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Abstract: Grape pomace is one of the main by-products in the wine industry and contains some high-
added-value compounds, such as polysaccharides. Considering the wide application possibilities
of polysaccharides in wine and in the food industry, the revalorization of grape pomace to extract
polysaccharides presents itself as an opportunity for by-product management. Therefore, the aim
of this study was to characterize polysaccharide extracts obtained from pomace by-products of
different white grape varieties. The type and content of polysaccharides, proteins and phenols were
analyzed. Statistically significant differences were found between the varietal extracts in the types
and concentrations of polysaccharides. The extracts obtained from the Verdejo and Puesta en Cruz
varieties showed the highest polysaccharide purity and contents, but the type of polysaccharides
was different in each case. The Verdejo provided extracts richer in non-pectic polysaccharides, while
the Puesta en Cruz provided extracts richer in pectic polysaccharides. The protein and polyphenol
contents were low in all extracts, below 2.5% and 3.7%, respectively. These results open up a new
possibility for the revalorization of grape pomace by-products to obtain polysaccharide-rich extracts,
although it would be interesting to improve both the yield and the purity of the extracts obtained by
studying other extraction techniques or processes.

Keywords: revalorization; grape pomace; by-products; polysaccharides; bioactive compounds; grape
variety

1. Introduction

The wine industry generates different types of waste throughout the winemaking
process involving organic and inorganic wastes. Organic wastes mainly include stems,
grape pomace and lees [1]. Grape pomace is the by-product remaining after the pressing
process and accounts for approximately 20-30% (in fresh weight) of the grapes used for the
winemaking process [2,3]. Grape pomace consists of grape skins, pieces of stems, seeds and
sometimes residual pulp [4]. Different factors can determine the amount of grape pomace
obtained, such as grape variety and the techniques used in winemaking, especially the
pressing process [5].

These solid residues are often used for distillation, tartaric acid production, as fertil-
izers, as animal feed, as compost and as biomass for energy production [3,6,7]. However,
grape pomace also contains some high-value-added compounds, such as polyphenols,
polysaccharides, fibers, proteins, minerals and seed oil that offer an important possibility
for its revalorization [5,8]. The most studied bioactive compounds are polyphenols because
of their antioxidant, antimicrobial and anti-inflammatory properties and their benefits to
the cardiovascular system [1,2,9]. Polysaccharides present in grape skins have an essential
protective role and mechanical resistance function due to their structural role played mainly
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by pectins, celluloses and hemicelluloses [10]. Throughout the winemaking process, the in-
teraction between grape polysaccharides and other compounds in the wine depends on the
structure of the polysaccharides [10]. Polysaccharides contained in the grape cell wall can
be polysaccharides rich in arabinose and galactose (PRAG), which contain arabinans (A),
arabinogalactans (AG), arabinogalactan proteins (AGP), rhamnogalacturonans types I and
II (RG-I and RG-II), homogalacturonans (HG) and non-pectic polysaccharides (NPP), such
as hemicelluloses, celluloses and mannans [10]. Some factors can influence the composition
and content of grape polysaccharides, such as terroir, ripeness and grape variety [11-13].
Polysaccharides play an important role in the winemaking process because they act as
protective colloids [14] and have technological functions in wine, such as preventing tar-
trate crystallization and improving protein stability [15,16]. Moreover, polysaccharides
have an influence on the sensorial characteristics of wines, improving the color stability
in red wines [17], modifying the volatility of aromatic compounds [18] and increasing the
full-body perception of wines [19,20].

Currently, the revalorization of wine by-products is also related to the circular economy,
i.e., it focuses on obtaining bioactive compounds from food by-products and their subsequent
application in the winemaking process. Therefore, several authors have studied the extraction
of polysaccharides from food by-products due to their wide applications in the food industry as
anatural food additive. Polysaccharides, and especially pectic polysaccharides, are used in the
food industry as emulsifiers, thickeners, stabilizers, gelling agents and texture modifiers [21].
In addition, fruit by-products and fruit pomaces are the main materials studied to improve
pectin yields [22-24]. Polysaccharides are also of interest in the pharmaceutic industry because
of their potential antioxidant and anticarcinogenic activities [25].

Considering the wide application possibilities of polysaccharides in the winemaking
process, and also in different processes of the food industry, the revalorization of grape
pomace and the extraction of polysaccharides present an opportunity for by-product
management. Therefore, the aim of this study was to characterize the extracts rich in
polysaccharides obtained from grape pomaces of different white grape varieties in order to
valorize these by-products. The type of polysaccharides, their content and the distribution
of molecular weights were determined. In addition, other possible compounds that could
be present in the extracts were also analyzed, such as proteins, polyphenols and monomeric
phenolic compounds.

2. Results and Discussion
2.1. Oenological Parameters of Grapes

Table 1 shows the oenological parameters of the varietal grapes used to obtain the
different extracts from their pomace. The harvested moment of the grape varieties was
decided by each winegrower or oenologist, and, therefore, the grapes presented differences
in the degree of maturation. The Brix degree ranged from 18.2 to 24.2, with the LIG being
the variety with the highest Brix degree followed by the VER1 and MALV. The grape
varieties with the lowest Brix degree were the VIU, PC and AM. The titratable acidity
also showed high differences between the varietal grapes and most of them varied from
5.0 to 7.2 g/L. Only the SB showed a very high acidity value (10.2 g/L). Both Verdejo
samples showed differences in the degree of ripening, with the VER1 with a higher degree
(23.4 °Brix) than the VER2 (21.2 °Brix).

Table 1. Values of oenological parameters (+uncertainty) of the varietal grapes analyzed.

