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Abstract

Monastrell grape variety is grown for the elaboration of quality red wines, but climate change has meant the study of new
grape varieties from Monastrell, to adapt to the new edaphoclimatic scenario in hot climates. Three new varieties have
recently been registered from Monastrell (M) from directed crosses with others such as Cabernet Sauvignon (C) and Syrah
(S). These new varieties are MC80 known as Calnegre, MC98 Gebas, and MS10 Myrtia. In this work, cell wall characteriza-
tion of these new varieties has been carried out. Results from three seasons showed high significant differences in the concen-
tration of carbohydrates present in the Monastrell and MC80 cell walls. As for lignin concentration, MS10 was highlighted.
However, the concentration of phenolic compounds and proteins was different as regards each variety and season studied.
To find some correlation between the characterization of the walls and extractability of different compounds in the wine,
the phenolic composition of these wines from these varieties was analysed following alcoholic fermentation. All crosses
presented a higher concentration of total polyphenols (IPT) and total anthocyanins (AT) in addition to color intensity (IC),
highlighting the high significant differences found in MS10.
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Abbreviations

AU Uronic acids

TP ., Total phenols of cell wall

IC Color intensity

IPT Total polyphenol index in wines
CG Cellulosic glucose

AT Anthocyanins

Mediterranean climate zones [2] and numerous areas of
the world. The shift in climate and the resulting changes to
weather patterns may cause shifts in grape chemistry and
the resulting wine quality. With the warming of the climate,
not only is the phenological period of grapes advanced, but
the components of the ripening period are also affected [3].
In many producing areas, an increasing trend of sugar is
detected, which increases the potential alcohol content of
wine, while acidity is significantly decreased [3] and this is
one of the main reasons why the Monastrell grape variety,
grown mainly in the south east of Spain, is beginning to

Introduction

Climate change is a real current problem bringing unfa-
vourable consequences in multiple areas; one of the most
noticeable effects is that the surface mean temperature is
continuously rising [1]. The agricultural sector has been
very affected by temperature increase and viticulture is
one agricultural sector of major economic importance in
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suffer the consequences of climate change. These reasons
lead to an unbalanced in wines, with differences between
acidity, sugar, and alcohol, as well as deterioration in the
organoleptic characteristics of wines resulting with less anti-
oxidant capacity. Therefore, it is interesting to search for new
varieties that can withstand these climatic changes. It is a
fact that Monastrell is a grape variety which needs a very
good ripening of the grape, to obtain a good concentration
of phenolic compounds and, therefore, get a good color, with
the disadvantage that more alcoholic wines are elaborated.
Some options can be employed such as crossbreeding or
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bud mutation as the most common ways of developing new
wine grape cultivars [4]. Our research centre (IMIDA) has
been developing breeding programs since the 90s [5-7] to
select new varieties adapted to the current edaphoclimatic
conditions and with high phenolic content. Directed crosses
between Monastrell and other improvers such as Cabernet
or Syrah are the tool used. Cabernet Sauvignon and Syrah
are two varieties with higher concentrations in polyphenols
than Monastrell due to mainly its easy of extracting the com-
pounds. The crosses obtained from these varieties through
the emasculation process have given rise to new varieties
with high polyphenolic concentrations. Its adaptation to cli-
mate change is due to the fact that at harvest time, these new
varieties reach concentrations much higher than Monastrell,
even being harvested in advance and even with tempera-
tures greater than 30° (Data shown in Table 1 of Supple-
mentary Material). With the growing of these new varie-
ties from Monastrell, the time of harvest is being advanced
about 21 days with respect to Monastrell [8], obtaining high
concentrations of phenolic compounds despite the high tem-
peratures in the area (35-40 °C). Through these years, ten
red grape varieties and three white grapes have been selected
according to our requirements; three of which (Myrtia, Cal-
negre, and Gebas) are in the registration phase ending 2021.
Previous published studies have shown results on phenolic
composition, profile, and content in berries from other
Monastrell hybrids. Hernandez-Jiménez et al. [9] explored
the characteristics of anthocyanins and flavonols in crosses
from Monastrell X Cabernet Sauvignon, Monastrell X Syrah
and Monastrell x Barbera; Gomez-Plaza et al. [5] evaluated
the distribution of the anthocyanin profile in 143 plants aris-
ing from crosses between Monastrell X Cabernet; Moreno-
Olivares et al. [7] characterized the volatile composition of
white crosses from Monastrell and Apolinar-Valiente et al.
[10] characterized the cell wall of ten hybrids from Monas-
trell X Cabernet Sauvignon. In addition, although the phe-
nolic composition in grape skins and mechanisms of their
inheritance have been widely studied, there are not so many
studies of its cell wall structure; so, it is necessary to acquire
information on properties related to the grape and wine qual-
ity of these three new varieties that will soon be registered.
The composition and structure of cell walls from grape skins
in these new genotypes has not been previously reported.
Grape skin cell wall plays an important role in oenology, act-
ing as a protective barrier for extraction of color and aroma
components during winemaking [10]. As is well known,
grape berries are composed of tissues and cells which in turn
are surrounded by polysaccharide-rich cell walls. Besides,
grape cell walls need to be deconstructed (broken down) to
release components such as metabolites (e.g., sugars, acids,
volatiles, pigments) and polymers (e.g., pectins, proteins,
polyphenols such as tannins) into the fermenting must (i.e.,
grape juice) for wine production [11]. Depending on how
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the cell wall of the grapes breaks, a quality wine will be
obtained, affecting factors such as the yield of the juice,
its quality, and the typicality of the crop. Once the com-
pounds of interest have been extracted and the wines made,
it is essential to determine and quantify the concentration
of these types of compounds in the wines obtained from the
Monastrell crosses, to verify the transfer of phenolic com-
pounds from the improving varieties to Monastrell. Further-
more, it is widely accepted that wine phenolic compounds
are quality indicators, especially in red wines [12]; thus, it is
fundamental to its quantification from the enological point
of view. Due to the above, the aim of this research was to
evaluate the skin cell wall composition, skin visualization
by transmission optical microscopy, to study the phenolic
composition of wines as well as try to understand the ability
to release polyphenolic compounds in Monastrell and new
wine varieties. All of this was done with a focus on showing
the improvement in terms of the Monastrell variety.

