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Abstract 

An improved HPLC mcrhnd, using phenyl is~t~j~~cyanate (PITC) as derivat~~at~~n agent, was developed for the 
separation and determination of 23 amino acids and trj~t~an~lamin~ in must and wine, without any pret~eat~e~t of 
the samples. The s~~~~l~t~ of dry and dissolved p~c~~~t~i~car~arn~~ ~eri~~~tives was studied, The effects of pFL 
polarity. tcm~eratur~ and the addit~~~~ of an ion-pairing reagent to facilitate the chr~matograph~c separation were 
investigated. Four Penedes musts and their wines, from Macabeo and Parellada varieties, were analysed. The free 

amino acid contents found were compared with published results for the same varieties. 

1. Introduction 

Nitrogen compounds. especialty ammo acids. 
are p~rtjcularly important in enology with regard 
to their influence on the ~~r~ano~eptic profile of 
wines and they can c~~ntribute to varietal charac- 

High-pcrf(~rrna~ce liquid c~r~~mato&raphy in 
the reversed-phase mode (C,, column) and dc- 
tection after derivatization is the technique of 
choice for the separation and identification of 

thcsc compounds. Several compounds have hccn 
used as derivatization agents, e.g.. dansyl chlo- 
ride (2.31, orthophthaldchyde (QPA) [4,5] and 
phenyl isothiocyanatc (PITC) [6--X]. All of them 

have advantages and di~adv~lnta~es. We chose 
PITC, because it c~~mbincs with prin~ar~ and 

secondary amine groups (proline and hydroxy- 
proline). it has sufficient sensitivity, the reaction 

times are short and their derivatives are more 
stable than the others. Moreover, it is a pre- 
c~~lurnn dc~iv~tive that does not need any special 

equipment. so the versa~~~~ty of the i~str~rne~~a~ 
is not lost s 

Other investigators have also used the advan- 

tages of phenylthiocarbamyl (PTC) derivatives in 
application to wines; however, a prior amino 

acid extraction was applied to the sample [6]. We 
propose an elution system that allows the sepa- 
ration of 23 PTC-amino acids and ethanolamine 

(ETA) in musts and wines without any prepurifi- 
cation of the sample. 

The mobile phase plays a very important role 

in the r~s~~~tio~ of these compounds with regard 
to the amino acid structure. The ammo acids 
have a di~~~ar character and some of them 
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an additional acidic or basic group. T 
amino acids show less resoi~tio~ owing their 
interaction with the stationary phase. Hence the 
selection of the ionic strength, pH and polarity 
of the mobile phase is important. Buffer solu- 
tions with a pH between 5.0 and 6.5 and acetoni- 
trile have been reported as eluents 16-8). Sodi- 
um pentanesutphonate is added to the mobile 
phase because it forms an ion pair with the 
amino acids, improving the elution of basic 
compounds. 

A diode-array detector was used because it not 
only gives results as a fixed-wavelength detector, 
it also indicates the peak purity and eo~raborates 
their ~de~ti~~at~o~~ comparing the absorbance 
spectrum of the sample with those af standards. 
With these data correct amino acid identification 
and determination are possible; the mobile phase 
and chromatographic column are used frequently 
and, as no sample pretreatment was carried out, 
the peaks of some compounds present in must 
and wine could overlap with those of the PTC- 
amino acids. 

Stock standard so~ut~u~s of amino acids fob- 
tained from Sigma) were prepared by dissolving 
each acid in 0.1 M acetic acid to give a 20 
nmollF1 concentration; tyrosine was dissolved in 
1 M NaOH. From these solutions working stan- 
dard solutions of 8, 12, 30, 80 and 120 mM for 
each amino acid were prepared; as proline is 
present at a higher concentration in must and 
wines, working standard solutions containing 
0.4, 0.6, 0.8, 1.6 and 2.5 M were prepared. A 
400 mM solution of norleucine (Nle) in 0.1 M 
acetic acid was used as an internal standard, 

The derivatization reagent [PITC-water-etha- 
not-triethylamine (1: 1:7: I )I was prepared daily. 
PITC was kept in a freezer (-20°C). 

The samples were four white Penedes musts 
from the 1991 harvest, two Macabeos (Ml and 
M2) and two Parelladas (Pl and P2), and their 
four wines, The samples were kept at -20°C 
until analysis; also, 1 g/l of sodium Hurrride was 

added to the ust samples to prevent fermen- 
tation. The samples were centrifuged at 4000 g 
for 15 min to eljm~~ate large particles before 
der~vati2~t~o~. 