Titratable Acidity Potential Alcohol

. 1 .
Grape Variety Brix Degree pH (g of Tartaric Acid/L) Content (% v/v)
LIG 24.2 33+£0.1 55402 14.26
VER1 234 32+0.1 58 +02 13.68
MALV 22.7 3.7+0.1 72+03 13.28
SB 21.7 31+£0.1 10.2 +£0.4 12.58

RSB 214 31+£0.1 6.4+03 12.36
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Table 1. Cont.

Titratable Acidity Potential Alcohol

. 1 .
Grape Variety Brix Degree pH (g of Tartaric Acid/L) Content (% v/v)
VER2 21.2 35+0.1 50+02 12.22
AM 20.5 32401 59+02 11.82
PC 19.3 32401 57+02 10.99
VIU 18.2 30+0.1 6.3 +03 10.29

1 Abbreviations of grape varieties in Materials and Methods section.

2.2. Monosaccharide Composition and Polysaccharide Families of Grape Pomace Extracts

Table 2 shows the monosaccharide composition and polysaccharide families of each
varietal polysaccharide extract. Glucose is the monosaccharide with the highest amount
in all varietal extracts, according to previous results obtained by other authors in pomace
and cell wall materials from white grape pomace [26-29]. The VERI1 extracts presented
the highest content of glucose, with a content of 271 mg/g, representing 82% of the total
monosaccharides (TMS) analyzed, followed by the RSB and VIU extracts, with the same
content of 172 mg/g, representing 74% and 70% of TMS, respectively. The same differences
were observed in the content of non-pectic polysaccharides (NPP) among the varietal
extracts due to glucose being the main component. These results agree with those obtained
by Canalejo et al. [29]. Vidal et al. [19] observed that glucose is the main glycosyl-residue
present in the cell walls of grape pulp and skin and is the major component of the main
structural polysaccharides of the grape cell walls, such as cellulose, hemicelluloses or
xyloglucans, arabinoglucans and mannans. The next highest content of monosaccharides
was galactose and galacturonic acid, followed by rhamnose and arabinose in all varietal
extracts. These monosaccharides are constituents of pectic polysaccharides. The galac-
turonic acid content was used to estimate the homogalacturonans (HG), and the contents
of galactose, arabinose, rhamnose and glucuronic acid were used to estimate the pectic
polysaccharides rich in arabinose and galactose (PRAG). The minority glycosyl residues in
all varietal extracts were xylose, mannose, fucose, 2-O-methyl xylose, 2-O-methyl fucose,
apiose and KDO. Mannose, xylose and fucose in grapes are associated with the presence
of hemicelluloses [30]. The xylose residues were components of xyloglucans [31,32], and
mannose was attributed to mannans and hemicellulose from grape pericarp [33,34]. The
presence of minor carbohydrates, 2-O-methyl xylose, 2-O-methyl fucose, apiose and KDO
were used to estimate RG-II content, considering also rhamnosyl, arabinosyl, galactosyl
and galacturonosyl residues [35].

Total monosaccharides (TMS) were calculated as the sum of the monosaccharide
compounds of each varietal extract. Statistically significant differences in the TMS content
of the extracts studied by grape variety were found. The VER1 and PC extracts were the
varieties with the highest content in TMS, with a value of 330 and 325 mg/g, respectively.
On the other hand, the LIG and MALV extracts presented the lowest content in TMS, with
144 and 141 mg/g, respectively.

The remaining varietal extracts showed an average TMS content of 230 mg/g. These
results were similar to those obtained by Gonzalez-Centeno et al. [30] in white grape pomace
and slightly lower than those obtained by Canalejo et al. [35] and Pérez-Magarifio et al. [36]
in extracts from grape pomace of the Viura and Verdejo variety, respectively, and Apolinar-
Valiente et al. [13] from red grape marc of the Monastrell variety.
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Table 2. Monosaccharide composition and polysaccharide families (mg per g of extract) of the polysaccharide extracts obtained from the different varietal grape

