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Simultaneous Quantification of Primary,
Secondary Amino Acids, and Biogenic Amines in
Musts and Wines Using OPA/3-MPA/FMOC-Cl
Fluorescent Derivatives
P. HERBERT, L. SANTOS, AND A. ALVES

ABSTRACT: Free amino acids and biogenic amines occur in musts and wines and affect the course of fermentation
in musts and the quality of wines. Each sample was analyzed in 138 min and each analysis involved quantification
of 23 amino acids and 10 amines. The detection limit for proline was 27.3 mg/L. The mean detection limit for amino
acids was 0.58 mg/L and for amines 0.28 mg/L. Precision was 0.5 to 19.2% for wine samples and accuracy by the
standard addition method was 99.8% (recovery value). In all, 33 wines and 39 must samples were analyzed. In
wines, ethanolamine, histamine, ethylamine, and putrescine amounted to 93% of the amine content.
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Introduction

QUANTIFICATION OF FREE AMINO ACIDS, PRIMARY
and secondary, and of biogenic amines in wines has

great enological importance since these compounds are di-
rectly related to their quality (Trioli and Paronetto 1992; Her-
bert and others 2000a).

Free amino acids, which are essential nutrients for yeasts,
directly affect the fermentation (Sablayrolles and others
1996; Bisson 1999) and the profile of fermentative and post-
fermentative compounds of wines (Bosso 1996; Ayesterán
and others 1998). Among the post-fermentative compounds,
biogenic amines (Cabanis 1985) and ethyl carbamate
(Stoewsand and others 1996) are the most important because
of their relationship to free amino acids and because of their
toxicological significance.

Biogenic amines are compounds that affect human health
(Bauza and others 1995b) and may be indicators of unhy-
gienic production conditions (Rivas-Gonzalo and others
1983). They can be directly formed from certain amino acids
by decarboxylation (Bauza and others 1995b). Ethyl carbam-
ate can be produced by the reaction of urea or citrulline with
ethanol (Stevens and Ough 1993). Urea is formed during ami-
no acid metabolism in the urea cycle, in which arginine, orni-
thine, and citrulline are intermediates (Monteiro and Bisson
1991; An and Ough 1993; Liu and others 1994). Therefore the
reliable quantification of arginine, ornithine, citrulline, and
ethanolamine, a compound that co-elutes with methionine
in some analytical techniques (Herbert and others 2000b), or
the amines histamine, tyramine, and β-phenylethylamine is
of great interest (Radler and Fäth 1991).

However, routine quantification of these substances is not
used in the quality control of wines mainly due to analytical
difficulties. The analytical methods developed so far quantify
only primary and secondary amino acids (Casoli and Cola-
grande 1982; Soufleros and Bertrand 1998), or only biogenic
amines or compounds of both groups, but leave out some
important substances (Bauza and others 1995a; Lehtonen
1996; Mafra and others 1999).

Quantification of free amino acids and biogenic amines in
wine matrices confronts 2 main types of problems: first, the
low levels of these compounds present in wines, biogenic
amines having the lowest concentrations; and second, the in-
terference effects caused by the complexity of the matrices.

Pre-column derivatization, with formation of fluorescent
derivatives, allows a significant gain in the sensitivity and the
elimination of much interference due to matrix complexity
(Lindroth and Mopper 1979).

In the preparation of fluorescent derivatives of free amino
acids and biogenic amines, one of the most studied reagents
is o-phthalaldehyde (OPA), together with different alkylthiols
such as ethanethiol (Hill and others 1979), tert-butylthiol (Qu
and others 1998), several N-acyl-L-cysteines (Fitznar and
others 1999; Molnár-Perl and Vasanits 1999), 2-mercaptoeth-
anol (Dorresteijn and others 1996; Griffin and others 1988;
Soufleros and Bertrand 1998), and 3-mercaptopropionic acid
(3-MPA) (Graser and others 1985; Fiorino and others 1989;
Molnár-Perl and Vasanits 1999). For each reagent it is neces-
sary to compromise between the higher sensitivity of some
and the higher stability and selectivity of others. However,
OPA has the disadvantage of not reacting with secondary
amino acids such as proline (Cooper and others 1984). In
most cases this is a considerable drawback in the study of
the wines because this amino acid is a major constituent and
can be used as one of the elements of characterization (Cas-
tino and others 1981; Usseglio-Tomasset 1981). To bypass this
obstacle, another compound, 9-fluorenylmethyl chlorofor-
mate (FMOC-Cl) has been studied; it reacts not only with pri-
mary amino acids and amines (Gustavsson and Betnér 1990;
Bauza and others 1995a) but also with secondary amino ac-
ids (Fernandez-Trapiella 1990; Kirschbaum and others 1994).
Using both reagents, OPA and FMOC-Cl, allows the simulta-
neous quantification of primary and secondary amino acids
and of biogenic amines (Heems and others 1998).

