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ABSTRACT

Low molecular weight carbohydrates (LMW) were determined in a Chilean Cabernet Sauvignon red wine by the Dubois method, a specific method for the
determination of carbohydrates. Dialysis treatment of red wine allowed the separation of pentoses, hexoses, reducing and non-reducing oligosaccharides and
glycosides (LMW) from the polysaccharides fraction (HMW) fraction. The total sugar content of red wine by Dubois method was 5.55 g/L. The content of LMW
sugars determined by Dubois method (3.63 g/L) is higher than the sugar content of the polysaccharides fraction (1.78 g/L). Analysis of twenty more samples
of Cabernet Sauvignon red wines showed that the high molecular weight fraction content is quite iterative (mean value 2.50 g/L). The advantage of the Dubois
method in relation to Fehling method is that the former does not need prior decolouration of the sample and there is not interference of aldehydes. The method
developed in this work may be a complementary method for the determination of carbohydrates in wine industry.
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INTRODUCTION

The main low mass carbohydrates in red wine are the reducing sugars
glucose and fructose, some of which remain after fermentation. Also, the
monosaccharides galactose, arabinose, ribose, rhamnose and xylose are
present. In addition, red wines contain oligosaccharides such as sucrose and
trehaloses'. The official Chilean method for the determination of reducing
sugars in red wine is the titration procedure based on the Fehling method, by
the reduction of an alkaline solution of copper (II) salt'*. Samples must be
previously decolourised to eliminate polyphenolic compounds. The official
method proposed by European Community is similar and it is based on the
iodometric determination of excess copper (II) after the reaction of sugars
on a cupro-alkaline solution’. Glucose and fructose can be individually
determined by spectrophotometric detection of the enzymatic phosphorylation
and oxidation reactions, sucrose can also be estimated by this method after
enzymatic hydrolysis'®. Electrochemical procedures for the enzymatic
determination of glucose and fructose were developed®®. Sugars in wine can
be determined by HPLC, using different detectors®'2. The addition of sucrose
in red wine is allowed in many countries of the European Community, such
as Germany, Belgium, Denmark, Ireland, Poland, Sweden, United Kingdom,
Czech Republic and in some French departments'. In Chile, the import and
marketing of European red wines containing sucrose is permitted'*. Recently,
concentrations of glucose and sucrose in red wine were determined by 1D and
2D NMR techniques®. Glucose, fructose and sucrose can be determined by
capillary zone electrophoresis'®.

Other low molecular weight carbohydrates are present in wine as
glycosides of flavonoids and other phenolic compounds'”!®. High molecular
weight carbohydrates in red wine are originated either in grape berries (Vitis
vinifera) or in yeast during fermentation. These compounds comprise neutral
polysaccharides such as arabinogalactans, acidic pectic polysaccharides, and
mannans associated with proteins'®%.

The Dubois method is an extremely versatile method for the determination
of carbohydrates?'. It is based on the prior conversion of sugars into furfural
derivatives on heating with strong acids, followed by the formation of a
coloured complex with phenol. This colorimetric method, also known as
phenol-sulfuric acid method is used for the determination of free sugars,
glycosides, oligosaccharides and polysaccharides??. Segarra et al.?” examined
the polysaccharide levels in 27 musts from varieties of A.O.C. Pened¢s grapes,
and the white wine samples obtained from those musts by Dubois method.

The aim of this work is to study the carbohydrate content in red wines,
by the application of a specific method for carbohydrate quantification, the
Dubois method. We performed a dialysis technique to separate low mass
carbohydrate from polysaccharides in red wine; this fractionation allows the
direct determination of the content of monosaccharides, oligosaccharides and
soluble glycosides.
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MATERIALS AND METHODS

Wine samples. Samples of Cabernet Sauvignon vintage 2005 red
wine (CSW) were kindly supplied by a local producer. Additional eighteen
commercial standard-quality Cabernet Sauvignon vintage 2005 wines from
the Central valley of Chile, and two French Cabernet Sauvignon vintage
2006 wines were obtained in the local market. All the samples bottles were
kept protected from sunlight at room temperature and opened at the moment
of analysis. Reagent grade glucose, fructose, phenol, copper sulfate and
concentrated H,SO, were purchased from Merck (Darmstatd, Germany).

Fractionation of wine samples. Wine sample (50 mL) was introduced
in a bag made from 20 cm of Spectra/Por (MWCO 3500) membrane of 2.9
cm diameter (Spectrum Laboratories Inc., USA) and was dialysed against one
litre of distilled water under magnetic stirring for 1 h. The colorless diffusate
solutions and the red retentate solution were separately concentrated in vacuo
to a final volume of 5 mL, giving low molecular weight (LMW) and high
molecular weight (HMW) fractions, respectively. The dialysis process was
repeated two more times.