1

pomace .
Compounds 2 LIG® VER1 MALV SB RSB VER2 AM PC VIU p-Value *
GalA 28.94+931a 2849 +7.46a 4547 £ 6.92b 4470 + 5.68 b 3891+1751ab  53.084+9.77b 2715+ 0.50 a 96.05 +4.34 ¢ 41.18 +8.83 ab 0.0000
Rha 326 +1.13a 4.79 244 ab 3.71+043a 5.26 & 0.59 ab 374 +1.28a 7.214£0.72b 6.43 £ 0.04 ab 11.66 & 4.80 ¢ 494+ 1.13ab 0.0016
2-OMeXyl 0.15+0.03a 0.23 +£0.02a 0.20 £ 0.01a 0.20 £ 0.01a 0.21 £ 0.03a 0.24 £ 0.02a 0.24 £ 0.00 a 0.48 £0.19b 0.22 +0.06 a 0.0012
GluA 0.66 +0.14a 1.26 + 0.66 ab 0.78 £ 0.06 a 1.14 £0.12ab 0.92 +0.18 ab 2.06 £0.18b 1.28 & 0.00 ab 346 £2.19¢ 0.92 +£0.23 ab 0.0029
Ara 2.37 £097a 3.44 +1.07 ab 3.22 £ 0.28 ab 5.14+023b 248 £ 1.04a 5.07 £0.54b 14.07 £ 0.16 d 9.58 £3.55¢ 351 £0.71ab 0.0000
Fuc 0.10 £0.09a 0.18 £0.03abc  0.174+0.02abc  0.22 £ 0.01 bc 0.14 £ 0.03 ab 0.22 £ 0.02 be 0.25 £ 0.00 042 +£0.14d 0.20 £ 0.03 be 0.0003
Gal 1656 =431ab 1587+ 180ab  24.90+289d 2629 £0.20d 11.02 £ 5.04a 22.84 £ 0.15 cd 37.24 £0.50 e 45.03 £ 6.88 17.56 & 2.81 be 0.0000
2-OMeFuc 0.25+0.04a 0.33 £ 0.04 ab 0.33 £ 0.04 ab 0.39 = 0.00 ab 0.25+0.08a 041 +0.02b 0.33 £ 0.01ab 0.74 £0.24 c 0.32 +0.03ab 0.0001
Api 0.98 £ 0.41 ab 1414£030c 1.25 £ 0.39 be 0.69 +0.06 a 1.29 £ 0.02 be 1.38 £ 0.12 be 0.84 £0.03a 1.03 £ 0.21 abc 1.04 £ 0.19 abc 0.0178
KDO 0.08 +0.00 a 0.18 £ 0.06 be 117 £0.12e 0.17 £0.0labc  0.18 £ 0.05bc 0.13 £ 0.02 ab 0.57 £ 0.06 d 0.26 £ 0.03 ¢ 0.13 £ 0.03 ab 0.0000
Gluc 87.60 £1522b 27058 £75le 5690 £1045a  99.09 £1338b  17242+£2523d 12654 £0.52¢ 163.62+140d 14752 +1531cd 17242 +£2277d  0.0000
Man 135+ 0.75a 128 £0.65a 132+ 0.66a 1.90 £ 0.02 ab 0.944+0.35a 2.52 £048b 9.12 +£0.12d 520+ 1.24c¢ 146 £021a 0.0000
Xyl 1.38 £ 0.54a 1.62 +£0.92a 1.23+0.30a 233 +£0.78 ab 1.32 £ 057 a 222+027a 442 £+0.07 ¢ 3.56 £ 1.61 be 216 £042a 0.0005
TMS 143.68 £30.68a  329.67 - 18.84e  140.66 =1640a 18752+ 6.10b  233.82+£25.69cd 22391 £11.71bc 26557 £2.78d 32499 4049e  246.07 £2519cd  0.0000
RG-II 584+ 1.63a 8.63 £ 1.10 bc 11.81 £1.75d 581 +0.16a 7.70 £ 0.30 ab 8.63 £ 0.44 be 798 £0.08abc  10.08 & 2.68 cd 6.89 & 0.88 ab 0.0004
MN 1.35+0.75a 128 £ 0.65a 132+ 0.66a 1.90 £ 0.02 ab 0.944+0.35a 2.52 £ 048b 9.12+0.12d 5204+ 124 ¢ 146 £021a 0.0000
PRAG 2072 +5.82ab 2255 +4.62ab  29.81+352bc 3452+ 0.88c 16.06 £ 6.67 a 33.81 4+ 1.48¢ 56.36 & 0.65 d 63.44 +15.16d 24.17 +4.77abc  0.0000
HG 2669 £9.15ab  2552+7.19a 4251 +£731c 4120 £5.65bc  36.69 £ 16.83abc  49.37 £ 9.55¢ 2416 £045a 89.40 £2.19d 3826 £8.77abc  0.0000
NPP 87.60 £1522b 27058 £7.51e 5690+ 1045a  99.09 £ 13.38b 17242 +2523d 12654+ 0.52c 163.62 £1.40d 14752+ 1531cd  172424£2277d  0.0000
TPP 5325+ 14.23a 5670 +£12.88a  84.14+8.59c 8153 £6.36bc  60.45+2321ab  91.824+1147c 88.50 £ 1.03 ¢ 162.92 £20.02d  69.33+£3.28abc  0.0000
TFP 14220 £29.54a 32856+ 18.14e 14236+ 1631a 18252+7.04b  233.81+£2447cd 22088 +1142c¢  261.244+255d 31563 +£3657e 24321 £2528cd  0.0000
Ara/Gal 0.14 £ 0.05 ab 0.22 £ 0.06 0.13+£0.01a 0.20 £ 0.01 be 0.23 £0.02¢ 0.224+0.02¢ 0.38 +0.00d 0.21+0.05¢ 0.20 £ 0.02 be 0.0000
Rha/GalA 0.11+£0.0labc  0.16 £0.05c¢ 0.08 £ 0.00 a 0.12+0.00abc  0.10 +0.02 ab 0.14 £ 0.01 be 0.24 +£0.00d 0.12 & 0.04 abc 0.13 % 0.06 abc 0.0005
(Ara + Gal)/Rha 6.02 + 1.53 be 5.07 £3.19 ab 7.62+0.85¢ 6.02 % 0.60 bc 349 +053a 3.89 £0.29 ab 7.98 £ 0.05 ¢ 5.02 £ 1.28 ab 432+054ab 0.0057

