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The oxidative decarboxylation of α-amino acids to al-
dehydes with one less carbon atom is called Strecker
degradation (SCHÖNBERG et al. 1948; SCHÖNBERG & MOU-
BACHER 1952). The reaction involves several steps and
its mechanism depends inter alia on the nature of the de-
grading agent. The agents that bring about the Strecker
degradation of amino acids are inorganic or organic. It is
generally accepted that the oxidative decarboxylations of
amino acids proceed as schematically indicated in Fig. 1.
The reaction is a complicated process involving many steps,
among others the formation of the corresponding imino
acid (hypochlorite oxidation leads to the intermediate,

N-chloroamino acid – OGATA et al. 1981). The fate of the
amino group in this reaction depends on the structure of
the oxidising agent. It may be eliminated in the form of
ammonia. This is the case when the amino acid is degrad-
ed by peroxodisulphates, hypochlorites, other inorganic
agents and some organic reagents. The amino group may
also become linked to the oxidiSing agent converting it
into an amino derivative of a similar structure. Such re-
actions proceed when the oxidation reagents are sugars
and α-dicarbonyl compounds such as glyoxal (Fig. 2).

The Strecker degradation of amino acids is important
for the generation of flavour-active compounds in many
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Tyrosine was oxidised with either potassium peroxodisulphate or glyoxal. Volatile reaction products were isolated and analysed
by GC/FID and GC/MS, derivatised with diazomethane and analysed by the same methods. Eight reaction products were identi-
fied. The major products were the expected Strecker aldehyde (4-hydroxyphenylacetaldehyde) and its lower homologue
4-hydroxybenzaldehyde. They were followed by 1-(4-hydroxyphenyl)-3-propionaldehyde, phenylacetaldehyde, benzaldehyde,
phenol, 4-hydroxybenzoic, and benzoic acid. Analogously, the oxidation of 3,4-dihydroxyphenylalanine yielded the correspond-
ing Strecker aldehyde (3,4-dihydroxyphenylacetaldehyde), its lower homologue 3,4-dihydroxybenzaldehyde, 3,4-dihydroxybenzoic,
3,4-dihydroxyphenylacetic, and caffeic acid. An identification of these oxidation products of tyrosine and 3,4-dihydroxypheny-
lalanine assumes homolytic cleavage of the Strecker aldehydes and a recombination of free radicals formed by this cleavage. As
minor products, six O- and N-heterocyclic compounds arose in systems containing glyoxal (pyrazine, methyl- and ethylpyrazine,
3-furancarbaldehyde, 5-methyl-2-furancarbaldehyde, 2-pyrrolcarbaldehyde).

Key words: Strecker degradation; amino acids; glyoxal; sodium peroxodisulphate; radicals; tyrosine; 3,4-dihydroxyphenyl-
alanine (DOPA); 4-hydroxyphenylacetaldehyde, 3,4-dihydroxyphenylacetaldehyde
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foods as it provides volatile aldehydes and subsequently
alcohols, acetals, acids, esters and other compounds. The
importance of Strecker degradation for biological pro-
cesses such as its role in aging process and age-related
diseases has been established for a long time (DEGEN-
HARDT et al. 1998).

Tyrosine (Tyr) accompanies phenylalanine in the ma-
jority of proteins and its average content is about 3.5%.
Enzymatic oxidation of Tyr in some food products such
as beans and mushrooms, in the so called nonenzymatic
browning reactions, leads to brown discolouration of these
materials. Tyr is also readily oxidized to 3,4-dihydro-
xyphenylalanine (DOPA), which is a precursor of the so
called melanins in animals.

The Strecker degradation of Tyr by hypochlorite yields
4-hydroxyphenylacetaldehyde (LANGELD 1909). In bam-
boo sprouts and sorghum grains, the same aldehyde aris-
es from cyanogenic glycosides taxiphillin and dhuriin
(VELÍŠEK 1999). The corresponding alcohol tyrosol (4-hy-
droxyphenyl-ethyl-alcohol) is a common constituent of al-
coholic beverages (NYKANEN & SUOMALAINEN 1983).
The Strecker aldehyde of DOPA, 3,4-dihydroxyphenyl-
acetaldehyde, has been identified as a product of enzymat-
ic oxidation of DOPA (HOLTZ et al. 1939). Together with
tyrosol, 3,4-dihydroxyphenylethanol (hydroxytyrosol) oc-
curs in significant quanitities in unripe olives (Olea euro-
pea L.) and virgin olive oils (SOLINAS & CICHELLI 1982).