The separation of the fluorescent derivatives of amino ac-
ids and biogenic amines is normally a difficult task due to
their chemical similarity, their different concentrations in the
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same matrix (sometimes by a factor of 100), and the great
number of compounds to be analyzed.

Reliable quantification of free amino acids and biogenic
amines demands great selectivity and high resolution by the
chromatographic method.

The aim of this work was to develop an analytical proce-
dure that can accurately quantify free amino acids, with spe-
cial attention to ornithine, citrulline, arginine, GABA, proline,
methionine, and some biogenic amines such as histamine, a
compound that normally presents some difficulties in its
quantification, because of the low response factor of its de-
rivative, the low levels found in wines, and the difficulty of
separating it from other substances.

Materials and Methods

Standard solutions
Free amino acids, aspartate (Asp), glutamate (Glu), aspar-

agine (Asn), glutamine (Gln), alanine (Ala), arginine (Arg), histi-
dine (His), glycine (Gly), β-phenylalanine (Phe), tyrosine (Tyr),
tryptophan (Trp) γ-aminobutyric acid (GABA), serine (Ser),
lysine (Lys), threonine (Thr), methionine (Met), leucine (Leu),
isoleucine (Ile), valine (Val), proline (Pro) and two intermedi-
ates of the urea cycle, ornithine (Orn) and citrulline (Cit), were
obtained from Sigma Chemical Co. (St. Louis, Mo., U.S.A.).
The 10 biogenic amines, ethanolamine (ETA), methylamine
(METILA), ethylamine (ETILA), histamine (HISTA), tyramine
(TIR), β-phenylethylamine (FEN), tryptamine (TRY), isoam-
lamine (ISO), cadaverine (CAD), and putrescine (PUT) were all
supplied by Fluka Chemie (Buchs, Switzerland). The internal
standard, norvaline (Nva), used in the quantification of prima-
ry amino acids and amines was from Hewlett-Packard (Wald-
bronn, Germany). Standard solutions were prepared from a
stock solution by dilution with 0.1 M HCl. The average con-
centration of amino acids in the standards ranged from 1.1 to
11 mg/L, except for arginine (4.53 to 45.29 mg/L) and for pro-
line (25.44 to 254.4 mg/L). Standard amine concentrations
ranged from 0.15 to 4.20 mg/L. The concentration of norval-
ine (internal standard) in all standards was 5.86 mg/L.

Chemicals and supplies
All the necessary reagents for buffer preparation were an-

alytical grade; chromatographic solvents were gradient
grade, and all the derivatization reagents were fluorescence
grade. Water was distilled, deionized (minimum resistivity of
18 ΜΩcm-1, Milli-Q, Millipore system), and filtered (0.45 µm
filter). Chromatographic solvents were Lichrosolv from Mer-
ck (Darmstadt, Germany). Eluents for chromatography were
filtered through a 0.45-µm filter. Samples were filtered like-
wise.

OPA, 97% purity, was purchased from Aldrich-Chemie
(Steinheim, Germany). FMOC-Cl, > 99% purity, was from
Fluka.

Sample preparation
Musts were centrifuged for 10 min at 4,000 rpm and then

diluted (1:4 v/v) with internal standard solution (Nva) in 0.1
M HCl. This solution was again filtered through a disposable
0.45-µm filter (Teknochroma, Madrid, Spain) before it was
injected onto the chromatographic column. Wine samples
were prepared in a similar way, but excluding the initial step
of centrifugation.