1 Mean values + standard deviation (n = 3). Values with different letters (a, b, ¢, d, e, f) in each compound or parameter indicate statistically significant differences at p < 0.05;
2 GalA: galacturonic acid; Rha: rhamnose; 2-OMeXyl: 2-O-Metilxylose; GluA: glucuronic acid; Ara: arabinose; Fuc: fucose; Gal: galactose; 2-OMeFuc: 2-O-Metilfucose; Api: apiose;
KDO: 2-keto-3-deoxyoctonate ammonium salt; Gluc: glucose; Man: mannose; Xyl: xylose; TMS: total monosaccharides; RG-1I: rhamnogalacturonans type II; MN: mannans; PRAG:
polysaccharides rich in arabinose and galactose; HG: homogalacturonans; NPP: non-pectic polysaccharides; TPP: total pectic polysaccharides; TFP: total family polysaccharides; 3 grape
variety abbreviations in Materials and Methods section; # statistical significative difference is indicated with p-values in bold (p < 0.05).
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The VERI1 extracts showed a higher content of NPP, which are structural polysaccha-
rides, and a lower content of major pectic polysaccharides (HG and PRAG) than the VER2
extracts. This fact could be associated with the degree of ripening of each Verdejo grape
since the VER1 grapes presented a higher Brix degree than the VER2 grapes. Gao et al. [37]
observed a greater degradation of skin cell wall pectin than of the structural polysaccharides
in more mature grapes. Probably, the higher extraction by pressing pectic polysaccharides
from the skin to the must of VER1 resulted in the lower content of HG and PRAG in the
grape pomace extracts of VER1 compared to VER2. However, the RG-II content was similar
in both extracts (VER1 and VER2). In general, the RG-II content of the varietal extracts of
this study was lower than those reported by Canalejo et al. [35] in extracts from the Viura
grape variety.

The Brix degree of the PC grapes was lower than that of the LIG, VER1 and MALV
grape varieties, but similar to that of the AM and VIU varieties. The higher degree of
ripening of the LIG, VER1 and MALYV varieties explains the lower content of HG, PRAG
and RG-II in these extracts than in the PC extracts, with the exception of RG-II in the MALV
and VER1 extracts, which was similar to that of the PC extracts. At a lower degree of
ripening, the cell walls are more intact and present greater resistance to the extraction of cell
wall polysaccharides from the skin [38]; consequently, the PC extract was richer in pectic
polysaccharides. However, only the effect of the ripening degree cannot explain the lower
content of pectic polysaccharides (HG, PRAG and RG-II) and mannans in the VIU extracts
with respect to the PC extracts from grape varieties with a similar Brix degree (Table 1).
The AM and PC extracts obtained from grape varieties with a similar Brix degree presented
similar values of pectic polysaccharides, except for HG and MN, with the AM extracts
showing lower values of HG and higher values of MN than the PC extracts (Table 2). This
is probably due to the fact that the physicochemical and biochemical characteristics of the
cell walls of the VIU variety were more different than those of the PC and AM varieties [39].
Therefore, the lower cell wall thickness of the VIU grapes explains the greater extraction of
pectic polysaccharides and mannans to the must by pressing, leaving a pomace less rich in
polysaccharides. The extracts obtained from the RSB, SB and VER2 varieties with a slightly
higher Brix degree than the PC variety (Table 1) also had a lower pectic polysaccharide
content than the PC variety. These results indicate that the PC variety harvested at a low
degree of ripening was the most suitable for obtaining pomace extracts with a higher pectic
polysaccharide content (TPP). This variety is probably characterized by a thicker cell wall,
which hindered the extraction of polysaccharides from the skin to the must, resulting in
pomace richer in pectic polysaccharides. To our knowledge, there are no studies on the cell
wall structure of the PC variety or of the other grape varieties studied in this work.

Three ratios were calculated to estimate the different sugar structures contained in
the varietal extracts. The Ara/Gal ratio shows the characteristic structures of PRAGs and
their richness in arabinose [40]. In our study, the Ara/Gal ratio of the extracts obtained
from the different varietal grape pomaces was less than 0.5, so these structures were richer
in galactose than in arabinose. The Rha/GalA ratio provides information on the presence
of homogalacturonan and rhamnogalacturonan structures [33]. The resulting low values
of this ratio, below 0.5, are due to the lower content of rhamnose than galacturonic acid,
indicating the presence of more homogalacturonan-type structures.

Finally, the ratio (Ara + Gal)/Rha estimates the relative importance of the neutral side
chains in the rhamnogalacturonan backbone since most of the galactose and arabinose
content is associated with the pectin hairy regions [13]. The results obtained showed
differences between the varietal extracts, with those from the MALV and AM varieties
having the highest values of this ratio, suggesting that the rhamnogalacturonan chains have
more neutral side chains compared to the rest of the varieties. The observed differences
agree with those observed by Apolinar-Valiente et al. [41].



Molecules 2023, 28, 6770

6 of 15

2.3. Molecular Weight Distributions of Polysaccharides of Grape Pomace Extracts

Figure 1 shows the qualitative changes in the molecular weight distribution of the
varietal polysaccharide extracts. This chromatogram was the result of the HPSEC-RID anal-
ysis of the AM extract, and three different polysaccharide fractions by molecular weight are
indicated. The polysaccharide molecular weight chromatograms of all extracts are shown in
the Supplementary Material (Figure S1). High molecular weight polysaccharides (HMW P)
are mainly related to PRAGs. Medium molecular weight polysaccharides (MMW P) include
molecules of RG-II dimers. Finally, low molecular weight polysaccharides (LMW P) include
oligosaccharides and low molecular weight fragments of larger molecules, such as AGP,
MN and RG-II monomers [10].

HMW P re«——— MMWP ———«— LMWP —>

11000 |
10000
9000 |
8000
7000
6000

5000

RID Signal (U.A.)

4000 |
3000 :
2000 |

1000 |

03 T —— ]

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Elution time (min)

Figure 1. HPSEC-RID chromatogram of the extract from Albillo Mayor grape pomace and the three
different polysaccharide fractions by molecular weight.

