZ,RY = CHg; RS = Cpig™”
82,44
130 R%,RY,R% = P 0 132 R%,R® = CHs; R® = CoHg™

Although since 1968 about 30 oxazole derivatives have been detected in aromas,
28 of which in coffee aroma alone,29 meat aroma contains only 2,4,5-trimethyl-
oxazele 12747 and 2-methylbenzoxazole 128.> The flavor of 127 is close to that
of boiled beef.l7 So far, oxazolines have been found to occur only in meat
aroma. The four alkyl-substituted derivatives 129 - 132 seem to have a certain

44,82,93 Reaction of

024

importance in the development of the flavor of cooked beef.
acetaldehyde with acetoin in ammonia solution provides an easy synthesis of 13
This process can be considered as a model reaction in the roasting of meat since
we have merely to substitute an amino acid for ammonia and assume a Strecker de-

gradation as the central reaction.
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3,5-Dimethyl-1,3=oxazolidin=2,4-dione 133 was discovered for the first time in

an aroma24 when it was isolated from the volatiles of roasted beef.

RS R2
138 R%,RY,RS = H 476 138 R?,R%,RS = CHgM47®
135 R? = CH3; R*,R® = H 7€ 139 R® = CHz; R" = CjHg; R = H [
136 R* = CHz; RE,RS = H 2478 180 R* - CHg; R® = CoHg; RE = H 7O
137 R%,R* = CHz; R® = H % 141 R*,R" = CHs; R® = c2H514
N N
K | IR
S s R
8]
143 34,76,95 1844 R =H 14,37

145 R = scH*t

Today there is no longer any doubt about The importance of the thiazoles as

9:97  thirteen representatives of this class have

constitutents of food aromas.
been included in the GRAS |ist of food addiﬂves.g7 The highest number of mem-
bers of this class was found in the aromas of mea‘r—"‘6 and coffee.98 Many of

them are atkyl-thiazoles whose odor has generally been described as green, nut-

ty and vege+abre—fike.99 in meat products compounds 134 - 141 have been identi-

fied.

2,4=Dimethy!=5=vinylthiazole 182, an important meat aroma constituent, has a

strong, characteristic nut-{ike odor100 and is used in flavor COmpoSiTiOhSlOl
at a 'evel of 0.1 - 0.5 ppm.97 The 2-nor derivative of 142 has been recognized
100

as character impact constituent of cocoa aroma.

2-Acetyithiazole 143, which was ldentified in pressure-cooked beef,76

boiled po+a+oes,102 cooked pork Iiver,34 cooked asparagus,103 dry red beans104

and canned beef95 as well as in the products of the model reaction between cy-
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steine-cystine and ribose; possesses a strong, characteristic nutty, cereal

and popcorn flavor.99

Benzothiazele 144 is abundant In aromas. ldentified for the first time in a

sterilized milk concen*ra‘re106 tn 1966, 1t was found in the following year in
cocoa,107 bu++er,108 beer,l09 ‘cranberries,llo roast beef, roasted lamb
fafl4'37 and Swiss cheese.lll Subsequently, it was detected in more than a

dozen other flavors, |+ is described as having a guinoline-like, rubbery odor.97

Z-Methy|thiobenzothiazole 145 has also been found recently In a meat flavor,5

and imparts ‘a refatively characteristic fatty and smoky odor toc meat aroma.

eV« U

76,122,113

91
146 RZ,R" = CHy; R® = H

147 R?,RY,RS = CHz P 148 ¢ 149

2,4-Dimethy|-3-thiazoline 146 together with the trimethyl| derivative 147

identified in cooked beef,93‘ was formed in a model reaction of gluccse with

hydrogen su!fide and ammonia.114 Isolated from beef bro‘rh,llz'l13 2-acetyl-2-

thiazoline 149 is described as having an intense odor of freshly baked bread

34 The

crust, although it is not the character impact flavor component of this,
sensory properties of 2,4,5-trimethyl-2-thiazoline 148 found in lamb fat fla-

vort? have not yet been described.

