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value products from organic residues 

Introduction

Plant cell walls have been a topic of great interest 
for a long time (Cleland, 1971; Somerville et al., 
2004; Caffall and Mohnen, 2009). The scientific 
community has focused on understanding their 
structure, biosynthetic pathways, and functions 

during the last few decades (Mohnen, 2008; Caf-
fall and Mohnen, 2009; Gorshkova et al., 2013). 
Furthermore, it can be asserted that changes and 
structural modifications of plant cell walls during 
ripening, processing, and storage may severely 
affect the properties of fruit- and vegetable-based 
products (Kunzek et al., 1999; Rose and Bennett, 
1999; Houben et al., 2011). 

The properties of grape cell walls are a topic of 
great interest in the oenological field for several 
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reasons. On the one hand, the cell walls of grapes 
have technological implications during winemak-
ing, affecting parameters such as juice extraction 
and wine filterability (Vernhet and Moutounet, 
2002; El Rayess et al., 2011). In addition, the 
structure and disassembly of grape skin cell walls 
strongly affect the phenolic extractability dur-
ing red winemaking (Ortega-Heras et al., 2012; 
Quijada-Morín et al., 2015). On the other hand, 
the cell walls of grapes are the source of several 
soluble polysaccharides that are released during 
winemaking (Vidal et al., 2003; Guadalupe and 
Ayestarán, 2007); these polysaccharides, in turn, 
affect the final characteristics of wine, such as 
the colloidal stability, aromatic potential, and 
perception of astringency of wine (Waters et al., 
1994; Dufour and Bayonove, 1999; Carvalho et 
al., 2006). 

The most widely used methods for the character-
ization of grape skin cell walls were performed 
with cell walls isolated as the insoluble residue in 
ethanol (Hernández-Hierro et al., 2014; Quijada-
Morín et al., 2015), as the insoluble residue in 
sodium deoxycholate-phenol-acetic acid-water 
(Lecas and Brillouet, 1994), or as the insoluble 
residue in 2-(4-(2-hydroxyethyl)piperazin-1-yl)
ethane-1-sulfonic acid (HEPES) (Barnavon et 
al., 2000; Vidal et al., 2001; Doco et al., 2003; 
Ortega-regules et al., 2008; Apolinar-Valiente 
et al., 2010). However, only some of such works 
regard the soluble fraction of cell wall polysac-
charides (Lecas and Brillouet, 1994; Vidal et al., 
2001). The soluble fraction of grape cell walls 
is released from grape pomace to wine during 
winemaking; hence, the knowledge about the 
soluble polysaccharides contained in grapes and 
grape skins can be useful. 

The present work examines the effect of several 
variables, such as the presence of a chelating agent, 
pH, titratable acidity, extraction time, number of 
successive extractions, and the solid to liquid ratio 
in addition to the alcoholic fermentation of the 
soluble polysaccharides released from grape skins. 
These data could be interesting for maximizing 

polysaccharide extraction with characterization 
purposes but also to create a better understand-
ing of the release of polysaccharides from grape 
skins during winemaking. 

Materials and methods

Chemicals and equipment

Ammonium oxalate monohydrate and ammo-
nium formate for HPLC≥99.0% were purchased 
from Sigma-Aldrich (Sigma-Aldrich Co., St 
Louis, MO, USA), while the ethylenediamine-
tetraacetic acid disodium salt dihydrate (EDTA), 
hydrochloric acid fuming (37%), and absolute 
ethanol used for analysis were purchased from 
Merck (Merck KGaA, Darmstadt, Germany). 
The tartaric acid was purchased from Drogueria 
Michelson (Drogueria Michelson, Santiago de 
Chile, Chile). Nine analytical standards for gel 
permeation chromatography (GPC) of dextrans 
from Leuconostoc mesenteroides (dextran 5000, 
dextran 12000, dextran 25000, dextran 50000, 
dextran 80000, dextran 150000, dextran 270000, 
dextran 410000 and dextran 670000) were used 
for column calibration Sigma-Aldrich (Sigma-
Aldrich Co., St Louis, MO, USA). Two pectins, 
esterified potassium salts, from citrus fruit of 
different esterification degrees (55–70% esterified 
and 20–34% esterified, respectively) were used 
as external standards for quantification (Sigma-
Aldrich Co., St Louis, MO, USA). 

