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Identification and Determination of Amino Acid Ethyl Esters in Wines
by Capillary Gas Chromatography-Mass Spectrometry

Tomas Herraiz and Cornelius S. Ough’

Department of Viticulture and Enology, University of California, Davis, California 95616-8749

Sixteen amino acid ethyl esters were identified in wines by GC-MS and 13 of them quantified in wine
and an additional 2 in sherry using an improved extraction and derivatization technique. The amounts
found in the wines indicated that these esters significantly contribute to the pool of basic compounds
found in wines. Proline ethyl ester was found in the highest amounts. The other amino acid esters
found in excess of 1 mg/L were alanine ethyl ester, glycine ethyl ester, and v-aminobutyric ethyl ester.

INTRODUCTION

Numerous studies have been carried out to evaluate
wine composition. As a result, hundreds of compounds,
mainly neutral and acid compounds, have been successfully
identified by GC-MS in wines from different cultivars
(Schreier, 1979; Williams et al., 1981; Etievant and Bay-
onove, 1983; Di Stefano, 1985; Versini et al., 1985; Baumes
etal., 1986; Rapp and Mandery, 1986; Herraiz et al., 1991).
Basic volatile compounds in wines were reported by Ough
et al. (1981) as being aliphatic amines.

Amino acids and ammonia present in grape juice are
the main nitrogen sources for yeast growth during the
fermentation. Although significant amounts of some
amino acids are taken up during the fermentation (Jones
and Pierce, 1964), some amounts remain in the wines at
the end of the fermentation (Sanders and Ough, 1985;
Ough et al., 1991). Arginine is a precursor of urea and for
ethyl carbamate in wines (Ough et al., 1988, 1990).

Esterification of organic acid either during the fermen-
tation (Suomalainen and Lehtonen, 1979) or chemically
during wine aging (Onishi et al., 1977; Cantagrel and Car-
les, 1978) is well-known. Studies checking the possibility
of esterification of amino acid are needed. Peppard and
Halsey (1981) detected valine, leucine, and isoleucine ethyl
esters in beers, and 3 years later Heresztyn (1984) found
some amino acid ethyl esters in wine using a similar
procedure of isolation with exchange resin. Despite these
results, no more has been done about these compounds.

On the other hand, in a recent work looking for new
salty compounds, Tamura et al. (1989) reported the taste
of glycine ethyl ester hydrochloride as well as other amino
acid ethyl esters as salty, sour, and light umami (like mono-
sodium glutamate). These enhanced the saltiness of
sodium chloride. Thus, these compounds may have an
important sensory consideration.

This research elucidates the importance of these com-
pounds as the main basic compounds in wine with contents
in the range of several milligrams per liter and reports an
improved method for their analysis. Further studies need
to be done to determine their sensory relevance and their
mechanism of formation in beverages.

EXPERIMENTAL PROCEDURES

Samples Analyzed. Ten wines made in the Department of
Viticulture and Enology (University of California, Davis) in the
vintage of 1990 were studied for their amino acid ester compo-
sition. Six wines, three sauvignon blanc and three grenache,
were obtained by fermenting with Saccharomyces cerevisiae
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(Montrachet), S. cerevisiae (Lallemand 71B), and Saccharo-
myces bayanus (Prise de Mousse) active dry yeasts. Chardon-
nay, muscat blanc, and cabernet sauvignon wines were fermented
with S. cerevisiae (Montrachet). The muscat blanc fermentation
was stopped by adding a brandy at 17.6° Briz, ending with a final
10.7° Brix. A wine from tinta madeira grapes fermented similarly
was fortified with brandy at 16° Brix reaching a final 4.3° Brix.
In addition, two old Spanish sherries and an old Spanish brandy
from sherry, made in the 1930s and two old commercial
Californian sherries were also studied.

Isolation Procedure. Twomethods were used toisolate ethyl
esters of the amino acid.