The importance of pyridine derivatives'as aroma constituents has remained
quite limited so far, although they are widely occurring in various "breakdown

, " 116 117 o, . : -
. "flavors" such as that of coffee or- barley,™ | Thirteen different substituted

pyridines 150 - 162 were isclated from the basic fraction of fhe volatiles of
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RS r3
]
-~
N R2
150 R%,R%,RS = H 4 156 RZ = Coryy; RY,RS = 1 140115
151 R? = oy RRS = W M9 qe7 RYocoyg; RE,RS @ H
152 R® = CHy; R%,RS = 1 14 158 R = Cghyz; R%,R® = H 1
153 R? = CoHg; R,RS « w1 M5 qpg R2 oohg; ROCpg; RP - b M
154 R® = CoHg; R%,RS = 1 M 160 B2 = Cgyp; RS=CHy; R = o 14
155 R? = CyHg; RE,R® = m M4 161 R? = Cghyy; RP=CoHg; R® = H M4
COOCH
- s l ~ | ~ '
N N CN N N
‘ 0
62 163 77 168 47 165 7

reasted lamb fat amma,l4 among these 2-acetylpyridine 162 which has an odor of
popcorn.99 2-Ethyl- and Z~pentylpyridine 153 and 156 had aliready been identified

115

earlier In shallow=fried beef aroma. The pentyl derivative 156 is said tfo

possess a fatty or tz1low-1ike odor and to have the extremely low threshold con-

14 The formation of 156 was attributed to the thermal

centration of 0.6 ppb.
conversion of deca-2,4-dienal in the presence of ammonia or amines.14 Strangely

encugh, it was passible to detect methyl nicotinate 165 besides nicotinonitrile

164 and pyridine-Z~carbonitrile 163 in meat aroma, 47

Pyrazines in foodstuffs seem to outshine all the preceding groups as to the
structural variety and sensory importance. During the tast 14 years more than a
hundred papers have appeared on fhe identification of more than 50 different al-
kylpyrazines in about 30 natural or manufactured, cooked, roasted, or fermented

products of vegetable or animal origin. Among the 43 pyrazines which have so far
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been identified in cocoa there are no less than 27 alkylpyrazines of different

118

degrees of substitution. Some of them give an Inimitable imprint to certain

flavors, 3-Ethyl-2,5-dimethy| pyrazine 178, for instance, is a contributor to

the odoriferous principle of cocoa aroma.107 It is also one aof the most potent

odorants derived from potato chips.119 As @ rule, alkylpyrazines produce roasted

nut-like sensory impressions, I+ Is curious to note that the chocolate-smel | ing

alarm pheromone of an American species of Odowtomachus (an ant species) mainly

. . 2
consists of alkylpyrazlnes.l 0 ~
RS N Rr3
::Ifi ji[::
~
RG N R2
34,121
166 Rr2,R%,RS,RS = p 2412 177 R%,R%, R® = CHy; RE = H )
34,121
167 R? = CHz; RY,RS,R® = H 24r12L 178 R2,R® = CHy; R® = CoHg; R® = H °f
' 34,121
168 R? = CpHs; R®,R%,RE = H *4/121 179 RZ,R® = CHy; RS = CoHg; R® = H 2%
34,121
169 R%,R* = CH3; R5,R®* = H 3,12 180 R2,R® = CHy; R® = CyHg; R® = H
34,121
170 R%,R® = CHz; R,R® =H 34,12 181 R?,R® = CoMs5; R® = CHz; R® = H
34,121
171 R2,R® = CHg; RY,RS = H 4171 182 R® = CHy; R?,R® = CyHz; R® = H %

34,121

172 R? = CHg; R® = CoHg; R®,R® = H 122 183 R* = CHz; RY,RS = CoMg; RS = H.
173 R? = CHz; R® = CopHg; R*,R® = H 34,121 184 R?%,R,R® = CpHs; RE = H
174 R? = CHy; RE = Cohg; R%,RS = H 2" 221 185 R2 RS = ChHy; R? = Cahy; R® = H
175 R2,R® = CoHg; R¥,R® = H 34 18 R2?,R%*,R%,R® = CH334’121

176 R?,R® = CoHg; RY,R® = H 121 187 R%*R%,R® = CHz; R® = CaHg

122

R N.__-R® N
=~ >~
R® SN = N =
188 RY,RS,RE = H %M
189 R? = CHy; R5,RE = H 34 19z 123
190 R® = CHg; R%,RS = H *

121

191 R® o CHy; R%RS = H "%

*

tentatively identified
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A particularly high number of alkylpyrazines is present in roasted meat aro-
ma.1?? So far the 22 alkyl derivatives 166 - 187 and the 5 alkeny] derivati-

ves 188 -~ 192 were jdentified.