Materials and methods
Reagents and standards

Pure water was obtained from a Mili-Q purification sys-
tem (Millipore, US). Merck (Darmstadt, Germany). Pure
acetone, ethanol 96%, sodium hydroxide 1 N, sulphu-
ric acid 98%, and ammonium sulphate were purchased
from Panreac (Barcelona, Spain). Enzymatic analysis
kit from R-biopharm (Darmstadt, Germany) was used
in glucose determination. Pure galacturonic acid, gal-
lic acid, 3,5-dimethylphenol, Bradford reagent, Phenol,
Folin—Ciocalteau phenol, and methylcellulose reagent
were purchased from Sigma-Aldrich (St. Louis, USA) and
bovine serum albumin (BSA) from J.T. Baker (Deventer,
The Netherlands); Glacial acetic acid (99%) from Fluka
(Buchs, Switzerland).

Vegetal material

The experiment was performed in three consecutive sea-
sons (2017-2019) using Monastrell as parental variety and
three new varieties Calnegre or MC80 (Monastrell X Cab-
ernet), Gebas or MC98 (Monastrell X Cabernet), and Myrtia
or MS10 (Monastrell X Syrah) in vineyards (Vitis vinifera
L. c.v.) red wine grapevines grafted onto R110 rootstock,
located in an experimental field in Bullas (Murcia, south-
east Spain), latitude 38.11 and longitude — 1.68 where the
soil is characterized as loamy sand. Twenty plants by variety
are trained to a three-vine vertical trellis system and within-
row spacing of 3 1.25 m.
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Physicochemical characterization of grapes

Several controls were performed during the ripening pro-
cess and when vines reached optimum phenolic maturity
were harvested manually. Phenolic maturity was performed
by monitoring the total anthocyanin concentration. When
they reach a maximum and begin to decline, it was time
to taste the skin of the grape (differentiate between acidity
and vegetable notes or more neutral and fruity character).
Next, the seeds were observed, and when more than 90%
brown was observed, the varieties were harvested. The yield
(kg/vine) was measured. At harvest, °Brix was measured
in each sample to check the ripening stage using a Refrac-
tometer Atago RX-5000X (Atago CO, Ltd, Tokyo, Japan).
Total acidity (g L™") and pH levels were measured using a
Metrohm (MetrohmAG, Herisau, Switzerland) with a glass
electrode (6.0233.100; Metrohm, Herisau, Switzerland). The
analysis were in triplicate.