Method A. Four hundred milliliters of the wine to be analyzed
was adjusted to pH 4.5 with 1.5 M NaOH and passed slowly
down a cation-exchange resin column (70 X 16.5 mm) of Spectra/
Gel 50%8 150-300 um (Spectrum). Before the wine was loaded,
the resin was previously washed with distilled water (100 mL),
ethanol (50 mL), distilled water (100 mL), 2 M HCI (100 mL),
distilled water (100 mL), 1.5 M NaOH (100 mL), and distilled
water (200 mL) until the pH of the eluate was ca. 5, as measured
with pH indicator strips (American Scientific Products). To
remove interfering retained wine components, the resin was
washed with 200 mL of distilled water. The esters of amino
acids were recovered with 100 mL of a sodium chloride saturated
solution and subsequently by 200 mL of a saturated solution of
sodium chloride adjusted to pH 10.5 with Na;CO; (Heresztyn,
1984). The pH of the eluate was controlled by adding 2 M HCI
to avoid basic conditions.

Method B. Four hundred milliliters of wine at pH 3-4 was
concentrated in a rotoevaporator at 40 °C and 80 mbar to remove
ethanol. The concentrated sample (ca. 200 mL) was adjusted to
pH 4.5 and method A was followed as indicated above.

Extraction of Ethyl Esters of Amino Acids. The eluates
from the resin columns containing the esters of amino acids (300
mL) were adjusted to pH 9.5 with 1.5 M NaOH and immediately
extracted by shaking four times with 100 mL of CHCl; for 1.5
min in a 500-mL separatory funnel. The methylene chloride
extracts were concentrated in a rotoevaporator (32 °C and 650
mbar) to 10 mL, transferred to a test tube, evaporated with a
gentle nitrogen stream to 1 mL, and then transferred to areaction
vial with a Pasteur pipet to be concentrated to a final volume of
150 ul.

Formation of Trifluoroacetyl Derivatives (TFA-AA).
The esters of amino acids in the reactivial were added, with 1.8
mL of trifluoroacetic anhydride (Aldrich), and the vials were
closed with Teflon septa screw caps and heated in an oven at 150
°C for 5 min to synthesize the N-trifluoroacetyl derivatives of
the aminoacid esters (Blau and King, 1978). The excess of reagent
was gently removed with a stream of nitrogen until the initial
volume of 150 uL. was obtained, and 1 mL of CH,;Cl; was added.
The final sample was transferred to an appropriate autosampler
vial for gas chromatography.

Quantitative Determination of Amino Acid Ethyl Esters.
Following the above isolation procedure A, 400-mL solutions (15
v/v, ethanol, pH 3.5 with tartaric acid) of ethyl esters of amino
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Figure 1. Total ion chromatogram obtained by GC-MS of trifluoroacetyl derivatives of an amino acid ester mixture. Conditions:
30 m X 0.25 mm (i.d.) OV-101 glass capillary column; temperature, 40 °C 2-min hold, programmed to 75 °C at 15 °C/min, and then
to 200 °C at 4 °C/min; injection temperature and transfer line, 280 °C; carrier gas, helium; mass spectrometer at 70 eV.

