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Abstract Free L- and p-amino acids were determined by
chiral GC-MS in 26 wines, comprising white wines, red
wines, ice wines and sparkling wines. The aim of the work
was to investigate whether quantities and pattern of b-amino
acids, in particular p-proline, correlate with the storage time
of bottled wines. The relative quantities with respect to the
corresponding L-enantiomer ranged in white wines from 0.4
to 3.9% p-Ala, 0.9-8.3% p-Asx, and 0.5-8.9% p-GlIx, in red
wines from 2.9 to 10.6% p-Ala, 2.2—-10.9% p-Asx, and 3.9—
7.4% p-Glx, and in sparkling wines from 2.2 to 9.8% p-Ala,
2.1-4.4% p-Asx and 1.3-6.1% p-Glx. Low relative quanti-
ties of 0.3-0.7% p-Pro were detected in three white wines
stored for more than 20 years and did not exceed 0.2% p-Pro
in two red wines stored for 10 and 20 years, respectively. An
ice wine stored for 24 years contained 0.9% p-Pro, 6.4%
D-Glx, 3.0% p-Asp and 1.5% p-Ala. The data confirm the
presence of p-amino acids in wines. They do not provide
evidence for a correlation between the storage time of bottled
wines and quantities of p-amino acids.
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Introduction

Wines are defined as the alcoholic fermented juices or
musts of cultivars and crosses of the genus Vitis in the
botanical family Vitaceae. Grape juice is rich in glucose
and fructose as well as amino acids. Alcoholic fermentation
is performed traditionally by mixtures of yeasts growing
naturally on grapes or, nowadays preferably, by adding
selected strains of Saccharomyces cerevisiae to the grape
must after pasteurization. For their growth, i.e. formation
of biomass, the yeasts use amino acids as nitrogen sources
and convert the sugars into ethyl alcohol and carbon
dioxide. Amino acids are also important precursors of
flavor compounds and biogenic amines. Owing to their
abundance and importance, many attempts have been
undertaken to use the pattern of amino acids for identifi-
cation, classification and proof of authenticity of grape
juices and wines. Consequently, the majority of reports on
amino acids in wines deal with methods for their quanti-
tative analysis (Herbert et al. 2000; Hernandez-Orte et al.
2003; Moreno-Arribas et al. 1998).

Considerably few reports deal with the stereochemistry
of wine amino acids, i.e. the possible occurrence of the
mirror images of the common L-amino acids, namely D-
amino acids or p-enantiomers (Briickner and Hausch 1989;
Chaves das Neves and Noronha 1995; Calabrese et al.
1995; Kato et al. 1995; Briickner et al. 1995; Calabrese and
Stancher 1999; Jin et al. 1999; Tsunoda et al. 1999; Patzold
et al. 2003).

The finding that L-amino acids are subjects of a time-
dependent conversion into p-amino acids, a process called
enantiomerization, isomerization or racemization, attracted
much attention. Since racemization of bonded or free
amino acids under constant conditions is treated as first-
order Kinetics, bonded p-amino acids released on acidic
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hydrolysis are used for the age dating of fossilized and
recent organisms. This method is also referred to as amino
acid age dating. Amino acid racemization, however, is very
much dependent on temperature, pH and presence of cat-
alysts (Bada 1972; Bada and Schroder 1975).

Nevertheless, it was promising to correlate the kinds and
quantities of p-amino acids in foodstuffs with their age, in
particular when commercial value and sensory qualities are
correlated with age. This is the case, for example, for
various types of wine matured or stored for long periods of
time, traditional balsamic vinegar that is aged for decades
or certain hard cheeses ripened for several years (Briickner
and Hausch 1989, 1990; Palla et al. 1989; Marchelli et al.
1996). Consequently, the use of p-amino acids for assess-
ing the quality and genuineness of food and drinks together
with their nutritional and physiological relevance is a
matter of ongoing research (see the monograph of Konno
et al. 2007).

