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Abstract

ROSSNER J., VELISEK J., PUDIL F., DAVIDEK J. (2001): Strecker degradation products of aspartic and glutamic acids and
their amides. Czech J. Food Sci., 19: 41-45.

Aspartic and glutamic acids, asparagine and glutamine were oxidised with either potassium peroxodisul phate or glyoxal. Non-
volatile products were derivatised and analysed by GC/FID and GC/MSS. Vol atile reaction products wereisol ated and analysed by
the same methods. It was found that the degradation reactions of amino acids are complex. Amino acids are principally degraded
viathe corresponding o.-keto acids to Strecker aldehydes (aspartic acid to oxal acetic and 3-oxopropionic acids and glutamic acid
to a-ketoglutaric and 4-oxobutyric acids), which are unstable and decomposed by decarboxylation to the corresponding alde-
hydes. Aspartic acid also eliminates ammoniaand yields fumaric acid whereas glutamic acid givesrise to an imine, pyroglutamic
acid. A recombination of freeradicals leads to dicarboxylic acids (succinic acid from aspartic acid, succinic, glutaric and adipic
acids from glutamic acid). The major volatile products (besides the aldehydes) are lower carboxylic acids (acetic acid from
aspartic acid and propionic acid acid from glutamic acid) that can at least partly arise by radical reactions. In both quality and
guantity terms, a higher amount of degradation products arises by oxidation of amino acids by peroxodisul phate.
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The reaction of an o.-amino acid with an oxidation re-
agent to give carbon dioxide and an aldehyde containing
one carbon atom less is known as Strecker degradation
(SCHONBERG et al. 1948). A number of chemical reagents
have been recognised as having the power to cause such
oxidative decarboxylation of amino acids. The reactions
between amino acids and o.-dicarbonyl compounds are of
special importance. They involve transaminations and
yield carbon dioxide, al dehyde and aminocarbonyls. The
aldehydes formed, often called Strecker aldehydes, can
act asfood odourants per se. The aminocarbonylsformed
can yield pyrazine derivatives known as important fla-
vour-active constituents of many processed foods. Mech-
anisms of these reactions have been recently described
(BELITZ & GROSCH 1999; ADAMIEC et al. 20014, b).

When amino acids with functional groups in the side
chain areinvolvedinthe Strecker degradation, even more
complex reactions are possible. Such amino acids are as-
partic (Asp) and glutamic (Glu) acids and their amides

asparagine (Asn) and glutamine (GIn). The Strecker deg-
radation of Asp theoretically leadsto 3-oxopropionic acid
(malonic semialdehyde). This Strecker al dehyde has been
identified asaproduct of Asp oxidation with N-bromoac-
etamide (BISHNOI & BANERJ 1985; REDDY et al. 1990),
chloramine T (GOWDA & RAO 1987) and potassium per-
oxodisulphate (SRIVASTAVA & MATHUR 1982). On the
other hand, the action of methylglyoxal on Asp resulted
in the formation of acetaldehyde, which arises by decar-
boxylation of 3-oxopropionic acid (SCHONBERG & MOU-
BACHER 1952). Analogously, the Strecker degradation of
Glu leads to 4-oxabutyric acid (succinic semialdehyde),
which wasfound to be aproduct of Glu oxidation by isat-
in (indole-2,3-dione) (SCHONBERG & MOUBACHER
1952), sodium hypochlorite (FRIEDMAN & MORGULIS
1936) or sodium hypobromite (FOX & BULLOCK 1951),
N-bromoacetamide (REDDY et al. 1990) and potassium
peroxodisulphate (SRIVASTAVA & MATHUR 1982).

This work was supported by the research project CEZ: J19/98:223300004 granted by the Ministry of Education, Youth and Sports

of the Czech Republic.

