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Abstract

Wine polysaccharides play an important role on a number of technological and quality
properties of wines and thus several methods have been proposed for their quantification. The
present study evaluates the suitability of gas chromatography with mass spectrometry detector
(GC-MS) for determining the content of wine monosaccharides and thus polysaccharide
families. Factors affecting the yield of polysaccharide precipitation were firstly evaluated and
the GC-MS method was characterized and compared with the previously reported GC-FID
method. Repeatability and reproducibility values were similar in both methods, with values
ranging from 1 to 14%. LODs obtained by MS were below 1.0 pg for all monosaccharides
and LOQs were below 1.8 pg. Moreover, a recovery study of the whole method was carried
out and it provided absolute recoveries between 81 and 116% for different wine samples, very
good values taking into account the multi-step procedure. Both GC-MS and GC-FID were
applied to determine the content of wine polysaccharide families in three wine samples and no
significant differences were observed. Finally, high-resolution size exclusion chromatography
with refractive index detector (HRSEC-RID) was applied to obtain the molecular weight
distributions of the wine polysaccharides and to estimate their global content. The correlation
observed between the polysaccharide values obtained with the GC method and the HRSEC-
RID method (r = 0.746, p < 0.05) indicated that the latter could serve as a rapid and simple
method to give an estimation of total wine polysaccharides although it can not be used to
quantify in a precise way.

Keywords: wine; monosaccharides; polysaccharides; GC-MS; GC-FID; HRSEC-RID
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1. Introduction

Wine and must polysaccharides are a subject of a number of studies since they play an
important role on a number of technological and quality properties of wines. Considered as
protective colloids, they can significantly modify several colloidal phenomena during the
winemaking process, such as tartrate salt crystallization (Gerbaud et al., 1996; Gerbaud,
Gabas, Blouin, Pellerin & Moutounet, 1997; Lubbers, Leger, Charpentier & Feuillat, 1993;
Moine-Ledoux & Dubourdieu, 2002), protein haze (Dupin, Stockdale, Williams, Jones,
Markides & Waters, 2000a; Dupin et al., 2000b; Gonzalez-Ramos & Gonzalez, 2006; Moine-
Ledoux & Dubourdieu, 1999; Waters, Pellerin & Brillouet, 1994), retention of aromatic
compounds (Chalier, Angot, Delteil, Doco & Gunata, 2005; Dufour & Bayonoue, 1999;
Lubbers, Voilley, Feuillat & Charpentier, 1994; Wolz, 2005), colour stabilization (Escot,
Feuillat, Dulau & Charpentier, 2001; Feuillat, Escot, Charpentier & Dulau, 2001; Fuster &
Escot, 2002; Saucier, Glories & Roux, 2000), or tannin aggregation and precipitation
(Guadalupe, Palacios & Ayestaran, 2007a; Saucier, Glories & Roux, 2000; Vidal et al., 2004;
Wolz, 2005).

Polysaccharides in wine originate mainly from grape primary cell walls and microorganisms
acting during the winemaking. The main polysaccharides coming from grape berries cell
walls are arabinans and arabinogalactan-proteins (AGP), homogalacturonans (HL) and
rhamnogalacturonans (RG-1 and RG-I1I) whereas those released by microorganisms are mainly
mannans and mannoproteins (MP) produced by yeasts during alcoholic fermentation or aging
on lees, and glucans produced by Botrytis cinerea on infected grapes. Exogenous
polysaccharides such as arabic gum and carboxymethyl cellulose could also be present in
several commercial wines as they are authorized as additives.

Not all polysaccharides show the same behaviour with respect to wines and their influence on

wine will depend not only on their quantity but also on the type of polysaccharide. It has been
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shown that AGP have greater influence on the filtration procedures than MP (Ribéreau-
Gayon, Glories, Maujean & Dubourdieu, 2002), which are more efficient at reducing protein
haze in white wines (Dupin et al., 2000b; Moine-Ledoux & Dubourdieu, 1999; Waters,
Pellerin & Brillouet, 1994). RG-I and Il inhibit hydrogen tartrate crystallization (Gerbaud,
Gabas, Blouin, Pellerin & Moutounet, M., 1997) whereas AGP do not affect this phenomenon
(Ribéreau-Gayon, Glories, Maujean & Dubourdieu, 2002). Among the MP classes present in
wine, some have been found to act as protective factors with regards to tartaric acid
precipitation (Gerbaud, Gabas, Blouin, Pellerin & Moutounet, 1997; Moine-Ledoux &
Dubourdieu, 1999) and it has also been described that the dimer RG-Il/boron can form
complexes with di- and trivalent cations which could reduce the level of toxic cations (e.g.,
Pb%") in wines (Pérez, Rodriguez-carvajal & Doco, 2003; Vidal et al., 2000a). Regarding to
wine sensory properties, RG-1l dimer seems to favor the self-aggregation of grape seed
proanthocyanidins in wine-like solutions, whereas wine MP, acidic AGP and other ionic
carbohydrates tend to inhibit tannin aggregation (Carvalho, Mateus, Plet, Pianet, Dufourc &
de Freitas, 2006; de Freitas, Carvalho & Mateus, 2003; Mateus, Carvalho, Luis & de Freitas,
2004; Riou, Vernhet, Doco & Moutounet, 2002), and therefore have a different influence on
wine astringency and fullness (Vidal et al., 2004).