The chemistry of ripening and formation of p-amino acids
in foodstuffs, however, is complex. In particular, it had been
realized that microbial fermented foods are rich in p-amino
acids owing to the presence of bacteria and their racemases
(Briickner et al. 1993; Friedman 1999). Furthermore, it has
been recognized that p-amino acids are formed in the course
of the Maillard reaction, i.e. reaction of reducing sugars and
amino compounds such as amino acids (Erbe and Briickner
1998; Briickner et al. 2001; Pitzold and Briickner 20064, b,
2007; Kim and Lee 2008; 2009).

It had been proposed that quantities of p-Pro in typical
Italian table wines stored for extended periods of time are
suitable markers for age dating (Calabrese and Stancher
1999). We had analyzed a large number of fortified (des-
sert) wines and found an abundance of p-amino acids, but
no or less than 1% of p-Pro (Pitzold et al. 2003). To clear
this discrepancy, we investigated bottled table wines stored
for up to 36 years. The main focus was laid on p-amino
acids in German white wines, but several red wines from
Spain and France and sparkling wines were also analyzed.

Materials and methods

For enantioselective separations and quantification of
amino acids, a fused silica capillary column Chirasil®-L-
Val together with a GC-MS instrument as described pre-
viously were used (Ali et al. 2006; Pitzold and Briickner
2006a, b).

Relative amounts of p-amino acids were calculated
according to the Eq. 1

%b = 1004,/ (A, +A,) (1)

where %bp is the relative amount of the p-amino acid to
be determined, and A, and A, are the peak areas (ion
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abundances) of the D- or L-enantiomer, respectively,
determined by GC-SIM-MS. For quantification of amino
acids, response factors in a standard mixture were determined
in relation to the internal standard (IS) L-Nle (norleucine)
(Erbe and Briickner 1998). Equimolar amounts of amino acids
of the standard mixture, including L-Nle, were injected into the
GC-MS system. Response factors were calculated according
to Eq. 2

fr =Aian/Ars (2)

where fr is the response factor of the amino acid to be
determined, A, an the peak area of amino acid to be
determined, and A;g the peak area of the IS obtained from
the standard amino acid mixture. Amino acids in samples
were quantified according to the Eq. 3

cian = 1/frx(Aian/Ass)x cis, 3)
which is equal to
cian = (cis/fr)x(Aiaa/Als)

where ¢, aa 1S the amount of L-amino acid, f; the response
factor, A, oa the peak area of the L-amino acid in the
sample, Ajs the peak area of the IS added to the sample,
and cis the amount of the IS added to the sample. Note that
the parantheses in Eq. 3 in previous reports have not been
placed correctly (Ali et al. 2006; Pitzold and Briickner
2005a, 2006a) but computations were performed according
to Eq. 3 above.

If required, from the relative quantities of p-amino acids
(%p) and the quantities of L-amino acids ¢, 44 presented in
Tables 2, 3 and 4, the absolute quantities of p-amino acid
cpana can be calculated according to Eq. 4.

CpAA = CLAA(%D)/(l()O - %D) (4)

Treatment of wine samples

To aliquots of wines (5 mL) the internal standard rL-Nle
(100 pL of a 10 mM solution in 0.01 M HCl) was added.
Samples were adjusted to pH 2.3 by the addition of 0.1 M
HCI and slowly passed through Pasteur pipettes equipped
with plugs of glass wool and filled with Dowex 50 W X 8
ion exchanger (H"-form; bed volume 0.5 x 3.5 cm). AAs
were eluted with 4 M aqueous NHj3 and converted into
N (O)-pentafluoropropionyl 2-propyl esters as described
previously (Ali et al. 2006; Pétzold and Briickner 2005a, b,
20064, b).

