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Numerous pyrazine compounds have been report- been reported for their isolation. This review lists 
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studies have demonstrated the importance of and practices surrounding pyrazine formation 
these compounds in the flavor of heated and and their isolation from foods. 
toasted foods. Relatively harsh methods have 

The flavor of foods has always been an interesting and 
complicated area worthy of investigation. Through the 
years many classes of compounds have been implicated as 
the key to the flavor properties of certain foods. During 
the past decade, evidence has been accumulating that a 
class of heterocyclic nitrogen-containing compounds, 
namely pyrazines, directly contributes to the roasted or 
cooked flavor of foods. 

The purposes of this review are: to compile a list of the 
pyrazine compounds found to date in various food sys- 
tems; to discuss the flavor properties of pyrazines; to dis- 
cuss the current theories associated with the formation of 
these compounds; and to outline the various methods re- 
ported for the isolation of pyrazine compounds important 
in food flavor. 

OCCURRENCES IN FOODS 
Food systems that have been found to contain pyrazine 

compounds include beef products (Liebich e t  al., 1972; 
Watanabe and Sato, 1971a,b), toasted barley (Collins, 
1971; Wang e t  al. ,  1969), cocoa products (Dietrich e t  al., 
1964; Flament e t  al., 1967; Marion e t  al., 1967; Rizzi, 
1967; van Praag e t  al. ,  1968, van der Wal e t  al., 1968, 
1971), coffee (Bondarovich e t  al., 1967; Goldman e t  al., 
1967; Reichstein and Staudinger, 1928; Reymond e t  al., 
1966; Stoffelsma et al., 1968; Viani e t  al., 1965), peanuts 
(Johnson e t  al., 1971; Mason e t  al., 1966; Walradt et  al., 
1971), popcorn (Walradt et al., 1970), potato products 
(Buttery e t  al., 1970, 1971; Deck and Chang, 1965; Sapers 
e t  al., 1971), rye crisp bread (von Sydow and Anjou, 
1969), soy products (Kosuge et al., 1962; Manley and Fag- 
erson, 1970; Wilkens and Lin, 1970), tomatoes (Ryder, 
1966), peas (Murray e t  al., 1970), green bell peppers (But- 
tery et  al. ,  1969a,b), sesame oil (Takei et al. ,  1969), dairy 
products (Ferretti and Flanagan, 1971a,b, 1972; Ferretti et 
al., 1970), roasted pecans (Wang and Odell, 1972), roasted 
filberts (Sheldon e t  al. ,  1972) and chicken broth (Wilson 
and Katz, 1972). 

A detailed list of pyrazine compounds identified from 
the above foods can be found in Table I. Interestingly, 
most of these compounds have been found in foods that 
are typically toasted or roasted in their preparation or in- 
volve an extended heat treatment in their isolation proce- 
dure. Several exceptions would be the isolation of several 
methoxypyrazines from bell peppers (Buttery et al., 
1969a,b), the identification of 2,5dimethylpyrazine in 
potato chips (Deck and Chang, 1965), and in the identifi- 
cation of volatile flavor compounds from roasted filberts 
(Sheldon et al., 1972). In these latter studies extraction 
and isolation were performed using relatively mild proce- 
dures. 

FLAVOR PROPERTIES 
Although most investigators agree that pyrazine com- 

pounds contribute significantly to the flavor of certain 
foods, few have actually reported on the flavor and odor 
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properties of individual compounds or their concentration 
as found in foods. 

A specific pyrazine compound that has been associated 
with potato flavor is 2,5-dimethylpyrazine (Deck and 
Chang, 1965). The authors isolated this compound from 
potato chips and determined its flavor threshold to be 2 
ppm in oil and 1 ppm in water. At a concentration of 10 
ppm in oil the authors report this compound to have an 
earthy, raw potato flavor. Buttery e t  al. (1970) briefly 
mentioned that in their opinion 2-methoxy-3-ethylpyra- 
zine also has an odor similar to raw potatoes. In a later 
study, Buttery e t  al.  (1971) concluded that because of its 
low threshold, 2-ethyl-3,6-dimethylpyrazine could be con- 
sidered important to potato chip aroma. 

The use of synthesized methoxypyrazines to enhance 
the flavor of various potato products has been reported 
(Guadagni e t  al., 1971). They concluded that 2-methoxy- 
3-ethylpyrazine, a t  levels of 0.1-0.2 ppm, was capable of 
increasing the potato flavor level of dehydrated potatoes, 
potato salad, dehydrated scalloped potatoes, and potato 
soup. 

A methoxypyrazine (2-methoxy-3-isobutylpyrazine) has 
been reported to produce the characteristic odor of green 
bell peppers (Buttery e t  al., 1969b). This compound was 
found to have an odor threshold of 0.002 ppb in water. In 
another study (Buttery e t  al., 1969b) the authors again 
reaffirmed the importance of 2-methoxy-3-isobutylpyra- 
zine in bell pepper odor characterization and stated that 
approximately 75% of an untrained panel characterized 
the odor of this compound a t  levels of from 100 to 300 ppb 
in water as being similar to that of green bell peppers. 

Seifert e t  al. (1970, 1972) reported the threshold and 
flavor properties of various synthesized methoxypyrazines. 
The results of these studies are summarized in Table 11. 
Thus, these data demonstrate that pyrazine compounds 
can be synthesized that possess characteristic odors of low 
thresholds. However, Seifert e t  al. (1970) noted that syn- 
thesized pyrazinones and hydroxyalkylpyrazines were rel- 
atively odorless. The odor potency of methoxypyrazines 
was also verified by Murray e t  al. (1970), who isolated 2- 
methoxy-3-isopropyl-, 2-methoxy-3-s-butyl-, and 2-me- 
thoxy-3-isobutylpyrazine from green peas. 