Vinifications

Grapes were transported to the winery located in Jumilla,
where wines were elaborated in accordance with a tradi-
tional vinification protocol in 100 L steel tanks. Grapes
were destemmed and crushed, and sulphurous was added
(50 mg SO,/kg). Commercial yeasts (Zymaflore FX10
Sacharomyces cerevisiae) were used. Alcoholic fermen-
tation (conducted at 25 °C) was controlled by monitoring
the density and enzymatic determination of residual sug-
ars (Cetlab 600, Microdom, Taverny, France; TDI chemi-
cal analyser, Tecnologia Difusion Ibérica, SL, Barcelona,
Spain), until a value of reducing sugars <0.2 g L™! and
density < 1.0 g mL~! was achieved. The skins were in con-
tact with the must for 15 days. When alcoholic fermenta-
tion finished, wines were pressed at 1.5 bar in a 75 L tank
membrane press. Then, 2 days after pressing a racking were
carried out to eliminate reduction odours due to lees, and 4
days after this, another racking was made to remove more
lees. Finally, wines underwent malolactic fermentation at
20°, and were racked and placed in a bag in box (for better
conservation and to prevent gaps with oxygen in the tanks).
Samples were analysed in triplicate at the end of alcoholic
fermentation.

Isolation of cell wall material (CWM)

Cell wall material was isolated using the procedure
described by Paladines-Quezada et al. [13]. Triplicate grape
samples (3 x 100 g) were frozen at — 20 °C and peeled with
a scalpel. Then, the skins were stored at — 20 °C until cell
wall material isolation. Five grams of grape skin was sus-
pended in 50 ml of boiling water for 5 min to inactivate
enzymes. The final volume was centrifuged, and then, the

supernatant was removed. The sample was mixed several
times with 70% ethanol and extracted for 30 min at 40 °C to
eliminate sugars. After each 30 min wash, the process is the
same, centrifuged and removed the supernatant to later add
alcohol and do more washes. A sample from the liquid phase
was taken for soluble sugar analysis to check if sugars had
been eliminated [14]. Alcohol insoluble solids (AIS) were
then rinsed twice with 96% ethanol and once with acetone
(always centrifuging and removing the supernatant after
each wash). Finally, samples were dried overnight under an
air stream at 20 °C.

Analysis of grape skin cell wall composition

The cell wall composition was analysed in quadruplicate
according to Apolinar-Valiente et al. [15]. The following
analysis was performed: uronic acids, proteins, total phe-
nolic compounds, total glucose, cellulosic glucose, non-
cellulosic glucose, and lignin. Uronic acids were deter-
mined in the sulphuric acid hydroxylate by the colorimetric
3.5-dimethylphenol assay after pre-treating cell walls (30 °C,
1 h) with aqueous 72% sulphuric acid, followed by hydroly-
sis with 1 M sulphuric acid (100 °C, 3 h); according to Scott
method [16], pure galacturonic acid was used as standard.
Proteins and total phenolic compound were determined after
extraction with NaOH 1 M (100 °C, 10 min) by the colori-
metric Coomassie Brilliant Blue assay and the colorimetric
Folin—Ciocalteau reagent assay by Bradford method [17].
Bovine serum albumin (BSA) fraction V and pure gallic
acid were used as standards, respectively. Total glucose was
determined using a kit for glucose enzymatic analysis from
TDI with a Miura 200 (Rome, Italy) after pre-treatment
(30 °C, 1 h) with aqueous 72% sulfuric acid, followed by
hydrolysis using sulfuric acid 1 M (100 °C, 3 h) to determine
non-cellulosic glucose following Castro-L6pez methodology
[18], and also, cellulosic glucose was obtained by difference
between the total glucose and non-cellulosic glucose con-
tent. Finally, Klason lignin was determined gravimetrically
following sulphuric acid hydrolysis [19]. Lignin content was
expressed as mg g ! of cell wall.