The water purif ication system PURELAB 
Ultra (Elga Labwater, Arquimed, Santiago de 
Chile, Chile) was used for water purification. 
pH measurements were performed with a S220 
Seven compact pH/Ion Mettler Toledo pH-meter 
(Mettler-Toledo Intl. Inc., Columbus, OH, USA). 
Centrifugations were performed in a Heraeus 
Labofuge 400 Function line (Thermo Fisher 
Scientific Inc., Waltham, MA, USA). The orbital 
shaking platform used was a MAXQ 2000 A-Class 
Barnstead Lab-Line (Thermo Fisher Scientific 
Inc., Waltham, MA, USA). A Heidolph type VV 
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2000 rotary evaporator with a water bath of type 
WB 2000 (Heidolph Instruments GmbH & Co., 
Schwabach, Germany) coupled to a Büchi V-700 
vacuum pump (Cientec instrumentos científicos 
S.A., Santiago de Chile, Chile) was used for to 
concentrate the samples. An FD5508 Floor-Model 
Freeze dryer IlShin BioBase (Ilshin Biobase Co., 
LTD., Yangju-gun, South Korea) was used for 
sample lyophilization. High performance size 
exclusion chromatography-refractive index de-
tection (HPSEC-RID) of soluble polysaccharides 
was performed using an Agilent 1260 Infinity 
Series liquid chromatograph (Agilent Technolo-
gies, Santa Clara, CA, USA) equipped with a 
G1329A autosampler, a G1311B quaternary pump, 
a G1316A column oven, a G1362A refractive index 
detector, and a G1315D diode array detector. The 
chromatograph was coupled to an Agilent Chem 
Station (version B.04.03) data-processing station.

Grapes

Grapes of the Vitis vinifera cultivar Carménère 
were obtained from a vineyard (self-rooted, 
planted in 2007) equipped with a drip irrigation 
system, at William Fevre Wineries in Pirque, in 
the Metropolitan Region of Chile (33°39’54” S and 
70°35’7” W). They had been harvested on May 
12, 2014, when the grapes reached approximately 
24 °Brix. The vines were trained on a double 
trellis system and arranged in rows spaced 2.5 m 
apart, with 2.0 m within the row. The estimated 
yield for the vintage was approximately 10 tons 
per ha. Harvested clusters were kept at 12 °C 
during transport to the laboratory and frozen at 
-20 °C until analysis. 

Procedure for the extraction of soluble 
polysaccharides from grape skins

The grapes were carefully destemmed and peeled 
by hand, maintaining a temperature of approxi-
mately 4 °C. The obtained skins were mixed and 
distributed in batches of 5 g each. Every batch of 

grape skins was frozen with liquid nitrogen and 
ground to a fine powder by hand using a mortar 
and pestle. The extraction assays were performed 
in triplicate as follows:

Solvent assay. The skin homogenate (5 g) was 
placed in a centrifuge tube (50 mL capacity), and 
30 mL of water, tartaric acid, ammonium oxalate 
or disodium EDTA aqueous solutions (7.5 g L-1 
and adjusted to a pH of 7.5 with sodium hydroxide) 
was added. The tubes were placed on an orbital 
shaking platform (adjusted to 125 rpm) for 60 min. 
Then, the tubes were centrifuged (12,500·g for 20 
min), the pellets were discarded and the super-
natant was used for the polysaccharide analysis. 

Tartaric acid assay. This assay was performed 
as previously described using different solutions 
of tartaric acid as the solvent (30 mL of solution 
per batch of 5 g of skin homogenate). Tartaric 
acid solutions were prepared with redistilled 
water at the following concentrations: 2.5 g L-1, 
5.0 g L-1, and 7.5 g L-1. Each concentration was 
split in three aliquots. The first aliquot was used 
without any pH adjustment. The second and the 
third aliquots were adjusted to a pH of 3.5 and 
7.5, respectively, with sodium hydroxide. 