The probable flavor contribution of pyrazine compounds 
from roasted barley on beer flavor was investigated by 
Collins (1971). A summary of this work is shown in Table 
111. Thus, in a beer system, the dimethylethylpyrazines 
were found to have extremely low flavor thresholds. 

Two reports indicate that the flavor properties of 2- 
acetylpyrazine closely resemble popcorn. The first report 
appeared as a patent (Roberts, 1968) and it claims that 
from 0.00005 to 0.3% by weight of 2-acetylpyrazine incor- 
porated into food will impart a popcorn-like flavor and 
aroma. This was later confirmed by the work of Walradt 
e t  al. (1970). 

Kosuge and Kamiya (1962) reported that tetramethyl- 
pyrazine, which they isolated as a by-product of Bacillus 
subtilis growth, had a characteristic fermented soybean 
smell. 

Recently Koehler e t  al. (1971) reported on the odor 
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thresholds of variious pyrazines. These data are summa- 
rized in Table IV As can be seen, there was a wide range 
in odor thresholds among the pyrazines evaluated. In this 
same study an attempt was made to quantitate several 
pyrazines isolated from foods and to postulate on their 
possible flavor contribution in light of their determined 
threshold values. The three pyrazines specifically quanti- 
tated in coffee, roasted peanuts, and potato chips were 
pyrazine, 2-meth~lpyrazine, and dimethylpyrazine. Based 
upon their isolation and quantitation techniques, the au- 
thors concluded that pyrazines can contribute significant- 
ly to the flavor of coffee and roasted peanuts but not in 
potato chips due to the small amount of pyrazines isolated 
from the latter. 

The possible flavor importance of synthesized pyrazine 
derivatives is exemplified by the recent publication of 
Mookherjee and Klaiber (1972). They reported on a rela- 
tively simple procedure for converting alkylpyrazines into 
their corresponding acetylpyrazines. Thus, they were able 
to form 3-methyl- and 3-ethyl-2-pyrazinyl methyl ketone. 
However, the authors did not report on the flavor proper- 
ties of these compounds. 

The relative flavor importance of pyrazine compounds 
can also be evaluated in light of the recent number of pat- 
ents issued in the area. Typical examples include choco- 
late flavors (Nakel and Hiler, 1971; van Praag and Bid- 
mead, 1971), nut-like flavor (Winter, 1971), coffee flavor 
(Polak's Frutal Works, 1972) and "baked" flavor (Fir- 
menich e t  al. ,  1967). Other patents which propose the use of 
acetylpyrazines a; flavoring materials include those of 
Roberts (1968), Winter et al. (1968), and Smith et al. (1954). 

The quantitation of pyrazines in foods has been greatly 
neglected. Most attempts a t  quantitation have taken the 
form of reporting relative amounts such as small, medi- 
um, and large concentrations (Wang and Odell, 1972). 

Recently Reineccius et a1 (1972) attempted to use glc 
and internal standards as a means of quantitating the 
specific pyrazine content of roasted cocoa beans. They re- 
ported that losses of internal pyrazine standards may run 
as high as 30% due to the procedures employed. Thus, a 
real need exists for a reliable quantitation method. 

PYRAZINE FORMATIOX THEORIES 

The role of carbohydrate degradation on pyrazine for- 
mation is well documented (Hodge, 1953; Hodge et al., 
1972) and early reports exist of the isolation of substituted 
pyrazines from reaction mixtures of ammonia and hexose 
sugars (Brandes and Strohr, 1896; Davison and Wiggins, 
1956; Hough et al., 1952; Irvine et al., 1913; Wiggins and 
Wise, 1955). 

Theories exist for the formation of various types of 
pyrazines. In the ciase of simple alkylated pyrazines, Dawes 
and Edwards (19669, using model systems containing fruc- 
tose and amino acids, identified 2,5-dimethyl- and tri- 
methylpyrazine and concluded that pyrazines in heated 
foods resulted from the condensation reactions between 
sugars and amino <acids. At approximately the same time, 
Mason e t  al. (1966) followed changes which occurred in 
sugar and amino acid contents during peanut roasting and 
also concluded that pyrazines resulted from the reaction 
intermediates of amino acids and sugars. 

Newel1 et al. (1967), as a result of their work with pea- 
nuts, proposed a pyrazine formation mechanism involving 
amino acids and sugars. Essentially it involved the addi- 
tion of an amino acid to the anomeric portion of the car- 
bohydrate, followed by dehydration to yield an eneaminol 
which in turn became the Schiff base cation through the 
loss of an hydroxy ion. In turn, the base cation became an 
imine through decarboxylation and then the imine could 
hydrolyze to an alldehyde and a dieneamine. Enolization 

of the dieneamine yielded the unsaturated ketoamine 
which, in turn, condensed to yield amino acetone and 
glyceraldehyde. Two molecules of amino acetone then 
condensed to yield 2,5-dimethylpyrazine. 

The possible role of ammonia in pyrazine formation was 
reported by van Praag et al. (1968). They reacted fructose 
with a variety of amino acids and found a similar series of 
pyrazines formed in all cases. Thus, they concluded that 
ammonia was the intermediate. 

Koehler et al. (1969) used radioisotopic labeling tech- 
niques in an effort to establish the source materials for 
pyrazine formation. They concluded that the carbon in 
pyrazine compounds came from the sugar and that nitro- 
gen from amino acids contributed the nitrogen portion. 
Thus, they disproved the theory that ammonia or the am- 
monium ion itself was the major nitrogen source, since it 
was found that when ammonium salts were reacted, dif- 
ferent pyrazine formation patterns than amino acid reac- 
tion patterns occurred. Also, they demonstrated that dif- 
ferent,amino acids gave different pyrazine yields. 