To test the recovery in the dialysis process, an aqueous solution (50 mL)
containing 0.200g of D-glucose and 0.125g of dextran of MW 70,000 (Dextran
T 70, Pharmacia Fine Chemicals, Uppsala, Sweden) was fractionated as above.
All the dialysis was conducted in quadruplicate.

Dubois method. Carbohydrate content in wine samples and their fractions,
was determined by Dubois method as described by Chaplin®. Briefly, 10 mL of
wine sample was diluted to 100 mL in distilled water. To an aliquot (0.5 mL)
of the solution, 0.5 mL of 5% aqueous solution of phenol in water was added,
and then 2.5 mL of concentrated sulfuric acid was directly added to the surface
of the solution. The reagents were added using Chempette bench dispensers
(Cole Parmer, U.S.A.) of 2.0 and 10.0 mL, respectively. After 20 min, the
absorbance was determined at 490 nm in a Genesys 5 (ThermoSpectronic,
U.S.A.) spectrophotometer. A blank was prepared using distilled water instead
of the wine solution. The amount of sugars was determined by reference
to a standard curve prepared with solutions containing up to 12 pg/mL of
D-glucose. For reproducibility the absorbance of wine sample was registered
on a JASCO V-5380 spectrophotometer (JASCO, Japan). In the case of HMW
and LMW extracts, the concentrated solution (5 mL) was diluted to 100 mL in
distilled water. Then, one mL of the resulting solution was diluted to 100 mL
in distilled water, and the determination was conducted on aliquots of 0.5 mL.
Experiments were run in sextuplicate.

Interference of anthocyanins on Dubois method. a) An aqueous solution
(50 mL) containing 0.035 g of anthocyanins obtained by extraction of skins
of Vitis vinifera grapes (Aguirre, Isaacs, Matsuhiro, Mendoza, and Torres,
unpublished results) was submitted to fractionation process as wine samples.
The carbohydrate content was determined as in the case of HMW and LMW
extracts. Experiment was run in duplicate. b) To 7 mL of CSW wine, 3 mL of
the anthocyanin extract (3.03 mg/mL) was added. The resulting solution was
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analysed by Dubois method. Determinations were run in quadruplicate.

Enzymatic methods for the determination of glucose, and fructose.
Determinations in quadruplicate were conducted according to Bordeu and
Scarpa!. Glucose was determined by the hexokinase, glucose-6-phosphate
dehydrogenase assay using a kit from Calbiochem (Merck Biosciences,
Darmstadt, Germany). After the glucose content was determined,
phosphoglucose isomerase kit from Sigma (St. Louis, USA) was added for the
determination of fructose.

Determination of reducing sugars by Fehling method. Determination
was carried out according to Bordeu and Scarpa'. The wine sample (100 mL)
was previously treated with 0.5 g of activated charcoal (Merck, Darmstatd,
Germany), and centrifuged on a Universal 32 Hettich centrifuge at 8000 x g.

Adsorption of glucose on charcoal. A solution containing 0.5 g of
D-Glucose in 100 mL of water was stirred 10 min with 5.0 g of activated
charcoal (Merck, Germany), the mixture was separated by centrifugation on
a Universal 32 Hettich centrifuge at 8000 x g, and filtered through a sintered
funnel in vacuo. Glucose was determined in the supernatant by the Fehling
method. Experiment was run in duplicate.

Statistical analysis. Statistical analysis of the obtained data were carried
out by variance analysis (ANOVA), using STATISTICA 5.5 software version,
Statsoft, U.S.A. A confidence interval (CI) of 90% (p<0.05) was used.

RESULTS AND DISCUSSION

Dialysis treatment allows the separation of carbohydrates with molecular
weight lower than 3500, herein called LMW fraction which diffuse into water
while inside the membrane high molecular weight carbohydrates (HMW) and
deep red water-insoluble compounds are retained. The phenol-sulfuric acid
spectrophotometric method of Dubois was adapted for the determination of
LMW and HMW carbohydrates in red wine. The linearity on a calibration
curve was checked ranging from 1.5 to 12.0 pg/mL for D-glucose (Fig 1.).