Chromatographic equipment
The HPLC chromatographic system employed was a Mer-

ck Hitachi model L-6200A, with a fluorescence detector Mer-
ck-Hitachi F-1080, an autosampler Merck-Hitachi L-7250
Lachrom, and interface D-7000 (Merck-Hitachi, Tokyo, Ja-
pan). The chromatographic column was Merck Lichro-
CART®250-4 Superspher®100 RP-18 endcapped (25 cm x 4.6
mm; 5 µm particles) mounted in an oven 7981 from Jones
Chromatography (Mid Glamorgan, Wales, U.K.), at 42 °C.

Analytical conditions
Mobile phases and flow gradient. The chromatographic

separation was made using a binary gradient elution (Table
1). Mobile phase A was a 20 mM sodium acetate solution,
with 0.018% (v/v) triethylamine, 0.3% (v/v) tetrahydrofurane,
and 0.010% (v/v) of a 4% (m/v) solution of EDTA. The pH
was adjusted to 7.20 with a 0.1% (v/v) solution of acetic acid.
Mobile phase B was a solution with 20% (v/v) of a sodium
acetate solution (100 mM, pH 6.0), 40% (v/v) of acetonitrile,
40% (v/v) of methanol, and 0.018% (v/v) triethylamine. The
injected volume was 20 µL.

Detection. Excitation/emission wavelengths were respec-
tively 340/450 nm for primary amino acids and 237/340 nm
for secondary amino acids. The latter was used to enhance
the sensitivity of proline detection. The change in wave-
lengths was made 115 min after the first injection.

Quantification
Using the conditions described above, the elution of all

the compounds in a standard and in a must sample is shown
in Figure 1 and 2, respectively. The internal standard method
was used for quantification of the primary amino acid and
amines, and the external standard method was used in the
quantification of proline.

OPA reagent
The OPA reagent was made by dissolving 51.2 mg of o-ph-

thalaldehyde in 1.5 mL ethanol. After this, 80 µL of 3-mer-
captopropionic acid was added and 1750 mg of KSCN and
then made up to a final volume of 50 mL with borate buffer

Figure 1–Chromatogram of a standard solution (S2). Leg-
end: 1-Asp, 2-Glu, 3-Asn, 4-Ser, 5-Gln, 6-His, 7-Gly, 8-Thr,
9-Cit, 10-Arg, 11-Ala, 12-GABA, 13-Tyr, 14-ETA, 15-Val, 16-
Met, 17-Nva, 18-HISTA, 19-Trp, 20-METILA, 21-Phe, 22-Ile,
23-Leu, 24-Orn, 25-Lys, 26-TIRA, 27-TIRA, 28-PUT, 29-CAD,
30-FEN, 31-TRY, 32-ISO, 33-Pro, R-reagent peaks present
in the blanks.
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(0.4 M, pH 10.4). This reagent was prepared in 2-mL aliquots
and stored at -15 °C. Under these conditions it was stable for
2 mo. Fresh OPA reagent was prepared daily.

FMOC-Cl reagent
The FMOC-Cl reagent was made by dissolving FMOC-Cl

in acetonitrile to a concentration of 2.5 g/L and stored at
-15 °C. Under these conditions it was stable for several
months.

Derivatization procedure

First Injection
Two hundred µL of OPA reagent was added to 200 µL bo-

rate buffer (0.4 M, pH 10.6). After this, 40 µL of diluted sam-
ple was added and the reaction mixture allowed to stand for
2.5 min in a clean auto-sampler vial. Then 20 µL was injected.

Second Injection
Fifteen µL of diluted sample was added to 420 µL borate

buffer (0.4 M, pH 10.6). Then 15 µL of FMOC-CL reagent was
added and the reaction mixture allowed to stand for 2 min in
a clean auto-sampler vial. Then 20 µL was injected. The sec-
ond injection was made 112 min after the first.

Waste disposal
In this work, whenever possible, we have recovered the

residues produced in order to reuse certain substances, di-
minish the toxicity of others, and properly store those
residues.The volume of waste eluents produced by each
analysis was 102.6 mL. Of these, 51.9% was mobile phase A,
and 48.1% mobile phase B. The eluent waste composition
was, on average, 2.72 g/L of sodium acetate, 1.56 mL/L of
tetrahydrofuran, 180 µL/L of triethylamine, 19.2% (v/v) of
acetonitrile, 19.2% (v/v) of methanol, maximum 1.86 mg/L
of OPA, and maximally 0.34 mg/L of FMOC-Cl.