The probable method of carbon incorporation from car- 
bohydrates was also investigated (Koehler et al., 1969). 
These results indicated that glucose fragments incorporat- 
ed into pyrazines had split predominantly between car- 
bons 2 and 3 from the anomeric end of the molecule, thus 
indicating that the 6-carbon intermediate leading to this 
split was dissymmetrical. However, when the split oc- 
curred between carbons 3 and 4, the two resulting 3-car- 
bon fragments are equivalent and thus the 6-carbon inter- 
mediate was symmetrical. 

In a later publication, Koehler and Odell (1970) re- 
ported on the variables that can affect pyrazine formation 
in a sugar-amino acid model system. Reaction tempera- 
tures of from 80 to 150" demonstrated that few, if any, pyr- 
azines were formed a t  temperatures of less than loo", but 
pyrazine yield began a t  100" and increased as temperature 
increased. Yield became variable above 150" and the au- 
thors postulated that this was due to pyrazine destruction 
after their formation. Using 120" conditions and varying 
reaction times, it was found that pyrazine formation in- 
creased rapidly for up to 24 hr and then leveled off with 
only a gradual increase a t  the end of 72 hr. 

In a similar study (Reineccius et al., 1972) which used 
an actual food system (cocoa beans) instead of a model 
system, pyrazine formation was found to be quite rapid 
and linear during the first 30 min of roasting at 150". 
This later study (Reineccius et al. ,  1972) also demon- 
strated that,  in the case of cocoa beans, pyrazine for- 
mation can occur a t  time-temperature relationships as 
low as 30 min a t  70". Apparently, the ratio of sugar to 
amino acid can also affect pyrazine formation, since ratios 
other than 1 : 1 generally decreased pyrazine yield when 
measured in a model system (Koehler and Odell, 1970). 

Even though sugars and amino acids are thought to be 
the major precursors of pyrazines, the actual amounts of 
these products utilized during the roasting of cocoa 
beans have been reported to represent only approximately 
0.2% of the sugars and amino acids available (Reineccius 
e t  al., 1972). As would be expected, acidic conditions low- 
ered yield, whereas basic conditions increased yield as the 
result of increased reactivity of the amino group and to 
the greater degree of rearrangement and fragmentation of 
sugars under basic conditions (Koehler and Odell, 1970). 
This study also verified their previous study (Koehler e t  
al., 1969) in that certain amino acids yielded more pyra- 
zine material than other amino acids. Carbon source (glu- 
cose, fructose, sucrose, arabinose) also was found to affect 
yield when reacted with asparagine. The fructose carbon 
source yielded more pyrazines, probably due to the greater 
ability of fructose to fragment. 

Koehler and Odell (1970) also demonstrated that be- 
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2-Methyl- 

2,3-Dimethyl- 

Peanuts (roasted) 
Popcor, 
Rye crisp bread 
Soybeans (deep fat-fried) 
Soy protein (hydrolyzed) 
Barley (roasted) 

Beef (shallow fried) 
Casein 
Chicken broth 
Cocoa products 

Coffee 

Filberts (roasted) 
Nonfat dry milk (stale) 
Peanuts (roasted) 

Pecans (roasted) 
Popcorn 
Potato (dehydrated) 
Potato chips 
Rye crisp bread 
Soybeans (deep fat-fried) 
Soy protein (hydrolyzed) 
Tomato 
Whey (spray-dried) 
Barley (roasted) 
Beef (boiled) 
Beef drippings (roasted) 
Beef (shallow fried) 
Casein 
Cocoa products 

Coffee 

Filberts (roasted) 
Nonfat dry milk (stale) 
Peanuts 

Pecans (roasted) 
Popcorn 
Potato chips 
Rye crisp bread 
Soybeans (deep fat-fried) 
Soy protein (hydrolyzed) 
Whey (spray-dried) 
Barley (roasted) 

Table I. Reported Pyrazine Compounds in Foods 
- 

Pyrazine Food Reference 

Unsubstituted Barley (roasted) Collins (1971) 
Casein 
Coffee 

Ferretti e t  a/. (1 970) 
Viani e t  a/. (1  965) 
Reymond eta/. (1966) 
Bondarovich et a/. (1 967) 
Goldman et  a/. (1967) 
Stoffelsma et a/. (1968) 
Wairadt eta/ .  (1971) 
Walradt etal .  (1970) 
von-Sydow and Anjdu (1969) 
Wilkens and Lin (1970) 
Manley and Fagerson (1970) 
Wang et a/. (1 969) 
Co!lins (1971) 
Watanabe and Sato (1971 b) 
Ferretti et a/ .  (1970) 
Wilson and Katz (1972) (T)= 
Rizzi (1967) 
van Pragg et a/ .  (1968) 
Reineccius et  a/. (1972) 
Viani et a/. (1 965) 
Reymond et a/ .  (1966) 
Bondarovich et a/. (1967) 
Goldman et a/. (1967) 
Stoffelsma et  a/. (1 968) 
Sheldon et a/. (1972) 
Ferretti and Flanagan (1972) 
Mason et a/. (1 966) 
Johnson eta/. (1971) 
Walradtetal. (1971) 
Wang and Odell (1972) 
Walradt etal. (1970) 
SapersetaL (1971) 
Buttery et a/. (1 971 ) 
von Sydow and Anjou (1969) 
Wilkens and Lin (1 970) 
Manley and Fagerson (1970) 
Ryder (1966) 
Ferretti and Flanagan (1971a) 
Collins (1971) 
Liebich eta/. (1972) (NESR) 
Liebich eta/. (1972) (T)  (NESR) 
Watanabe and Sato (1971b) 
Ferretti eta/. (1970) 
Flament et a/. (1967); Rizzi (1967) 
van Praag et a/. (1 968) 
Reineccius et a/. (1 972) 
Reymond et a/. (1 966) 
Bondarovich et a/ .  (1967) 
Stoffelsma et a/. (1 968) 
Sheldon et a/ .  (1972) 
Ferretti and Flanagan (1972) 
Johnson eta/. (1971) 
Walradt eta/ .  (1971) 
Wang and Odell (1 972) 
Walradt eta/ .  (1970) 
Buttery eta/. (1971) 
von Sydow and Anjou (1969) 
Wilkens and Lin (1970) 
Maniey and Fagerson (1970) 
Ferretti and Flanagan (1971a) 
Wang et a/. (1 969) 
Collins (1971) 
Watanabe and Sato (1971 b) 
Watanabe and Sato (1971a) 
Ferretti et a/. (1970) 
Flament eta/ .  (1967) 
van Praag et a/. (1968) 

