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Tbereh:beenrnu$ inkr.st m the Maillard reaction,
or non enzymatic rowning reaction, from the flavor

chemishy point ofview over the past decade. Most pro-

cessed foods generate their characteristic flavors through

the Maillard reaction.l Heterocyclic compounds such as
pyrazines, pymoles, pyridines, thiazoles and oxazoles are

generated hy a series of these reactions and have an

important impact on the flavor of many foods, Among the

heterocyclic compounds, which commonly possess the

sensory properties of roasted, toasted and nutty charac-

ters,~ pyrazines are considered to be Fairly representative
of the flavor of roasted foods.

Although the mechanism of the Maillard reaction is

quite complex, itisgenerally known that the processes
initiated by the condensation reaction between an amine

and a reducing sugar.3 Numerous model system studies

have been reported on the formation of p~azines through

the Maillard reaction involving single amino acids and an

equal mO1e Of sugar.
4-E Since ~e~ food systems consist Of

mixtures of different amino acids, the Maillard reaction

models based on two or more amino acids have generated

a gr~at dd of interest. Recently, the contributions of
several amino acids to the reactivity of 15N-labeled glycine

to form pyrazines has been investigated in this laboratory.~

However, pyrazine formation involving the interaction of
more than one amino acid has not been well studied.

Pyrazines often are present in food in minor or trace

quantities. As a result, the analysis and quantitation of
pyrazines in food systems are often difficult. In the present

study, we used Kuo et al.’s previously reported selective

purge-and-trap methods to study the effect of four amino

acids, acting singly or in combination, on the generation of
pyrazines.

Materiala

L-Glutamic acid, L-glutamine, L-lysine, and L-alanine

were purchased from Sigma Chemical Co. (St. Louis,
Missouri). Glucose andpropylene glycol were obtained

from Aldrich Chemical Co., Inc. (Milwaukee, Wisconsin).

Anhydrous sodium sulfate (10-60 mesh), sodium chloride

(A,C,S, grade) and methylene chloride (HPLC grade)

were purchased from Fischer Scientific (Fair Lam, New

Jersey). 2-Ethoxy-3-isopropyl pyi-azine, used as an internal
standard, was obbained from Pyrazine Specialties (Atlanta,

Georgtia).

Conditions for Volatile Generation

Inourmodel system, each reaction mixture waspre-

pared from 0.2 mole of glucose and 0.2 mole of the selected

amino acids (L-glutamic acid, L-glutamine, L-lysine and
L-alanine) OrO.2 mole of acombination of these amino

acids in 165 ml of propylene glycol. Each amino acid

combination, totafing 0.2 mole, was prepared with 0.1

mole, 0.067 mole and 0.05 mole of two, three and four

amino acids respectively. These reaction mixtures were
then transferred to a Parr reaction vessel (Parr Instrument

Co., Moline, Illinois) and heated in the reactor at 155°C for
20 minutes, The speed of the agitator was maintained at

155 rpm, and the internal pressure of the reactor was

monitored and not aflowed to exceed 120 psi,

Pyrezine Fractionation

The modified apparatus for selective purge-and-trap

isolation and fractionation is shown in Figure 1. The tem-

perature of the water bath was maintained at 60”C during
pyrazine fractionation. Thirty grams of the reaction mix-

ture from the Parr reactor, 45 g of NaCl (Fischer Scientific,

Fair Lawn, New Jersey) and 360 ml of distilled water were
placed in the round-bottom flask. 2-Ethoxy-3-isopropyl

pyrazine (1.2 mg) was added as an internal standard for

quantitation. The suspension was purged using nitrogen
gas at a flow rate of 400 ml/minute for 2 hours and trapped

in 10 ml of 11.7!% (w/v) hydrochloric acid solution. While
most of the non-basic volatile constituents pass through the

acid solution, pyrazines are retained in the acid trap, owing

to their weakly basic character.
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Figure 1. Apparatus for the purge-and-trap isolation
and fractionation

After the sample suspension was purged for 2 hours, the

acid solution was washed several times with methvlene

chloride to further remove the remaining non-basic com-
pounds in the acid trap. The pyrazine-containing acid

solution wastitratedtith 30% NaOHsolutiontopH 13.

The alkaline solution was then extracted with methylene

chloride in a separato~ funnel to isolate tbe pyrazines, and
further concentrated by nitrogen evaporation.

GC Analyaia

A Varian 3400 gas chromatography equipped with a
flame ionization detector and a fused silica capillary col-

umn (60 m xO.32 mm [id.], df = 1.0 Lm, DB-l; J&W

Scientific, Folsom, California) was used to analyze the

volatiles isolated by the selective purge-and-trap method.

The opemting conditions were as follows: injector tern-
perature, 270°C; detector temperature. 300°C; flow rate of

helium gas, 1 mlhninute. Tbe column temperature was

programmed from 4(PC to 180°C at the rate of 2°C/

minute, andfmm 180”C to 280°C at 10”Clminute. Quan-
titative determinations were made without considering

response Factors and were carried out by using a Vmian

4270 integrator. Linear retention indices were calculated
against then-paraffins (C5-CZ(I) as references.g

GCIMS Analysia

Volatiles isolated by the modifledpurge-amd-trap method
were analyzed by gas chromatograplvmass spectrometer

(GC/MS) using a Vati.n 3400 gas chromatography directly

coupled with a Finnigan MAT 8230 high resolution mass

spectrometer MaSS spectra were Ob~ained by electron
ionization at 70 eV The ion source tempemture was 250°C

and the filament emission current was 1 mA. All mass

spectra generated were recorded and interpreted tith the
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Figure 2. GC profllea of basic fractions generated
from glucose with A) Iysine, a) glutamine, and C) a
lysine/glutamine mixture at 155°C for 20 minutes

Finnigan MAT SS 300 data system. The GC column was the
same as described in the previous section. Compomd

identifications were based on comparisons with published
literature or with the computer library (NIST).