The number of injections made per liter of eluent waste
produced was 9. The procedure adopted with waste eluents,
3-mercaptopropionic acid residues, OPA reagent residues,
and FMOC-Cl reagent residues is summarized in Table 2.

Results and Discussion

Validation of the methodology
Our methodology enables the analysis of a large number

of compounds in a reliable way. The duration of the chro-
matographic analysis was 138 min and the fluorescence re-
sponse was linear over the concentration range of the stan-
dards.

Detection limit (Table 3) was, on average, 0.58 mg/L for
amino acids (except for arginine; 2.95 mg/L), 0.28 mg/L for
amines, and 27.3 mg/L for proline based on the calibration
curves. Although the detection limits obtained for amines
are slightly higher than those obtained with some other
methods (Mafra and others 1999), they are still appropriate
for the analysis required.

The repeatability of 7 injections ranged from 0.6% to 11.6%
(relative % standard deviation–RSD) for standard solutions
(with an average concentration of amino acids of 2.75 mg/L
and an average amine concentration of 1.4 mg/L) and from
0.5% to 19.2% for wine samples (Table 3). Tryptophan was the
amino acid with the highest RSD in standards (11.1%) and
glutamine in wines (19.2%). Of the amines studied, putrescine
was the amine with the highest RSD in standards (11.6%), and
tryptamine in wines (16.0%). Accuracy (Table 3) was calculat-
ed by the recovery obtained when a known amount of a stan-
dard was added to a wine sample. Six independent experi-
ments produced an average recovery of 99.8% (coefficient of
variation 11.1%). The minimum obtained was for isoamy-
lamine (81%) and the maximum for histamine (138%).

The lengthy period required for the analysis of each sam-
ple is a compromise between the need for sufficient chro-
matographic separation between all the compounds and the
need for a rapid analytical method. In a previously described
method (Herbert and others 2000b) for amino acid analysis
there were some important compounds co-eluting, and/or
not included in the method’s scope. To avoid these problems
it was necessary to extend the analysis time in order to cor-
rectly quantify all the 23 amino acids and 10 amines so that it
is possible to analyze with this method, including citrulline
and ornithine.

Table 1–Elution gradient used in the separation of amino
acids and amines

Time (min) Flow (mL/min) % Eluent B

0 0.7 5
2 0.7 10

20 0.7 23
20.5 0.9 23
40 0.9 23
45 0.9 25
45.5 0.8 25
52.5 0.8 25
53 0.9 25
53.5 0.7 25
70 0.7 50
70.5 0.4 50
85 0.4 57
85.5 0.6 57

105 0.6 60
110 0.7 80
110.5 0.5 80
117 0.5 80
120 1.2 100
135 1.2 100
136 0.7 5
138 0.7 5

Figure 2–Chromatogram of a must sample at the begin-
ning of alcoholic fermentation. Legend: 1-Asp, 2-Glu, 3-
Asn, 4-Ser, 5-Gln, 6-His, 7-Gly, 8-Thr, 9-Cit, 10-Arg, 11-Ala,
12-GABA, 13-Tyr, 14-ETA, 15-Val, 16-Met, 17-Nva, 18-HISTA,
19-Trp, 20-METILA, 21-Phe, 22-Ile, 23-Leu, 24-Orn, 25-Lys,
26-TIRA, 27-PUT, 28-Pro.
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Proline quantification
In this analytical method, a second injection is performed