A ZO-~1 volume of the standard solutions or 40 
or 100 ~1 of must or wine, with 20 ~1 of the 
internal standard (Nle) and 20 ~1 of a triethyl- 
amine (TEA) solution [TEA-water-ethanol 
(1:2:2)] were added to a 35 x 4 mm I.D. tube. 
The solution was evaporated to dryness under 
vacuum and then the procedure described by 
~~d~~ngrneyer et al. [S] was followed. The dry 
residues containing the PTG derivatives were 
kept in a freezer. The dry residue was dissolved 
in 100 pcLI of acetonitrile-water (95:5) and 
filtered through a 0.45pm cellulose acetate filter 
before injection. 

2.2. Chronratographic conditions 

A Hewlett-Packard Model 1040 gradient liquid 
chromatograph with an HP 1050 diode-array 
~~-vis~b~e detector was used. The se~aratjo~ 
was carried out using a Spherisorb C,, ODS-2 
column (25 X 4.6 mm I.D.) of 5pm particle size; 
the p~ecol~m~ contained the same stationary 
phase. 

The following solvents were used: (A) an 
aqueous buffer containing 0.1 M sodium acetate, 
0.480 ml/l of triethylamine and 0.2 mg/ml of 

Table I 
Linear solvent gradient for elution 

Time Solvent A Solvent B Solvent C 

~rn~~~ (%} (%I (%I 

0 35.0 62.8 2.2 

3 3S.O h2.0 3.0 

1s 35,o 62.0 3.0 

lb Xi.0 58.0 7.0 

30 35.0 50.0 15.0 

45 35.1) 42.0 23.0 

50 0.0 0.0 100.0 
60 0.0 0.0 100.0 

65 35.0 62.8 2.2 
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sodium pentanesulphonate, adjusted to pH 5.27 
with glacial acetic acid; (B) water; and (C) 
aceto~itri~c. The separation was carried out 
u~~~~ a linear ~~~~~-~~e~ ~o~Y~~t g~a~~~n~~ as 
&own in Table 1. The flow-rate was 1 mlf 
the column t~m~crat~re was 35°C and t 

3. Results and discussion 

Twenty-throb arn~~u acids and ethanolamine 
(ETA) were ~~i~~acto~~~y separated from must 
and wine ~~~~1~~ (Figs. 1 and 2). The effects of 
ionic strength, pH, mobile phase polarity, ion 
pair formation and column temperature are 



~~~~~~ent for each amino acid, ~e~~nd~~~ on their 
st~~~t~r~. An increase in the iunic strength of the 
mobile phase leads to an increase in t 
tention times of the amino acids, except for the 
basic compounds, which appear earlier. An 
increase in the buffer acidity produces a delay in 
the retention times. The ‘addition of sodium 
pentanesulphonate or any other salt that 
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produces an ion pair with the amino acids 
e ~~§o~ution of the basic amino acids 

eir elution times. The effect of 
the ion pair depends not only on the salt con- 
centration in the mobile phase, but also an the 
ionic strength, the amino acid polarity and the 
percentage of acetonitrile in the mobile phase, 
Almost all the amino acids, with or without basic 
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Fig. 3. Changes in retsntic~n time in WPLC of wine sample with variation in sodium l-penta~~~~l~h~~at~ ~~~c~~t~~ti~~ in the 
mobile phase. 



character, show increased retention times on 
addition of 0.08 gfl of sodium penta~esulpho- 
nate to the mobile phase (Fig. 3); however, 
adding more salt decreases their retention times. 
This effect was observed previously by Zoest et 
al. [3], who pointed out that the relationship 
between the salt concentration and the retention 
time of the basic compounds follows a parabolic 
curve. Exceptions are the basic amino acids (His, 
Arg and Lys) and ETA, which continue to show 
~~~r~as~ng retention times. 

The addition of sodium ~~nt~~esu~phonat~ 
allowed the separations of His-Ala, Asp-Hyp, 
Gly-Asn and Arg-Pro (Fig. 4). With the salt 
addition, Arg moves towards GABA, separating 
from Pro that is present at high concentration 
compared with the Arg present in must and 
wines, so Arg can be overlapped by Pro. A 

Fig. S. C~)rn~~ri~~~ of two spectra from a wine chromato- 

gram. Solid Eint, Pro; dashed line. peak 1 (see Fig. 2). 

better separation of all the amino acids was 
achieved when 0.2 g/l was added. 