The results of the HPSEC-RID analyses are shown in Table 3. The LMW P fraction
represented the highest content followed by HMW P. As can be seen, there are statistically
significant differences in the distribution of HMW P and LMW P. The MALV, PC and AM
extracts presented higher values of HMW P than LMW P, with a range of 62.5% to 58.3%.
On the contrary, the extracts obtained from the rest of the grape varieties studied showed
a higher content of LMW P than of HMW P, with VER1 being the extract with the lowest
content of HMW P with a value of 37.7%. In addition, only the AM extract presented MMW
P contents with a low value of 1.4%.

The results obtained for the molecular weight distribution of both extracts of the
Verdejo grape variety (VER1 and VER2) showed a high LMW P content and were similar
to those obtained by Pérez-Magarifio et al. [36] in polysaccharide extracts obtained from
the Verdejo grape pomace. The HMW P values were higher than the content obtained by
Canalejo et al. [29] in extracts from the Viura grape pomace.
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Table 3. Molecular weight distributions of polysaccharides, total proteins, total polyphenols, yield and polysaccharide purity of grape pomace extracts !.

Compounds 2 LIG? VER1 MALV SB RSB VER2 AM PC VIU p-Value *
% HMW P 416+ 3.1ab 377+ 61a 625+ 63c¢ 479 +26Db 43.6 £ 7.8 ab 476 +15Db 583+ 03¢ 619+08c 456 +24D 0.0000

% MMW P nd® nd nd nd nd nd 14+0.18 nd nd

% LMW P 58.4 + 3.1 bc 623 £6.1c 375+ 67a 521+£26Db 56.4 £ 7.8 bc 524 +15Db 403 +0.1a 381+08a 544+24Db 0.0000
Total proteins (mg BSA /g of extract) 245+ 44d 187 £3.7abc 200+ 4.5bcd  18.7 £ 0.6 abc 145+28a 185+£26abc  140+09a 2294+24cd 16.4 £ 0.9 ab 0.0043
Total polyphenols (mg GA/g of extract)  35.1 £ 7.6 ef 279 £6.7cd 19.6 £ 3.9 ab 25.9 £+ 0.4 be 369+14f 33.1 £ 2.9 def 172+ 05a 29.0 £ 2.9 cde 22.3 + 1.4 abc 0.0001
Yield (%) 7.8 £0.5ab 134+09c¢ 642 +32a 7.66 £ 0.6 ab 897 £1.7b 913+ 04Db 159. £09d 554 £0.7a 942+ 04Db 0.0000
Polysaccharide purity (%) 142+30a 329+ 18e 142+16a 183+ 0.7b 234+24cd 221+11c 26.1+03d 316+37e 243 +25cd 0.0000

1 Mean values =+ standard deviation (1 = 3). Values with different letters (a, b, ¢, d, e, f) in each compound or parameter indicate statistically significant differences at p < 0.05;
2 % HMW P: percentage of high molecular weight polysaccharides; % MMW P: percentage of medium molecular weight polysaccharides; % LMW P: percentage of low molecular weight
polysaccharides; yield: g of extract obtained per 100 g of dry weight pomace; polysaccharide purity: g of total family polysaccharides per 100 g of extract; ® grape variety abbreviations in
Materials and Methods section; 4 statistical significative difference is indicated with p-values in bold (p < 0.05); ® nd: not detected.
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2.4. Total Proteins, Total Polyphenols and Monomeric Phenolic Compounds of Grape
Pomace Extracts

Proteins and phenolic compounds are other macromolecules present in the cell walls of
grape skins. Proteins are found in the matrix formed by structural polysaccharides and play
an important role because they act as cross fibers that reinforce the mechanical resistance
of the grape skin [10,42]. Furthermore, some proteins are bound to polysaccharides, such
as AGPs, and, in this structure, there is a chain link with the proteins. On the other hand,
phenolic compounds in grapes are found mainly in the solid parts, such as the skins
and seeds. Therefore, these compounds could be present in the extracts obtained from
grape pomace, although the extraction process is focused on obtaining extracts rich in
polysaccharides.

Table 3 shows the total protein content of the different varietal extracts studied, which
ranged from 14.0 to 24.5 mg BSA /g. Statistically significant differences were found between
the varietal extracts. The LIG extracts showed the highest content, with a value of 24.5 mg/g.
Nunan et al. [43] observed an increase in proteins throughout the ripening process, so riper
grapes are expected to have a higher protein content. Therefore, the high protein content
in the LIG extract could be associated with the higher Brix degree of this variety. On the
contrary, the lowest values were presented by RSB and AM, with 14.5 and 14 mg BSA /g,
respectively. The two extracts from the Verdejo variety did not show differences between
them and have also a similar protein content to that of the SB, PC and MALV extracts.
Moreover, the PC and MALV extracts presented a similar protein content to the LIG extract.
Even so, in general, it can be considered that the total protein content of all the extracts
studied was low at less than 2.5% of the extract. The values obtained were lower than those
obtained by other authors in cell wall material isolated from red grape marc [13] or from
fresh red grape skins [39], and slightly lower than those obtained by Canalejo et al. [29] in
polysaccharide extracts from Viura white grape pomace. The observed differences between
the extracts in terms of protein content could be associated with the grape variety, as other
authors have found in previous studies [13,39].

Table 3 shows the obtained results in total polyphenols (TP) of the studied varietal
extracts. As can be seen, statistically significant differences were found between the varietal
extracts and the TP range was from 17.2 to 36.9 mg GA /g. The highest contents corresponded
to the RSB and LIG extracts, with a content of 36.9 and 35.1 mg GA/g, respectively, and the
lowest to the AM and MALYV extracts, with a range of 17.2 and 19.6 mg GA /g, respectively.
These values were lower than those obtained by Canalejo et al. [29] in polysaccharide
extracts of Viura grape pomace or Tempranillo grape marc, as well as those obtained in cell
wall material isolated from red grape marc or fresh red grape skins [13,39]. Considering the
results obtained by other authors, the TP content could vary during the ripening process
and with the grape variety [13,39,44], so both factors may influence the TP values of our
extracts. However, as commented above for the total proteins, the TP content was low in
these extracts, with a value of less than 3.7% of the extract.