Table I. Identification of Amino Acid Esters in Wines by GC-MS

isolation  evidence for sample
amino acid ester RRT* method® assignment’ trifluoroacetyl amino acid ethyl ester mass spectra  identification?
alanine ethyl ester (Ala-EE) 0516 A,B RT,MS 140 (100), 69 (19), 141 (19), 70 (10), 45 (7), 92 (5) all
glycine ethyl ester (Gly-EE) 0.630 A,B RT, MS 126 (100), 127 (49), 69 (37), 78 (21), 58 (13), 154 (3) 14
threonine ethyl ester (Thr-EE)  0.80 AB RT, MS 152 (100), 153 (88), 69 (79), 57 (31), 84 (23), 41 (10) 13
valine ethyl ester (Val-EE) 0.809 AB RT,MS 168 (100), 55 (70), 153 (56), 69 (26), 114 (17), 43 (17) all
isoleucine methyl ester (Ile-ME) 0.880 153 (100), 69 (86), 41 (52), 182 (41), 185 (34), 126 (12)
leucine methyl ester (Leu-ME)  0.883 69 (100), 182 (69),140 (49), 43 (40),153 (36), 185 (73)
serine ethyl ester (Ser-EE) 0.913 A,B RT,MS 138 (100), 139 (87), 69 (74), 110 (19), 170 (9), 252 (5) 11 (wines)
norleucine methyl ester 1.000 RT, MS 69 (100), 182 (91), 41 (40), 126 (31), 153 (23), 114 (12)
(Nor-ME) (IS)
leucine ethyl ester (Leu-EE) 1.057 AB RT,MS 69 (100), 182 (54), 140 (53), 43 (40), 41 (26), 153 (18) all
isoleucine ethyl ester (Ile-EE) 1.065 AB RT, MS 69 (100), 153 (83), 182 (70), 41 (48), 199 (36), 126 (14) all
y-aminobutyric ethyl ester 1.237 A, B RT,MS 69 (100), 182 (93), 88 (92), 126 (75), 154 (4T), 60 (29) 14
(y-AB-EE)
proline ethyl ester (Pro-EE) 1.277 AB RT,MS 166 (100), 69 (24), 41 (12), 96 (9), 71 (5), 239 (41) all
cysteine ethyl ester (Cys-EE) 1.293 69 (100), 131 (60), 268 (45), 170 (40), 140 (40), 138 (26)
aspartic acid diethyl ester 1472 A,B  RT,MS 212 (100), 140 (76), 170 (40), 139 (32), 69 (29), 166 (28) 4 (sherries)
(Asp-DEE)
methionine ethyl ester 1.641 AB RT,MS 61 (100), 153 (73), 199 (66), 63 (33), 166 (22), 273 (13) 8
(Met-EE)
glutamic acid diethyl ester 1781 A,B RT,MS 152 (100), 180 (72), 226 (63), 69 (17), 57 (11), 153 (10) 4 (sherries)
(Glu-DEE)
phenylalanine ethyl ester 1.865 A, B RT,MS 91 (100), 176 (54), 131 (29), 148 (17), 69 (16), 216 (10) 13
(Phe-EE)
ornithine ethyl ester (Orn-EE) 2,07 A B RT, MS 166 (100), 69 (23), 167 (10), 126 (9), 41 (8), 306 (6) 12
tyrosine ethyl ester (Tyr-EE) 2.156 AB RT,MS 203 (100), 288 (73), 69 (49), 243 (31), 260 (26), 328 (9) 14
lysine ethyl ester (Lys-EE) 2.247 AB RT, MS 180 (100), 69 (20), 67 (18), 126 (15), 153 (7), 293 (3) 12
hydroxzyproline ethyl ester 1.787 A MS (tentative) 278 (100), 181 (86), 69 (91), 39 (29) 4 (sherries)

(OH-Pro-EE)

s Relative retention times to trifluoroacetyl norleucine methyl ester (IS) in a capillary column OV-101. Chromatographic conditions as under
Experimental Procedures. ® Isolation method used as explained under Experimental Procedures. ¢ Assignment by agreement with retention
time of pure standard (RT) and by agreement with mass spectra obtained from pure standards in the same conditions (MS). ¢ Samples of

wine, sherry, or brandy in which the compounds have been identifi

acids in 0.25, 0.5, 1.5, and 3 mg/L, except for glycine ethyl ester,
alanine ethyl ester, and proline ethyl ester with 0.5, 1.0, 3.0, and
6 mg/L, were also analyzed. To obtain the calibration curves
needed for quantification, norleucine methyl ester (2.53 mg/L)
was added asaninternalstandard. Norleucine methyl ester (2.53
mg/L) was also added as an internal standard to the wines. In

ed.

addition, solutions of 50 mg/L of each amino acid and 250 mg/L
of proline in ethanol 15% v/v buffered at pH 3.5 with tartaric
acid were alsostudied to check the possibility of artifact formation
during the procedure.