Sources and storage of wine

Bottled wines were commercial products; names, vintages
and analytical data of the wines are compiled in Table 1.
Wines were analyzed in 2003. Bottles were corked and
stored horizontally in the cellar of the senior author at an
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average temperature of about 15°C. Even the old wines did
not show any turbidity and were still palatable. Contents of
alcohol (% by volume) are given as indicated on bottle
labels. The pH was measured using a calibrated glass
electrode and quantities of glucose (Glc) and fructose (Fru)
were determined photometrically using an enzyme assay
(catalog n0.0716260; R-Biopharm, Darmstadt, Germany).

Results

The wines compiled in Table 1 are characterized with
regard to type, geographic and regional origin, vintage,
contents of ethyl alcohol (EtOH), measured pH and con-
tents of glucose and fructose. Contents of EtOH ranged

Table 1 Characterization of wines

from 7.5 to 14.0% by volume and the pH ranged from 2.64
to 4.10. The quantities of reducing sugars in wines aged
up to 10 years ranged from 0.8 to 10.4 g L™' Glc and
1.0-13.0 g L™ Fru. Quantities of Glc and Fru were larger
in sparkling wine, approaching 154 gL' Glc and
17.7 ¢ L™" Fru in French sparkling wine no. 23 (see
“Discussion”). Total quantities of L-amino acids (including
non-chiral Gly and the typical plant amino acid GABA)
and relative quantities of the corresponding p-amino acids
determined by GC-SIM-MS are presented in Tables 2, 3
and 4. Representative chromatograms of wines aged for
19 years (no. 20) and 36 years (no. 16) are shown in Fig. 1.

Among L-amino acids, Pro is the most abundant in wines
(0.49-2.00 g L") followed by r-Ala (0.01-0.39 g L™"),
Glx (0.05-0.48 g L") and Asx (0.01-0.28 g L™"). Lower

No* Vintage  Alcohol  pH Glc Fru
(% vol) gL' gL™!
1 Spétleseb, Rheinhessen, ‘Erben’, Germany 2003 10.0 3.10 9.1 12.5
2 Riesling, Qualititswein, Mosel-Saar-Ruwer, ‘Erben’, Germany 2003 11.0 2.80 8.6 11.2
3 Riesling, Qualititswein, ‘Griines Land’, Germany 2003 11.5 2.70 7.3 11.2
4 Riesling, Kabinett, Mosel-Saar-Ruwer, ‘Kliisserather Bruderschaft’, Germany 2003 10.5 2.83 5.6 6.5
5 Riesling, Spatlese, Mosel-Saar-Ruwer, ‘Bernkastler Kurfiirstlay’, Germany 2002 8.0 2.74 7.7 8.3
6 Riesling, Qualititswein, Mosel-Saar-Ruwer, ‘Bernkastler Kurfiirstlay’, Germany 2001 9.0 3.10 3.0 3.7
7 Miiller-Thurgau, Qualititswein, Mosel-Saar-Ruwer, ‘Moselland Akzente’, Germany 2001 9.5 3.17 2.6 5.1
8 Riesling, Spitlese, ‘Erdener Treppchen’, Germany 2000 7.5 3.16 2.6 2.8
9 Riesling, Kabinett, ‘Zeltinger Himmelreich’, Germany 1999 8.5 2.64 0.8 1.0
10 Riesling, Spitlese, ‘Reiler Goldlay’, Germany 1997 11.0 3.10 0.9 2.8
11 Riesling, Kabinett, ‘Bopparder Hamm-Ohlenberg’, Germany 1986 12.0 3.31 0.8 1.0
12 Riesling, Spitlese, ‘Reiler vom heiflen Stein’, Germany 1983 9.0 333 1.1 1.9
13 Kerner, Spitlese, Rheinhessen, ‘Sprendlinger Holle’, Germany 1981 8.5 3.47 0.4 0.5
14 Silvaner, Kabinett, ‘Birkweiler Kastanienbusch’, Germany 1981 9.5 3.41 1.0 0.6
15 Ruldnder, Baden, ‘Leiselheimer Vulkanfelsen’, Germany 1979 9.0 4.10 0.5 0.1
16 Beerenauslese, ‘Erdener Treppchen’, Germany 1967 8.5 3.70 0.2 0.3
17 Tempranillo, Cabernet Sauvignon, ‘Osborne Solaz’, Spain 2001 13.0 335 104 13.0
18 ‘Chateau Smith Haut Lafitte’, France 1994 - 3.60 1.8 2.3
19 Tempranillo, Cabernet Sauvignon, Grand Reserva ‘Tarragona’, Spain 1994 14.0 3.63 0.4 1.0
20 ‘Caves de Sarragan’, AOC, France 1984 13.0 3.80 0.2 0.3
21 Eiswein, Silvaner, Riesling, Rheinhessen, ‘Mainzer Domherr’, Germany 2001 7.5 3.44 99 10.2
22 Eiswein, Riesling, Wiirttemberg, ‘Reiner Altenberg’, Germany 1979 - 3.50 2.6 2.8
23 ‘Napoleon, blanc de blanc’, France 2002 10.5 3.00 154 17.7
24 ‘Napoleon, muscat rosé’, France 2001 11.0 3.20 12.9 14.4
25 ‘Kupferberg Gold’, Germany 2002 11.0 271 125 15.3
26 ‘Henkel Trocken’, Germany 2002 11.5 267 117 13.0