Beef (shallow fried) 
Beef fat (heated) 
Casein 
Cocoa products 
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Table I IContinuedJ 
~~ ~ 

Pyra.zine 

2,3,5,6-Tetramethyl- 

Food Reference 

~~ 

Coffee 

Filberts (roasted) 
Nonfat dry milk (stale) 
Peanuts (roasted) 

Pecans (roasted) 
Popcorn 
Potato (dehydrated) 
Potato chips 

Rye crisp bread 
Soybeans (deep fat-fried) 
Soy protein (hydrolyzed) 
Whey (spray-dried) 
Beef (shallow fried) 
Casein 
Cocoa products 

Coffee 

Nonfat dry milk (stale) 
Peanuts (roasted) 

Pecans (roasted) 
Potato chips 
Soy protein (hydrolyzed) 
Tomato 
Whey (spray-dried) 
Barley (roasted) 

Beef (boiled) 
Beef (shallow fried) 
Beef fat (heated) 
Cocoa products 

Coffee 

Lactose-casein 
Nonfat dry milk (stale) 
Peanuts (roasted) 

Pecans (roasted) 
Popcorn 
Potato (dehydrated) 
Potato chips 
Rye crisp bread 
Soybeans (deep fat-fried) 
Soy protein (hydrolyzed) 
Whey (spray-dried) 
Beef (shallow fried) 
Cocoa products 

Coffee 

Viani et a/. (1965) 
Reymond et a/. (1 966) 
Bondarovich et a/. (1 967) 
Goldman et a/. (1967) 
Stoffelsma et  a/. (1 968) 
Sheldon eta/ .  (1972) 
Ferretti and Flanagan (1972) 
Mason eta/. (1966) 
Johnson eta/ .  (1971) 
Walradt eta/ .  (1971) 
Wang and Odell (1972) 
Walradt eta/ .  (1970) 
SapersetaL (1971) 
Deck and Chang (1 965) 
Buttery e ta l .  (1971) 
von Sydow and Anjou (1969) 
Wilkens and Lin (1970) 
Manley and Fagerson (1970) 
Ferreki and Flanagan (1971a) (T) 
Watanabe and Sato (1971 b) 
Ferretti eta/ .  (1970) 
Dietrich et a/. (1964) 
Flament eta/. (1967) 
van Praag et a/.  (1 968) 
Bondarovich et a/. (1 967) 
Goldman eta/ .  (1967) 
Stoffelsma et  a/.  (1 968) 
Ferretti and Flanagan (1972) (T) 
Johnsoneta/. (1971) 
Walradt eta/. (1971) 
Wang and Odell (1 972) 
Butteryetal. (1971) 
Manleyand Fagerson (1970) 
Ryder (1966) 
Ferretti and Flanagan (1971a) (T) 
Wang eta/ .  (1969) 
Collins (1971) 
Liebich etal. (1972) 
Watanabe and Sato (1971 b) 
Watanabe and Sato (1971 a) 
Flament et a/.  (1967) 
Rizzi (1967) 
van Praag et a/.  (1968) 
Reineccius et a/. (1 972) 
Bondarovich et a/.  (1967) 
Goldman et a/.  (1 967) 
Stoffelsma et a/. (1 968) 
Ferretti and Flanagan (1971b) 
Ferretti and Flanagan (1972) 
Mason eta/. (1966) 
Johnson eta/ .  (1971) 
Walradt eta/ .  (1971) 
Wang and Odell (1 972) 
Walradt etal. (1970) (T) 
SapersetaL (1971) (T,) 
Butteryetal. (1971) 
von Sydow and Anjou (1969) 
Wilkens and Lin (1970) 
Manley and Fagerson (1970) (T) 
Ferretti and Flanagan (1971a) 
Watanabe and Sato (1971 b) 
Dietrich et a/. (1964) 
Flament et a/. (1967) 
Rizzi (1967) 
van Praag et a/. (1968) 
Reineccius et a/. (1972) 
Stoffelsma et a/. (1 968) (T) 
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Table I (Continued) 
~~ ~~~ 

Pyrazine Food Reference 

2-Ethyl- 

2-Ethyl-3-methyl- 

2-Ethyl-5-methyl- 

2-Ethyl-6-methyl- 

23-Diethyl- 

2,6-Diethyl- 

2,5-Dimethyl-3-ethyl- 

Lactose-casein 
Natto 
Peanuts (roasted) 
Soy protein (hydrolyzed) 
Beef (shallow fried) 
Beef fat (heated) 
Cocoa products 

Coffee 

Filberts (roasted) 
Peanuts (roasted) 

Potato chips 
Rye crisp bread 
Barley (roasted) 
Coffee 

Filberts (roasted) 
Lactose-casein 
Peanuts (roasted) 