To determine the content of grape, must or wine polysaccharides, all the methods proposed
begin with an extraction step by either direct precipitation with ethanol-acid, concentration-
precipitation, dialysis or ultrafiltration. After the extraction step, two alternatives can be
chosen to analyze the polysaccharides in the extract: a) using rapid, simple and global
methods for total polysaccharide quantification, b) using more complex and time-consuming
methods to quantify specific monosaccharides present in the wine. Direct quantification of
wine polysaccharides are usually based on the precipitation of total wine colloids, followed by

colorimetric assays (Segarra, Lao, Lopez-Tamames & de la Torre-Boronat, 1995) or by the
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determination of peak areas by size-exclusion chromatography (Dubourdieu, Llauberes &
Ollivier, 1986; LoOpez-Barajas, Lopez-Tamames & Buxaderas, 1998; Palomero, Morata,
Benito, Gonzalez & Suarez-Lepe, 2007; Palomero, Morata, Benito, Calderon & Suarez-Lepe,
2009). However, these global methods do not allow the quantification of the different families
of polysaccharides present in wines, which can be estimated by assessing its monosaccharide
profile. Several methods have been proposed for the identification and quantification of grape
and wine monosaccharides: High performance anion exchange chromatography with pulsed
amperometric detection (HPAEC-PAD) (Arnous & Meyer, 2009), Fourier transform infrared
spectroscopy (FTIR) (Boulet, Williams & Doco, 2007; Coimbra, Barros, Coelho, Gongalves,
Rocha & Delgadillo, 2005) and Gas chromatography (GC).

When GC is used two different detectors have been used: flame ionization detector (FID) and
mass spectrometry detector (MS). Although MS is expected to be more sensitive and selective
than FID, wine monosaccharide derivatives are usually quantified by GC-FID (Ayestaran,
Guadalupe & Leon, 2004; Chalier, Angot, Delteil, Doco & Gunata, 2005; Doco, Quellec,
Moutounet & Pellerin, 1999; Doco, Vuchot, Cheynier & Moutounet, 2003; Doco, Williams &
Cheynier, 2007; Dols-Lafargue, Gindreau, Le Marrec, Chambat, Heyraud & Lonvaud-Funel,
2007; Guadalupe & Avyestaran, 2008; Nufez, Carrascosa, Gonzalez, Polo & Martinez-
Rodriguez, 2005; Nufiez, Carrascosa, Gonzalez, Polo & Martinez-Rodriguez, 2006; Nufez,
Pueyo, Carrascosa & Martinez-Rodriguez, 2008; Vicens, Fournand, Williams, Louise,
Moutounet & Doco, 2009; Vidal, Doco, Pellerin & Moutounet, 2000b; Vidal, Williams,
O Neill & Pellerin, 2003) while GC-MS is generally reported to confirm the identity of each
peak (Ayestaran, Guadalupe & Ledn, 2004; Doco, Quellec, Moutounet & Pellerin, 1999;
Doco, O'Neill & Pellerin, 2001). Previous studies of our workgroup have described the
quantification of wine polysaccharides by GC-FID and reported the characteristics of the

method (Ayestaran, Guadalupe & Ledn, 2004), but to our knowledge, the suitability of GC-
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MS for direct quantification of wine monosaccharide derivatives has not been reported.
Therefore, the aim of the present study was to evaluate the suitability of the GC-MS detection
for determining the content of wine monosaccharides and polysaccharides. The proposed
method was characterized in terms of linearity, detection and quantification limits and
repeatability and reproducibility, comparing these results with those previously obtained with
the GC-FID method. In order to evaluate the accuracy of the method a recovery study was
carried out by using commercial polysaccharides. Moreover, the monosaccharide and
polysaccharide composition in three red wines was determined using the GC-MS detection
and the FID, and the results were compared. Finally, the potential use of size-exclusion
chromatography with refractive index detector (HRSEC-RID) as a simple and rapid method
for estimating total polysaccharides in wine samples was evaluated.

2. Materials and Methods

2.1. Chemicals

All reagents were analytical grade unless otherwise stated. Standards of different
monosaccharides were used to perform the calibration curves. L-fucose, L-rhamnose, 2-O-
methyl D-xylose, L-arabinose, D-xylose, D-galactose, D-glucose, D-mannose, Kdo (3-deoxy
octulosonic acid) and D-apiose solution were supplied by Sigma-Aldrich (Beerse, Belgium),
and D-galacturonic acid, D-glucuronic acid and myo-inositol (internal standard) were
obtained from Fluka (Buch, Switzerland).