% Wines were analyzed in 2003; nos. 1-16 represent white wines; nos. 17-20 red wines; nos. 21 and 22 ice wines and nos. 23-26; sparkling

wines;— not given

® German quality wines are classified as table wines (Tafelwein), quality wines with vintage (with all the required characteristics of the growing
region), and special high-quality wines, denoted according to increasing quality as Kabinett, Spitlese, Auslese, Beerenauslese and for the top
quality as Trockenbeerenauslese. Eisweine (ice wines) are prepared from frozen grapes harvested at a temperature below —7°C. The sparkling
wines are produced by the tank fermentation process, where a second fermentation of base wines is carried out with the addition of sugar and

yeast at a pressure of about 7 bars over a 3—4-week period
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Table 2 Quantities of amino acids (L) (mg Lfl) and relative amounts (D) (%) in white wines (nos. 1-16)

1 2 3 4 5 6 7 8

L % D L %D L % D L %D L %D L %D L % D L % D
Ala® 134 2.9 30.4 1.6 88.0 1.9 94.1 0.5 132 0.4 39.1 0.5 142 0.7 722 24
Val 38.1 0.0 2.4 0.0 272 0.0 195 0.0 59.0 0.0 14.1 0.0 328 0.0 27.8 0.0
Thr 726 0.0 4.7 0.0 40.1 0.0 170 0.0 743 0.0 31.6 0.0 41.0 0.0 28.1 0.0
Gly® 533 - 9.3 - 50.7 - 275 - 59.1 - 352 - 246 - 85.6 -
Tle 1.0 0.0 1.1 0.0 224 0.0 158 0.0 39.8 0.0 27.5 0.0 226 0.0 178 0.0
Pro 890 0.0 489 0.0 904 0.0 914 0.0 701 0.0 1,269 0.0 631 0.0 967 0.2
Leu 9.6 0.0 1.0 0.0 144 0.0 9.1 0.0 16.7 0.0 14.2 0.0 8.9 0.0 9.3 0.0
Ser 223 0.0 24 0.0 18.6 0.0 44 0.0 23.1 0.0 15.6 0.0 6.3 0.0 11.0 0.0
GABA" 232 - 2.7 - 654 - 170 - 9223 - 170.1 - 194 - 10.1 -
Asx 120 1.0 120 5.8 122 1.4 64.6 1.9 109 0.9 239 1.2 28.8 1.1 87.5 2.2
Met 120 0.0 2.0 0.0 152 0.0 7.0 0.0 128 0.0 26.1 0.0 3.0 0.0 6.2 0.0
Phe 53.7 0.0 6.2 0.0 57.1 0.0 33.6 0.0 834 0.0 129 0.3 21.1 0.0 462 0.0
Glx 166 1.5 252 3.1 142 8.9 68.5 4.3 134 0.5 304 1.2 24.5 1.6 114 1.6
Tyr 71.1 0.0 7.1 0.0 514 0.0 19.7 0.0 65.0 0.0 67.3 0.0 54 0.0 36.1 0.0
Orn 973 0.0 24 0.0 447 0.0 35 0.0 340 0.0 33.0 0.3 2.8 0.0 4.2 0.0
Lys 752 00 4.0 0.0 91.8 0.0 272 00 63.8 0.0 112 0.9 3.5 0.0 118 0.0