Forty different individual phenolic compounds were tested, but only those listed in
Table 4 were identified and analyzed. Statistical significative differences were found in all
the quantified phenolic compounds by varietal extract. The extract of VER1 showed the
highest content of all phenolic compounds, with the exception of gallic acid, which was
much higher than the rest of the extracts. Flavanols were the most abundant compounds
in all the varietal extracts, with catechin showing the highest values, ranging from 79.2
to 1172 pg/g, followed by epicatechin, with a range of 11.7 to 206 ug/g. All detected
TE-HCA compounds were only found in the VER1 and VIU extracts, and t-caftaric acid
was also found in the VER2 and AM extracts. These results were similar to or lower than
those obtained by Canalejo et al. [29] in polysaccharide extracts of Viura grape pomace
or Tempranillo grape marc. No further works have been found to evaluate the content of
individual phenolic compounds in extracts. In general, the concentrations of these phenolic
compounds were also very low at less than 0.3% of the extract.
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Table 4. Monomeric phenolic compounds concentration (ug/g of extract) of grape pomace extracts !.

Compounds 2 LIG 3 VER1 MALV SB RSB VER2 AM PC VIU p-Value 4
Gallic acid 53+19c¢ 1.7 £ 0.3 ab nd.?> n.d. 14+01a n.d. 29+ 0.1ab 32+03b n.d. 0.0024
Protocatechuic acid 94+17a 30.1 +1.8d n.d. 10.7+13a 2514+ 05¢ 173+12b 11.0+0.6a 19.0 £33b 99+02a 0.0000
HBA 14.7 +3.0cd 318+£17¢g n.d. 10.7 £ 1.3 ab 26.6 +£ 0.6 f 173+12d 13.8 + 0.7 bc 222+36e 99+02a 0.0000
t-caftaric acid n.d. 1483 +£18.7b n.d. n.d. n.d. 56.8 +09a 577 +02a n.d. 67.6 £0.5a 0.0000
c-cutaric acid n.d. 46.8 £49 n.d. n.d. n.d. n.d. n.d. n.d. 429+13 0.2583
t-cutaric acid n.d. 51.0 £ 6.3 n.d. n.d. n.d. n.d. n.d. n.d. 45.7 £ 2.7 0.2583
t-fertaric acid n.d. 64.0+75b n.d. n.d. n.d. n.d. n.d. n.d. 507+ 12a 0.0383
TE-HCA n.d. 310.0 = 35.6 ¢ n.d. nd. n.d. 56.8 +09a 577 +02a n.d. 207.0 +5.7b 0.0000
Catechin 342.9 + 86.5 bc 11725 £159.0d 1379 +£24.7 a 792+31a 304.0 £ 12.9 bc 396.6 £ 65.7 ¢ 2519 +73b 325.1 +24.8 bc 1124+ 42a 0.0000
Epicatechin 994 +245c¢ 206.7 £22.2¢ 11.7+03a 298+ 4.1a 97.0+3.6c¢ 713 +9.0b 113.5 £ 2.3 cd 129.6 £20.7d 227+26a 0.0000
Procyanidin dimer I 624+ 13.1b 387.1+36.1d 336+19a n.d. 78.5 + 0.8 bc 31.2+09a 104.6 + 0.2 ¢ 66.4+18.6b 97.0+122c¢ 0.0000
Procyanidin dimer I 35.9 £ 7.6 ab 85.1+14.7d 21.3+32a n.d. 56.5+125¢ n.d. 1954+ 03a 49.4 4+ 13.8 bc n.d. 0.0000
Flavanols 540.6 +124.2b 1851.4 +£232.2 ¢ 204.6 =27.5a 109.0 + 7.2a 5359 +£15.1b 4992 £71.0b 4894 +9.0b 570.6 = 63.5b 2321+ 10.6a 0.0000
Syringetin-3-glu 13.6 + 0.2 ab 581+ 11.5f 22.7 +£57cd 937+ 1.0a 9.6 +0.7a 18.2 + 1.1 bc 179 + 0.3 bc 29.0 £ 3.4 de 325+37e 0.0000
Quercetin gls 13.8+1.0a 183.1+28.0e 275+ 3.6 ab 219+ 38a 403 £ 1.6 bc 19.8+23a 223+ 13a 56.1 +£9.9 cd 58.6 +7.7d 0.0000
Flavonols 273+ 12a 241.2 £ 39.6 ¢ 50.2+93a 312+37a 499+ 14a 38.0+17a 402+ 16a 85.1 +13.3b 91.1+114b 0.0000
Total Phenols 582.6 +127.6b 2434.5 +292.0 ¢ 254.8 +34.7 a 1509 £9.8a 6124+ 15.0b 611.3+73.1b 601.1 +6.6b 6779 +78.7b 540.1 +26.7b 0.0000

1 Mean values + standard deviation (1 = 3). Values with different letters (a, b, ¢, d, e, f, g) in each compound indicate statistically significant differences at p < 0.05; 2 HBA: hydroxybenzoic
acids; TE-HCA: tartaric esters of hydroxycinnamic acids; glu: glucoside; gls: glycosides; 3 grape variety abbreviations in Materials and Methods section; * statistical significative
difference is indicated with p-values in bold (p < 0.05); > n.d.: not detected.
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These results may also suggest that the polysaccharide extraction process is specific and,
therefore, the content of PR, TP and monomeric phenolic compounds in the extracts are low.