Spectrophotometric parameters in wines

Total polyphenols (IPT), total anthocyanins (TA), color
intensity (CI), and total tannins were analysed in wine sam-
ples just at the end of alcoholic fermentation and analysed
on a Shimadzu UV/visible spectrophotometer 1600PC (Shi-
madzu, Duisburg, Germany) in triplicate. IPT were analysed
measuring absorbance at 280 nm according to Ribéreau-
Gayon et al. [20], TA were measured by a method proposed
by Ho et al. [21], CI was calculated as the sum of absorb-
ance at 620, 520, and 420 nm in undiluted wine [22], and
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tannins were measured using the method of precipitation of
methylcellulose [23].

Transmission optical microscopy

Skin samples from Monastrell, MS10, MC80, and MC98
were prepared for visualization by transmission optical
microscopy. The methodology used was the same as Amrani
Joutei, Glories, and Mercier [24] with the modifications of
Apolinar-Valiente et al. [15]. Small pieces of skin (1 mm?)
were cut from the vascular tissue close to the pericarp and
fixed in 2.5% (v/v) glutaraldehyde in 0.1 M phosphate buffer,
pH 7.2 at 4 °C for 2 h. Samples were later rinsed several
times in the same buffer, post-fixed at 4 °C for 2 h in an
osmium tetroxide solution, and then repeatedly rinsed in the
buffer. After dehydration through an ethanol gradient series
(30%, 50%, 70%, and 90%) with copper sulphate and pro-
pylene oxide solution (15 min each), tissues were infiltrated
with Spurr resin. Ultra-thin sections were stained with tolui-
dine blue and viewed using optical microscopy.

Statistical analysis

Significant differences among grapes and wines were
assessed by variance analysis for each variable. A least
significant difference (LSD) test was used to separate the
means (p <0.05) in physicochemical analysis of grapes, in
the study of the composition of cell wall skins (proteins,
total phenols, lignin, cellulosic glucose, and uronic acids)
and in phenolic composition and chromatic analysis (antho-
cyanins, color intensity, IPT, and tannins). Besides, a mul-
tivariate statistical analysis (discriminant analysis and heat
map) were conducted using RStudio 3.6.2 (Boston, MA).

Furthermore, Pearson correlation coefficients of IPT, tan-
nins, anthocyanins, color intensity, uronic acids, total phe-
nols, lignin, proteins, and sugars data were calculated with
the statistical package Statgraphics 18.

Results and discussion
Physicochemical characteristics of grapes

The physicochemical data of the progeny and Monastrell
at moment of harvest in each year are shown in Table 1.
As mentioned above, the cultivars studied were grown in
the same plantation framework (3 X 1.25) with a density of
2666 vines/ha. As observed, grapes in 2017 and 2019 sea-
sons were harvested earlier than in 2018 due to climatologi-
cal conditions (Supplemental Table 1). As regards hybrids,
MS10 was the variety harvested earlier in the 3 years stud-
ied; specifically the 11st of August 2017; The 30st of August
2018 and the 22st August 2019. Showing a difference of
almost 20 days compared to the first year of study. Monas-
trell was the last variety harvested as it is a variety adapted
to hot climates and therefore matures later than other vari-
eties [6]. In general, the yield (kg/vine) obtained in 2019
was higher than in 2017 and 2018. Regarding hybrids, the
highest yield (3.14 kg/vine) was obtained by MC98 in 2017,
while MC80 was lowest with 1.36 kg per vine; in 2018,
Monastrell had highest production (2.86 kg/vine), and MC80
the least with only 1.17 kg/vine. Finally, in 2019, these same
varieties obtained maximum and minimum values (3.12 and
2.11 kg by vine respectively). According to Merloni et al.
[25], wine grape yield and quality are largely dependent on
climatic conditions, particularly during the growing season.

