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Abstract

Phenolic acids such as syringic, p-coumaric, vanillic. caffeic, 3,4-dihydroxybenzoic and gallic acid, which are
present in wines and other alcoholic drinks, were determined by capillary electrophoresis using an uncoated
fused-silica capillary. The optimum conditions for their separation were investigated. Examples of electrophero-
grams of phenolic acids contained in some Italian wines are reported.

1. Introduction

Phenolic acids such as syringic, vanillic, caf-
feic, p-coumaric, gallic and 3,4-dihydroxyben-
zoic acid are present in wines and other alcoholic
drinks [1-3]. Considering the importance of their
determination, we studied the possibility of the
application of capillary electrophoresis. Many
papers have been published on the electropho-
retic determination of organic acids [4-8]. The
determination of organic aliphatic acids in wine
by HPLC and capillary electrophoresis has been
reported [9]. Oxalic, citric, tartaric, malic, suc-
cinic, formic, fumaric and acetic acid have been
determined by indirect detection. The HPLC
analysis of wine has been described [10-12]. This
paper describes the determination of phenolic
acids in wine by capillary electrophoresis using
an uncoated fused-silica capillary.
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2. Experimental
2.1. Instrumentation

Electrophoresis was carried out using a Spec-
traphoresis 1000 instrument (Spectra Physics,
Palo Alto, CA, USA) with rapid scan spectro-
photometric detection. An uncoated fused-silica
capillary (SGE, Melbourne, Australia) of I.D. 50
um and total length 43 cm was used. The
distance between the anode end of the capillary,
where the sample was injected, and the detector
was 36 cm. Sampling was carried out using the
hydrodynamic method with times ranging be-
tween 2 and 5 s. The volumes of sample solution
injected were about 4.5 and 10.0 nl, respectively.
The operating temperature was 25°C.

2.2. Reagents

All the reagents used were of high purity.
Monobasic phosphate, dibasic phosphate, phos-
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phoric acid and sodium carbonate and hydro-
gencarbonate were supplied by Carlo Erba
(Milan, Italy). Phenolic acid standards were
supplied by Fluka (Buchs, Switzerland). The
solvents used were methanol and diethyl ether,
supplied by Carlo Erba.

2.3. Solutions

Solutions of the acid standards studied were
prepared by dissolving the pure compounds in
water—methanol (1:1) at concentrations of (.5
mg/ml each. The following buffers were used as
background electrolyte (BGE): phosphate (pH
7.2), hydrogencarbonate (pH 8.3) and carbon-
ate—hydrogencarbonate (pH 9.2 and 10.1). All
solutions were filtered before use. Benzy! alcohol
was used as a marker of electroosmotic flow.

2.4. Operating conditions

Before carrying out analysis, the capillary was
washed for 2 min with 0.1 M NaOH solution and
then for 2 min with distilled water, and finally
conditioned for 4 min with the buffer solution
which was to be used for the analysis. Electro-
osmotic flow was then checked by injecting
benzyl alcohol. The reproducibility in terms of
migration times of the neutral marker was 0.6%
(run-to-run) and 3.0% (day-to-day). After ca. 2
weeks the capillary became less active, as de-
tected by a lower electroosmotic flow. Washing
with NaOH solution was insufficient to restore
the initial activity. Washing with | M HCI re-
stored the initial conditions of the electroosmotic
flow and migration times. In order to optimize
the conditions for the separation of the phenolic
acids studied, several tests were carried out by
appropriately varying the pH. ionic strength
(concentration of BGE) and applied potential.
Table 1| summarizes the parameters concerning
the experimental conditions of the tests per-
formed.