Changes in the ionic strength, pH and sodium 
pentanesulphonate affect the first part of the 
chromatogram (Figs. 1 and 2). but the amino 
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acids that elute after 30 min are not affected by 
these parameters and their retention times de- 

pend primarily on the polarity of the mobile 
phase. 

Temperature has the same effect on all the 

amino acids. At higher temperatures the chro- 
matograms are shorter and show better resolu- 
tion, but the lifetime of the chromatographic 

column decreases. 
Figs. 1 and 2 show the must and wine chro- 

matograms. Very good resolution (separation) 
was observed not only for the identified peaks, 
but also for other compounds that elute in the 

same chromatogram. 

The amino acid spectra obtained with the 
diode-array detector indicate that the purity of 
each of these peaks is >99%; and the corre- 

spondence between the standard spectra and the 

measured peaks is also 99%. The spectra of the 
other peaks (1, 2 and 3) in Figs. 1 and 2 indicate 
that they are not PTC derivatives. In Fig. 5, the 
spectra of a PTC-amino acid (Pro) with an 
unidentified peak are compared (peak 1). 

3. I. Method validation 

Different parameters were considered to es- 
tablish the reliability of the method (derivatiza- 
tion and chromatographic separation) (Table 2). 

The variation in the retention time, studied 
with six aliquots of the same sample (Parellada 
wine), was (3%. The precision of amino acid 

determination was lower than 7%, except for 

Table 2 

Repeatability of retention time (1,). precision. recovery. linearity. limit of detection (L.D.) and limit of quantification (L.Q.) for 

amino acids and ethanvlaminc 

Compound RepeatabIlity. 

I, (%) 
Precision 

(%) 

Linearity 

(r) 

L.D. L.Q. 

(nmol) (nmol) 

Cya 

Asp 

Hyp 
Glu 

Ser 

Asn 

Gly 

Ghl 

Thr 

Ala 

His 

Pro” 

GABA 

A% 
ETA” 

Tyr 

Val 

Met 

Ile 

Leu 

Phe 
Orn 

l‘rp 

LYs 

3.00 

1.83 

I.71 
? 71 

I.16 

I.XY 

I.78 

I .52 
I .07 

I .(I5 
0.9h 
1.23 
0.M 
0.44 
0.x4 
0 77 

0.15 

(I.40 

0.7 I 

0. 1 I 
0. 15 
0. 18 
(1.31 

0.5 I 

Y.85 

h.X7 

1.06 

5.w 

4.23 

3.63 

5.69 

3.66 

5.75 

3. IX 

6.15 

2.16 

2.4h 

6.94 

3.22 

4.09 

2.75, 

9.34 

4.08 

5.x2 

1.79 

3.56 

6.97 

h.71 

0.9994 0.020 0.052 

0.9YXY 0.025 0,063 

0.9995 0.015 0.039 

0.9991 0.018 0.046 

O.YYY2 0.016 0.046 

(I.9902 0.016 0.041 

O.YY97 0.016 0.040 

0.9997 0.016 0.041 

0.0989 0.017 0.042 

0.99YY 0.015 0.039 

0.9999 0.018 0.045 

0 .YYYO 0.013 0.033 

0.9995 0.021 0.054 

0.9997 0.017 (I.044 

O.YYY8 0.017 0.044 

0.99Y6 0.017 0.044 

O.Y9Y4 0.021 0.053 

0.994’) 0.020 0.052 

O.Y9Y8 0.021 0.053 

O.YY9Y 0.017 0.043 

O.Y9SY 0.018 0.047 

O.Y9Y7 0.01 1 0.027 

O.Y9YS 0.014 0.035 

0.9992 0.012 a.031 

is n = 3. 

h Ethanolamine 
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Met and Cya, for which it was 9.34% and 
9.85%, respectively, because they are present at 
lower concentrations than the other amino acids 
in the sample studied. 

The determinations of amino acids and ETA 
were carried out with three calibration graphs for 
each. The correlation coefficient (r) was 
>0.9990, except for Asp and Thr (r = 0.9989) 

(see Linearity column in Table 2). 
The recovery was studied by adding different 

concentrations (10, 20, 40 and 80 mM) of each 

of the amino acids and ETA, except for Pro 
(400, 600 and 800 mM). to the same sample. The 
recoveries obtained (see Table 2) for each amino 

acid and ETA were >90% and independent of 
the concentration added. 

