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Determination of gluconic acid in wine using high pressure liquid
chromatography with pulsed amperometric detection
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Summary

The paper establishes a new HPLC method for
measurement of the total content of gluconic acid (GA)
in wine using a pulsed amperometric detector equipped
with a gold electrode cell and an anion exchange column.
A NaOH solution was used at a flow rate of 1.5 ml-min™
as a mobile phase under isocratic conditions. Analysis
took 30 min. The linearity of the method was shown up
to 500 mg 1", with a LOQ of 2.0 mg-1"' (10c). Precision
(as RSD%) was under 2.5 % in the usual range of GA
concentration in natural wines. Accuracy was checked
in comparison with the usual enzymatic method.
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Introduction

As reported in the exhaustive and updated review
of RAMACHANDRAN and co-workers (2006), gluconic acid
(pentahydroxycaproic acid) (GA) is a noncorrosive, mildly
acidic, less irritating, odourless, nontoxic, easily biodegrad-
able, water soluble, nonvolatile organic acid characterised
by a refreshing taste and a degree of sourness of about 1/3
as compared to citric acid. It is present - naturally or added
as generally permitted food additive or generally recog-
nised as a safe product in Europe and the USA respectively
- in several foodstuffs, e.g. fruit and related juices, rice,
meat, yogurt, cheese, bread, confectionery, honey, wine,
vinegar, balsamic vinegar and sauces.

Of the microorganisms infecting grape berries, Botry-
tis cinerea, Aspergillus niger and Gluconobacter oxydans
have the enzymatic pool to produce GA present in musts
and wine, this acid not being assimilable by Saccharomy-
ces cerevisiae in reductive winemaking conditions (Spon-
HoLz and DittricH 1985, DonBcHE 1989, PEINADO et al.
2003). GA was shown in wine to be in equilibrium with
the 2 intramolecular esters d-gluconolactone (glucono-5-
lactone) and y-gluconolactone (glucono-4-lactone), which
were found in amounts of around 40 and 60 mg-g"' GA re-
spectively, at the pH of wine (BARBE ef al. 2002, BERTRAND
and BArsEe 2002).

Several methods have been proposed for the quan-
tification of GA (Mato et al. 2005). Paper chromatogra-
phy and precipitation using phenylhydrazide were used
by RENnTscHLER and TANNER (1955) to establish the pres-
ence of GA in botrytised grapes for the first time. A hy-

droxamate method was proposed by LiEn (1959) and an
isotachophoretic method was proposed by EVERAERTS et
al. (1976). Gas chromatography was used to analyse the
silylate derivatives of GA and its 8- and y-lactones (LAKER
and Mount 1980, BErTraND and Barse 2002). C-NMR-
spectroscopy was applied by Rapp ef al. (1989) whereas
capillary electrophoresis was used by Garcia MORENO et
al. (2002). Gump and KupiNna (1979) proposed a HPLC ap-
proach using refractometric and UV detectors, BARBE ef al.
(2000) applied ionic chromatography with conductimetric
detection and SELIVERSTOVA ef al. (2003) used ion-exclu-
sion chromatography with UV detection. More recently, a
method based on a dedicated electrochemical biosensor in
a flow-injection system was proposed (CampPuzaNO et al.
2007). Probably, nowadays, the enzymatic method (MoEL-
LERING and BERGMEIER 1988) is the most widely used meth-
od in wine analysis while the Fourier transformed infrared
method (FT-IR) is used for the evaluation of grape/must
soundness (FiscHER and BERGER 2006).

The paper establishes a new method to determine the
total content of gluconic acid in wine using HPLC with
pulsed amperometric detection, without sample prepara-
tion and alternative to the enzymatic approach.