S, N R3
QUL X
\\N RS ‘\N
. e}

193 121 194 RY,R%,RE = p 24022 200 RY,RE =4 4
195 RS = CHy; R%,RS = H 240121 201 Roor R = cHg
196 R® = CHg; R,R® = H >
197 R? < CpHg;RP,RE = H 2
198 R® = CgHg;RY,R® = H 34,121
199 R® = CoHg;R?,R® = H 34,

* tentatively identified

Among the pyrazines the acetyl derivatives 194 - 199 occupy a particular po-
sition as flavoring agents. They have a surprisingly intense and characteristic
roasted note which is reminiscent of popcor'n.l23 Acetylpyrazine 194 was iden-

tified for the first time in 1969 during an Investigation on the components of

sesame oil.l24 After having been tentatively identified in popc:orn,125 acetyl-

pyrazine was isolated from roasted peanu+s,126 +obacco,9o roasted filber+5,127

8 roasted coffeezg and roasted almond5.56 Six of these

121

roasted sesame sead,12

derivatives 194 - 199 are found in boiled beef

ver, 34

and pressur-cooked pork 71—

1-(2-pyrazinyl)propan-2-one 193 was found in cooked beef?! and among the

products of a Maillard reac‘rion.129 When used in combination with thiazolidines

and/or cyclohexenones, this pyrazine imparts a toasted and burnt note to food-

130,131 1

stuffs. Its utilization for modifying coffee flavor is pafen‘l'ed.l3
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The first identification ofiz-(z-furyl)pyrazine 200 was during the analysis

of coffee f!avor.132

this series having been found in cigarette smoke
such as f'llber+5,l27 green +ea,l3

gether with its methyl derivative 201 alsc in pressure-cocked pork |iver,

3 almonds,136

It seems to be the most widely distributed compound of

133,134 and roasted foodstuffs

8 and to=-

34

128 11
sesame seed, cocoa

202
203
204
205

R? N
_
ey
R3 N
R5
34,121,137
Rz’Ra’Rs - H ,
RZ = CH3; Ra,Rs = H 34,121,137

RS = Chgz; R%,R® = H 34,121,137

R% (or R3),RS = CH ; RP*or R® = H 34, 121, 137
’ 3

206 R%,R¥aCHg; RS = 297
207 R® = CHz; R® = CpHg; RS o 1 137
208 R%,R%,R% = CHgt3?
R _N R7
R\\[i?v I \\[f? I
~ >
N N
209 R = H 3412 an RELRT =H
34
210 R = CH334,l21 212 R? = CHz; R? = H
213 R” = CHy; R* = H 34

Whenever bicyclic pyrazines are

typical notes of the organocleptic

present in roasted food aromas, they represent

properties of grilled beef, The two basic com-

ponents, cyclopentapyrazine 202 and 5,6,7,8~tetrahydroquinoxaline 209, were first

found Tn 1971 among the aroma substances of roasted peanuts, Then a series of

Thelr alkyl derivatives 203 ~ 208 and 210 were discovered in rapid succession In

thermal |y processed foods such as green tea, cocoa, coffee and also roasted meat.

The three quinoxalines 211 = 213 are found as flavor constituents in pork [i-

34
ver,
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Among the model reaction products mentioned abovel37 unsaturated bicyclic
structures such as 5H—cyc!open+a[b]pyrazines and 5-me+hy|eno-6,7-dehydro-5H-
cyclopenta|b|pyrazines have also been observed. Their synThesisl3B and their
use as flavering ingredien‘rs139 have been described. Such products have roast-

) ed, grilled, burnt and animal notes interesting for the aromatization of meat

and tobacco products,

214 R!,R?,R* = H 140
140
140

215 R < CHg; R%,R* = H
216 R® = CHz; RL,R* = H
217 R* = CHz; RLRY = H
218 R',R? = CHz; R* = H
219 RL,R* = CHz; R? = H
220 R%R® = CH3; R = H

o Q. O
kN/ /E\N X N/

221 4 22224 O 223 24

40

RecenTIy,l a new bicyclic pyrazine skeleton was found in roasted meat fla-

vor; seven alkylpyrrolo[l,2-a}pyrazines 214 - 220 were identified and the presen-

'

ce of higher homologs was suspected.

The three nitrogen derivatives 221 - 223 have been found for the first time
in a flavor when identified in the volatiles of roasted beef.24 Whereas 4,6~
dimethylpyrimidine 221 has an odor similar to that of alkyl-substituted pyrazi-

nes, 4-acetyl-2Z-methylpyrimidine 222 has a very interesting grilled note and is
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detectable at a level of 0.5 ppm. |,6-Napthyridine 223 is also said to have a

very characteristic odor and faste,

In spite of our thorough knowledge of the organoleptic properties of the 223
heterocycles discovered so far and of the about 370 non-heteroatomic meat-
refated constituents, the results are not sufficient for preducing syntheti-
caliy a true~to-nature meat aroma. |n our laboratcry 400 additional previous-
ly unkneown constituents of roasted beef-vola+lles have been de+ec+ed.24 For
the elucidation of thelr structures we often must reach the |Imits of the pre-
sent analytical possibilities. The synthetically oriented chemist still has a

vast field of activity before him to solve this difficult problem, where again,

the heterocycles are of great reifevance.
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