during the running of the elution gradient. There is in the lit-
erature a methodology that performs, on the same sample
volume, the reaction between OPA and the primary amino
acids, and between FMOC and secondary amino acids, such
as proline (Godel and others 1991). First, OPA is added to the
sample and it reacts with primary amino acids; after this,
FMOC reacts with the secondary amino acids. However, if
this is performed with our elution gradient, the proline deriv-
ative co-elutes with the late amine peaks, and this makes im-
possible the quantification of these amines due to the change
in the excitation/emission fluorescence wavelengths neces-
sary to detect proline. To avoid this problem, we decided to
make a second derivatization reaction further diluting the
sample to diminish the interference of other amino acids
and also to avoid overcharging the analytical column. We
therefore made a second injection to quantify proline. Pro-
line quantification is possible in these conditions because the
derivatives of the primary amino acids elute first from the
analytical column during the phase when the detector wave-
lengths are still adjusted to detect OPA derivatives. This pro-
cedure makes possible the analysis of proline, with good vali-
dation parameters as shown on Table 3 (recovery of 110%),
however, with a small decrease in the lifetime of the analyti-
cal column.

Composition of OPA reagent
OPA needs the presence of a compound containing an

SH-group to form the isoindole derivatives from amino ac-
ids. Several thiols have been used, depending on the objec-
tive of the reaction. In the derivatization of amino acids and
amines, prior to HPLC analysis, we preferred 3-mercapto-
propionic acid as the thiol group carrier due to the great sta-
bility of these derivatives when compared with those ob-
tained from β-mercaptoethanol (Molnár-Perl and Vasanits
1999). Moreover, the OPA/3-MPA derivatives of amino acid
and amines are more polar than OPA/MCE, thus requiring
less organic solvent for chromatography. The molar ratio
OPA/3-MPA used was 0.41.

Must and wine analysis
Tables 4 and 5 show free amino acid and amine contents

of the 39 musts and 33 wines studied. Wines and musts ana-
lyzed were obtained from grapes from the Alentejo region.
Musts were from the 1998 and 1999 harvests, and wines from
1997 and 1998, resulting from micro-vinifications (40 L for

red wines and 20 L for white wines). Musts were kept at
-15° C and wines were kept bottled until analysis.

Average total amino acid content for white musts was
1969 mg/L (Table 4), and for red musts 1867 mg/L. Average
content of assimilable amino acids was similar in white and
red musts. Proline represented, on average, 47% of total ami-
no acids for all musts. Four amino acids, glutamine, histi-
dine, threonine, and arginine, amounted to 55% of the aver-
age content of assimilable amino acids (total amino acids
except proline).

In wines (Table 4), average total amino acid content was
1562 mg/L for white and 1522 mg/L for red. Average content
of assimilable amino acid was higher in white wines (592 mg/
L) than in red wines (332 mg/L). This difference was due
mainly to a higher content (22.2% of the assimilable amino
acids) of arginine in white wines than in red wines (11.2% of
the assimilable amino acids).

The lower content of arginine in red wines does not seem
to be due to a greater arginine metabolism during fermenta-
tion, because the average concentration of citrulline and or-
nithine in these wines is not higher than in white wines (Table
4); perhaps this is due to a higher content of arginine in white

Table 3–Validation parameters obtained for the analytical
method

Detection
Repeatability a Recovery b limit c

Compound (RSD%) (%) (mg/L)

Standard Red wine

Asp 2.5 0.5 124 0.47
Glu 0.6 0.8 102 0.93
Asn 0.8 4.4 101 0.53
Ser 2.1 2.0 102 0.75
Gln 6.7 19.2 94 0.21
His 1.2 6.5 100 0.21
Gly 5.7 4.8 109 0.35
Thr 1.6 5.4 107 0.28
Cit 0.7 8.4 101 0.88
Arg 0.6 4.9 97 2.95
Ala 4.4 4.3 106 2.07
GABA 9.3 14.2 97 0.18
Tyr 1.6 2.2 101 0.44
ETA 8.7 3.2 98 0.21
Val 2.3 3.1 106 0.66
Met 0.8 3.9 102 0.84
Nva 3.8 5.5 98 -
HISTA 4.1 7.3 138 0.81
Trp 11.1 9.6 92 0.67
METILA 7.8 8.4 82 0.1
Phe 1.1 4.0 103 0.9
Ile 1.8 3.6 103 0.35
Leu 1.6 3.6 103 0.61
Orn 1.8 14.9 89 0.1
Lys 2.7 7.7 94 0.26
ETILA 4.3 7.3 85 0.24
TIRA 3.5 6.6 91 0.10
PUT 11.6 12.2 105 0.20
CAD 5.5 12.7 87 0.17
FEN 8.5 16.0 90 0.35
TRY 4.2 8.5 94 0.47
ISO 2.8 5.2 81 0.12
Pro 3.9 6.5 110 27.3
aRelative standard deviation of 7 injections (average concentration of amino
acids of 2.75 mg/L and average amine concentration of 1.4 mg/L, for the
standard solution
bCalculated as the ratio of the difference between the amount obtained after
the addition and the amount before the addition, and the amount added, in
percent.
cCalculated by the calibration curve.