Potato chips 
Rye crisp bread 
Soy protein (hydrolyzed) 
Barley (roasted) 

Beef (shallow fried) 
Beef fat (heated) 
Cocoa products 

Coffee 

Filberts (roasted) 
Nonfat dry milk (stale) 
Peanuts (roasted) 

Pecans (roasted) 
Popcorn 
Potato chips 
Soybeans (deep fat-fried) 
Whey (spray-dried) 
Cocoa products 
Coffee 

Nonfat dry milk (stale) 
Peanuts (roasted) 

Pecans (roasted) 
Potato chips 
Rye crisp bread 
Whey (spray-dried) 
Cocoa products 
Cofjee 
Peanuts (roasted) 
Coffee 

Potato chips 
Barley (roasted) 

Beef (boiled) 
Beef (shallow fried) 

Ferretti and Flanagan (1971 b) 
Kosuge et a/. (1962) 
Walradt et a/. (1971) 
Manley and Fagerson (1970) 
Watanabe and Sato (1971 b) 
Watanabe and Sato (1971a) 
van Praag et a/. (1 968) 
Reineccius et a/. (1 972) 
Bondarovich et a/. (1 967) 
Goldman eta/ .  (1967) 
Sheldon et a/. (1972) 
Johnson eta/ .  (1971) 
Walradt et a/. (1971) 
Butteryetal. (1971) 
von Sydow and Anjou (1969) 
Collins (1971) 
Bondarovich et a/. (1 967) 
Goldman eta/. (1967) 
Stoffelsma et a/. (1 968) 
Sheldon eta/ .  (1972) (T) (NESR) 
Ferretti and Flanagan (1971 b) (NESR) 
Johnson eta/. (1971) (T) 
Walradtetal. (1971) 
Buttery eta/ .  (1971) 
von Sydow and Anjou (1969) 
Manley and Fagerson (1970) 
Wang et a/. (1 969) 
Collins (1971) 
Watanabe and Sato (1971 b) 
Watanabe and Sato (1971a) 
Rizzi (1967) 
van Praag eta/ .  (1968) 
Reineccius eta/. (1972) 
Bondarovich et a/. (1967) 
Goldman eta/. (1967) 
Stoffelsma et a/. (1 968) 
Sheldon et a/. (1972) 
Ferretti and Flanagan (1972) (T) 
Johnson eta/. (1971) 
Mason eta/ .  (1966) 
Walradt et a/. (1971) 
Wang and Odell (1972) 
Walradt eta/. (1970) 
Buttery et a/. (1971) 
Wilkens and Lin (1970) 
Ferretti and Flanagan (1971a) (T) 
Reineccius et a/. (1 972) 
Bondarovich et a/. (1967) 
Goldman et a/.  (1967) 
Stoffelsma et a/ .  (1968) 
Ferretti and Flanagan (1972) (T) 
Johnson eta/ .  (1971) 
Walradt et a/. (1971) 
Wang and Odell (1 972) 
Butteryetal. (1971) 
von Sydow and Anjou (1969) 
Ferretti and Flanagan (1971a) ( T )  
van der Wal e ta/ .  (1971) 
Goldman et a/ .  (1967) 
Walradtetal. (1971) (T) (NESR) 
Bondarovich et a/ .  (1967) 
Goldman eta/. (1967) 
ButteryetaL (1971) 
Wang eta/ .  (1969) (NESR) 
Collins (1971) 
Liebich eta/. (1972) (NESR) 
Watanabe and Sato (1971 b) 
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Table I (Continued) 

2-Vinyl- 

2-Methyl-!j-vinyl- 

2-Methyl-6-vinyl 

Ethylvinyl- 
2,5-Dimethyl-3-vinyI- 
2-Propyl- 

Coffee 

Filberts (roasted) 
Peanuts (roasted) 

Pecans (roasted) 
Popcorn 
Potato (dehydrated) 
Potato chips 
Rye crisp bread 
Soybeans (deep fat-fried) 
Soy protein (hydrolyzed) 
Barley (roasted) 
Cocoa products 
Coffee 

Filberts (roasted) 
Peanuts (roasted) 

Potato chips 
Soy protein (hydrolyzed) 
Cocoa products 
Cocoa products 

Coffee 
Lactose-casein 
Peanuts (roasted) 
Soy protein (hydrolyzed) 
Cocoa products 

- ~~ 

Pyrazine Food Reference 

Beef fat (heated) 
Cocoa products Flament eta/ .  (1967) 

Watanabe and Sato (1971a) 

Rizzi (1967) 
van Praag et a/. (1 968) 
Reineccius et a/. (1 972) 
Bondarovich et a/. (1 967) 
Goldman et a/. (1967) 
Stoffelsma et a/. (1 968) 
Sheldon et  a/. (1972) 
Mason etal .  (1966) 
Johnson e ta /  (1971) 
Walradt etal .  (1971) 
Wang and Odell (1 972) 
Walradt etal .  (1970) 
Saperset a/.  (1971) (T) (NESR) 
ButteryetaL (1971) 
von Sydow and Anjou (1969) 
Wilkens and Lin (1970) 
Manley and Fagerson (1970) 
Collins (1971) 
Rizzi (1967) 
Goldman et a/.  (1967) 
Stoffelsma et a/. (1968) 
Sheldon eta/ .  (1972) 
Johnson eta/. (1971) (T) 
Walradtetal. (1971) 
Butteryetal  (1971) 
Manley and Fagerson (1970) 
van Praag et a/.  (1968) 
Flament et a/.  (1967) 
van Praag et a/.  (1 968) 
Stoffelsma et a/. (1 968) 
Ferretti and Flanagan (1971b) (T)  
Johnson et a/ .  (1971) (T) 
Manley and Fagerson (1970) 
van der Wal et a /  (1 968) 