The limit of detection (L.D.) was calculated 
according to the IUPAC equation [ 101: 

L.D. = X + rS,_, 

where X = mean noise, f = Student’s f for a 

probability of 99.99% and S = standard devia- 
tion. X was determined by running nine blanks 
using the maximum sensitivity allowed by the 

integration system. 
The limit of quantification (L.Q.) was calcu- 

lated according to the equation of the American 

Chemical Society [l I]: 

L.Q. = X + lOS,_, 

where X is the same as for the limit of detection 
L.D. 

The L.D. for the amino acids ranges between 
0.011 nmol for Orn and 0.025 nmol for Asp and 

the L.Q. between 0.027 nmol for Orn and 0,063 
nmol for Asp. Hence the method is sufficiently 

Table 3 

Stability of dry and solution PTC‘-amino acids (mg of amino acid/l of wrine) 

Compound Solution Dry 

Time (min) Time (weeks) 

0 IS -15 60 90 0 1 2 3 4 

Cya 

ASP 
WP 
Glu 

Ser 

Asn 

Gly 

Gill 

Thr 

Ala 

His 

Pro 

*rg 
GABA 

ETA 

Tyr 
Val 

Met 

Ile 

Leu 

Phe 

Orn 

=rP 
Lys 

IO. 1 

17.3 

14.(1 

1Y.X 

12.1 

9 x 
12.3 
11.2 
7.Y 

12.3 

Y. 1 

290.4 
0.9 

1l.Y 

11.1 

12.4 

7.9 

x.1 

(7.4 

1l.Y 

0.h 

5.9 

1X.5 

2.x 

10.1 

17.1 

13.Y 

20.0 

12.0 
10.3 

12.X 

10.5 

x.3 

12.5 

X.9 

2X5-J 
10.3 

11.7 

21.5 

12.0 
7.?l 

8.’ 

6.2 
12.0 

9.3 

5.-l 

17.3 

7.6 

10.2 12.0 10.7 10.9 11.6 

17,s 17.2 17.7 17.0 17.1 

14.3 14.0 13.8 14.7 14.6 

20.1 20.5 18.0 20.5 20.5 

12.3 12.Y 12.3 13.1 12.9 

10.1 10.3 10.X 10.2 10.9 

12.5 13. I 12.9 13.9 13.0 

11.1 11.4 10.2 10.8 7.5 

8.4 7.9 8.2 8.7 8.4 

12.1 12.1 13.3 13.5 12.6 

9.1 9.0 9.1 9.6 9.0 

287.3 302.2 310.6 313.4 298.3 

lU.2 11.2 10.0 11.7 10.8 

11.X 11.6 11.7 11.0 11.6 

21.6 20.5 22.3 22.4 22.0 

12.5 13.‘) 13.6 12.9 13.8 

7.5 7.Y 8.0 8.9 7.6 

8.4 8.1 8.6 8.4 8.5 

6.9 6.7 7.1 7.3 6.5 

12.0 13.0 12.0 12.5 12.4 

9.5 9.7 9.1 10.1 9.9 

5.4 5.6 5.2 5.8 5.6 

18.1 17.x 19.3 20.3 15.0 

2.x 3.1 2.7 2.7 2.6 
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sensitive for the determination of the agent 
e samples studied. 

3.2. ~~~~~~~~~ of PT% derivatives 

The stability was studied for dry samples (kept 
at -20°C) and for samples in solution (kept in a 
refrigerator at 4°C) (Table 3). 

Dry derivativ 
The PTC- ino acids were injected every 

week during month. The variations are lower 
than those capsulated for the method accuracy. 
However, after the third week Gin and Trp 
began to decline in concentration. Hence dry 

erivatives can be kept at 20°C for 3 weeks. 

Table 4 

Results for must and wine samples 

The same carnage was injected at 15, 45, 60 
and 90 min, after being dissolved. The amino 
acids were stable in solution for 1 h, then they 

reason, the solution 
must be injected within 

3.3. Sample results 
Table 4 gives the results obtained for the 

amino acids in the four musts and wines are 
shown. The amino acid concentrations in the 
wines are very similar to those observed by other 
workers for other PenedZs wines of t 
varieties, considering that they are from 

e methods used to analyse them 

ASp 

I-IYP 
Clu 
Ser 
Asn 
Gly 
Gin 
Thr 
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Fig. 6. Amino ad concrntrations m Macabeo wne. A = Ml; n = M2; 8 = MARCE (12); 0 = CASTRO (4) 

are different (Figs. 6 and 7). In one, the analysis 
was carried out following Sep-Pak pretreatment 
of the sample using PITC precolumn derivatiza- 

tion 1121 and in the other the derivatization was 
carried out postcolumn with OPA [4]. 
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