This study was undertaken as a part of investigation of
beer changes due to oxidation during pasteurization and
storage which is followed by decomposition of amino ac-
ids, sugars and other compounds. The aim was to identify
the minor compounds arising during the Strecker degrada-
tion of Tyr and DOPA and show the importance of radical
reactions in the pathways leading to these minor products.
The Strecker aldehydes derived from either Tyr or DOPA
are nonvolatile compounds but they can influence taste
and colour of foods as they readily become substrates of
oxidoreductases in enzymatic browning reactions.

!��"#$�%�����!"�&'�	

Chemicals: Tyr, DOPA (Aldrich, Steinheim, Germany),
and glyoxalhydrate trimer (Sigma Chemical Company, St.

Louis, USA) were commercial products. Potassium per-
oxodisulphate (K

2
S

2
O

8
) and other compounds were

obtained from Lachema (Brno, Czech Republic). Diazo-
methane solution in diethyl ether was prepared from
p-toluenesulphonyl-N-methylnitrosamide (Aldrich, Stein-
heim, Germany). Solvent grade diethyl ether was pur-
chased from Merck (Darmstadt, Germany).

Oxidative Decarboxylation of Amino Acids: Amino
acid (5 mmol) and potassium peroxodisulphate or glyox-
al (5 mmol) were dissolved in 500 ml water and the mix-
ture was heated under reflux for 1 h. The reaction mixture
was cooled to room temperature and extracted with with
two 50 ml and two 25 ml portions of diethyl ether. The
combined extracts were dried over anhydrous sodium sul-
phate, concentrated to 500 µl using a Snyder column and
a gentle stream of nitrogen and analysed by GC/FID and
GC/MS method. An aliquot (usually 100 µl) of the con-
centrated extract was derivatised with diazomethane so-
lution in diethyl ether, concentrated to 100 mL and analysed
as desribed above.

Gas Chromatographic (GC/FID) and Gas Chromato-
graphic/Mass Spectrometric (GC/MS) Analysis: A
Hewlett-Packard (H/P) Model 4890A gas chromatograph
equipped with a flame ionization detector and a fused cap-
illary column (HP-Inowax, 30 m × 0.25 mm i.d., film thick-
ness: 0.25 µm) was used in this study. The GC oven was
temperature programmed from 60 to 220°C at a rate of
5°C/min, the injector and detector temperatures were held
at 220 and 250°C, respectively. The carrier gas (N

2
) flow

rate was 2 ml/min. The sample (1 µl) was injected using a
split ratio of 1:10. Duplicate analyses of samples were done.

GC retention indices (relative retention index, R.I.) were
determined internally with a series of n-alkanes (VAN DEN

DOOL & KRATZ 1963). The GC conditions were the same
as described above.

For GC/MS analysis, a H/P Model G1800A apparatus
equipped with the same column operating under condi-
tions described above were used. Carrier gas (He) flow
rate was 0.7 ml/min. Mass spectra were obtained by EI
ionization at 70 eV. The ion source temperature was main-
tained at 250oC. NIST/EPA/NIK 75k Mass Spectral Da-
tabase (Hewlett-Packard) enabled tentative identification
of analysed compounds.
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The oxidative decarboxylation of amino acids in this
study was induced either by a free radical initiator potas-
sium peroxodisulphate or by glyoxal (ADAMIEC et al. 2001).
In the absence of these oxidation reagents, the spontane-
ous decomposition of amino acids was negligible.

Tyrosine: Under the reaction conditions employed the
amount of Tyr decomposed by peroxodisulphate and gly-
oxal was 67 and 68%, respectively (Table 1).

Derivatisation with diazomethane and separation of the
products arisen in the Tyr/K

2
S

2
O

8
 system revealed the

presence of a higher number of compounds. N,N-methy-
lated and N-methylated methyl esters of Tyr were identi-
fied as the major volatile products (LIEBICH & FÖRST

1985). Due to its nucleophilic nature, diazomethane re-
acted with carboxylic groups of acids, hydroxyl groups
of phenols, amino groups of amino acids and even with
carbonyl groups of aldehydes (B�
�C et al. 1971). The
latter reaction predominantly yielded the corresponding
methylketones (Fig. 4). The major product was 1-(4-meth-
oxyphenyl)-2-propanon, formed from the Strecker alde-
hyde. The methoxyderivative of the Strecker aldehyde
(4-methoxyphenylacetaldehyde) was found in a lower
amount. The same compound could also arise from 4-hy-
droxybenzaldehyde. The same precursor probably gave
rise to 4-methoxyacetophenon and 4-methoxybenzalde-
hyde (anisaldehyde). The other identified compounds were