9 10 11 12 13 14 15 16

L % D L % D L % D L %D L % D L %D L % D L % D
Ala® 11.7 33 46.2 3.9 337 0.6 87.0 0.5 318 0.7 119 1.0 232 39 61.3 2.1
Val 3.1 0.0 13.6 0.0 547 0.0 24.2 0.0 143 0.0 38.0 0.0 343 0.0 33.6 0.0
Thr 22 0.0 17.4 0.0 199 0.0 60.0 0.0 256 0.0 54.5 0.0 48.1 0.0 40.5 0.0
Gly® 17.3 - 35.8 - 129 - 43.4 - 14.0 - 67.2 - 74.1 - 64.2 -
Tle 2.8 0.0 15.7 0.0 347 0.0 25.1 0.0 109 0.0 26.3 0.0 246 0.0 27.0 0.0
Pro 1,237 0.2 1,017 0.2 928 0.1 1,595 0.2 1,732 0.2 1,019 03 1,745 03 1,308 0.7
Leu 1.7 0.0 10.0 0.0 20.1 0.0 5.5 0.0 0.0 0.0 65.0 0.0 142 0.0 59.0 0.0
Ser 6.1 0.0 8.1 0.0 393 0.0 140 0.7 364 0.0 19.1 11.5 828 0.0 8.4 0.0
GABA® 25 - 62.6 - 0.0 - 169 - 0.0 - 77.6 - 0.0 - 64.2 -
Asx 69.3 8.3 120 33 725 39 191 2.7 633 2.1 127 25 262 3.8 94.0 2.1
Met 6.6 0.0 19.2 0.0 263 0.0 22.8 0.0 61.5 0.0 20.6 0.0 129 0.0 16.1 0.0
Phe 39.0 43 101 2.0 88.7 14 105 0.2 343 1.0 58.0 0.2 458 0.6 56.4 0.5
Glx 113 3.8 123 4.3 419 1.1 200 0.7 573 0.9 123 0.8 732 3.1 94.0 2.1
Tyr 20.4 0.0 57.0 0.0 139 0.0 96.1 0.0 273 0.0 60.7 0.0 39.0 0.0 88.0 0.0
Orn 43 0.0 21.5 0.0 66.6 3.6 28.0 1.8 154 0.7 30.0 1.3 199 1.8 8.4 0.0
Lys 28.2 0.0 80.6 2.1 117 0.0 146 0.7 368 0.3 92.9 03 275 1.9 68.0 0.3

* Amino acids in Tables 2, 3 and 4 are listed according to their order of elution from the GC column

® Non-chiral amino acids: data presented in the tables are the average of two sample workups and the two injections. Detection limit about 0.05—