41



\Vol. 19, No. 2: 41-45

Czech J. Food i

It is well known that Asp also behaves as a 3-amino
acid. It can eliminate anmonia and yield fumaric acid
(BELITZ & GROSCH 1999). Similarly, Glu behaves as a
y-amino acid as it readily forms 5-oxopyrrolidine carb-
oxylic (pyroglutamic) acid upon heating. Under roasting
conditions where radical reaction mechanisms can pre-
dominate, Asp and Asn yield various pyrrole-2,5-diones
(WILKEN & BALTES 1990). Asp givesriseto maleimide
(pyrrole-2,5-dione) as the major component. A pathway
for the formation of this compound may be maleic acid
formed from Asp by the loss of anmmonia, which subse-
quently reactswith carboxyl groups of dicarboxylic acid,
yielding the imide. Substituted pyrrole-2,5-diones (3-
methyl and 3,4-dimethyl) were minor products. Asnyields
predominantly 3-methyl- and 3,4-dimethyl-pyrrole-2,5-di-
ones, whereas the concentration of succinimide (pyrroli-
dine-2,5-dione) is low. It is suggested that pyrrole-2,5-
diones arise by aradical methyl group transfer to either
maleimide or succinimide.

This study was undertaken asapart of theinvestigation
of beer changes due to oxidation during pasteurization
and storage which is followed by a decomposition of
amino acids and other compounds. Glutamin is a very
labileamino acid. It was even used as an indicator of beer
staling (HILL et al. 1998). The aim was to identify the
compounds arising during Strecker degradation of Asp
and Glu, their amides Asn and GIn, and to show the im-
portance of radical reactions in the pathways leading to
these products.

MATERIAL AND METHODS

Chemicals: Aspartic acid (L-isomer), glyoxalhydrate
trimer and 4-oxobutanoic acid (Sigma Chemical Compa-
ny, St. Louis, USA), L-asparagine monohydrate, L-glu-
tamine (Aldrich, Steinheim, Germany), L-glutamic, acetic,
propionic, butanoic, 2-methyl butanoic, pentanoic (Lachema,
Brno, Czech Republic), 2-oxobutyric acid and oxalacetic
acid (Merck, Darmstadt, Germany) were commercial prod-
ucts. Potassium peroxodisulphate (K,S,0,), hydroxyl-
amine.HCI and other compounds were obtained from
Lachema (Brno, Czech Republic). Diazomethane solu-
tion in diethyl ether was prepared from p-tol uenesul pho-
nyl-N-methylnitrosamide (Aldrich, Steinheim, Germany).
Solvent grade diethyl ether, pyridine, hexamethyldisila-
zane and trimethylchlorosilane were purchased from
Merck (Darmstadt, Germany).

Oxidative Decarboxylation of Amino Acids. Amino
acid (5 mmol) and potassium peroxodisul phate or glyox-
a (5 mmol) were dissolved in 500 ml water and the mix-
ture was heated in the Likens-Nickerson apparatus and
extracted with 100 ml of diethyl ether for 1 h. The sol-
vent was dried over anhydrous sodium sul phate, concen-
trated to 500 pl using a Snyder column and agentle stream
of nitrogen and analysed by GC/FID and GC/MS meth-
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od. The agueous phase was re-extracted with one 50 ml a
two 25 ml portions of diethyl ether and the combined ex-
tractswere treated as described above. An aliquot (usual-
ly 1 ml) of the aqueous phase was evaporated in avacuum
evaporator, the residue was derivatised with diazomethane
solution in diethy! ether, concentrated to 100 pl and anal-
ysed by GC/FID and GC/MS.

Oxoacids: Using another aliquot of the evaporated aque-
ous phase, 10 mg of hydroxylamine.HCl and 1 ml of dry
pyridine were added and the mixture was let to stand for
10 min at room temperature. Then 0.1 ml of hexamethyl-
disilazane and 0.1 ml of trimethylchlorosilane were add-
ed and 1 pl of the solution was analysed by GC/FID and
GC/MS after 5 min of standing at room temperature.

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
capillary column (HP-Inowax, 30 m x 0.25 mmii.d., film
thickness: 0.25 pm) was used in this study. The GC oven
was temperature programmed from 60 to 220°C at arate
of 5°C/min, the injector and detector temperatures were
held at 220 and 250°C, respectively. The carrier gas (N.,)
flow rate was 1 ml/min. The sample (1 pl) was injected
using asplit ratio of 1:10. Duplicate analyses of samples
were done.

GCretentionindices(relativeretentionindex, R.1.) were
determined internally with aseries of n-alkanes (VAN DEN
DooL & KRATZ 1963). The GC conditionswerethe same
as described above.