Ethanol 96% (v/v), hexane and acetyl chloride were supplied by Scharlab (Barcelona, Spain),
hydrochloric acid 37% was purchased from Carlo Erba (Rodano, Milan, Italy), and dried
methanol, pyridine, hexamethyldisilazane and trimethylclorosilane were obtained by Merck
(Darmstadt, Germany). Lithium nitrate of HPLC grade supplied by Sigma (Beerse, Belgium)

and MilliQ deionized water (Millipore, Molsheim, France) were used. A pullulan calibration
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kit (Shodex P-82) was obtained from Waters (Barcelona, Spain). All the solutions were
filtered through a 0.45 um filter before use in the HPLC.

2.2. Equipments

High-resolution size-exclusion chromatography (HRSEC) was performed using a modular
1100 Agilent liquid chromatograph (Agilent Technologies, Waldbronn, Germany) equipped
with one G1311A quaternary pump, an on-line G1379A degasser, a G1316A column oven, a
G1362 refractive index detector, a G1313A automatic injector, and controlled by the
Chemstation Agilent software.

The gas chromatography (GC) system controlled by the Chemstation software and equipped
with a 7653B automatic injector consisted of an Agilent 7890A gas chromatograph (Agilent
Technologies, Waldbronn, Germany) coupled to a 5975C VL quadrupole mass detector (MS)
and a flame ionization detector (FID).

2.3. Samples

Commercial polysaccharides were purchased from Lallemand (Lallemand-Inc., Montreal,
Canada). Wine samples were elaborated in the wine cellar of Juan Carlos Sancha S.L. (Bafios
de Rio Tobia, La Rioja, Spain) using grapes harvested on the vintage 2008. Three grape
varieties from the qualified origin denomination Rioja (D.O.Ca. Rioja) were used: Vitis
Vinifera L. Cv. red Tempranillo (Wine 1), Monastel (Wine 2) and red Maturana (Wine 3). For
the red winemaking, grapes were destemmed and distributed into 500 L French oak barrels,
sulphited with 3 g/HL SO, and inoculated with 25 g/HL S. cerevisiae yeast strain. The
prefermentation process went on for 24 h at 12 + 1°C; the alcoholic fermentation—maceration
process was carried out at a maximum temperature of 28 + 2°C and lasted 10 days. During
this period, barrels were battonaged sixteen times a day. Wines were then racked and
introduced in the same 500 L French oak barrels and samples were taken and analyzed. All

vinifications were carried out in triplicate.
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2.4. Precipitation of total soluble wine polysaccharides

Wine polysaccharides were recovered by precipitation after ethanolic dehydration. Samples
were centrifuged (14,000 rpm for 5 min) using a RC-5B Sorvall refrigerated centrifuge (Du
Pont, BH, Germany) and 2.5 mL of the supernatants were taken and introduced into 15 mL
falcon-tubes. Three assays were then carried out: a) polysaccharides were directly precipitated
by adding 10 mL of cold acidified ethanol (ethanol of 96% containing HCI 0.3 M) and kept
for 18h at 4 °C (non-concentrated samples); b) the supernatants were concentrated to dryness
in a Jouan RC10-10 centrifugal evaporator (Fisher Scientific, Madrid, Spain), the residues
were dissolved in 0.5 mL of water to obtain wine concentrated five times and then 2.5 mL of
cold acidified ethanol was added and kept for 18h at 4 °C (samples concentrated five times);
c) the supernatants were concentrated to dryness in a centrifugal evaporator and the residues
directly precipitated with 2.5 mL of cold acidified ethanol and kept for 18h at 4 °C (samples
concentrated to dryness). Thereafter, all the samples were centrifuged (14,000 rpm for 20
min), the supernatants discarded, and the pellets washed several times with 96% ethanol to
remove the interference materials. The precipitates were finally dissolved in ultrapure water
and freeze-dried using a Virtis freeze drying (New York, USA). The freeze-dried precipitates
obtained contained the total soluble polysaccharides (TSP).

This polysaccharide extraction was performed in triplicate in each sample.

2.5. Identification and quantification of monosaccharides by GC-MS and GC-FID

The monosaccharide composition of the TSP precipitates was determined by GC-MS and GC-
FID of their trimethylsilyl-ester O-methyl glycolsyl-derivades (TMS) obtained after acidic
methanolyisis and derivatization.

TSP fractions were treated with 1.5 mL of the methanolysis reagent (MeOH containing HCI
0.5 M) in order to hydrolyze neutral and acidic monosaccharides to their corresponding

methyl glycosides. The reaction was conducted in nitrogen atmosphere at 80 °C for 16 hours
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and thereafter the excess of reagent was removed using a stream of nitrogen gas. The
conversion of the methyl glycosides to their trimethylsilyl (TMS) derivatives was performed
by adding 0.5 mL of a mix pyridine: hexamethyldisilazane: trimethylclorosilane (10:2:1 v/v)
to the dried material. The reaction was carried out at 80 °C for 30 minutes and the reagent
removed using a stream of nitrogen gas. A solution (25 pL) of derivatized myo-inositol was
then added as internal standard and the derivatized residues were extracted with 1 mL of
hexane. GC-MS and GC-FID was performed with 1 uL of these solutions and samples were
injected in duplicate. Different standard carbohydrates were also converted to their
corresponding TMS derivatives and analyzed by GC-MS and GC-FID in order to obtain
patterns for identification and the standard calibration curves.