Assay of extraction time. A 7.5 g L-1 solution of 
ammonium oxalate adjusted to a pH of 7.5 was 
used as the extraction solvent following the pro-
cedure described above (30 mL of solution per 
batch of 5 g of skin homogenate) to test different 
times of contact between the skin homogenate 
and the extraction solvent in the orbital shaking 
platform (125 rpm). The following three lengths 
of contact time were tested: one, four and eighteen 
h. A fourth condition with multiple extractions 
was added to this assay as follows: 10 mL of the 
same ammonium oxalate solution was added to the 
5 g of skin homogenate and placed in the orbital 
shaking platform (125 rpm) for 20 min. Then, the 
samples were centrifuged (12500·g for 20 min). 
The liquid was reserved, and the pellets were 
extracted again under the same conditions two 
more times. The three liquid fractions obtained 
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after the successive extractions were pooled and 
used for the soluble polysaccharide analysis.

Assay of solid to liquid ratio. Five different solid 
to liquid ratios, 1:4, 1:6, 1:8, 1:10, and 1:20, were 
tested using ammonium oxalate (7.5 g L-1, pH of 
7.5) as the extraction solvent following the same 
conditions described above. After the extraction, 
the samples were centrifuged (12500·g for 20 min), 
the pellets were discarded and an aliquot of 25 
mL of the supernatant was used for the soluble 
polysaccharide analysis.

Micro-scale fermentations

Micro-scale fermentations were performed to 
evaluate the extraction of the polysaccharides from 
the grape skins during the alcoholic fermentation. 
One liter of standard white grape juice concentrate 
(Jugos del Maipo, Santiago de Chile, Chile) was 
diluted with distilled water to 24 °Brix and a pH 
of 3.4. Aliquots of 100 mL of the adjusted grape 
juice were placed in 250 mL Erlenmeyer flasks. 
Five g of skins from cv. Carménère grapes were 
added to the 100 mL of grape juice in triplicate, and 
triplicate samples without the skin addition were 
used as controls. Each flask was inoculated with 
0.2 g L-1 of commercial yeasts (EC1118, Lallemand 
Inc., Montréal, Canada) and maintained at room 
temperature (~22 °C) for 14 d. The fermentation 
rates were monitored by loss of weight. Once the 
alcoholic fermentation was finished, the samples 
were centrifuged (12500·g for 20 min), the pellets 
were discarded and the supernatant was used for 
the soluble polysaccharides analysis. The soluble 
polysaccharides released from the grape skins 
during fermentation were estimated by subtract-
ing the control samples from the samples with 
the skin addition.

Analysis of soluble polysaccharides

The quantification of the soluble polysaccharides 
was performed by precipitation with acidified 

ethanol and a subsequent analysis by size exclu-
sion chromatography (HRSEC-RID), as described 
by Fanzone et al. (2012). Briefly, 25 mL of a 
sample was concentrated five times (to a final 
volume of 5 mL) with a rotary evaporator. The 
soluble polysaccharides were precipitated by the 
addition of 25 mL of acidified absolute ethanol 
(0.3 M hydrochloric acid) and maintained at 4 
°C for 20 h. Then, the samples were centrifuged 
(12500·g for 20 min), the liquid was discarded 
and the pellets were washed three times with 
cold absolute ethanol. The precipitates were 
dissolved in 1 mL of redistilled water, frozen at 
-80 °C and lyophilized. The lyophilized samples 
were dissolved in 1 mL of 30 mM ammonium 
formate and filtered through a 0.45 μm pore 
size Millex-HV Hydrophilic PVDF membrane 
syringe filter (EMD Millipore, Billerica, MA). 
Finally, 100 μL of the samples was injected into 
the chromatographic system. Separation was car-
ried out using two Shodex OHpak SB-803 HQ 
and SB-804 HQ columns connected in a series 
(300 mm × 8 mm I.D.; Showa Denko, Japan). 
The mobile phase consists of an aqueous solu-
tion of 30 mM ammonium formate applied with 
a constant flow of 0.6 mL min-1 for 60 min. The 
detection of polysaccharides was performed using 
a refractive index detector (RID). Along with the 
RID signal, the absorbance signal at 280 nm was 
recorded using a diode array detector (DAD) to 
estimate the amount of protein impurities. The 
molecular masses of the polysaccharide fractions 
were estimated by a comparison of the retention 
time with the commercial Dextran standards from 
Leuconostoc mesenteroides. The quantification 
of polysaccharides was performed according to 
the area of the peak using the external standard 
method with commercial pectins from citrus 
fruit as standards. 