2.5. Yield and Polysaccharide Purity of the Grape Pomace Extracts

The yield of the grape pomace extracts was determined by the grams of lyophilized
extract obtained per 100 g of dry-weight pomace. Statistically significant differences were
found in the extract yields obtained that ranged from 5.54% to 15.9%, corresponding to PC
and AM, respectively. Furthermore, the AM and VER1 extracts presented the highest yield,
with values of 15.9% and 13.4%, respectively.

On the other hand, the polysaccharide purity of the obtained extracts was evaluated
and was expressed as grams of TFP per 100 g of lyophilized extract. The polysaccharide
purity was higher in the VER1 and PC extracts than in the others, with values of 32.9%
and 31.6%, respectively. LIG and MALV were the extracts with the lowest polysaccharide
purity, with values around 14%. In general, the polysaccharide purity of all varietal extracts
was lower than that obtained by Canalejo et al. [30] in polysaccharide extracts obtained
from Viura grape pomace.

2.6. Multivariate Statistical Analysis

A principal component analysis (PCA) was performed to investigate the relationships
between the variables as a whole and the varietal extracts studied. The PCA was performed
with the following variables: molecular weight polysaccharides (HMW P, MMW P and
LMW P), total protein and total polyphenol content (PR and TP), family polysaccharides
(PRAG, RG-II, MN, HG and NPP) and monomeric phenolic compound families (HBA,
TE-HCA, Flavanols and Flavonols). The PCA selected four components with an eigenvalue
greater than one, which explained 90.2% of the total variance. Figure 2 shows the distribu-
tion of the varietal extracts in the plane defined by the first two dimensions that explained
63.9% of the total variance. As can be seen, the varietal extracts showed the differences
between them associated with the different variables.

.
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" .
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Figure 2. Principal component analysis. Representation of varietal extracts and variables used.
Abbreviations of compounds and grape varieties in Materials and Methods section.

The VER1 extract, sited in the positive side of Dim 1 and 2, was clearly separated
from the other extracts and was positively correlated with the HBA, HCA, Flavanols and
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Flavonols, as well as NPP and LMW P. On the other hand, the AM and PC extracts were
located on the left side of the plane, correlating mainly with the remaining polysaccharide
families, MN, PRAG, RG-II and HG, which correspond to the pectic polysaccharides.
Finally, the remaining varietal extracts were located in the lower part of the plane and were
more correlated with the PR and TP content.

Therefore, the grape variety will influence the chemical composition of the extracts
obtained from each pomace.

3. Materials and Methods
3.1. Chemicals

Chromatographic-grade reagents were provided by Riedel-de-Haén (Honeywell, Ger-
many). Water type I was obtained using Autwomatic Plus 1 + 2 GR equipment (Wasserlab,
Barbatain, Navarra, Spain, 2020).

Polysaccharide extractions were carried out with food-grade reagents, which are
as follows: hydrochloric acid 37% (E-507, Panreac, Madrid, Spain), tartaric acid (E-334,
Agrovin, Ciudad Real, Spain) and rectified ethanol from molasses 96 (0110F, Alcoholes
Montplet, Barcelona, Spain). Polysaccharide standards (seven dextrans from 5 to 410 kDa
and pectin), gallic acid, Coomasie Blue brilliant and Bovine Serum Albumin were supplied
by Sigma-Aldrich (Steinheim, Germany).

The monosaccharide standards used to perform the calibration curves and phenolic
compound standards were purchased from Fluka (Buchs, Switzerland), Sigma-Aldrich
(Steinheim, Germany) and Extrasyntheése (Genay, France).

3.2. Grape Pomace Material

Nine grape pomace samples were obtained from eight different white grape varieties
from the Castilla y Ledn region located in northern Spain from the 2021 vintage. The grape
varieties studied were as follows: Ligeruela var. (LIG), two different samples of Verdejo
var. (VER1 and VER2), Malvasia var. (MALV), Sauvignon Blanc var. (SB), Rufete Serrano
Blanco var. (RSB), Albillo Mayor var. (AM), Puesta en Cruz var. (PC) and Viura var. (VIU).
LIG, PC and RSB are minority grape varieties from Castilla y Ledn region.

The grapes were harvested at the optimum ripening degree determined by each
winegrower or oenologist. After that, the grapes were destemmed, crushed, sulfited
and pressed using a vertical hydraulic press in the Oenological Station placed in Rueda
(Valladolid). The pressed grape pomaces were immediately frozen at —15 °C in airtight
bags until their extraction.

3.3. Polysaccharide Extracts from Grape Pomaces

The polysaccharide extracts were obtained following the methodology previously
developed by our group [35], with slight modifications. Briefly, grape pomaces were
defrosted and homogenized with the Ultra Turrax T25 digital (IKA, Staufen im Breisgau,
Germany, 2009). The extraction was carried out with 15 g of grape pomace in acidic
conditions (2.5 g/L of tartaric acid at pH 1) in ultrasound bath (Pselecta, Barcelona, Spain,
2006) for 30 min followed by stirring in orbital shaker (Proeti, Madrid, Spain, 2018) for
18 h. Then, the samples were centrifuged (3500 g for 20 min, 4 °C), and the supernatant
was concentrated five times using a rotary evaporator R-210 (Biichi, Switzerland, 2010).
Then, the polysaccharides were precipitated with four volumes of acidified alcohol for
24 h at 4 °C. The precipitate was centrifuged (3500 x g for 20 min, 4 °C) and the pellet was
freeze-dried. All the extractions were carried out in triplicate.