Cocoa products 
Peanuts (roasted) 
Filberts (roasted) 
Lactose-casein 
Beef (shallow fried) 
Coffee 
Filberts (roasted) 
Peanuts (roasted) 
Coffee 

Peanuts (roasted) 
Potato chips 
Coffee 
Peanuts (roasted) 
Rye crisp bread 
Coffee 

Peanuts (roasted) 
Potato chips 
Whey (spray-dried) 
Coffee 

Peanuts (roasted) 
Potato chips 
Rye crisp bread 
Whey (spray-dried) 
Peanuts (roasted) 
Potato chips 
Coffee 

van der Wal et a/ .  (1 968) 
Walradt etal. (1971) (NESR) 
Sheldon et a/. (1972) (T) 
Ferretti and Flanagan (1971b) (T)  
Watanabe and Sato (1971 b) 
Bondarovich et a/ .  (1967) 
Sheldon e t a / .  (1972) (T) 
Johnson eta/ .  (1971) (T) 
Bondarovich et a/.  (1 967) 
Stoffelsma et a/. (1 968) 
Walradt eta/. (1971) 
Butteryetal. (1971) 
Bondarovich et a/. (1967) 
Goldman et a/. (1967) 
von Sydow and Anjou (1969) 
Bondarovich et a/. (1967) 
Goldman eta/ .  (1967) 
Walradt et a/ .  (1971) 
Buttery et a / .  (1971) 
Ferretti and Flanagan (1971a) (T) 
Bondarovich et a/.  (1967) 
Goldman et a/.  (1 967) 
Walradt eta/ .  (1971) 
Buttery eta/ .  (1971) (T) 
von Sydow and Anjou (1969) 
Ferretti and Flanagan (1971a) (T)  
Johnson eta/ .  (1971) (T) (NESR) 
ButteryetaL (1971) (T) 
Bondarovich et a/.  (1 967) 
Goldman eta/ .  (1967) 
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Table I (Continued) - 
Pyr a z I n e Food Reference 

2-Methyl-6-propyl- 

lsopropyl- 
2-Methyl-5-isopropyl- 

2-Methyl-6-isopropyl- 
2,5-Dimethyl-3-propyl- 
2,5-Dimethyl-6- isopropyl- 
2-Propenyl- 
2-Methyl-5-propenyl- 

2-Methyl-6-propenyl- 
2-1 sopropenyl- 

Methylisopropenyl- 
2-1 sobutyl-3-methyl- 

2-1 sobutyl-3,6-dimethyl- 

2-1 soamyl-5-methyl- 
6-Isoamyl-2-methyl- 
2-1 soamyl-3,6-dimethyl- 

3-lsoamyl-2,6-dimethyl- 
5-1 soamyl-2,3-dirnethyl- 
2-1 soamyl-3,5,6-trimethyl- 
2-1 sobutenyl-3-methyl- 
Isobutenyldimethyl- 
Methylethylisobutyl- 
2-,,Methyl-6-(2-rnethyIbutyl) - 
2-Methyl-6-(3-methylbutyl)- 
2,5-Dimethyl-3-(2-methylbutyl)- 
2,5-Dimethyl-3-(3-methylbutyl) - 
2,6-Dimethyl-3-(3-methylbutyl)- 
2,3-Dimethyl-5-(2-methylbutyl)- 
3,5,6-Trimethyl-2-(2-methylbutyl) 
2-Acetyl- 

5-Acetyl-2-methyl- 
6-Acetyl-2-methql- 
6-Acetyl-2-ethyl- 
3-Ethyl-2-methoxy- 
3-1 sobutyl-2-methoxy- 

3-Isopropyl-2- methoxy- 
3-s-Butyl-2-methoxy- 
2-Methyl-6,7-dihydro- 

5H-cyclopenta- 
5-Methyl-6,7-dihydro- 

5H-cyclopen ta- 
2(or 3),5-dimethyl- 6,7-dihydro- 

5H- cyclopenta- 

Quinoxaline 
5,6,7,8-Tetrahydroquinoxaline 

Peanuts (roasted) 
Rye crisp bread 
Peanuts (roasted) 

Cocoa products 
Peanuts (roasted) 
Coffee 

Peanuts (roasted) 
Coffee 
Cocoa products 
Cocoa products 
Potato chips 
Coffee 
Coffee 
Peanuts (roasted) 
Coffee 
Peanuts (roasted) 

Peanuts (roasted) 
Coffee 
Potato chips 
Cocoa products 
Potato chips 
Potato chips 
Cocoa products 
Potato chips 
Cocoa products 
Cocoa products 
Cocoa products 
Cocoa products 
Potato chips 
Potato chips 
Potato chips 
Cocoa products 
Cocoa products 
Cocoa products 
Cocoa products 
Cocoa products 
Cocoa products 
Cocoa products 
Peanuts (roasted) 
Popcorn 
Potato chips 
Peanuts (roasted) 
Peanuts (roasted) 
Peanuts (roasted) 
Potato 
Peppers (bell) 
Peas (green) 
Peas (green) 
Peas (green) 
Peanuts (roasted) 

Peanuts (roasted) 

Peanuts (roasted) 

Peanuts (roasted) 
Peanuts (roasted) 

a (T), tentative identification. (NESR), no exact structure reported. 