The chromatographic column was a Teknokroma fused silica capillary column (30 m x 0.25
mm x 0.25 um) of phase 5% phenyl - 95% methylpolysiloxane. The oven program started at
an initial temperature of 120 °C which was increased at a rate of 1 °C min~' to 145 °C and
then to 180 °C at a rate of 0.9 °C min ™" and finally to 230 °C at 40 °C min"". The GC injectors
were equipped with a 3.4 mm 1.D. and were maintained at 250 °C with a 1:20 split ratio. The
carrier gas was helium (99.996%) at a flow rate of 1 mL min™. lonisation was performed by
electron impact (EI) mode at 70 eV. The temperatures used were 150 °C for the MS Quad,
230 °C for the MS Source, and 250 °C for the transfer line.

2.6. Analysis of polysaccharides by HRSEC-RID

The high-resolution size-exclusion chromatography (HRSEC) system with a refractive index
detector was used to obtain the molecular weights and molecular weight distributions of the
wine polysaccharides. Two serial Shodex OHpack KB-803 and KB-805 columns (0.8 x 30
cm, Showa Denko, Japan) were used. TSP precipitates were dissolved in 2.5 mL of LiNOs,
filtered through a membrane with a 0.45 um pore size, and 100 pL was injected and eluted

with a 0.1 M solution of LiNO; at a flow rate of 1 mL min™. Calibration was performed with
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narrow pullulan molecular weight standards (Shodex P-82, Waters, Barcelona, Spain): P-5,
Mw = 5.9 KDa; P-10, Mw = 11.8 KDa; P-20, Mw = 22.8 KDa; P-50, Mw = 47.3 KD; P-100,
Mw = 112 KDa; P-200, Mw = 212 KDa; P-400, Mw = 404 KDa.

2.7. Statistical analysis

Performance of the method and significant differences between samples were evaluated by an
analysis of variance (ANOVA). Statistical evaluations were performed using the SPSS 15.0
program for Microsoft Windows (SPSS Inc., Chicago, IL).

3. Results and Discussion

3.1. Extraction of wine polysaccharides

Wine samples were first centrifuged to remove insoluble material and three assays were then
carried out: a) direct precipitation of polysaccharides in non-concentrated samples, b)
precipitation of polysaccharides in samples concentrated five times, and c¢) precipitation of
polysaccharides in samples concentrated to dryness. Previous studies had proven the
concentration step to be critical for the quantitative precipitation of all soluble
polysaccharides since some polysaccharide families seemed to be precipitated only partially
in non-concentrated wines (Ayestaran, Guadalupe & Leon, 2004; Doco, Quellec, Moutounet
& Pellerin, 1999). Concentration by filtration could cause the loss of material on microfilters
and heating was avoided to prevent from degradations or losses. Samples were thus
concentrated in a centrifugal evaporator with controlled temperature being less than 35 °C.
Concentrated samples showed higher concentrations in all monosaccharides than non-
concentrated samples indicating that non-concentration could lead to an underestimation.
Besides, HRSEC-RID of non-concentrated samples provided very small areas in all the peaks
corresponding to high and low molecular weight polysaccharides, to the point that some peaks
were even lost (data not shown). When comparing samples concentrated to dryness with

samples concentrated five times, the former showed higher concentrations of

10
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monosaccharides, which means higher signal/noise ratio in the GC-MS chromatogram and
thus higher sensitivity for the lower concentrated monosaccharides. When analyzed by
HRSEC-RID, both sample preparations showed identical areas in the peaks corresponding to
high molecular weight polysaccharides but signals corresponding to low molecular weight
compounds were significantly lower in samples concentrated five times, indicating that the
precipitation of oligosaccharides and small fragments of wine polysaccharides had been
affected by the concentration step. In conclusion, concentration of samples is recommended in
order to achieve the quantitative determination of all wine polysaccharides. Concentration to
dryness was chosen in order to simplify the method and obtain higher monosaccharide
responses, although five-times concentrated samples also ensured the quantitative
precipitation of wine polysaccharides. Anyway, and regardless the concentration-step chosen,
all the samples must be treated in the same way for comparative purposes.

3.2. Identification and quantification of glycosyl residues by GC-MS detection

The monosaccharide composition of the TPS fractions was determined by GC-MS of their
trimethylsilyl (TMS) residues. The identification of the peaks was carried out by comparing
retention times and mass spectra with those obtained by injections of pure standards. Typical
GC-MS chromatogram for a wine polysaccharide extract is shown in Figure 1.