Material and Methods

Reagents: D-gluconic acid sodium salt
(> 99 %), a-lactose monohydrate (Reagent grade), Glyc-
erol (>99.5 %), D-(+)-Trehalose dihydrate (> 99 %),
D-(—)-Fructose (> 99 %), D-(—)-Ribose (> 99 %), D-(+)-Ga-
lactose (> 99 %), D-(+)-Glucose (> 99.5 %), D-(—)-Arab-
inose (> 98 %), D-(+)-Xylose (> 99 %), Sucrose (99.5 %),
D-Sorbitol (> 98 %), Inositol (> 99 %), Mannose (> 99 %);
L-Rhamnose monohydrate (> 99 %), D-(+)-Melibiose
(>98 %), D-(+)-Maltose monohydrate (>98 %) and
D-(+)-Raffinose penthahydrate (> 98 %) were purchased
from Sigma Aldrich (St. Louis, USA) and used to test the
selectivity of the method. Sodium hydroxide (> 97 %) was
from Carlo Erba Reagenti (Rodano, Italy). The enzymatic
kit for D-gluconic acid/D-gluconic-d-lactone was from
R-Biofarm (Darmstadt, Germany). HPLC grade water
(Milli-Q system, Millipore; Bedford, MA, USA) was used
for reagents and the HPLC mobile phase.

Sample preparation and instruments:
The sample for the HPLC-pulsed amperometric detector
(PAD) analysis was diluted 10 times, with a-lactose added
as internal standard to a final concentration of 200 mg-1"! in
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order to minimise electrode fouling problems, filtered with
a 0.45 um cellulose acetate syringe filter (Alltech; Deer-
field, IL, USA) and collected in a 2 ml glass screw-top vial.
A HPLC Alliance 2695 (Waters Corp.; Milford, MA, USA)
equipped with autosampler mod. 540 and an RCX/10 An-
ion exchange column (250 x 4.6 mm; Hamilton; Bonaduz,
Switzerland) was used. The PAD detector was a Coulochem
IT 5200A used in pulsed mode and equipped with a 5040
gold electrode cell (ESA Inc.; Chelmsford, MA, USA).

Sample preparation and measurement of the total
amount of GA (free plus lactone forms) was carried out
enzymatically according to the producer’s technical note
using a U-2000 Spectrophotomer (Hitachi Ltd.; Tokyo, Ja-
pan).

Chromatographic separation: A
degassed 0.1 M sodium hydroxide solution was used as
a mobile phase in isocratic condition with a flow rate of
1.5 ml'min’'. The injection volume was 10 pl and the col-
umn temperature 20 °C. Separation took about 16 mins fol-
lowed by 13 mins of column cleaning and conditioning.
The pulse setting of the gold electrode was + 200, + 700,
and - 900 mV for 300, 100, and 100 ms respectively. Sam-
ple quantification took place using external calibration in a
range from 1 to 500 mg-1"' of GA.

The performance of the method was studied in a range
from 0 to about 500 mg-1", suitable for 1/10 diluted natural
wines. The linearity and precision (as RSD%) of the method
was checked using standard solutions at 12 concentration
levels (0, 7.5, 12.7, 37.5, 62.0, 87.5, 157, 229, 297, 386,
434 and 504 mg-1") and with 10 independently prepared
repetitions/level. The limit of detection (LOD) was esti-
mated both with the usual approach (36 of 10 replicates of
a blank) and according to HuBaux and Vos (1970), study-
ing the regression line of the signal in a range of concentra-

R. LARCHER et al.

tions between 0 and 37.5 mg-1"'. The second approach de-
fined the LOD avoiding false negatives with a probability
of 1-B = 0.95. Similarly, the limit of quantification (LOQ)
was estimated both as 100 and according to EURACHEM
(1993), as the concentration value when the RSD% of the
method was 12 %.

The accuracy of the method was estimated through
comparison with the usual enzymatic method, analysing
55 natural wines. The data were statistically evaluated us-
ing STATISTICA® 8.0 (StatSoft, Inc.; Tulsa, OK, USA).

Results and Discussion

The chromatogram in Fig. 1 shows the HPLC-PAD
peak pattern measured in a natural red wine fortified with
GA. GA clutes at 14.24 mins in a zone not interfered with
by the compounds normally present in wine and listed in
“reagents”.