According to Chaplin®® the sensitivity of the method is 1-60 pg in 200 pL
of solution. A value of 0.21 pg/mL was obtained for limit of detection (LOD),
which was determined measuring 10 times the absorbance of the blank, during
one day, according to Skoog et al.”’. A value of 0.42 pg/mL was obtained for
the limit of quantification (LOQ), which was calculated according to Miller
and Miller® (Fig. 1). Repeatability and reproducibility were evaluated from the
results obtained by two analysts working on the same sample, in quadruplicate,
during three days (Table 1).
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Figure 1. Glucose calibration curve and linearity parameters

In order to determine whether anthocyanins interfere in the determination
of low molecular weight carbohydrates, solutions containing quantities of
anthocyanins similar to that present in red wine samples, were submitted to
fractionation by dialysis and analysed as the LMW and HMW fractions. The
Dubois method gave values of 0.02 + 0.010 mg/mL for HMW fraction, 0.05
+ 0.004 mg/mL for LMW, and 0.08 + 0.005 mg/mL for total carbohydrates
determined prior the dialysis fractionation, which indicated that interference
by anthocyanins is not significant. In addition, a CRS wine sample containing
double amount of anthocyanins was prepared by addition of anthocyanin
extract to CRS wine. Determination of total sugars by Dubois method gave
5.95 £ 0.12 g/L for the spiked sample and 5.88 + 0.45 g/L for the original
wine. Furthermore, the possible interference in the determination of low
molecular weight carbohydrates separated by the dialysis fractionation might
be diminished since the coloured compounds remained in the retentate. In
wine samples containing greater amounts of anthocyanins than CRS wine, a
previous treatment with lead acetate may be used to avoid interferences by
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anthocyanins in the determination of sugars in high molecular weight fraction.
But, the contribution of sugars from glycosides to total sugars would be lost.

Table 1. Repeatability and reproducibility of the carbohydrate content in
the analysis of CSR red wine.

Sample 1A (g/L)* 2A (g/L) 1B (g/L) 2B (g/L)
Total 5.75+0.10 5.55+0.31 6.03+£0.17 5.81+£0.24
HMW 2.01 £0.03 1.91+0.10 | 2.02+0.02 1.94+0.10
LMW 3.17+0.07 3.09+0.01 3.17+£0.05 3.13+0.01

*1A: Content obtained by analyst 1, on Genesys 5 spectrophotometer,
2A: by analyst 2 on Genesys 5 spectrophotometer, 1B: by analyst 2 on Jasco
V-530 spectrophotometer, 2B: by analyst 2 on Jasco V-530 spectrophotometer.
HMW: High molecular weight carbohydrates, LMW:Low molecular weight
carbohydrates. Determinations were conducted in quadruplicate.

The contents of carbohydrates in Cabernet Sauvignon red wine (CSR) is
presented in Table 2. The value for reducing sugars obtained by the Fehling
method is lower than that found for LMW fraction by the Dubois method. In
the Fehling method, the wine sample should be previously decoloured, in the
decolouration step, a considerable amount of solutes may be lost by adsorption
on charcoal. We found that 75% of glucose is lost when a 0.5% aqueous solution
of glucose is treated with charcoal in conditions similar to those of Fehling
method. It can be pointed out that in the European Community decolouration
of red wine is conducted using lead acetate>!. By the Dubois method not only
reducing sugars but oligosaccharides, glycosides and polysaccharides, which
may be hydrolysed giving sugars that form furfural derivatives are determined.
Being glucose and fructose, the most important reducing sugars of low
molecular weight, their content was determined by enzymatic methods (Table
2). According to Moro et al.’? the content of fructose and glucose in standard-
quality red wines is higher than in high-quality ones. The formers may contain
an average of 4.5 g/L of fructose and 2.0 g/L of glucose. The Chilean CSR red
wine contains small amounts of these monosaccharides.

Table 2. Sugar contents in CSR red wine determined by Fehling and
Dubois methods.

Carbohydrates Content (g/L)*

Reducing sugars by Fehling method 2.70 +0.20

Total sugars by Dubois method 5.55+0.31

Total sugars (after decolouration) by Dubois method 4.21+0.62

High molecular weight fraction (HMW) by Dubois 178 + 0.09
method

Low molecular weight fraction (LMW) by Dubois 3634032
method

Glucose by enzymatic method 0.33+0.02

Fructose by enzymatic method 0.68 + 0.08

“Data are mean values of six replications.