A H/P Model G1800A apparatus equipped with the
same column operating under conditions described above
was used for GC/M S analysis. Carrier gas (He) flow rate
was 0.7 ml/min. Mass spectra were obtained by EIl ion-
ization at 70 eV. The ion source temperature was main-
tained at 250°C. The NIST/EPA/NIK 75k Mass Spectral
Database (Hewlett-Packard) enabled the tentative identi-
fication of analysed compounds.

RESULTS AND DISCUSSION

The oxidative decarboxylation of amino acids in this
study was induced by a free radical initiator, potassium
peroxodisulphate, or achieved by glyoxal, a representa-
tive of a-dicarbonyl compounds (ADAMIEC et al. 20013,
b). Under the reaction conditions employed, the decom-
posed amount of Asp ranged from 53 to 64% and that of
Asn from 40 to 46%. Similar results were achieved with
Glu (52-67%) and its amide Gln (37-62%) (Table 1).

Major pathways of Asp transformation are outlined in
Fig. 1. The intermediate oxalacetic acid can yield either
pyruvic or 3-oxopropionic acid (the Strecker aldehyde)
by decarboxylation and fumaric acid by the elimination
of ammonia. Decarboxylation of pyruvic acid gives ace-
taldehyde. Acetaldehyde was identified as a product of
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Table 1. Decomposition of Asp, Asn, Glu and Gln by potassium peroxodisulphate or glyoxal

Concentration [mmol/l]

a)

System 1 2 Average Std. dev. Decomposed amount [%]
Asp/K,S,0q 4.7 4.6 4.7 0.1 53
Asp/glyoxal 3.6 3.5 3.6 0.1 64
Asn/K,S,0q 6.0 6.0 6.0 0.0 40
Asn/glyoxal 5.4 53 5.4 0.1 46
GIuw/K,S,0, 4.8 4.7 4.8 0.1 52
Glu/glyoxal 32 33 33 0.3 67
GIn/K,S,0q 3.8 3.7 3.8 0.1 62
Gln/glyoxal 6.3 6.2 6.3 0.1 37

) The starting concentration of all amino acids was 10.0 mmol/l

Asp, oxalacetic and pyruvic acids but not quantified. Anal-
ogous reactions catal ysed by enzymes occur during tran-
samination of Asp. Analysis of the keto acids arising by
the oxidation of Asp with peroxodisulphate revealed the
presence of only 0.006 mg of pyruvic acid and 0.010 mg
of 3-oxopropionic acid (malonic semialdehyde) and no
oxalacetic acid. The absence of oxalacetic acid in there-
action mixtureisnot surprising asit wasfound in another
experiment that thisacid istotally decomposed under the
reaction conditions employed. The oxidation of Asp by
glyoxal yielded 0.70 mg of pyruvic acid and 0.100 mg of
3-oxopropionic acid. Again, oxalacetic acid was not iden-
tified. In additionto these acids, traceamounts (< 0.005 mg)
of glyoxylic acid and ethylene glycol were found. These
compounds arise from glyoxal by oxidation and reduc-
tion reactions, respectively. Analogously, the only prod-
ucts identified in the reaction mixture GIu/K_S,0, were
the Strecker aldehyde 4-oxobutyric acid (succinic semi-
aldehyde) and 2-oxobutyric acid (Fig. 2). Theformer acid
wasfound in the concentration of 1 mg, thelatter was present
in atrace amount not exceeding 0.005 mg. The same two
acidswerealso found in Glu/glyoxal mixture (8.9 mgand

COOH
——> (=0 —> CH3;CH=0

COOH 120, COOH éH? '?02

CH-NH, ~—— (=0 —— pyruvic acid acetaldehyde
(‘sz - NH; (‘:H2 -CO, (EH:O
COOH COOH ——CH
Asp oxalacetic acid COOH

3-oxopropionic acid

l-NH3

COOH

cH

cH

COOH  fumaric acid

Fig. 1. Major pathways of Asp transformation

traces, resp.) and in mixtures comprising Asn and Glnin
levelssimilar to those given above. Propional dehyde was
another product identified but the intermediate o-keto-
glutaric acid was not identified.