For the analysis of real wine samples, it was
necessary to extract the phenolic acids from the
material, as follows. The wine was evaporated
under vacuum to eliminate the ethanol. After
addition of buffer of pH 8.2 to 2 ml of evapo-

Table 1
Experimental parameters

pH V (kV) C (mM)
7.2 10 50
100
15 50
100
8.3 10 20
50
80
IN] 20
50
80
20 20
50
80
9.1 10 S50
80
100
15 50
80
100
20 50
80
10.1 15 50

rated wine, the sample was extracted with di-
ethyl ether (the ether extract was discarded).
After acidification with HCl to pH 1, the wine
was extracted three times with diethyl ether. The
ether extract was evaporated under nitrogen and
the residue was dissolved in 50 wpl of water—
methanol (1:1). Electrophoretic analysis was
carried out on this sample. Extraction with
diethyl ether at pH 8 allowed the separation of
the neutral and basic substances present in the
undissociated form. The ionized phenolic sub-
stances remained in the acqueous phase. Later,
after acidification, the phenolic substances were
in undissociated form and were thus extractable
with diethyl ether.

3. Results and discussion

Phenolic acids are weak carboxylic acids. They
are partly dissociated and hence present in
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Fig. 1. Electropherogram of standard acid mixture obtained under optimum conditions: pH=8.3; V=15 kV; BGE
concentration = 50 mM hydrogencarbonate buffer; current =25 uA. Peaks: | = syringic acid; 2 = p-coumaric acid; 3 = vanillic
acid; 4 = caffeic acid: § = 3 4-dihydroxybenzoic acid: 6 = gallic acid.

anionic form. In an electric field they migrate these conditions the anions move towards the
towards the anode. By carrying out electropho- cathode and it is then possible to detect them.
retic analysis in an uncoated fused-silica capil- Other experimental parameters being equal, the
lary. there is an electroosmotic flow. Under higher the electroosmotic flow the higher is the
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Fig. 2. Apparent mobility of phenolic acids. Conditions: pH =8.3; V=10 kV.
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anion migration velocity [13.14]. Separation tests
on phenolic acids carried out under different
conditions (see Table 1) demonstrated that the
optimum conditions were pH = 8.3 (hydrogen-
carbonate buffer), BGE concentration = 50 mM
and applied potential = 15 kV. Only these con-
ditions allowed an electropherogram with six
distinct peaks (Fig. 1). The results obtained
using a longer capillary (76 cm total length) did
not significantly change the separation. Figs. 2-
4) show the variation of the apparent mobility of

ig. 3. Apparent mobility of phenolic acids. Conditions: pH =8.3; V=15 kV.

the phenolic acids with BGE concentration. As
can be seen, the apparent u decreases as the
BGE concentration rises. This is probably due to
the greater screening of the capillary walls by the
BGE and, as a result, a decrease in electro-
osmotic flow. Fig. 5 shows the variation of the
apparent mobility with pH. The experimental
data show that the apparent mobility decreases
as the pH rises. Since the electroosmotic flow
was not significantly influenced by the hydrogen
ion concentration in the pH range explored (7-
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Fig. 4. Apparent mobility of phenolic acids. Conditions: pH = 8.3; V=20 kV.
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Fig. 5. Apparent mobility of phenolic acids. Conditions: BGE =50 mM; V=15 kV.

10), the decrease in the apparent mobility of the
acids was probably due to the greater dissocia-
tion of the molecules studied (with the resulting
“braking” effect of anions with a greater nega-
tive charge).

In order to check the reproducibility of the
experimental data, the relative standard devia-
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tion (R.S.D.) was calculated for the migration
times of the acids in the mixture. This value
(run-to-run) was always less than 1%. Peak-area
integration was carried out on the electrophero-
grams relative to the phenolic acid standard
mixture. The peak-area reproducibility (run-to-
run) was R.S.D. 1.0-2.2%. Two electrophero-
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Fig. 6. Electropherogram of sample extracted from Corvo wine. Conditions as in Fig. 1.
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Fig. 7. Electropherogram of sample extracted from Chianti wine. Conditions as in Fig. 1.

grams of samples extracted from Italian red
wines are shown: Corvo (Fig. 6) and Chianti
(Fig. 7).
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