0.1% p-enantiomer

quantities of other L-amino acids are also detected
(Tables 2, 3, 4). The data on quantities of amino acids in
wines agree with those reported in the literature, with the
restriction that Arg, representing together with Pro a major
amino acid, could not be determined in this study. With
regard to the aim of the work, emphasis in the following
was made on the relative quantities of p-amino acids in
relation to bottling (storage) age and type of the wines.
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Analyses of white wines (nos. 1-16) are presented in
Table 2. Despite the fact that L-Pro is the most abundant
amino acid in wines, no D-Pro was detected in white wines
nos. 1-7. In wines nos. 8-15, relative quantities did not
exceed 0.3%, and in wine no. 16 quantities of just 0.7%
D-Pro could be detected. The GC-SIM-MS of this wine
(no. 16) stored for 36 years is presented in Fig. la. The
insert shows the section of a chromatogram resulting from
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Table 3 Quantities of amino acids (L; mg Lfl) and relative amounts (D; %) in red wines (nos. 17-20) and ice wines (nos. 21-22)

17 18 19 20 21 22

L % D L % D L % D L % D L % D L % D
Ala® 150 2.9 213 55 185 54 161 10.6 369 1.1 390 1.5
Val 9.5 0.0 28.1 0.0 34.0 0.0 50.0 0.0 156 0.0 190 0.0
Thr 232 0.0 48.3 0.0 20.0 0.0 48.1 0.0 139 0.0 180 0.0
Gly® 61.1 - 106 - 90.7 - 140 - 98.3 - 144 -
Ile 54 0.0 24.6 0.0 27.0 0.0 28.4 0.0 88.1 0.0 134 0.0
Pro 1,605 0.1 1,515 0.1 1,689 0.2 1,533 0.2 680 0.1 1,084 0.9
Leu 6.2 0.0 49.1 0.0 91.6 0.0 54.1 0.0 28.5 0.0 66.1 0.0
Ser 8.1 0.0 17.7 0.0 0.0 0.0 22.8 0.0 28.4 0.0 121 0.0
GABA® 166 - 70.0 - 101 - 72.3 - 154 - 356 -
Asx 89.0 2.6 84.2 7.7 276 2.2 110 10.9 78.3 0.9 190 3.0
Met 12.0 0.0 9.0 0.0 21.5 0.0 10.3 0.0 14.0 0.0 33.0 0.0
Phe 322 0.9 424 0.2 128 0.5 36.7 1.0 69.1 0.0 182 1.3
Glx 135 39 130 4.6 475 5.0 135 7.4 84.0 1.4 199 6.4
Tyr 15.5 0.0 61.2 0.0 51.5 0.0 46.4 0.0 21.7 0.0 137 0.0
Orn 45.1 1.4 68.7 1.5 95.2 1.8 4.2 7.1 12.9 0.0 70.5 2.8
Lys 38.9 0.0 87.4 0.0 319 0.6 60.0 0.5 6.5 0.0 72.0 0.6

Table 4 Quantities of amino acids (L) (mg Lfl) and relative amounts
(D) (%) in sparkling wines (nos. 23-26)

23 24 25 26

L %D L %D L % D L % D

Ala® 102 9.8 445 9.0 107 54 648 22

Val 23 00 63 00 392 00 190 00
Thr 50 00 72 00 319 00 234 00
Gly* 251 - 404 - 803 - 845 -
Tle 49 00 33 00 118 00 90 00
Pro 1203 00 2000 0.1 1906 0.1 1245 0.1
Leu 3200 13 00 153 00 47 00
Ser 00 00 35 00 00 00 126 00
GABA® 462 - 424 - 874 - 874 -

Asx 914 44 275 44 964 23 723 2.1
Met 5.1 00 15 00 84 00 75 0.0

Phe 343 03 70 14 516 00 315 0.0
Glx 108 6.1 494 6.1 931 22 176 1.3
Tyr 203 00 231 00 681 00 655 00
Orn 550 1.8 684 15 441 25 384 00
Lys 834 16 266 1.1 8.1 00 802 05

an about 30-fold dilution of derivatized analytes in order to
quantify Pro enantiomers.