In order to be able to quantify the monosaccharides in the GC-MS chromatograms, calibration
curves of monosaccharide standards were needed. Standard curves of L-fucose, L-rhamnose,
2-O-methyl D-xylose, L-arabinose, D-xylose, D-galactose, D-glucose, D-mannose, Kdo (3-
deoxy octulosonic acid), D-galacturonic acid and D-glucuronic acid were used for
monosaccharide quantification and myo-inositol was used as internal standard. MS
fragmentation patterns reported in Refs. (Doco, O'Neill & Pellerin, 2001) were used to
identify those monosaccharides for which no commercial standards were available. 2-O-

methyl fucose, aceric acid and Dha (3-deoxy-D-lyxo-heptulosaric acid) and apiose were
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quantified using the 2-O-methyl xylose calibration curve. The different monosaccharides were
quantified in selected ion monitoring (SIM) mode, selecting the appropriate number of ions
for each compound (m/z) in one segment from 3 to 65 minutes. D-galacturonic acid, L-
rhamnose, L-fucose, D-galactose, D-glucose, D-mannose and D-xylose with 204 ion and D-
glucuronic acid, L-arabinose, Kdo, 2-O-methyl-L-fucose, Dha and aceric acid with 217 ion, 2-
O-methyl D-xylose with 146 ion, apiose with 191 and myo-inositol (internal standard) with
305 ion. For all the spectra, these ions showed the highest signal/noise ratio and were selected
for recording SIM mode chromatograms.

3.3. Performance of the GC-MS detection

The features of the GC-MS detection including equation, the slope with its standard deviation,
the correlation coefficients (r?), the linear range and the limits of detection (LOD) and
quantification (LOQ), for the carbohydrate standards are listed in Table 1. The features of the
GC-MS method were established after a linearity study using solutions of standard
carbohydrates. The analyte to internal standard peak area ratio was used as analytical signal
for constructing the calibration graphs. The limit of detection was calculated as the
concentration of a signal to noise of three and the limit of quantification from the signal to
noise of ten.

The correlation coefficients obtained from the calibration curves were all higher than 0.96 (p
< 0.001). These curves were, therefore, considered to be linear for the range of concentrations
studied (to 1500 pg for majority monosaccharides, i.e., arabinose, rhamnose, mannose
galactose, galacturonic acid and glucose, around 500 ug for fucose and glucuronic acid, and
125 to 270 pg for the rest of monosaccharides). The limits of detection and quantification
were good and in all the cases they were below the values obtained for the monosaccharides

present in the wine samples.
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A validation of the proposed method was carried out by analyzing real wine samples. The
precision of the GC-MS method was checked in terms of repeatability and reproducibility
(Table 1) by means of an analysis of variance (ANOVA). Repeatability was evaluated by the
analysis of 6 aliquots of the same wine under normal operating conditions and it was
expressed as relative standard deviation values (inter-wine standard deviation). The
reproducibility of the method was expressed as the relative standard deviation values obtained
for the three different wines (intra-wine standard deviation). As described in the experimental
section, samples were centrifuged and the supernatants concentrated to dryness and
precipitated. The residues obtained were freeze-dried, methylated, derivatizated and submitted
to GC-MS analysis to calculate the amount of carbohydrates. Both repeatability and
reproducibility values were good taking into account that a multi-step procedure was
performed with values ranging between 2-12% and 1-14%, respectively.

In order to test the accuracy of the whole method, a recovery study was also carried out
(Table 2). Recovery studies were accomplished with the three wine samples by using a
commercial wine polysaccharide composed of galactose, mannose, glucose and glucuronic
acid. Each sample was divided in two fractions, one of them was spiked with the commercial
polysaccharide at the 400 mg L™ level, and the other one considered as a blank. Samples were
then treated as previously described and recoveries were calculated for monosaccharides
which form wine polysaccharides. The obtained recoveries ranged from 81 to 116% (Table 2),
again good values for this complex analysis. In contrast to previous studies, this is the first
time to study the recovery of the whole method and not just of the chromatographic
determination.

3.4. Comparison of the GC-MS detection with the GC-FID detection

Figure 1 shows the chromatogram obtained for the glycosyl residues of a wine sample using

the GC-MS detection. All the chromatograms obtained showed good chromatographic peaks
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and revealed no evidences of interferences or overlaps between compounds. Although good
chromatographic peaks were also obtained for FID (chromatogram not shown), the presence
of interferences or overlaps was difficult to detect with this type of detector. Taking into
account that the co-elution of compounds is frequent in real wine samples, MS detector was
preferred to solve this difficulty.