Table 2–Procedure adopted in the analytical residues re-
covery and treatment

Residue Procedure

Waste eluents Peroxide test (Perex-test art.1.16206
Merck) if necessary, peroxides were
deactivated with Kit Perex
(art.1.16207 Merck) purification by
fractional distillation the residue of the
distilation was neutralized with a few
drops of diluted HCl

3-mercaptopropionic acid All the material and residues were
oxidized for several hours with a so-
lution of sodium hypochlorite

OPA reagent Same as for 3-mercaptopropionic
acid reagent neutralization by addition
of an excess of methanol

FMOC-Cl



Vol. 66, No. 9, 2001—JOURNAL OF FOOD SCIENCE 1323

Fo
od

 Ch
em

ist
ry

 an
d T

ox
ico

log
y

Amino Acids and Biogenic Amines in Musts and Wines . . .

musts than in red musts. Table 4 shows that average arginine
content in white and red wines is similar. However, the maxi-
mum value for the arginine content found in a white must is
approximately double that found in a red must. This differ-
ence should be studied by analyzing a larger number of
musts and wines, complemented with an analysis of urea and
ammonia in musts and wines.

Proline represented, on average, 70% of total amino acids.
Five amino acids, arginine, alanine, γ-aminobutyric acid, leu-
cine, and lysine, amounted to 50% of the average content in
assimilable amino acids.

The values obtained for the concentrations of free amino
acids in musts and wines are comparable in magnitude to
those found in previous reports (Presa-Owens and others
1995; Spayd and Andersen-Bagge 1996).

In addition to this, the values obtained for the concentra-
tions of citrulline (average 5.4 mg/L for musts and 9.2 mg/L
for wines) and ornithine (average 1.3 mg/L for musts and 12
mg/L for wines) (Table 4) are in agreement with those found
by other authors (Stevens and Ough 1993; Liu and others
1994).

Ethanolamine (Table 5) represented, on average, 59%
(15.3 mg/L) of the total amines in musts, and ethanolamine,
methylamine (17%) ethylamine (7%), and putrescine (14%)
represented 97% of the average content of amines. The mean
value for total biogenic amine (HISTA+TIRA+FEN+TRY) con-
tent in white musts was 4.2 mg/L and 1.8 mg/L for red
musts. Tyramine and isoamylamine were not found in red
musts, and β-phenylethylamine and tryptamine concentra-
tions in musts were, on average, below the detection limit of
the method.

Of the total amines found in wines (Table 5), ethanola-
mine represented, on average, 46%; and ethanolamine, hista-
mine (23%), ethylamine (7%), and putrescine (17%) repre-

sented 93% of the average content of amines. The mean val-
ue for total biogenic amine (HISTA+TIRA+FEN+TRY) content
in red wines was 9.8 mg/L, and 10.0 mg/L for white wines.
Phenylethylamine and tryptamine were, on average, below
the detection limits of the method in red wines, and
β-phenylethylamine was undetectable in white wines.

These results are comparable to those obtained by other
authors (Zee and others 1983) and those published by Vidal-
Carou and others (1990) where histamine content in 226
wines and tyramine content in 186 wines were between
“trace” and 34.25 mg/L and between “trace” and 7.8 mg/L,
respectively.