Gas Chromatography-Mass Spectrometry. Analytical
GC-MS was performed with a Hewlett-Packard 5870 gas chro-
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Figure 2. Mass spectra of some amino acid ethyl esters as trifluoroacetyl derivatives identified in wine.

matograph coupled to a mass spectrometer 5370 provided with
an autosampler. A capillary column, methyl silicone fluid (26 m
X 0.25 mm i.d.), was used in the following chromatographic
conditions: 40 °C hold, 2 min, and then subsequently pro-
grammed at 15 °C/min to 75 °C, 4 °C/min to 200 °C, and 15
°C/min to 230 °C using an injector temperature at 280 °C and
a transfer line at 280 °C. The mass spectra were obtained by EI
at 70 eV scanning from m/z 30 to 400 or by single ion (SIM) every
1.16 s. Chromatographic injection was performed using helium
as carrier gas.

Amino Acid Analysis. A Hewlett-Packard HP 1090 liquid
chromatograph with an autosampler and a fluorescence detector
HP 1046a was used. The o-phthaldehyde of primary amino acid
and the 9-fluorenyl chloroformate for secondary amino acids were
formed and analyzed in an ODS-Hypersil (C18), 5 ym, 20 X 2.1
mm, column following basically the Hewlett-Packard Amino
Quant Series II method (1990).

Reference Compounds. Most of the ethyl esters of amino
acids were available as commercial products in their hydrochloride
salts: Glycine ethyl ester hydrochloride, L-tyrosine ethyl ester
hydrochloride, L-cysteine ethyl ester hydrochloride, pL-serine
ethyl ester hydrochloride, L-lysine ethyl ester dihydrochloride,
and L-isoleucine methyl hydrochloride were from United States
Biochemical Corp. L-Alanine ethyl ester hydrochloride, L-valine
ethyl ester hydrochloride, L-methionine ethyl ester hydrochloride,
L-phenylalanine ethyl ester hydrochloride, and L-leucine methyl
ester hydrochloride were from Aldrich. bp,L-Norleucine methyl
ester hydrochloride, L-glutamic acid diethyl ester hydrochloride,
and L-leucine ethyl ester hydrochloride from Sigma.

L-Threonine ethyl ester, L-isoleucine ethyl ester, L-aspartic acid
diethyl ester, y-aminobutyric ethyl ester, L-proline ethyl ester,

and L-ornithine ethyl ester were synthesized from the correspond-
ing amino acids. Thus, 2.5-3.0g of L-a-amino acid hydrochloride
was dissolved in 30 mL of 4 M HCI in absolute ethanol, and 20
mL of benzene was added. The mixture was maintained in re-
flux for 3 h at 72-82 °C with a Dean-Stark collector to remove
water produced in the reaction (Dymicky et al., 1971). After
concentration in high vacuum at low temperature, the residue
wasstirred in diethyl ether and concentrated again in high vacuum
atlowtemperature. The compounds obtained were pure asshown
by chromatographic and mass spectra analysis.

RESULTS AND DISCUSSION

To accomplish the chromatographic analysis, trifluo-
roacetyl (TFA) derivatives from amino acid ethyl esters
were synthesized. A total ion chromatogram obtained by
GC-MS of a standard solution of the amino acid ethyl
esters after derivatization is shown in Figure 1. Our own
spectral library was created with the spectra obtained from
reference compounds. Identification in wines was carried
out by taking into account the GC retention time and by
comparison of the mass spectra obtained with the reference
compounds.