Table 1 Physicochemical
characteristics of grapes at

Year Varieties Harvest date Grape weight® kg/vine °Brix

Total acidity pH
(g/L tartaric

harvest
2017 MON 26/09/2017
MC80 04/09/2017
MC98 06/09/2017
MS10 11/08/2017
2018 MON 24/09/2018
MC80 13/09/2018
MC98 12/09/2018
MS10 30/08/2018
2019 MON 25/09/2019
MC80 09/09/2019
MC98 04/09/2019
MS10 22/08/2019

acid)
174.11 1.93 23.75b+0.01 3.30d+0.02 3.90a+0.05
110.79 1.36 22.24d+0.01 4.50c+0.07 3.60b+0.01
134.57 3.14 23.82a+0.01 4.90b+0.10 3.91a+0.01
117.28 2.33 22.36c+0.01 6.00a+0.01 3.60b+0.00
131.77 2.86 23.50d+0.01 3.01c+0.01 3.82b+0.01
124.65 1.17 23.70c+0.01 3.81b+0.01 3.61c+0.01
141.71 1.73 24.30b+0.00 3.10c+0.01 3.94a+0.01
113.66 2.00 25.63a+0.02 3.92a+0.02 3.11c+0.01
151.00 3.12 23.10b+0.01 3.71d+0.01 3.82a+0.01
110.31 2.11 21.00c+0.07 3.82c+0.01 3.61d+0.01
105.14 2.52 20.50d+0.07 3.82b+0.01 3.73b+0.01
97.09 2.54 23.50a+0.14 4.50a+0.00 3.62c¢+0.01

AGrape weight expressed as the weight (g) of 100 berries

BDifferent letters within the same column represent significant differences according to an LSD test
(p>0.05). The significant differences were determined per year and between varieties
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In our study, climatic conditions followed different trends
in the three seasons studied (Supplemental Table 1). For
instance, 2019 was less sunny during the veraison stage with
slightly milder temperatures than the other years; however,
2018 was much rainier compared to the other 2 years, high-
lighting the importance that grapevines are highly sensitive
to climatic conditions [26]. As for berry size, Monastrell was
usually the largest, obtaining values ranged 1.74 g in 2017
and 1.51 g in 2019, while MC98 had the highest weight in
2018 with 1.41 g. Having a larger grape size could be the
fact that having a higher proportion of pulp could result in
a dilution in concentration of compounds of interest. As for
sugar content at time of harvest, MC98 showed the highest
°Brix in 2017, while MS10 was highest in 2018 and 2019.
It should be noted that the time of harvest in 2018 was later
than other years and therefore with °Brix higher in all the
studied varieties. However, Monastrell had an average of 23
°Brix during the 3 years. This variation in harvest time could
have an influence on degradation of cell walls and thus the
release of quality parameters during winemaking [11]. Total
acidity in hot climates is usually lower compared to cold
ones due to climate change in the Mediterranean area [6]. As
seen in Table 1, in general, the new varieties did not reach
high acidities; however, MS10 showed the highest values in
the 3 years studied and specifically highlighted in 2017 with
a value of 6.0 g L™!. By contrast, Monastrell presented the
lowest values for this parameter during the three seasons.
Evidently, the opposite occurred with pH; this parameter
obtained high values in Monastrell grapes, while lowest val-
ues were found in MS10. This is due to the fact that when a
variety is harvested earlier, it provides better results in terms
of acidity. Climatic conditions are perhaps the main factor
explaining year-to-year differences [27].

Cell wall characterization of grapes

Table 2 shows data on the isolation of the cell wall from
the different varieties studied. As seen, the amount of iso-
lated cell wall material was different among varieties and
years of study. The percentage skin values ranged between
6 and 13% in the 3 years of study, and these results are
in accordance with that found by Ortega-Regules [28]
in some varieties such as Monastrell (10.8%) or Syrah
(11.9%). By contrast, Apolinar-Valiente et al. [10] found
that the percentage of skin in Monastrell hybrids com-
prised between 13 and 21%. Our results showed that
MCB80 was the variety with highest percentage of skin in
the 3 years of study with a mean value of 10.39%, which
is an advantage from the enological point of view, since
the grape skins are the major source of color and aroma
compounds [29]. On the contrary, MS10 obtained the
lowest value in 2017 with 7.52% and Monastrell in 2018
and 2019 with 7.41% and 6.06%, respectively. However,