Features of the GC-MS method were compared with those previously reported for the GC-
FID method (Ayestaran, Guadalupe & Leon, 2004). Although the studied linear range differed
between MS and FID, the correlation coefficients of the calibration curves were similar for
both methods. In principle, both detectors provided similar precisions, with values of
repeatability and reproducibility ranging from 1 to 14%; however, detection and
quantification limits of the MS method were lower than those from the FID in all cases. LOQ
values were even around ten times lower 10 times for the majority of monosaccharides. Thus,
the LOQ of some monosaccharides which are present in wines in very low amounts but
whose concentrations are essential for RG-11 quantification, i.e. 2-O-methyl xylose and Kdo,
were reduced from 7 to 1.3 pg and from 9 to 1.7 g, respectively, and the LOQ for glucose,
one of the major monosaccharides of wine and must samples, was reduced from 21 to 1.5 ug.
In conclusion, GC-MS quantification was preferred to provide unambiguous identification
and quantification of the complex mixtures of monosaccharides present in grape derived
beverages. Besides, MS detector showed to be more sensitive and selective than FID,
allowing lower detection limits which may be useful when quantifying rare RG-II
polysaccharides as they are present in must and wines in very low concentrations.

3.5. Method application: analysis of wine polysaccharides by GC-MS and GC-FID

The described method was applied to analyze polysaccharide families in the three wine
samples. Table 3 shows the glycosyl residue composition of the three wines determined by

the GC-MS method proposed. Without any exception, all monosaccharides were detected in
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the wines at the levels above the quantification limits of the method, and all the
concentrations were always within the linear range. Wine samples contained all the
monosaccharides that form wine polysaccharides and they were present in similar proportions
than those found in other studies (Ayestaran, Guadalupe & Ledn, 2004; Doco, Quellec,
Moutounet & Pellerin, 1999; Doco, Williams & Cheynier, 2007; Guadalupe & Ayestaran,
2007b). Aceric acid, 2-O-methyl xylose, 2-O-methyl fucose, apiose, Dha and Kdo, the rare
monosaccharides markers of the rhamnogalacturonan 11 molecule (RG-11), were present in all
the samples in lower amounts. On the opposite, rhamnose and galacturonic acid, principal
components of rhamnogalacturonans; mannose, the main component of yeast mannoproteins
(MP); and arabinose and galactose, the glycosyl residues found in arabinogalactans and
arabinogalactan-proteins (AGP), were present in high concentrations. The high quantities of
glucose were attributed to the presence of grape and yeast polysaccharides but also to
anthocyanins; the presence of xylosyl residues indicated that traces of hemicelluloses
(arabinoxylans or xyloglucans) were solubilized from grape cell walls. The content of each
polysaccharide family in the wine samples was estimated from their concentration of
individual glycosyl residues which are characteristic of structurally-identified wine
polysaccharides (Ayestaran, Guadalupe & Leon, 2004; Doco, Quellec, Moutounet & Pellerin,
1999). AGP were therefore estimated from the sum of galactosyl, arabinosyl, rhamnosyl and
glucuronosyl residues; all the mannose content was attributed to yeast mannoproteins; the
RG-II content was calculated from the sum of its diagnostic monosaccharides, which
represent approximately 25% of the RG-Il molecule. Taking into account the molar ratios of
the RG-Il (1 residue of 2-O-methyl fucose, 3.5 rhamnose, 2 arabinose, 2 galactose, 1
glucuronic acid and 9 galacturonic acid), the remaining part was attributed to the presence of
AGP in the case of rhamnose, arabinose and galactose, and the remaining galacturonosyl

residues was used to estimate the content of oligomers of homo- and rhamnogalacturonans
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(GL). The results of the analysis are shown in Table 4, which shows that except for RG-I1, the
concentrations of the different polysaccharide families were significantly different depending
on the wine sample (p < 0.05). The content of total polysaccharides was estimated from the
sum of AGP, MP, RG-Il and GL.

In order to compare the results of the method using the MS detection and the FID, the
monosaccharide (data not shown) and polysaccharide composition of the three wine samples
was also analyzed by CG-FID. Table 4 shows the results for polysaccharide concentrations
analysed by both methods. The comparison of the data obtained with the two methods was
carried out by an analysis of variance (ANOVA) as all the data met random and normality
assumptions. No significant differences were found in the content of monosaccharide residues
and thus in any polysaccharide family (p < 0.05), indicating that both methods provided
similar results when determining wine polysaccharides.

3.6. Analysis of wine polysaccharides by HRSEC-RID

HRSEC of wine samples on two serial Shodex columns was performed in order to obtain the
molecular weights and molecular weight distributions of the wine polysaccharides. Moreover,
we tried to evaluate if this method, quite frequent for wine polysaccharide evaluation, could
serve as a rapid and simple method to estimate the content of total wine polysaccharides.

The sizes and content of the polysaccharides were compared to those of known pullulan
standards. The apparent molecular weights were deduced from the calibration equation log
M, = 11.188 — 0.403 tg (tg = column retention time at peak maximum, and r? = 0.999) with a
correlation coefficient r’ of 0.998. Polysaccharide contents were estimated using calibration
curves constructed from the pullulan standards; the pullulan P-10 of 11.8 KDa, P-50 of 47.3
KDa, P-100 of 112 KDa, and P-200 of 212 KDa were chosen to obtain the calibration curves

because their peaks properly matched with those obtained for the wine samples. The four
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calibration curves showed a correlation coefficient r? higher than 0.998 and they were linear
for all the range of concentrations detected (0-1000 mg L™).