Table I contains relative retention times (RRT) to TFA-
Nor-ME asaninternal standard (IS) and the MS fragments
found for the various amino acid esters found in the wines.
Sixteen amino acid esters were identified in wines by the
two procedures of isolation used. Ala-EE, Val-EE, Leu-
EE, Ile-EE, and Pro-EE were identified in all wines studied.
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Gly-EE, v-AB-EE, Thr-EE, Ser-EE, Phe-EE, Tyr-EE, and
Lys-EE were identified in almost all samples, whereas Met-
EE wasidentified in eight wines and the two diethyl esters,
Asp-DEE and Glu-DEE, were only detected in sherries.
Identification of Cys-EE was not made. This was probably
due to its oxidation during the isolation process or
previously in the wine. On the other hand, no methyl
ester was found, as was previously by Heresztyn (1984).
However, a tentative identification in sherry of OH-Pro-
EE as its TFA derivative was found. The spectrum
matches that of the amino acid ester reported by Bie-
mann et al. (1961).

Biemann et al. (1961) reported that an important mass
spectra peak of the amino acid esters, 73, is due to the
breaking bond corresponding to COOCzHj;, leaving the
rest as a characteristic ion of these compounds. Breaks
in the lateral chain can also be produced. Trifluoroacetyl
derivatives follow this behavior, and in addition they
produce ion 69 as a characteristic peak corresponding to
(CF3) fragment.

The mass spectra of some of the ethyl esters of amino
acids found in wine samples are shown in Figure 2. TFA-
Ala-EE, TFA-Gly-EE, TFA-Val-EE, and TFA-Pro-EE
exhibit peak bases at 140, 126, 168, and 166, respectively,
corresponding to the fragment (MW - 73)*. Mass 69 and
other mass peaks corresponding to lateral chain are also
produced. TFA-Phe-EE and TFA-Tyr-EE show 216 and
328 corresponding to loss of 73, but the peak bases are
respectively due to 91 (CgH;CHj)* and 203
(CF3sCOOCgH,CH;,)*. TFA-Asp-DEE presents 212 (MW
—-73)*, whereas TFA-Glu-DEE has 226 (MW - 73)* and
the base peak for the loss of another 73 from the carboxyl
of the lateral chain. Another example of breaking in the
lateral chain is TFA-Met-EE with base peak 61 corre-
sponding to (CH3SCH2)* (Table I). Other TFA amino
acid ethyl esters follow patterns similar to those presented
in Figure 2.

Solutions prepared of amino acids in ethanol (15% v/v)
(pH 3-4) were passed down the resin following the two
methods described under Experimental Procedures. No
peak as a result of artifacts was found (Figure 3a,b).
Previously, Jain et al. (1978) synthesized esters from amino
acid and ethanol by employing strongly acid cation-
exchange resins at room temperature. In this research,
following Heresztyn’s (1984) isolation method, chemical
formation of these compounds between amino acid and
ethanol was detected. To check if the formation was taking
place in the resin, a solution of amino acids in water was
passed through the cation resin in the acid form (ca. pH
3), washed with 500 mL of ethanol solution (10% v/v),
and then eluted with sodium chloride saturated solution
and sodium chloride saturated solution adjusted to pH
10.5. Several amino acid ethyl esters such as alanine, gly-
cine, threonine, valine, serine, leucine, isoleucine, proline,
methionine, phenylalanine, and tyrosine were formed as
a result of chemical reaction in the resin (Figure 3c).

Consequently, modifications had to be introduced in
theisolation method to be used in this research. The resin
was washed with distilled water (200 mL) and adjusted to
pH 5 before the wine sample (pH 4.5) was loaded, and
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Figure 3. (a) 400 mL of a solution in ethanol 16% v/v, pH 34,
of 50 mg/L of each amino acid and 250 mg/L of proline added
with internal standard norleucine methyl ester (IS) adjusted to
pH 4.5 and passed down the resin following the isolation procedure
A. (b) Same ethanolic solution as in (a) using the isolation
procedure B. (c) 400 mL of a solution in water of 50 mg/L of each
amino acid and 250 mg/L of proline (pH 3.5) passed down the
resin in pH ca. 3 and eluted with 500 mL of ethanol 10% v/vand
thensubsequently eluted as in isolation procedure A. Ethylesters
in the chromatograms are as TFA derivatives.

absolutely no ethanol solution was passed down the resin
to remove interfering acid and neutral compounds since
ethyl esters could be formed in the resin by chemical
reaction between ethanol and the amino acid already ad-
sorbed on it. On the other hand, in isolation procedure
B, ethanol was removed previously to the resin step so
that no ethyl esters could be formed by chemical reaction.
Following these two procedures no chemical derivatiza-
tion was detected as shown in Figure 3a,b.