Walradt eta/. (1971) 
von Sydow and Anjou (1969) 
Johnson eta/. (1971) (T) 
Walradtetal. (1971) (NESR) 
van der Wal et a/. (1971) (NESR) 
Walradtetal. (1971) (T) (NESR) 
Bondarovich et  a/. (1967) 
Goldman eta/ .  (1967) 
Walradt et a/. (1971) (NESR) 
Goldman et a/. (1967) 
Flament et a/ .  (1967) 
Flament eta/. (1967) (NESR) 
Buttery et 81. (1971 j (T) 
Bondarovich et a/. (1 967) 
Bondarovich et a/. (1967) 
Walradt etal .  (1971) (T) (NESR) 
Bondarovich et a/. (1 967) 
Johnson eta/. (1971) (T) 
Walradt eta/. (1971) (NESR) 
Johnson eta/. (1971) (T) (NESR) 
Goldman et a/. (1967) 
Butteryetal. (1971) 
van der Wal et a/. (1971) 
Butteryetal. (1971) 
Buttery eta/. (1971) (T) 
van der Wal et a/.  (1 968) 
Buttery eta/ .  (1971) (T) 
Flament et a/. (1 967) 
van der Wal et a/ .  (1 968) 
Flament et a/.  (1 967) 
Flament et a/. (1967) 
Buttery et a/. (1 971 ) (T) 
Butteryetal. (1971) (T) TNESR) 
Butteryet a/. (1971) (T) (NESR) 
van der Wal et a/. (1 968) 
van der Wal eta/ .  (1971) 
van der Wal et a/ .  (1971) 
van der Wal eta/ .  (1971) 
van der Wal eta/ .  (1971) 
Flament et a/. (1967) 
Flament et a/. (1 967) 
Walradt et a/. (1971) 
Walradt et a / .  (1970) (T) 
Buttery e t a / .  (1971) 
Walradt eta/ .  (1971) (T) 
Walradtetal. (1971) (T) 
Walradt eta/. (1971) 
Butteryetal. (1970) (T) 
Buttery eta/. (1969a,b) 
Murray etal. (1970) 
Murray et a/. (1970) 
Murray et a/. (1970) 
Walradt eta/. (1971) 

Walradt eta/ .  (1971) 

Walradtetal. (1971) 

Walradt eta/ .  (1971) (T) 
Walradt eta/. (1971) 

sides sugars, other compounds, name ly  glycerol, acetalde- 
hyde, glyoxal, 2,3-butanedione, hydroxyacetone, a n d  g lu-  
cosamine can react t o  f o r m  specific pyrazines. T h e  au- 

28 

thors p o i n t  o u t  t h a t  the compound glucosamine contains 
the necessary carbon a n d  n i t rogen atoms needed t o  f o r m  a 
var ie ty  of alkylpyrazines. 
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PYRAZINES I N  FOOD 

Table II. Odor Thresholds and Flavor Properties of 
Synthesized PyrazinesQ 

Table I I  I. Flavor Thresholds of Pyrazines Added to 
Dark Ir ish BeerQ 

Odor threshold 
Compound in water, ppb Flavor description Compound 

Flavor threshold,b 
ppm 

2-Methoxy-3-isobiityI-* 
2-Methoxy-3-hexyl- 
2-Methoxy-3-propyl- 
2-Methoxy-3-isopropyI-C 

2-Metho~y-3-e thy l -~  
2-Methoxy-3-methyl- 
2-Methoxy- 
2- I sobutyl-3-rnethoxy- 

5-methyl- 
2- I sobutyl-3-rnethoxy- 

6-methyl- 
2- I sobutyl-3-rnethoxy- 

5,6-dirnethyl- 
2-Ethoxy-3-ethyl- 
2 ,5 -D i rne th~ i -~  

0.002 
0.001 
0.006 
0.002 

0.425 
4.0 

700.0 
0.260 

2.6 

315.0 

11.0 
1800.0 

Bell peppers 
Bell peppers 
Bell peppers 
Bell pepper- 

raw potato 
Raw potato 
Roasted peanuts 
Not characteristic 
Bell pepper-mint 

Minty- 

Minty- 

Raw potato 

camphoraceous 

camphoraceous 

QSeifert e t  a/ .  (19'70, 1972). * Reported to be naturally present in bell 
peppers (Buttery et a/ . ,  1969a.b) and green peas (Murray et ai., 1970). 

Reported to be naturally present in green peas (Murray et a/. ,  1970). 
Reported to be naturally present in potatoes (Buttery et  a / . ,  1970). 

e Included for compatison. 

The possibility of alkylpyrazine formation in foods as 
influenced by temperature of processing was discussed by 
Koehler and Odell (1970). At lower temperatures and over 
longer periods of time, the authors postulate that  pyra- 
zines can result from the reaction of sugars and amino 
acids to form a ditetrahydroxybutylpyrazine intermedi- 
ate through condensation (Hough et  al., 1952) which then 
undergoes rearrangement and cleavage to form alkylpyra- 
zines. However, a t  higher temperatures, immediate rear- 
rangement and cleavage of sugars results in the formation 
of smaller hydrsoxycarbonyl and dicarbonyl fragments, 
which in turn cam condense with amino acid nitrogen to 
also form alky1py:razines. 

Koehler and Odell (1970) also point out that products 
such as 2,3-butanedione. hydroxyacetone, and glyoxal can 
also be formed from lipid decomposition, and thus pyra- 
zines can be forined from further lipid degradation upon 
heat processing. 

The mechanism proposed by Wang et  al.  (1969) for the 
formation of acetyl and methyl acetylpyrazines involves 
the condensation of the browning reaction product cis- 
methyl reductone with glyoxal or pyruvaldehyde and 
amino acids. 

Formation of islkenyl-substituted pyrazines may result 
through the dehLydration of the corresponding hydroxy- 
pyrazines (Grimnnett, 1965). 