Conclusions

THE NEW METHODOLOGY DESCRIBED ENABLES THE
quantification of 21 free amino acids, 2 intermediates of

the urea cycle, and 10 biogenic amines in musts and wines.
The major features of this technique are: the possibility of si-
multaneous analysis of important compounds, which may
interfere in wine quality; the reproducibility and accuracy
obtained; the simplicity of the technique, which does not re-
quire a complex sample preparation; and the possibility of
automation. Although it should be pointed out that the anal-
ysis is quite lengthy, a fact which is imposed by the problem
of co-elution of some compounds, automation of the tech-
nique would overcome this difficulty, thus assuring an aver-
age of 8 determinations per day. In this paper the objective
was centered on the development of a methodology that
would quantify some important compounds belonging to the
nitrogen fraction of the musts and wines. It was beyond the
scope of this paper, to be treated in a future study dealing
with the establishment of some important enological fea-
tures, including: (a) the assessment of total assimilable amino
acid content (and its variability in Alentejo wine) to be used

Table 4–Free amino acid contents (mg/L) of 39 must and 33 wine samples

White musts Red musts White wines Red wines

Amino
 acid average max. min. average max. min. average max. min. average max. min.

Asp 37.0 90.4 16.8 28.3 41.3 18.9 25.6 42.8 11.3 19.4 32.4 3.4
Glu 38.4 64.9 23.5 33.8 50.6 26.7 27.0 46.1 13.7 21.1 30.6 6.1
Asn 22.6 53.0 5.3 20.8 68.6 2.8 35.0 73.0 12.5 14.5 54.3 0.7
Ser 52.6 85.1 36.7 52.9 69.4 32.9 24.6 38.8 12.0 18.3 27.1 5.4
Gln 106.3 151.5 75.3 98.4 122.0 67.0 2.6 7.8 nd 0.8 4.3 nd
His 80.6 157.8 22.2 57.7 97.2 10.9 32.4 73.3 6.5 13.0 68.2 nd
Gly 6.3 33.5 nd 4.0 9.3 nd 25.5 48.8 10.1 18.7 40.7 nd
Thr 79.9 121.1 46.8 72.7 112.3 37.4 19.1 40.0 7.4 14.6 24.8 6.0
Cit 6.8 25.2 nd 4.1 18.7 nd 10.3 31.1 3.9 8.1 43.8 2.1
Arg 339.4 932.3 192.1 351.3 435.1 95.9 119.8 336.1 15.4 37.4 181.0 nd
Ala 63.8 196.4 nd 77.9 141.6 17.9 76.3 217.0 10.9 36.0 108.2 nd
GABA 54.0 118.1 21.5 43.1 110.3 20.2 38.3 99.4 6.9 23.6 105.7 4.5
Tyr 24.8 65.2 nd 18.8 45.9 nd 17.0 31.1 6.5 9.7 37.6 nd
Val 59.1 138.6 11.4 50.4 87.4 12.8 15.4 26.0 5.4 11.0 23.3 5.1
Met 8.9 24.5 nd 8.3 23.5 nd 5.1 11.9 <0.84 3.2 9.2 nd
Trp 6.4 17.8 nd 7.3 21.5 nd 8.1 21.6 3.4 7.7 27.2 3.4
Phe 28.2 85.5 4.5 13.4 15.0 nd 9.4 15.3 3.8 5.0 12.3 nd
Ile 34.0 106.5 4.7 30.0 71.3 4.8 10.1 18.6 4.2 6.8 12.4 2.2
Leu 51.0 107.0 9.3 42.8 81.6 5.0 32.3 58.9 nd 23.2 46.8 6.0
Orn 1.5 13.5 nd 1.1 3.6 nd 16.2 53.0 1.9 7.8 73.6 nd
Lys 12.4 25.3 3.9 9.6 15.5 0.7 42.0 81.6 17.2 32.5 59.0 7.8
Pro 855.5 1349 34.0 862.3 1296 612.2 969.9 1207 326.8 1189 1591 623.0
Ass.a.a. 1114 1893 679.8 1004 1257 424.9 592.0 1214 189.4 332.4 892.9 69.4
Total a.a. 1969 3242 777.4 1867 2398 1122 1562 2367 612.9 1522 2378 1077

Ass. a.a.–assimilable amino acids (all amino acids except proline)
Total a.a.–total amino acids
nd–not detected
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by yeasts during fermentation; (b) the maximum content of
arginine and related compounds interfering in the formation
of ethyl carbamate (and, consequently, the precision of the
ethyl carbamate content in older wines); and (c) the maxi-
mum content of biogenic amines in the wines of the Alentejo
region.
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