Atotal ion chromatogram obtained by GC~MS of a wine
sample with the ethyl esters of amino acid detected as
trifluoroacetyl derivatives is presented in Figure 4. A clear
chromatogram without intefering peak and a fair sepa-
ration could be obtained with the major peak being ethyl
esters of aminoacid. These compounds may be considered
as important compounds in wine.

Quantitative analyses were carried out by GC-MS on
the 15 samples of wines studied, and the concentrations
obtained are included in Table II. Pro-EE, Gly-EE, Ala-
EE, v-AB-EE, and Leu-EE were the esters found in the
highest amounts, most of them with more than 0.5 mg/L.
Ethyl esters were generally found in higher amounts in
the sherries, and Pro-EE and v-AB-EE were determined
in very high amounts in these samples (up to 28.9 and 16.6
mg/L, respectively). Inaddition, Glu-DEE and Asp-DEE
were found in sherry in less than 0.6 mg/L but were not
found in the rest of the wines. Ornithine ethyl ester was
identified but not quantified because of difficulties of
recovery, probably as a consequence of its instability during
the process by formation of a lactam in basic conditions
used in the isolation procedure as reported Biemann et al.
(1961).
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Figure 4. Total ion chromatogram obtained by GC-MS of trifluoroacetyl derivatives of the amino acid ethyl esters isolated from

a wine sample. Chromatographic conditions were as in Figure 1.

Table II. Amino Acid Ethyl Ester Concentrations (Milligrams per Liter) in the Wines Analyzed

amino acid . Spanish Californian brand;
ethyl ester _ 28UVignon blanc grenache tinta char-  cabernet muscat pflor flor fromy

(AA-EE) As B C A B C madeira donnay sauvignon blanc sherry® sherry® sherry range mean®
Ala-EE 065 064 064 111 131 0.83 0.82 0.63 0.56 0.17 2.13 2.08 0.20 0.17-2.13 0.96
Gly-EE 1.2 072 096 337 210 3.29 0.83 1.67 1.32 0.21 0.90 1.02 0.21-3.37 146
Thr-EE 044 043 057 050 0.77 0.53 0.44 0.26 0.25 0.20 041 0.42 0.20-0.77 0.43
Val-EE 019 017 022 026 020 0.30 0.15 0.18 0.34 0.09 0.80 0.36 0.08 0.09-0.80 0.27
Ser-EE 033 035 039 040 045 045 0.45 0.30 0.26 0.01 0.19 0.01-0.45 0.32
Leu-EE 059 064 079 070 086 0.76 0.23 0.41 0.22 0.17 0.88 0.59 0.15 0.17-0.88 0.57
Le-EE 031 030 037 056 045 061 0.28 0.34 0.67 0.16 0.96 0.49 0.17 0.16-0.86 0.46
v-AB-EE 070 195 053 052 046 0.36 2.36 0.33 0.29 7.26 15.2 1.24 0.0-15.2 2.72
Pro-EE 413 161 325 279 181 276 1.38 8.88 10.68 1.83 16.60 29.8 0.67 1.38-298 7.12
Asp-DEE 0.58 0.32 0.0-0.58 0.45
Met-EE 004 007 006 015 019 021 0.03 0.04 0.0-0.21 0.10
Glu-DEE 0.22 0.19 0.0-0.22 0.21
Phe-EE 026 026 033 029 038 033 0.20 0.22 0.14 0.14 0.92 0.34 0.14-0.92 0.32
Tyr-EE 031 034 034 027 045 026 0.27 0.26 0.20 0.21 0.50 0.30 0.20-0.50 0.31
Lys-EE 048 051 045 057 070 0.59 0.44 0.51 0.77 0.63 0.0-0.77 0.56
totf&lA EE 9.6 8.0 889 11.5 10.14 11.3 7.88 13.97 14.64 3.48 33.1 51.7 2.51 3.48-51.7 15.36
ethanol¢ 1245 1141 1268 13.13 12.90 13.22 14.46 13.27 13.38 13.16 18.1 18.0 40.2