Dicarboxylic and other nonvolatile acids were analy-
sed as methy! esters and the results obtained are summa-
rized in Table 2. As can be seen, fumaric acid arises as
themajor product from Aspin both systemsstudied. This
acid was accompanied by two other dicarboxylic acids,
i.e. maleic acid (an isomer of fumaric acid) and succinic
acid. The occurrence of succinic acid suggestsahomolytic
cleavage of Asp (or intermediates) and subsequent recom-
bination of so formed free radicals, as is schematically
shownin Fig. 3. Only traces of fumaric acid were detect-
ed in systems comprising Asn. Other nonvolatile prod-
ucts are probably formed from Asn as this compound is
in equilibrium with two other forms, i.e. isoasparagine
and 3-aminosuccinimide (SHU & LAWRENCE 1995). As
expected, Glu yielded its lactame, pyroglutamic acid as
the major product and the same compound also arised
from GIn. Succinic and adipic acids were found in rela-
tively high levels. Again, this finding suggests a radical

cooH
¢=0
COOH COOH CH, —— CHy—CH~CH=0
CH=NH, 10, (=0 CH, 'Coz. .
CH» — CH, 2-oxobutyric acid ~ propanal
I I
cH, - NH; e, -CO, cr=o0
COOH COOH CH
Glu  o-ketoglutaric acid ~ ¢Hs
COOH

l - NH;

4-oxobutyric acid

FRN

N” “coon
H pyroglutamic acid

Fig. 2. Major pathways of Glu transformation
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Table 2. Nonvolatile acids arising from Asp, Asn, Glu and Gln
oxidised by potassium peroxodisulphate or glyoxal

Table 3. Volatile products arising from Asp, Asn, Glu and Gln
oxidised by potassium peroxodisulphate or glyoxal

Acid”

COT.ICGZI)— < O o 5 o
tration g % § § ; é g

2 2 & © 2 2%
Asp/K,S,0,  2.93 0.86 053 nd. nd nd
Asp/glyoxal  0.67 0.27 0.13 nd. nd. nd
Asn/K,S,0;  traces nd. nd. nd  nd nd
Asn/K,S,0, traces nd. nd.  nd nd nd
Glw/K,S,0,  n.d. nd. 9.78 022 2.13 448
Glu/glyoxal  n.d. nd. 066 nd 022 23.15
GIn/K,S,0,  n.d. nd. 329 nd  1.62 20.00
Gln/glyoxal n.d. nd. 686 nd 191 19.78

¥ in mg arising from the amino acids present (5 mmol each), "n.d.
— not detected, traces < 0.005 mg

CH;—COOH
- CHy CH;—CH,~ COOH
products and + CH,~COOH .
intermediates . COOH CH,COOM
free radicals CH,~COOH

mechanism by which these acids arise, similar to that giv-
eninFig. 3.

Inall casesthe corresponding methyl esters of N-meth-
yl and N,N-dimethylamino acidswere the major constitu-
ents of the derivatised aqueous phase that arose by
methylation of the residual amino acidswith diazomethane
(LIEBICH & FORST 1985).

The volatile fraction obtained by simultaneous steam
distillation/solvent extraction of Asp/K,S,0, reaction mix-
ture contained acetic acid as the major volatile product
and smaller amounts of propionic and butyric acid (Tab-
le 3). Themajor portion of acetic acid arose by oxidation
of Aspby K,S,O,, neverthelessonly 0.50 mg (0.008 mmol)
were formed from 5 mmol of Asp. Acetic acid was the
only volatile product found in the Asp/glyoxal reaction
mixture and in systems comprising Asn. The same vola-
tiles (acetic, propionic and butyric acids) were isolated
from GIuWK,S,0,. Propionic acid was the magjor volatile
acid. Most of it arose from Gln oxidised by K_S,O,. Only
1.34 mg (0.018 mmol) of this acid arose from 5 mmol of
GIn. Valeric and 2-methylbutyric acids were the newly
identified compounds. The latter acid was only formed
by reactions of Glu and GInwithK_S,0, at about the same
concentrations as valeric acid. Acetic acid was the only
volatile product found in the Glu/glyoxal and Gln/glyox-
al reaction mixtures. In addition to the compounds listed
in Table 3, pyrazin, 3-furancarbaldehyde and 5-meth-
yl-2-furancarbal dehyde, which undoubtedly arose from

Concen- Acid

tration® Acetic  Propionic  Butyric  Valeric
Asp/K,S,0q 0.495 0.015 <0.010 n.d.
Asp/glyoxal 0.013 n.d. n.d. n.d.
Asn/K,S,0q 0.021 n.d. n.d. n.d.
Asn/K,S,0q 0.010 n.d. n.d. n.d.
GIu/K,S,0q 0.032 0.550 0.013 0,018
Glu/glyoxal 0.032 n.d. n.d. n.d.
GIn/K,S,0q 0.035 1.341 0.015 0.100
Gln/glyoxal 0.010 n.d. n.d. n.d.