In the wine samples analyzed, the HRSEC fractionation allowed the separation of soluble
polysaccharides in different peaks (Figure 2). According to previous work (Guadalupe &
Ayestaran, 2007b), higher-molecular-weight polysaccharides, eluting between P50 and P400,
corresponded to molecules with an average molecular weight higher than 47.3 kD (average of
212, 112 and 50 kD), and corresponded to a complex mixture of high-molecular-weight AGP
from grape berries and high-molecular-weight MP from yeasts. Polysaccharides with an
average molecular weight of 12 kD (P10) corresponded to grape RG-II dimers and lower
molecular-weight AGP and MP. Signals eluting after P5 corresponded to a molecular weight
of less than 6 kD and it was attributed to oligosaccharides and small fragments of AGP, MP
and RG-II. Therefore, and in order to estimate the total polysaccharide content from the
HRSEC profile, these last signals were not taking into account and total polysaccharides were
estimated from the sum of signals with a higher molecular weight than P5. Table 5 shows the
quantities of polysaccharides estimated by HRSEC-RID for the three wines analyzed. It was
observed again that the estimated polysaccharide content was dependent on the wine sample
(p < 0.05). The results of total polysaccharide content (TPC) obtained with the GC-MS
method and estimated polysaccharide content (EPC) obtained by the HRSEC-RID method
were compared by using a correlation matrix. Although the polysaccharide content estimated
by HRSEC was considerably lower than that obtained with GC-MS, a good correlation was
found between the two methods (r = 0.746, p < 0.05), indicating that the former could serve
as a rapid and simple method for total wine polysaccharide estimation. It is important to
notice that HRSEC-RID provided almost half of the value obtained by the chromatographic
method and thus it led to an underestimation of real wine polysaccharides; however, it could

be valid for comparative purposes.
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4. Conclusions

Factors affecting the yield of polysaccharide precipitation were carefully evaluated,
concluding that concentration of wine samples was essential to ensure the quantitative
precipitation of all wine polysaccharides The suitability of gas chromatography with mass
spectrometry detector (GC-MS) for determining the content of wine monosaccharides and
thus polysaccharide families was proved. It provided good values of quantification and
detection limits and suitable values of repeatability, reproducibility and overall recoveries.
The comparison of the results obtained by GC-MS and GC-FID revealed that both methods
were suitable for determining the content of monosaccharides in wine samples but MS
detector showed to be more sensitive and selective than FID, allowing lower detection limits
which may be useful when quantifying rare RG-II monosaccharides which are present in
musts and wines in very low concentrations. A further advantage of the MS detection is that it
provides unambiguous identification and quantification of the complex mixtures of
monosaccharides present in grape derived beverages. Finally, three wine samples were
analyzed by GC-MS, GC-FID and HRSEC-RID. No significant differences were found for
polysaccharide families quantified by MS or FID, indicating that both methods provided
similar results. The good correlation observed between the polysaccharide values obtained
with the GC method and the HRSEC-RID method (r = 0.746, p < 0.05) indicated that the
latter could serve as a rapid and simple method for estimating the content of total wine
polysaccharides although it does not provide information about the concentration of specific
polysaccharide families.
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Figure captions

Figure 1: GC-MS chromatogram obtained for a wine polysaccharide extract. For extraction,
chromatographic and detection conditions see Sections 2.4 and 2.5. Peak identification:
Aceric acid (peak 1), 2-O-methyl-fucose (peak 2), 2-O-methyl-xylose (peak 3), apiose (peak
4), arabinose (peak 5, 6, 7, 10, 11), rhamnose (peak 8), fucose (peak 9), xylose (peak 12, 13,
14), mannose (peak 15, 19), galacturonic acid (peak 16, 23), Dha (peak 18), galactose (peak
17, 20, 21, 22), glucose (peak 24, 26), glucuronic acid (peak 25, 27), Kdo (peak 28), myo-
inositol (peak 29).