Beaulta and Diacuasion

Heterocyclic compounds identified from the basic frac-

tion of the amino acid-glucose model systems are listed in
Table I.

For single amino acid reaction systems, the lysine-

containing reaction produced 2.6 to 4 times more total
pyrazines than the other amino acids studied. The lysine

system also was significantly more abundant in 2,6.
dimethylpyrazine (3x to 15x) and trimethylpyrazine (1 1.xto
19x), which may, in part, account for the strong aromatic

character of this system. Both the lysine reaction and the

alanine reaction produced significantly more 2,5-dimethyl-
3-ethylpymazine and 2-methyl-5-propylpyrazine and less

methylpyrazine and ethylpyrazine than the other two amino

acids.
Most mixed amino acid systems generated much smafler

amounts of pyrazines. Of the 14 pyrazines identified,
methylpyrazine was predominant in glutamic acid, 2,6-

dimethylp~azine in lysine and in glutamine, and 2,5-
dimethyl-3-ethylpymzinein model systems containing either
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alanine or lysine. In addition to pyrazines, other

nitrogen-containing heterocyclic compounds such

m pyridines and oxazole were also separated by
this selective purge-and-trap method,

Figure 2 shows the CC profiles of basic frac-

tions from the reaction mixtures of glucose with
lysine (A), glutamine (B) and a lysine/gl”tamine

mixture (C) under conditions previously de-

scribed. Again, total pyrazine content was greater

for individually reacted amino acids than for the

combination of amino acids. Lysine generated

the highest yield. The occurrence of 2,6-
dirnethylpymzine and2,5-dimethyl-3-ethylpyrazine

in lysine accounted for the roasted, nutty odor

characteristics obsmved for this reaction mixmre.

Tbe yield and relative distribution ofpyrazine

formation for single amino acids are shown in
Figure 3. Among the 14 identified pyrazines,

methylpyrazine 2,6-dimethylpyrazine, ethyl-

pymzine, 2-etbyl-5-methylpy razine and

2,5-dimethyl-3-ethylpyrazine were selected for

this comparison. Again, the graph clearly shows
that the formation of individual pyrazines varied

with the type of amino acids used. For example,

the glutamic acid rewtion mixture produced a

relative abundance of methylpyrazine and
etbylpyrazine, but the lysine reaction mixture

produced primarily 2,6-dimethylpyrazine and 2-

ethyl-.5 -methylpyrazine. The totaf pyrazine yield

was found to be highest in the reaction mixture

containing lysine, followed by those containing
glutamine, glutiamic acid and afanine.

The amino acids glutamic acid, glutamine,

alimine and Iysine were selected as a representa-

tion of the acidic, neutral and basic amino acid
groups. The yields of pyrazines genemted from

reaction mixtures containing either two, three or

four combinations of amino acids were com-

pared with the pyrazine yields from reaction
mixtures containing a single amino acid.

Figures 4,5 and 6 show the effect of combina-

tions of two, three and four amino acids, respec-

tively, on the generation of pynazines.
To examine the effect of combinations of two

different amino acids on the formation of

pyrazines, the average total pyrazine yield gener-

ated from the reaction containing glubamic acid
was added to tbe average total pyrazine yield

gener.tedfrom the reaction containing glutamine,

and that total was compared with the total pymzine
yield generated from the reaction ccm~dining a

mixture of glutamic acid and glutamine. The

results showed that the total pyrazines generated
from the reaction mtiture containing glutamic

acid and glutamine was lower than the total
pyrazines from individually reacted amino acids.
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Figure 3. The pyrazine yield and ralafive distribution

genarated from the reaction mixtures containing
individual amino acids (alanine, glutamic acid,
glutamina, Iyaine) and glucoaa

Figure 5. The pyrazine yield and the effect of
combinations of thraa different amino acids,
glutamic acid, glutamine and Iysine

Other reactions with two, three and four combinations of

amino acids gave similar results to that observed for the

glutamic acidlglutamine combination.

Individual pyrazine formation afso demonstrates this

trend, with higher yields observed for the singly reacted
amino acids. Some exceptions were observed, however, for

the higher molecular weight pyrazines. For the two amino

acid combination systems, the lysine-alanine mixture re-

sulted in 3.5- and 3-fold increases in the yield of 2,5-
dimethyl-3-ethylpyrazine and 2-methyl-5 -propylpyrazine

respectively. Similarly, the glutamine -alanine mixture gen-

erated a higher yield of 2,3-diethyl-5-methylpyrazine. This
compound has been described as nutty and meaty with a

roasted hazelnut-like aroma.
These findings indicate that reactions with combina-

tions of amino acids generally yield lower pyrazine concen-

trations than reactions with single amino acids. This result

implies that amino acids act as suppressors that decrease
the reactivity of other amino acids when mixed and reacted

with glucose in propylene glycol.
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Figure 4. The pyrazlna yield and the effect of
combinations of two different amino acids, glutamic
acid and glutamine

Figure 6. Tha pyrazina yiald and the effect of
comblnatkms of four different amino acids, glutamic
acid, glutamlne, Iysine and alanine
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