3in mg arising from the amino acids present (5 mmol each), n.d.
— not detected

Fig. 3. Products arising from Asp by
radical reactions

acetic acid
propionic acid

CH;~CH,~CH,~COOH  butyric acid

succinic acid

glyoxal (ADAMIEC et al. 20013, b), were the minor con-
stituents of the volatile fraction.

However, the amount of acids arising as products of
decomposition of the amino acids studied was relatively
low. For example, the amount of volatile acids arising in
the Asp/K,S,0, system (from 5 mmol of Asp, 665 mg)
totals only 0.5 mg and the amount of the nonvolatile ac-
ids 4.3 mg, which corresponds to 0.7 % of Asp decom-
posed. Similarly, thetotal amount of volatile acidsarising
inthe GIU/K,S,0O, system (from 5 mmol of Glu, 735 mg)
is 0.6 mg and the total amount of the nonvolatile acidsis
16.6 mg, which correspondsto 2.3% of Asp decomposed.

CONCLUSIONS

It was found that dicarboxylic amino acids Asp, Glu
and their amides decompose by reactions with peroxo-
disulphate or glyoxal. They are not only decomposed by
Strecker degradation but also by other pathways. The
major reaction products are keto acidsincluding Strecker
aldehydes, dicarboxylic acidsand lower fatty acids. Some
of these products may arise by reactionsinvolving recom-
bination of freeradicals.

Abbreviations

Asp L-aspartic acid
Glu L-glutamic acid
Asn L-asparagine
Gln L-glutamine
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Souhrn

ROSSNER J., VELISEK J., PUDIL F., DAVIDEK J. (2001): Produkty Streckerovy degradace asparagové a glutamové kyseliny
a jejich amidu. Czech. J. Food Sci., 19: 41-45.

Asparagova a glutamova kyselina, asparagin a glutamin byly oxidovany peroxodisulfatem nebo glyoxalem. Netékavé reakéni
produkty po derivatizaci a t¢kavé produkty po izolaci byly analyzovany metodou GC/FID a GC/MS. Bylo prokazano, ze degrada¢ni
reakce studovanych aminokyselin jsou zna¢né komplexni. V zasad¢ se aminokyseliny rozkladaji pes odpovidajici o-ketokyseliny
na pfislu§né Streckerovy aldehydy (asparagova kyselina pfes oxaloctovou na 3-oxopropionovou kyselinu, glutamova kyselina
pres a-ketoglutarovou na 4-oxomaselnou kyselinu), které jsou nestalé a dekarboxyluji na pfislusné aldehydy. Asparagova kyselina
rovnéz eliminuje amoniak a poskytuje fumarovou kyselinu, zatimco glutamova kyselina cyklizuje na imin, pyroglutamovou
kyselinu. Rekombinace pfi reakci vzniklych volnych radikalt vede k dikarboxylovym kyselinam (ke kyselin€ jantarové z asparagové
a ke kyseling jantarové, glutarové a adipové z kyseliny glutamové). Hlavnimi tékavymi produkty rozkladu aminokyselin jsou
vedle aldehydu niz§i karboxylové kyseliny (octova z asparagové a propionova z glutamové kyseliny), které mohou ¢asteéné
vznikat rovnéz radikalovymi reakcemi. Kvalitativné i kvantitativné poskytuji vice reakacnich produkti oxidace aminokyselin
peroxodisulfatem.

Klic¢ova slova: Streckerova degradace; Streckerovy aldehydy; aminokyseliny; glyoxal; peroxodisulfat sodny; asparagova kyselina;
glutamova kyselina; asparagin; glutamin; radikaly
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