Figure 2: HRSEC-RID chromatograms of total soluble polysaccharides in three wine
samples. Chromatogram obtained using two serial Shodex OHpack KB-803 and KB-805

columns. Elution times for the molecular weight markers (P5—P400) are shown.
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Table 1. Calibration curve data’, calculated detection (LOD) and quantification (LOQ) limits* and precision (repeatability and reproducibility) of

the GC-MS detection

Compound Equation® Sd smpf Correlation Linear range (ug) LOD (ug) LOQ (ug) Repeatability Reproducibility
coefficient (r%) (%)* (%)°

Aceric acid 9 1
2-O-methyl fucose 10 1
2-O-methyl xylose A =0.1278 C 0.0015 0.998 1.3-275 0.4 1.3 12 1
Apiose 3 9
Arabinose A=0.5083C 0.0067 0.998 0.7-1550 0.2 0.7 11 5
Rhamnose A=0.6812C 0.0959 0.960 0.4-1500 0.1 0.4 11 13
Fucose A =0.6456 C 0.0109 0.997 0.6-525 0.2 0.6 10 7
Xylose A =0.5602 C 0.0083 0.997 0.4-500 0.1 0.4 9 9
Mannose A=0.6312C 0.0861 0.970 2.5-1500 0.1 0.5 8 4
Dha° 5 8
Galactose A=0.2630C 0.0031 0.998 1.6-1500 0.5 0.6 6 4
Galacturonicacid A =0.1741C 0.0016 0.999 1.9-1300 0.6 0.9 6 14
Glucose A=0.8499 C 0.0165 0.996 1.5-1500 0.5 15 8 3
Glucuronic acid A=0.2382C 0.0029 0.998 4.4-475 0.9 4.4 5 2
Kdo® A=0.1216 C 0.0002 0.999 1.7-125 0.5 1.7 10 13

! Values calculated for the monosaccharide standards.

2 A denote the peak area and C denote concentration in mg.

*n =3 replicates.

* calculated as RSD values, n = 6 replicates.
> calculated as RSD values, n = 3 replicates.
® Dha: 3-deoxy-D-lyxo-heptulosaric acid, Kdo: 3-deoxy octulosonic acid
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Table 2. Recoveries for the three wine samples

Compound Wine 1 Wine 2 Wine 3

% recovery % recovery % recovery
Mannose 99.37 80.64 88.73
Galactose 84.13 87.33 89.22
Glucuronic acid ~ 116.45 106.63 95.3
™' 90.25 94.54 103.5

1 TM: total monosaccharide content.
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Table 3. Monosaccharide composition (mg L) of three wines determined by GC-MS of their

TMS derivatives

Compound Wine 1 Wine 2 Wine 3
Aceric acid 1.35+0.14 6.1+£01 53111
2-O-methyl fucose 1.8+04 7.0+0.2 1.7+01
2-O-methyl xylose 1.99 +£0.35 48+0.8 41+0.2
Apiose 1.54+0.20 10.3+24 51+09
Arabinose 70+8 174 £ 5 186 + 10
Rhamnose 90.7+7.4 226 + 47 53+13
Fucose 32102 7.0+£0.2 47+09
Xylose 15.0+3.6 11.0+0.1 254+ 1.7
Mannose 179+ 13 275+ 35 150 £ 23
Dha' 2.53+0.37 14 +2 7.7+25
Galactose 174 + 26 228 +13 237+ 19
Galacturonic acid 198 + 6 72+11 377+29
Glucose 136+ 9 280 £ 31 315+ 24
Glucuronic acid 43+04 14.2+0.1 136+14
Kdo' 49+16 4.2 +0.26 218+1.1

Values are means * standard deviations (n = 3).

! Dha: 3-deoxy-D-lyxo-heptulosaric acid, Kdo: 3-deoxy octulosonic acid.
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Table 4. Polysaccharide concentration (mg L™) of three wines determined by GC of their

TMS derivatives

Polysaccharide families
Sample  GC detection ~ AGP* MP! RG-II* GL! TPC?
Wine 1 324 + 26° 179 +13° 147 + 16° 182+13* 832+ 36°
Wine2  GC-MS 578 + 13° 275 + 35" 171 +13° 9+1° 1033 + 44
Wine 3 477 + 14° 150 + 23° 181 +13° 361+30° 1169 +41°
Wine 1 321 +31° 160 + 16° 158 + 18° 201 +17* 840 +42°
Wine2  GC-FID 553 + 36" 244 + 39° 197 +17° 3.82+1° 999 +56°
Wine 3 476 + 21° 132 + 23° 184 + 17" 390 +28° 1184 + 46°

Values are means + standard deviations (n = 3). For each detection, means in the same
column and the same letter are not significantly different (p < 0.05).

! AGP: arabinans and arabinogalactan-proteins, MP: mannoproteins, RG-II:
rhamnogalacturonans-I1, GL: oligomers of homo- and rhamnogalacturonans.

2TPC: total polysaccharide content estimated as the sum of AGP, MP, RG-Il and GL.
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Table 5. Estimated polysaccharide concentration (mg L™ of pullulans) of three wines

determined by HRSEC-RID on two serial Shodex molecular exclusion columns

Mean molecular mass (kD)

212 112 50 12 EPC?
Wine 1 89.6+ 1.8 68.2+1.3 267.6+52 4254+57
Wine 2 756+ 1.2 99+0.9  285+48  4599%5.0
Wine 3 1269+27 107.1+3.1 371.7+13.7 6057+ 145

! EPC: estimated polysaccharide concentration as the sum of polysaccharides of different
molecular mass. Values are means + standard deviations (n = 3).
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