Statistics

All data are expressed as the arithmetic average 
± the standard deviation of a triplicate measure-
ment. A one-way analysis of variance (ANOVA) 
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was carried out with SPSS software (SPSS Inc., 
Chicago, IL), and multiple comparisons were 
performed using the Student-Newman-Keuls 
(S-N-K) post hoc test.

Results and discussion

According to the literature, several polysaccharides 
are easily solubilized in grape juice immediately 
after crushing and pressing the grapes (Vidal et 
al., 2000; Guadalupe and Ayestarán, 2007; Gao 
et al., 2015). Given that grape juice is an aqueous 
solution, redistilled water (H2O) should be an 
appropriate solvent for soluble polysaccharide 
extraction from grape skins. However, considering 
that grape juice also contains significant amounts 
of malate and tartrate, which are calcium chelat-
ing agents, and considering that such chelating 
agents could contribute to a higher extraction of 
polysaccharides by disrupting the Ca-bridges 

between pectin chains (Jarvis, 2011), an aqueous 
solution of tartaric acid (H2T) was tested as an 
extraction solvent, even though it has not been 
previously described in the literature. In addi-
tion to H2T and H2O, the following most widely 
used chelating agents for pectin extraction were 
tested: ethylenediaminetetraacetic acid (EDTA) 
and oxalate (OX). H2O and H2T do not show dif-
ferences in polysaccharide extraction (Table 1) 
or their chromatographic profiles (Figure 1A and 
1B); thus, it seems that, under our conditions, the 
chelating effect of tartrate is almost negligible. 
EDTA seems to favor the extraction of high 
molecular mass polysaccharides (F1, above 550 
KDa), although it does not extract greater amounts 
of smaller polysaccharides (F2 and F3, from 550 
KDa to 20 KDa and from 20 KDa to 3 KDa, 
respectively) or total polysaccharides compared 
with H2O or H2T. In contrast, the extractions 
performed with OX show the highest amounts 
of F2, F3, and total polysaccharides compared to 

Table 1. Extraction of soluble polysaccharides from grape skins cv. Carménère. F1: High molecular mass fraction (above 
550 KDa); F2: Medium molecular mass fraction (between 550 KDa and 20 KDa); F3: Low molecular mass fraction 
(between 20 KDa and 3 KDa); TOTAL: total extracted polysaccharides. Different letters in each column indicate 
significant differences in polysaccharide extraction (P≤0.05) within a fraction for each assay.