On the other hand, the Fehling method is used for the characterization
of aliphatic aldehydes and is based on the oxidation of aldehyde function to
carboxylic acids®. In wine, acetaldehyde is formed during vinification process
and constitutes the most important carbonyl compound*. Ghica et al.*>, recently
found using bienzymatic biosensor that the acetaldehyde content in red wine
varies between 106-187 mg/L. This reducing compound is bind with free SO,
in wine, but at the temperature of Fehling reaction the bisulfite-acetaldehyde
addition product liberates acetaldehyde which is oxidized by copper (II) ion.
The advantage of the Dubois method is that it does not need prior decolouration
of the sample and there is not interference of aldehydes. Furthermore, this
method allows the quantification of non-reducing oligosaccharides, such
as trehaloses and sucrose, which in the strong acidic medium employed in
the reaction are hydrolyzed to reducing monosaccharides. From Table 2, in



comparison with the value determined prior to the fractionation, it can be
deduced that the recovery of low and high molecular weight carbohydrates
through the separation by dialysis is very good. In a separate experiment,
glucose and MW 70,000 dextran were used for the recovery test, and the sugar
content was determined by the Dubois method. The recovery rate for glucose
(0.198 + 0.0069g) was 99%, and for dextran (0.121 + 0.0081g) was 97%.
Furthermore, the content of high molecular weight carbohydrates obtained by
dialysis separation is in agreement with the amount obtained in this laboratory
by liquid-liquid extraction of CSR red wine (1.6 g/L)*.

The carbohydrate contents of additional eighteen samples of Chilean and
of two French Cabernet Sauvignon red wines were analysed by Dubois method.
Results presented on Table 3 indicate that the contents of high molecular weight
carbohydrate fraction in the wine samples are very similar with an average
value of 2.50 g/L. Furthermore, the contents of glucose and fructose in sample
9 (0.21 £ 0.01, 0.44 + 0.02, respectively) and in sample 10 (0.29 + 0.00, 0.60
+ 0.01) determined by enzymatic methods show good correlations with the
values found for CSR sample; the content of fructose doubles glucose content.

Application of Dubois method in the determination of low molecular
weight carbohydrates present in Cabernet Sauvignon red wines gave reliable
and reproducible results. In contrast with the HPLC and NMR methods, this
spectrophotometric method is low cost and easy to handle procedure.

Table 3. Sugar contents in Cabernet Sauvignon wines by Dubois method®

Sample Total sugars (g/L) LMW?® (g/L) HMWe (g/L)
1 7.36+0.02 4.64+£0.04 2.84+0.03
2 5.45+0.01 3.06 +0.01 2.20 £ 0.02
3 5.74 +0.03 3.49 +£0.02 1.87+0.01
4 5.85+£0.18 3.14+0.06 2.64 +£0.04
5 7.08 +£0.02 3.67 +£0.06 3.07+0.05
6 7.74 £0.07 4.56 £0.08 3.05+0.01
7 5.78+0.08 3.27+£0.02 2.32+0.08
8 6.34+£1.57 458 +1.28 1.63 +0.05
9 548 +0.24 2.51+0.03 2.58+0.02
10 6.35+0.05 3.49 +£0.00 2.56 £ 0.00
11 10.41+£0.19 7.98 +0.98 2.62+0.01
12 6.12+£0.04 3.29 +0.00 2.61+0.04
13 7.98+0.01 5.19+0.29 2.48 +0.02
14 6.02+0.15 2.91+0.16 2.31+£0.14
15 6.45+0.03 3.21+£0.00 2.43+0.28
16 6.63+0.01 3.37+0.02 3.12+0.01
17 5.58+0.01 3.61 +£0.02 1.84+£0.04
18 8.43 +2.11 5.36 +0.40 2.78 £0.29
19 4.96 £0.45 2.63+£0.06 2.35+0.08
20 9.15+0.55 6.44 +£0.77 2.12 £0.05

Mean 2.50+0.18
p< 0.05

2 Data are mean values of four replications. "Low molecular weight
carbohydrates. ‘High molecular weight carbohydrates. Samples 19 and 20
correspond to French Cabernet Sauvignon red wines.

CONCLUSIONS

It may be proposed that the adaptation of the Dubois method developed
in this work may be a procedure for quantifying low molecular mass
carbohydrates in red wine. The method is specific for carbohydrates, simple,
accurate and it offers the advantage that no previous decolouration of the red
wine is necessary. Furthermore, the total content of carbohydrates including
glycosides and polysaccharides could be determined directly. In addition, for a
particular brand of wine, the content of high molecular weight fraction could be
determined after the dialysis procedure, and this value may be used in a routine
analysis of low molecular red wine employing the Dubois method, as the
correction factor. The method developed in this work may be a complementary
method for the determination of carbohydrates in wine industry.
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