s Yeast used for fermentation: A, S. cerevisize (Montrachet); B, S. cerevisiae (Lallemand 71B); C, S. bayanus (Prise de Mousse). * Means
of two different commercial samples of sherry. ¢ Values obtained from data in which ethyl esters were determined. ¢ v/v %.

The range of total concentrations of amino acid ethyl
esters in wines, other than sherry, was from 3.5 to 14.6
mg/L, with the muscat blanc wine containing the lowest
amount. As was indicated under Experimental Proce-
dures, the making of this wine included the addition of
brandyso that the fermentation was stopped at 10.7° Brix.
In sherry wines, the total concentration range from 33.1
to 51.7 mg/L and lower concentrations of Pro-EE and ~-
AB-EE were found in old sherries in comparison to the
Californian sherries, but higher concentrations of other
ethyl ester were detected. However, the old brandy
contained very low concentrations of the esters detected
with the exception of y-AB-EE, probably as a consequence
of the distillation process. Low amounts of amino acid
ethyl esters would be expected in brandy and other
distillate beverages.

In wines fermented with the same variety, sauvignon
blanc, and three different yeasts, some differences in

concentration were found in Pro-EE, v-AB-EE, and Gly-
EE, while in grenache wines, differences were found in the
above compounds as well as in Ala-EE, Tyr-EE, and Thr-
EE. Thecabernetsauvignon wine analyzed had been made
from a grape juice with medium to high nitrogen content.
High amounts of Ile-EE, Pro-EE, and Val-EE were
detected. Some further research needs to be carried out
before discussion of the formation of these compounds as
a result of the fermentation or as a result of the aging
process.

Reproducibility of the analysis was studied by analyzing
five samples of the same wine using five different resin
columns. The standard deviation residual found for the
esters analyzed by the five different columns range from
2.2t07.6 but for Met-EE was 12.6. The calibration curves
obtained with four different concentrations, each using a
different resin column, had determination coefficients (R2)
higher than 0.99, but Thr-EE and Ser-EE had 0.988 and
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Table III. Amino Acid Concentrations (Milligrams per Liter) in the Wines Analyzed
: Spanish Californian brandy
amino acid sauvignon blanc grenache tinta char- cabernet muscat flor flor from
(AA) As B C A B C madeira donnay sauvignon blanc sherry® sherry® sherry range mean®

alanine 16,3 342 161 187 36.7 7.0 37.9 13.2 3.0 3.8 34.0 30.2 3.0-37.9 20.9
glycine 13.3 18.0 110 8.0 24.2 4.5 17.0 4.0 1.8 2.3 22.3 24.0 1.8-24.0 12.5
threonine 3.8 5.3 4.4 2.0 9.2 2.5 10.8 2.3 0.7 1.7 12.6 9.7 0.7-12.6 5.4
valine 3.8 7.4 5.2 2.3 5.2 1.2 9.1 2.0 0.4 1.1 15.8 10.6 0.4-15.8 5.3
serine 3.6 5.1 4.3 2.1 1.8 1.9 8.7 2.3 1.6 2.3 12.1 9.3 1.6-12.1 5.1
leucine 13.2 233 16.8 5.3 35.7 4.6 66.7 5.6 1.2 2.0 28.5 18.6 1.2-66.7 18.4
isoleucine 2.9 4.0 4.8 1.2 2.6 1.3 6.3 1.7 0.6 0.7 14.1 5.4 0.6-14.1 3.8
y-aminobutyric 9.1 33.0 59 148 18.0 6.0 61.6 3.2 2.9 1.9 12.0 23.3 1.9-61.6 16.0