Solvent† F1 F2 F3 TOTAL

H2O 7.5 ± 2.7 A 107.8 ± 11.2 A 38.8 ± 14.0 A 154.1 ± 27.8 A

H2T 4.8 ± 1.0 A 106.1 ± 2.5 A 31.2 ± 1.9 A 142.0 ± 3.4 A

OX 12.9 ± 1.5 B 235.0 ± 33.0 B 92.3 ± 1.8 B 340.2 ± 29.8 B

EDTA 17.9 ± 1.6 C 111.0 ± 4.9 A 52.1 ± 0.1 A 181.0 ± 6.5 A

S/L‡ F1 F2 F3 TOTAL

1: 4 1.9 ± 0.4 A 166.7 ± 20.5 A 50.3 ± 15.5 A 225.0 ± 34.6 A

1: 6 11.4 ± 3.3 B 203.6 ± 14.8 AB 52.1 ± 4.7 A 267.1 ± 22.3 AB

1: 8 16.1 ± 4.0 B 209.9 ± 35.3 AB 49.8 ± 5.2 A 275 ± 43.2 AB

1: 10 12.9 ± 1.3 B 177.4 ± 25.2 AB 54.8 ± 8.6 A 241.4 ± 40.0 AB

1: 20 18.2 ± 1.9 B 249.8 ± 19.0 B 69.4 ± 4.1 A 337.5 ± 17.2 B

Fermentation F1 F2 F3 TOTAL

CONTROL§ 7.5 ± 0.3 A 303.9 ± 4.5 A 76.9 ± 1.9 A 388.4 ± 5.5 A

SKINS§ 8.9 ± 0.4 B 358.8 ± 4.4 B 96.2 ± 0.7 B 463.9 ± 3.7 B

Skin extraction¶ 28.5 ± 9.1 1071.9 ± 75.6 370.4 ± 19.9 1470.9 ± 66.3

†Solvent assay. H2O: water. H2T: tartaric acid. OX: ammonium oxalate. EDTA: ethylenediaminetetraacetic acid disodium salt. 
The results are expressed as μg of polysaccharides per g of grape skins. 
‡Solid to liquid ratio during the extraction; the results are expressed as μg of polysaccharides per g of grape skins. 
§Polysaccharides of finished micro-scale fermentations expressed as mg L-1. 
¶Polysaccharides extracted from grape skins during the alcoholic fermentation expressed as μg g-1 of skin.
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Figure 1. Left side plots: Chromatographic profiles (HRSEC-RID) of soluble polysaccharides extracted using different 
buffers: A: water; B: tartaric acid; C: ammonium oxalate; D: EDTA. Right side plots: Chromatographic profiles (HRSEC-
DAD) recorded at 280 nm for the estimation of protein impurities extracted by using the buffers: E: water; F: tartaric acid; 
G: ammonium oxalate; H: EDTA.
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the other solvents. Thus, under our conditions, 
it seems that OX is the best solvent for soluble 
polysaccharide extraction from grape skins, 
although EDTA is the most effective solvent to 
extract high molecular mass polysaccharides. Our 
findings disagree with those reported by Silacci 
and Morrison (1990), who suggested that EDTA 
is much more effective than OX for pectin extrac-
tion, justifying mismatches in pectin extraction 
among different published studies. However, 
those studies used different grape materials 
and extraction conditions; thus, the substantial 
differences in polysaccharide extraction could 
not be attributed only to the chelating agent. OX 
and EDTA seem to extract more proteins than 
H2O and H2T (Figure 1), although these signals 
could also be due to the protein domain of grape 
arabinogalactan-proteins (AGPs).

Since OX was the most effective solvent for poly-
saccharide extraction under our conditions, it was 
chosen as a solvent to assess the effect of extraction 
time. When the extraction time was extended beyond 
an hour, the extraction did not increase since the 
total quantity of extracted polysaccharides did not 
show significant differences among the samples 
extracted at 1, 4 and 18 h (Figure 2). However, F3 
increased significantly with the maceration time. 
Thus, it seems that larger polysaccharides (F1 
and F2) are quickly released, while some of the 
smallest polysaccharides (F3) remain in the skin 
homogenate and are continuously released when 
the extraction time is extended. Thus, it seems that 
a longer extraction time only affects the release of 
low molecular mass polysaccharides. 