Analyses of red wines and ice wines are presented in
Table 3. In red wines, relative quantities of p-Pro (0.1-
0.2%), p-Ala (2.9-10.6%), p-Asx (2.0-10.9%), and p-Glx
(3.9-7.4%) could be determined. The GC-SIM-MS of the
French red wine no. 20, stored for 19 years, is shown

in Fig. 1b. The insert shows the section of a chromatogram
resulting from the analysis of a sample diluted about 30-
fold in order to calculate the relative quantities of p-Pro.

Among the two ice wines investigated, the wine stored
for 24 years (no. 22) contained relative quantities of 0.9%
D-Pro, 1.5% p-Ala, 3.0% D-Asx and 6.4% p-Glx together
with a few other p-amino acids. Just 0.1% D-Pro was
detected in the ice wine no. 21 stored for 2 years, together
with a few other p-amino acids in the low percentage
range. Data of sparkling wines (nos. 24-26) are compiled
in Table 4. No or 0.1% p-Pro was detected together with
p-Ala (2.2-9.8%), p-Asx (2.1-4.4%), and p-Glx (1.3-6.1%)
and low amounts of a few other p-amino acids. Quantities
of L-amino acids were much lower in sparkling wines in
comparison to white and red table wines.

Discussion

Chiral analyses of white and red wines, special ice wines
and sparkling wines were performed with the aim of
determining whether or not there was a correlation between
the type of wine and storage time following the bottling of
wine. The period prior to bottling of wine is named mat-
uration and the storage time following bottling is called
aging. Comparatively few reports deal with the enantio-
selective analysis of wine amino acids. Chaves das Neves
and Noronha (1995) investigated elementary (base) wines
made from the Portuguese grape cultivar ‘Roupeiro’ under
controlled conditions. The authors determined the ratio of
amino acid enantiomers using GC on Chirasil®-L-Val.

@ Springer
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After 1 year of maturation in large storage containers made
of concrete, the wines were bottled and analyzed regularly
for an aging period of 11 years. Amounts of >60% Dp-Ala
were already detected in wines aged only a few years,
together with >20% of the p-enantiomers of Val, Leu, Ser,
Asx, Met, Phe and GIx. Notably, no p-Pro was detected.
Those authors state that it was not possible to correlate
bottling age and quantities of p-amino acids. Calabrese
et al. (1995) determined the quantities of L- and p-Pro in 23
well-characterized Italian red and 7 white wines using
HPLC following pre-column derivatization with chiral

@ Springer

Marfey’s reagent (for a review of the popular methods see
Bhushan and Briickner 2004). The authors reported that
young wines up to 2 years did not contain detectable
amounts of D-Pro, but wines of 2—5 years of age had about
0.2% b-Pro. Quantities of p-Pro in older wines increased
and amounted to about 15% p-Pro in a red wine aged for
15 years. Kato et al. (1995) investigated several white, red
and rosé wines for the presence of p-amino acids by chiral
phase HPLC using pre-column derivatization with 4-flu-
oro-7-nitro-2,1,3-benzoxadiazole. The authors detected the
presence of D-Ala in all wines and of p-Leu and p-Ile in
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certain wines amounting to 25.5, 7.5 and 5.0%, respec-
tively. They did not report on the detection of p-Pro. Using
capillary electrophoresis together with chiral cyclodextrin
additives, Tsunoda et al. (1999) determined 2.19% p-Asp
in a red wine and 3.21% D-Asp in a white wine. Using a
fluorescent chiral derivatizing reagent and HPLC, Jin et al.
(1999) determined 4.0% p-Ala and 10.1% p-Glu in a wine
sample, but no p-Pro was detected. The latter authors
focused on the analytical methodology of amino acid
enantioseparation. Consequently, the wines were not further
characterized.