acid
proline 558 332 423 763 795 811 692 854 1200 425 621 703 332~-1200 681
agpartic acid 102 151 13.2 4.9 13.7 3.9 21.7 4.0 2.1 2.6 224.7 20.5 2.1-24.7 114
methionine 26.0 276 257 35.6 41.5 394 42.7 17.5 17.0 11.8 27.8 28.7 11.8-41.5 284
glutamic acid 189 246 19.2 194 25.2 14.7 33.7 12.6 8.8 12,6 18.7 16.9 8.8-33.7 18.7
phenylalanine 7.2 112 107 2.0 5.0 1.9 5.9 3.3 0.7 1.6 17.3 9.4 0.7-17.3 6.3
tyrosine 6.5 122 9.1 34 7.0 2.3 8.1 2.7 1.0 2.2 13.0 10.5 1.0-13.0 6.5
lysine 19.5 328 233 4.6 21.0 7.1 15.3 6.6 4.6 33.8 18.6 0.0-33.8 17.0
asparagine 6.3 84 9.5 6.8 17.8 5.5 6.1 4.1 2.4 14 3.2 00-17.8 6.5
histidine 5.8 6.1 5.5 6.4 12.8 5.3 55.0 3.8 3.0 1.1 10.0 24.0 1.1-55.0 11.5
arginine 21.2 46.0 204 227 9.1 118.7 8.4 6.0 44.5 715 0.0-118.7 36.8
tryptophan 4.3 9.7 2.7 5.1 4.5 2.9 30.5 2.3 1.4 2.7 5.6 8.3 1.4-30.5 6.7
total AA¢ 712 585 593 887 1047 909 1037 935 1241 476 907 1123 476-1241 871

a-¢ As in Table II. ¢ Total amino acid in wines for which ethyl esters were quantified.
0.986, respectively. The average error in the determina- ACKNOWLEDGMENT

tion of the concentration was less than 8% but in the case
of serine and methionine was 14 and 20%, respectively.

Although quantitative results were obtained by areas
inthe totalion GC-MS chromatogram, single ion obtained
with the main ions of each trifluoroacetyl ester of amino
acid provided no significant differences. Quantification
with 69 ion could be possible, but some ethyl esters have
a relatively small abundance of this ion (Table I).

Measurements of the amino acid content of the wines
were carried out, and the results are given in Table III.
The concentrations were in the ranges found previously
for wines (Ough and Amerine, 1988). Although a total
correlation between amino acid ethyl esters and amino
acid in the wine cannot be found, sherries presented high
concentrations of some amino acids as well as a high
concentration of esters. On the other hand, the two wines
with the highest proline contents were also the highest in
contents of proline ester. In addition, the muscatel wine
had the lowest ester content and also a low amino acid
content. The highest amount of y-AB-EE correlated with
the highest concentration of the amino acid found in two
wines—sauvignon blanc B and tinta madeira.

Pro-EE was found in the wines studied in the highest
amounts but over a large concentration range. This is in
agreement with the large concentration range of proline
in juices and wines from ca. 200 to ca. 4000 mg/L reported
by Ough and Tabacman (1979), Ough and Bell, (1980),
and Huang and Ough (1989). On the other hand, taking
intoaccount the smaller concentration of other amino acids
in the juice and wine in comparison to proline, ethyl esters
other than proline ester are also in a significant concen-
tration in wine. Concentrations obtained were in agree-
ment with the only ones reported for these compounds in
the literature (Heresztyn, 1984).

These compounds have rarely been reported before. The
explanation may be that the isolation procedures are
difficult and derivatization for GC separation is required.
After derivatization, the best separation was obtained with
anonpolar column (methyl silicone). Although a GC-MS
was used to quantify in this work, a GC with a FID detector
also gave good peaks and could be used as easily to analyze
these compounds. Some sensory interest is indicated.

T. Herraiz thanks the North Atlantic Treaty Organi-
zation (NATO) for supporting him with a fellowship.
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