Several published studies extracted the grape 
material three times (Silacci and Morrison, 
1990; Yakushiji et al., 2001; Deng et al., 2005; 
Zoccatelli et al., 2013). To test the effect of suc-
cessive extractions (which avoid saturation effects 
of the solvent), a sample extracted after 1 h with 
30 mL of OX (1 h, Figure 2) was compared with 
a sample extracted after 20 min with 10 mL of 
OX, repeated three times (1 h*, Figure 2). Under 
these conditions, the total volume of the pooled 

extracts and the total time of extraction for 1 h* 
are the same as those for 1 h, despite the condi-
tions differing in the solid to liquid ratio (S/L). 
The successive extractions did not increase the 
quantity of extracted polysaccharides, with the 
exception of F3, which is statistically higher for 
1 h* than for 1 h. In fact, the amount of F1, F2 
and total polysaccharides extracted for 1 h* are 
even lower than those extracted for 1 h. These 
results seem to indicate that, after the first step of 
the extraction, the grape homogenate maintains a 
reservoir of low molecular mass polysaccharides 
that could be released later, as also observed when 
the maceration time was extended.

To assess the effect of the S/L, OX was used 
as a solvent, and the S/L ratios from 1:4 to 1:20 
were tested (table 1). A lower S/L seem to favor 
the extraction of total polysaccharides since a 
statistical trend was observed for total extracted 
polysaccharides when the S/L decreases. Among 
the S/L values tested, it seems that 1:20 reaches 
more soluble polysaccharides. This sample has 
an S/L close to that of the real winemaking con-
ditions if we consider that the skins represent 
approximately 5% of the mass of a grape.

Figure 2. Effect of the extraction time on the concentration 
of soluble polysaccharides extracted from grape skins. 
F1: High molecular mass fraction (above 550 KDa); F2: 
Medium molecular mass fraction (between 550 KDa and 
20 KDa); F3: Low molecular mass fraction (between 20 
KDa and 3 KDa).
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For a better understanding of the extraction of 
soluble polysaccharides in oenological condi-
tions, the effects of both the H2T concentration 
and the pH were tested (Figure 3). The extracted 
polysaccharides do not show any clear trend with 
respect to the tartrate concentration. In contrast, 
the extracted polysaccharides show a clear trend 
with the pH of the solvent as follows: the higher 
the pH, the greater the extraction. The effect of 
pH on the polysaccharide extraction seems quite 
logical since, at higher pH values, the acid-base 
balance for tartaric acid leads to more carboxylate 
ions, which could capture Ca2+ ions, disrupting the 
Ca-bridges between pectin chains and favoring 
dissolution (Jarvis, 2011). These results suggest 
that the pH of grape juice could influence polysac-
charide extraction from grape skins to grape juice.

Focusing again on the polysaccharide extraction 
under oenological conditions, micro-scale fer-
mentations of white grape juice were performed 
in triplicate with and without the addition of 5% 
grape skins (w/w) (these treatments were names 
“SKINS” and “CONTROL” respectively), that 
represent an S/L of 1:20. The concentration of 
polysaccharides of the SKINS wines is higher 
than that of the CONTROL wines (Table 1). Such 
differences could be attributed to the extraction 
of soluble polysaccharides from the grape skins 
(which corresponds to approximately 16% of the 
total amount of polysaccharides quantified in the 
SKIN samples); therefore, the skin extraction of 
polysaccharides per gram of grape skins during 
alcoholic fermentation can be calculated (skin 
extraction, Table 1). Alcoholic fermentation condi-
tions enhance the extraction of polysaccharides 
from skins since the extraction (per gram of fresh 
grape skin basis) during alcoholic fermentation 
is 4-fold higher than the extraction with OX and 
approximately 10-fold higher compared with 
H2O or T2H. According to the literature, after an 
initial solubilization of polysaccharides during 
the crushing and pressing of grapes (Vidal et 
al., 2000), additional grape polysaccharides are 
released from the pomace into the wine during red 
wine fermentation (Doco et al., 1996; Guadalupe 