In a continuing work Calabrese and Stancher (1999)
studied again the isomerization of Pro in Italian ‘Merlot’
and ‘Cabernet’ wines using Marfey’s reagent and found an
increase of the p/L ratio of Pro with bottling age. From the
data, they deduced a first-order kinetic process considering
an aging period of about 10 years and postulated an
increasingly overlaying microbial (enzymatic) activity in
bottled wines aged for more than 10 years.

In a previous work, we had found that in particular
fortified wines (desert or liquor wines) such as sherry, port,
Madeira or marsala contain high relative amounts of
p-amino acids (Pitzold et al. 2003). However, no p-Pro or
quantities exceeding 0.8% could be detected in 23 sherry
wines. In the work presented here, white and red table
wines of known bottling age were analyzed. For compari-
son two special ice wines and four sparkling wines were
also analyzed. In French sparkling wines, p-Ala approa-
ched 9.0 and 10.2%, respectively. Low amounts of other
D-amino acids were also detected but quantities of p-Pro
did not exceed 0.1%. In the ice wine stored for 24 years
0.9% p-Pro was detected and in the ice wine stored for 3 years,
only 0.1% p-Pro. No or low amounts of other b-amino acids
were found in these wines.

In summary, from the data of wines compiled in
Table 1, no correlation between storage time of bottled
wines and relative quantities of p-amino acids presented
in Tables 2, 3 and 4 could be deduced. In particular, the
quantities of pD-Pro do not correlate with the age of the
wines. Thus, it appears that the origin and composition
of grapes, specific vinification procedures and individual

treatments and processing of grape musts are responsi-
ble for the p-amino acids detectable in the resulting wines.
Bacteria are commonly present in musts and consequently
are integrated in the winemaking process. Therefore,
p-amino acids will be formed inevitably. This has been
shown for e.g., lactobacilli and for the malolactic fer-
menting Leuconostoc oenos in wine (Briickner et al. 1993).
Further, it should be stressed that amino acids are impor-
tant nitrogen sources for the growth of yeasts that are
responsible for the alcoholic fermentation of grape must.
Consequently, the quantities of amino acids decrease on
fermentation. It was reported that strains of yeasts involved

in winemaking such as S. cerevisiae and S. uvarum or
Metschnikowia kamienski metabolize L-amino acids, but
not p-amino acids such as p-Ala, p-Asp, b-Glu and p-Pro
(LaRue and Spencer 1967). In contrast, Hansenula anomala
metabolizes p-Ala and p-Glu, but not p-Asp and p-Pro.
Notably, species of yeasts and their respective frequency
change in the course of the winemaking and maturation
process. Furthermore, some yeasts contain p-amino acid
oxidases or p-amino acid acetylases, the action of which
will affect the ratio of free p- and L-amino acids. The relative
high abundance of p-Ala, p-Asp and p-Glu in sparkling wines
(Table 4) might be the result of a second fermentation of the
base wines with strains of special yeasts such as S. bayanus.
This process is commonly carried out with the addition of
invert sugar, a mixture of glucose and fructose (see legend of
Table 1).

It had also been demonstrated that intermediates of
the Maillard reaction, in particular the fructose amino
acids resulting from the AMADORI rearrangement of
N-glycosyl amino acids, are potential intermediates of
amino acid racemization (Briickner et al. 2001; Ali et al.
2006; Pitzold and Briickner 2006a, b; Kim and Lee
2008, 2009). The Maillard reaction proceeds also in the
course of maturation and aging of wines (Jackson 2000)
and might contribute to the formation of p-amino acids
in wines. In spite of that, no correlation could be
deduced from the contents of glucose and fructose in
table wines (see Table 1) and the p-amino acids deter-
mined therein.

These facts outlined above make the reliable interpre-
tation of data resulting from the enantioanalysis of amino
acids in wines of unknown vinification and manufacturing
history extremely difficult. In conclusion, quantities and
kinds of p-amino acids are not considered suitable markers
for the age dating of bottled wines.
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