The linearity of the method was demonstrated up to 500
mg-1!, corresponding to 5000 mg-1"" GA in wine, as shown
by the following parameters of the regression analysis:
n = 120; Intercept 0.0002 pA; S.D. intercept 0.0025 pA;
Slope 0.005458 pA I'mg'; S.D. slope 0.000010 pA I'mg';
S.D. regression 0.0186 pA; R*0.9996.

The precision (RSD %) at 12 concentration levels
is shown in the Table. The LOD calculated as 3¢ was
0.6 mg-1"!, whereas it was 4.4 mg-l" when evaluated ac-
cording to HuBaux and Vos (1970). LOQ was 2 mg-1"' (10c)
or 9 mgl!' when estimated according to EURACHEM
(1993). The LOQ values are suitable for the measurement
of the lower concentration of GA (109 mg-1") quantified
in 100 Italian wines on sale. Accuracy was evaluated by
comparing the analytical performance of the HPLC meth-
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Fig. 1: Chromatographic peaks and corresponding retention time (t,), related to a red wine fortified with gluconic acid, measured using

a pulsed amperometric detector.
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Table

Precision (as RSD%) of the proposed method at
12 concentration levels of gluconic acid

Level GA concentration  RSD%
(mgT")
1 0 379
2 7.5 13.3
3 12.7 6.1
4 37.5 2.0
5 62.0 2.2
6 87.5 2.5
7 157 0.8
8 229 1.4
9 297 1.9
10 386 1.8
11 434 1.4
12 504 1.0

od proposed in relation to the enzymatic method (Fig. 2),
applying the regression model proposed by PassiNnG and
Basrok (1983). The methods were compared taking into
account the analytical errors of each and seeking the lin-
ear regression model that minimises the sum of the squares
of the deviation for each. The equation that best describes
the measurements obtained with the two methods has an
intercept = - 34.34 mg-1"!, significantly different from the
zero value, fixing a confidence interval of 95 %. The slope
was 0.9424. The difference between the methods was sta-
tistically significant (t test, p < 0.05). This means that on
average the analytical results obtained using the enzymatic

model were around 6 % lower than those obtained using
the HPLC-PAD method. It is reasonable to suppose that
the differences between the two methods can be attributed
to the difficulties in obtaining complete hydrolysis of the
lactonic 6 and y forms by following the producer’s instruc-
tions before enzymatic measurement. At all events these
differences are not technologically significant.

The HPLC-PAD method was applied to the analysis of
100 wines on sale. The GA content in 58 white (25" per-
centile 433 mg-1'; median 589 mg-1''; 75" percentile 1,249
mg-1") and 22 red (369 mgl'; 715 mgl1'; 1,118 mg1")
wines from the 2006 vintage covered an interval of be-
tween around 100 and 2,700 mg-1"', with 50 % of the sam-
ples containing up to 600 mg-1"' and 30 % of the samples
over 1 g-I''. There were no significant differences between
red and white wines, whereas as expected the 20 raisin
wines analysed, produced in different years, had signifi-
cantly higher levels of content (1,297 mg-1''; 2,059 mg-1;
3,979 mg-1"'; HSD Tukey’s test for an unequal number of
samples, p < 0.001). The measured contents fit with those
reported in the literature (PosTEL ef al. 1972, McCLOSKEY
1974, HorLBacH and WoLLER 1978).

Conclusions

The proposed method represents a new HPLC ap-
proach using pulsed amperometric detection for accurate
measurement of the content of gluconic acid in wine, from
a few dozen up to 5,000 mg-1"'. It gives the direct measure
of the sum of the open and lactonic forms of GA, without
sample preparation. Precision (RSD%) is under 2.5 in the
usual range of concentration in natural wines. This method
is a valid alternative to the enzymatic method for routine
quality control of wine.
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Fig. 2: Regression plot, according to PassinG and BaBLok (1983), of the gluconic acid content (mg-1"") measured in 55 wines using the
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