Figure 3. Soluble polysaccharide extraction from grape 
skins cv. Carménère using different concentrations of 
tartaric acid adjusted at different pH values. A: 2.5 g L-1 
of tartaric acid; B: 5.0 g L-1 of tartaric acid. C: 7.5 g L-1 
of tartaric acid. Initial pH values correspond to 2.37, 2.28 
and 2.25 for 2.5 g L-1, 5.0 g L-1 and 7.5 g L-1, respectively). 
F1: High molecular mass fraction (above 550 KDa); F2: 
Medium molecular mass fraction (between 550 KDa and 
20 KDa); F3: Low molecular mass fraction (between 20 
KDa and 3 KDa).
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and Ayestarán, 2007; Gil et al., 2015). This later 
solubilization may be due to the action of chelat-
ing agents present in the grape juice but also due 
to modifications of the grape cell wall that occur 
as a consequence of the fermentation process and 
the activities of several enzymes (Zietsman et 
al., 2015). Moreover, fermentative maceration is 
delayed for two weeks, while the tested extrac-
tions with chelating agents take just one hour. 
Therefore, it seems logical that the extraction 
of soluble polysaccharides from grape skins 
under fermentative conditions was greater than 
the extraction obtained using aqueous solvents. 
Further work will be required to establish the 
relationship between the soluble polysaccharides 
of grape skins at harvest and the final concentra-
tion of cell wall-derived polysaccharides in the 
finished wines. 

Given the results obtained, the following conclu-
sions are proposed: Ammonium oxalate is the 
most effective solvent to extract soluble polysac-
charides from grape skins (cv. Carménère) among 
the four solvents tested in this assay. Increasing 
the extraction time or the number of successive 
extractions only increased the content of polysac-
charides with a lower molecular mass. Lower solid 
to liquid ratios seem to favor the extraction of 
soluble polysaccharides from grape skins. When 
tartaric acid was used as an aqueous solvent, the 

extracted polysaccharides increased with pH, 
while no clear trend was observed by increasing 
the tartaric acid concentration (from 2.5 g L-1 to 
7.5 g L-1). During the fermentative maceration of 
red winemaking, the extraction of soluble polysac-
charides from grape skins (which corresponds to 
approximately 16% of the total polysaccharides 
of the final wine) is significantly higher than the 
extraction obtained with aqueous solvents. Thus, 
it seems that grape skins contain some pectic 
polysaccharides tightly bound to the cell wall 
matrix that are released during the fermentative 
maceration of during the making of red wine. 
These results allow a better understanding of the 
effect of the factors studied on the extractability 
of polysaccharides from grape skins.
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Resumen

A. Peña-Neira, M. Gil i Cortiella. 2017. Extracción de polisacáridos solubles procedentes 
de hollejos de uva. Cien. Inv. Agr. 44(1): 83-93. El interés acerca de los polisacáridos 
del vino procedentes de las paredes celulares de la uva ha ido en aumento, debido 
principalmente a sus implicaciones tecnológicas y sensoriales. A pesar de ello, todavía hay 
un gran desconocimiento acerca de cuáles son los factores que tienen más incidencia sobre 
la solubilización de estos compuestos desde la uva hacia el vino. Por ello, en el presente 
trabajo se ha estudiado el efecto de factores como el pH, la acidez, la relación sólido-líquido, 
el tiempo de extracción, los agentes quelantes o la fermentación alcohólica sobre la liberación 
de polisacáridos de hollejos de uva de la variedad Carménère. Los resultados obtenidos indican 
un incremento de la extracción de polisacáridos al aumentar el pH y al disminuir la relación 
sólido-líquido. Además, incrementando el tiempo de extracción o el número de extracciones 
tan sólo se observa un incremento de los polisacáridos de baja masa molecular, lo que parece 
indicar que los polisacáridos de mayor tamaño se solubilizan de forma rápida, y que después 
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de la extracción inicial, las partes sólidas conservan un reservorio de polisacáridos de baja 
masa molecular que se pueden ir solubilizando posteriormente. La extracción de polisacáridos 
de los hollejos durante la fermentación alcohólica es muy superior a la extracción de dichos 
compuestos desde los hollejos durante procesos de extracción no fermentativos, lo que constata 
las modificaciones que sufren las paredes celulares de los hollejos durante la fermentación 
alcohólica. Dichas modificaciones parecen favorecer claramente la extracción de polisacáridos 
desde los hollejos hacia el vino. 

Palabras clave: Carménère, extracción, pectinas, polisacáridos solubles, uva, vino. 
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