',2/���	����!<-!(#.#!9�!:�'0*�,9"��?���20�-!.,((#1<�-�*!=
@!"#(1/-�,.��!*�8/0!@,/
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As it is shown in Fig. 3, two major volatile compounds
(4-hydroxyphenylacetaldehyde and its lower homologue
4-hydroxybenzaldehyde) were detected in the diethyl ether
extract of Tyr solution oxidised by peroxodisulphate.
Three additional compounds, i.e. benzaldehyde, phenyl-
acetaldehyde, and phenol, were found in much lower quan-
tities. The major compounds were tentatively identified
comparing their mass spectra with mass spectral data con-
tained by the mass spectral data base (Table 2). Other
components were identified by comparison of their mass
spectral data and retention time data with those of au-
thentic compounds. The Strecker aldehyde, 4-hydroxyphe-
nylacetaldehyde, arose from 0.57 mg of Tyr decomposed
(0.063% of the starting amount), which corresponds to
0.13% of theory (Table 3).
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benzylmethylketon which arose from benzaldehyde,
1-(4-methoxyphenyl)-3-butanon having its origin in 1-(4-
hydroxyphenyl)-3-propionaldehyde derivatisation, methyl
4-methoxybenzoate, and methyl benzoate. Mass spectra
of the identified methylketones are listed in Table 4. The
occurrence of these and other minor compounds suggests
a homolytic cleavage of 4-hydroxyphenylacetaldehyde or
other compounds and a recombination of the resulting free
radicals.

The amino acid solution oxidised by glyoxal contained
the same two major aldehydes, i.e. 4-hydroxyphenylacet-
aldehyde and 4-hydroxybenzaldehyde. The Strecker al-
dehyde was formed from 0.30 mg of Tyr (0.033% of the
starting amount) which corresponds to 0.07% of theory
(Table 3). Some additional minor compounds that result-
ed from the reaction of the amino acid with glyoxal (py-

razine, methyl- and ethylpyrazine, 3-furancarbaldehyde,
5-methyl-2-furancarbaldehyde, 2-pyrrolcarbaldehyde)
were identified.

Glyoxal itself (present in diluted aqueous solutions as a
dihydrate) yielded a small amount of glyoxylic acid by
oxidation. The reaction can be initiated, for instance, by
hydroxyl radicals (BUXTON et al. 1997) and proceeds via
a peroxyl radical that splits off HO

2
• (Fig. 5).

Dihydroxyphenylalanine: The amount of DOPA de-
composed by a reaction with peroxodisulphate and gly-
oxal was lower than the quantity of Tyr, being 48 and
47%, respectively (Table 1). The yield of the Strecker
aldehyde was about ten times lower than of that arising
from Tyr (Table 3).

The polar products obtained were either not extractable
into diethyl ether or not sufficiently volatile to be amena-
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ble to gas chromatographic separation. Therefore, an ali-
quot of the aqueous phase was evaporated to dryness
and directly derivatised with diazomethane. Analogously
to Tyr, the corresponding methoxyphenols, methylketons
and carboxylic acids methyl esters were identified. Except
the methyl ester of N,N,-dimethylated DOPA, mass spec-
trum: 116(100), 208M-59(12), methyl 3,4-dimethoxycin-
namate (derived from caffeic acid) was identified as the
major product. The minor products found were 3,4-di-meth-
oxybenzaldehyde (veratraldehyde) formed from 3,4-dihy-
droxybenzaldehyde, methyl 3,4-dimethoxybenzoate formed
from 3,4-dihydroxybenzoic acid, 1-(3,4-dimethoxyphe-
nyl)-2-propanon arising from the Strecker aldehyde, and
methyl 3,4-dimethoxyphenylacetate derived from 3,4-di-
hydroxyphenylacetic acid. Mass spectra of the identified
carbonyl compounds are summarized in Table 4.

*'�*%)	$'�	

Oxidation of Tyr with either peroxodisulphate or glyoxal
yielded the expected Strecker aldehyde (4-hydroxy-phenyl-
acetaldehyde), its lower homologue 4-hydroxy-benzalde-
hyde, its higher homologue 1-(4-hydroxyphenyl)-3-
propionaldehyde, 4-hydroxybenzoic acid and several mi-
nor products. Analogously, the oxidation of DOPA pre-
dominantly yielded the expected Strecker aldehyde
(3,4-di-hydroxyphenylacetaldehyde), its lower homologue
3,4-dihydroxybenzaldehyde, 3,4-dihydroxybenzoic,
3,4-dihydroxyphenylacetic, and caffeic acid. The identi-
fication of these oxidation products of Tyr and DOPA as-
sumes homolytic cleavage of the Strecker aldehydes and
a recombination of free radicals produced.
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