3.4. Oenological Parameters of Grapes

Standard oenological parameters of grapes were determined according to the official
methods of OIV [45]. Titratable acidity was determined with a Crison pH meter GLP22
(Barcelona, Spain, 2010) according to the method described in OIV-MA-AS313-01 and Brix
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degree with an Atago refractometer (Japan, 2006) according to the method described in
OIV-MA-AS2-02.

3.5. Analyses of Molecular Weight Distributions of Polysaccharides and Monosaccharide
Composition of the Grape Pomace Extracts

The molecular weight distributions of the polysaccharides evaluated in the extracts
obtained from grape pomace were determined with High-Performance Size-Exclusion Chro-
matography with a Refractive Index Detector (HPSEC-RID) using an Agilent Technologies
1200 Chromatograph (Santa Clara, CA, United States, 2009) following the chromatographic
conditions described in Guadalupe et al. [46]. Two Shodex chromatographic columns,
OHpak SB-803 HQ and OHpak SB-804 HQ (300 mm x 8 mm i.d.) with a precolumn Shodex
OHpak SB-G 6B (50 mm x 6 mm i.d.). Calibration was performed with narrow dextran
molecular weight standards from 410 to 5 kDa. The three different fractions were estimated
to their molecular weight: high molecular weight polysaccharides (HMW P, between 700
and 100 kDa), medium molecular weight polysaccharides (MMW P, between 100 and 5 kDa)
and low molecular weight polysaccharides (LMW P, <5 kDa).

The monosaccharide composition of the extracts from grape pomace was evaluated
by gas chromatography—mass spectrometry (GC-MS) of their trimethylsilyl-ester O-methyl
glycosyl-derivates, obtained after acidic methanolysis and derivatization, following the chro-
matographic conditions established in Guadalupe et al. [46]. The monosaccharide chro-
matogram is shown in the Supplementary Material (Figure S52). The monosaccharide data were
used to determine the polysaccharide families following the method of Canalejo et al. [35].
Also, the content of non-pectic polysaccharides (NPP), total pectic polysaccharides (TPP) and
the content of total families of polysaccharides (TFP) were calculated.

3.6. Analyses of Total Proteins, Total Polyphenols and Monomeric Phenolic Compounds of the
Grape Pomaces Extracts

The extracts were diluted in water (10 mg in 10 mL) for the analyses of total proteins,
total polyphenols and monomeric phenolic compounds.

The content of total proteins was determined following the Bradford Protein Assay [47]
and expressed as mg of Bovine Serum Albumin (BSA) per g of extract.

The total polyphenolic compounds were determined with the reaction with Folin—
Ciocalteu reaction and were expressed as mg of gallic acid (GA) per g of extract [48].
The monomeric phenolic compounds were analyzed by injection of the diluted samples
in a high-performance liquid chromatograph (Agilent Technologies 1200, Waldbronn,
Germany, 2010) equipped with a photodiode array detector (DAD), and following the
chromatographic conditions established by Pérez-Magarifio et al. [49].

3.7. Statistical Analyses

Analyses of variance and Fisher’s least significant difference (LSD) test were performed
using the Statgraphics Centurion XVIII software (Statgraphics Technologies, Inc., The Plains,
VA, USA) to determine the differences between the varietal grape pomace extracts. Principal
component analysis (PCA) was carried out to study the association between variables and
to determine similarities or differences between the varietal grape pomace extracts, using
the RStudio program (R-Studio Inc., Version 2023.06.0, Boston, MA, USA).

4. Conclusions

The grape variety seems to influence the chemical composition of the extracts obtained
from each pomace by-product, mainly in the types and concentrations of polysaccharides.
This effect of the grape variety could be associated with cell wall thickness. The polysaccha-
ride extracts obtained from the VER1 and PC varieties showed the highest polysaccharide
purity and polysaccharide contents, but the type of polysaccharides was different in each
case. The VER1 provided extracts richer in non-pectic polysaccharides, while the PC variety
was the most suitable for obtaining pomace extracts richer in pectic polysaccharides. The
degree of ripening may also have influenced the type of polysaccharides obtained in the
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extracts since it seems that the pomace from more mature grapes had a lower content
of pectic polysaccharides, mainly HG and PRAG. These differences may be due to the
physicochemical properties of the cell walls of the grape skins. In general, the grape pomace
extracts showed a very low presence of proteins and phenolic compounds.

The yield of the grape pomace extracts also depended on the grape variety, with values
ranging from 5.54% to 15.9%.

It is interesting to know the content and type of polysaccharides of the extracts obtained
from the pomace of different grape varieties used in winemaking, as well as the yield and
purity of each of them, in order to study the interest of their possible valorization.

These results open up a new possibility for the revalorization of grape pomace by-
products to obtain polysaccharide-rich extracts, although it would be interesting to improve
both the yield and the purity of the extracts obtained by studying other extraction tech-
niques or processes.
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/ /www.mdpi.com/article/10.3390 /molecules28196770/s1, Figure S1. HPSEC-RID chromatograms
of all varietal extracts obtained. Abbreviations of varieties in Materials and Methods section; Figure S2.
GC-MS chromatogram of the extract from Albillo Mayor grape pomace and the different identified
monosaccharides. Abbreviations of compounds in Materials and Methods section.
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II; MN: mannans; PRAG: polysaccharides rich in arabinose and galactose; HG: homogalacturonans;
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