Walradt et al. (1971) have postulated that some of the 
dihydrocyclopentapyrazines that  they reported isolahng 
could form from the interaction of glyoxal and pyruval- 
dehyde with amino acids and the carbohydrate degrada- 
tion product 2-hydroxy-3-methyl-2-cyclopenten-l-one. 

In discussing the formation of pyrazines in processed 
soybeans, Wilkeris and Lin (1970) postulated that the ni- 
trogen source required for pyrazine formation came from 
thermal degradation of soy protein which was found to 
occur a t  temperatures above 190" (Kasarda and Black, 
1968). However, the authors have overlooked the possibili- 
t y  of the nitrogen coming from free amino acids which 
may be present in processed soy products. Thus, pyrazine 
formation in soy products could also occur a t  tempera- 
tures well below 190" (Koehler and Odell, 1970; Reinec- 
cius et  a!.,  1972). 

IS OLATIO X METHODS 
A vast majorit:y of the published procedures for isolating 

Unsubstituted 
Methyl- 

2,5-Dimethyl- 
2,6-Dimethyl- 
2,3-Dimethyl- 
Trimethyi- 
2-Ethyl-5-methyl- 
2-Ethyl-3-methyl- 
2,5-Dimethyl-3-ethyl- 
3,5-Dirnethyl-2-ethyl- 
Tetrarnethyl- 
2,5-Diethyl-3,6-dirnethyl- 

Ethyl- 

> l o o  
100 

10 
25 
3 

50 
1 
1 
2 
0.025 
0.025 

>IO0 
100 

QCollins (1971).  Minimum concentration of compound in beer which 
was detected by one-third of panel. 

pyrazines from food systems start with some form of dis- 
tillation. The process may be in the form of atmospheric 
steam distillation (Manley and Fagerson, 1970), vacuum 
steam distillation (Mason et  al., 1966), atmospheric sol- 
vent distillation (Koehler et  al., 1971), vacuum solvent 
distillation (Buttery et al., 1969a,b), soaking (Collins, 
1971), and heated headspace condensation (Walradt et al., 
1970). The distillation step is usually followed by concen- 
tration and then fractionation of the extract into an acidic 
fraction using HC1 and then into the desired basic fraction 
using NaOH. The basic fraction is then normally extract- 
ed with a solvent and then concentrated before glc analy- 
sis. Solvents that have been used include dichloromethane 
(Manley and Fagerson, 1970), hexane (Buttery e t  a l . ,  
1969a,b), pentane (Flament et al . ,  1967), diethyl ether 
(Sapers e t  al . ,  1971), and carbon disulfide (Wilkens and 
Lin, 1970). 

Several limitations are evidenr with certain isolation 
procedures. For example, atmospheric steam distillation 
could actually result in the formation of pyrazines (Koeh- 
ler and Odell, 1970), and also the treatment may represent 
a condition which is an unnatural step in the processing 
or preparation of the food as consumed. 

Also, the use of solvents may cause denaturation of all 
or part of the food system, and thus the results do not ac- 
tually reflect a naturally occurring food system. 

Another serious limitation with most isolation proce- 
dures involves the treatment of a near neutral system with 
acidic and basic reagents. The acidic conditions could de- 

Table IV. Odor Thresholds of Various Pyrazines in 
Water and Mineral OilQ 

Compound 
Odor threshold, ppmb 
Water Mineral oil 

2-Methyl- 
2,5-Dirnethyl- 
2.6-Dimethyl- 

2,3,5-Trimethyl- 
Monomethylrnonoethyl- 
2,3,5,6-Tetramethyl- 
2,5-Dimethyl-3-ethylr 
2,6-Dimethyl-3-ethyl- 
2-n-Pentyl- 

2-Ethyl- 

105 27 
35 17 
54 8 
22 17 

9 27 
0.5 0.9 

10 38 
43 24 
15 24 

1 9 

Koehler e t  ai. (1971) oConcentration which produced a positive 
response 50% of the time 
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nature proteins, thus exposing reactive nitrogen groups, 
and the basic conditions could influence carbohydrate 
fragmentation. Thus, the manipulation of pH could actu- 
ally be inducing the formation of pyrazines. 

A relatively mild pyrazine isolation procedure has re- 
cently been reported by Reineccius et al. (1972). I t  in- 
volves the leaching of pyrazines and other compounds 
from a packed glass column of product with diethyl ether. 
However, the actual isolation of the basic fraction involves 
the characteristic acidic and basic treatments. 

In light of the above limitations, it is suggested that a 
more concise picture of pyrazine types and amounts di- 
rectly attributable to foods could be obtained by employ- 
ing an isolation system as outlined by Schultz et al. 
(1971), whereby the volatiles from a sample are driven off 
with inert nitrogen and trapped onto a precolumn. Then 
through the use of a switching valve the volatiles are then 
separated and identified using glc-ms combinations. It 
should also be remembered that glc separation tempera- 
ture conditions should not be a t  elevated levels due to 
possible pyrazine decomposition (Koehler and Odell, 
1970). 

I t  was not one of the primary objectives of this review to 
discuss the methods available for the synthesis of pyra- 
zines. However, preparation of specific pyrazine com- 
pounds may be necessary to confirm identifications and to 
allow flavor evaluations to be made. For those specifically 
interested in pyrazine synthesis the following references 
are suggested: Krems and Spoerri (1947); Jones (1949); 
Klein and Spoerri (1950, 1951); Karmus and Spoerri 
(1952); Hirschberg and Spoerri (1961); Klein et al. (1964); 
Firmenich and Co. (1965); Firmenich et al. (1967); Gra- 
bowski e t  al. (1968); Seifert et al. (1970, 1972); Mookher- 
jee and Klaiber (1972); and Nakel and Haynes (1972). 
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