Table 2 Percentage of skin in grapes and grams of cell wall in the
skins of Monastrell and new varieties

% skin in grape mg” CW/g p value®
Fresh skin
2017 MON 8.63¢c 82.50c ok
MC80 13.03a 85.50b ok
MC98 9.17b 83.50b ok
MS10 7.52d 106.50a ok
2018 MON 741c 114.50a HoAk
MC80 10.15a 108.50b ok
MC98 7.82b 102.00d HAk
MS10 7.86b 104.50c HoAk
2019 MON 6.06d 113.50a HAk
MC80 8.11a 80.60d ok
MC98 6.87b 107.40b HoAk
MS10 6.70c 86.60d ok
ACW cell wall

BDifferent letters within the same column represent significant differ-
ences according to an LSD test (p>0.05). The significant differences
were determined per year and between varieties

BStatistically significant at: *p <0.05, **p <0.01, and ***p <0.001,
respectively. NS, not significant

the low percentage of skin in MS10, will not show a low
content of compounds of interest, suggesting that despite
its low percentage of skin, it will extract a large amount
of polyphenolic compounds, may have inherited the ease
of extraction, of the Syrah variety. Regarding the amount
of cell wall obtained in each variety studied (Table 2),
the results were different in the 3 years of study. MS10
obtained a higher amount of cell wall in 2017 (106.50 mg),
while Monastrell obtained 8 mg more, being the variety
which reported the highest amount of cell wall in 2018
and 2019 (114.50-113.50 mg, respectively). Different
authors have also quantified high amount of cell wall in
fresh skin in the Monastrell variety [10, 13, 29] and stated
that Monastrell cell wall compared with other varieties
such as Cabernet Sauvignon, Merlot, Syrah, and some
hybrids, generally is thicker. This could indicate that the
extraction of compounds of interest during the winemak-
ing process is hindered. These differences are perfectly
showed in the microscopy photos illustrated in Ortega-
Regules et al. [29].

Analysis of cell wall composition
The main groups of compounds analysed in the cell walls
isolated from Monastrell and their crosses during the three

seasons are shown in Table 3. These are proteins, total
phenols, lignin, cellulosic glucose, and uronic acids.
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Table 3 The composition of the

. Year MON MC80 MC98 MS10 p value®
cell walls from grape skins of
the grape varieties studied Proteins 2017 47.1%19  462x34 43.1+£03 45206  ns
2018 42.3b2+1.5  41.0b+0.1 49.2a+0.8 49.3a+3.2 ko
2019 40.1a+5.2 43.2a+0.3 42.3a+3.0 342b+1.3 *
Total phenols 2017 33.la+1.2 31.2b+0.3 24.1c+1.2 22.9¢+0.1 ok
2018 22.8b+1.1 20.2b+0.6 23.0b+29 27.3a+1.3 ok
2019 18.2b+2.6 17.8b+0.1 26.2a+13 23.03a+2.3  **
Lignin 2017  521.2¢+9.3 589.3ab+14.7 565.9b+89 6153a+23.6  ***
2018 578.7ax3.2  510.3b+33.5 512.6b+53  570.5a+237  **
2019 575.6a+44  516.4c+17.0 5453b+55 576.9a+204  **
Cellulosic glucose 2017  132.1a+2.6  110.0bc+5.0 1183b+3.9 108.2c+6.1 ok
2018 1394a+69 121.7b+8.6 122.76+3.4 110.2b+12.6  *
2019  126.4+9.7 137.7+6.8 121.9+7.8 1243+79 ns
Uronic acids 2017  266.2a+7.1 2243b+11.0 2533a+3.6  209.2b+19.2  **
2018  218.4b+6.9 307.5a%+29.3 292.5a+6.0 2433b+13.7  *k*
2019 242.1b+6.3  287.7a%+16.2 273.8a+0.5 2435b+19.9  **

ADifferent letters in the same row indicate significant differences according to LSD test (p <0.05). Proteins
(expressed as mg of BSA equivalents g~! of cell wall), total phenols (ow) (expressed as mg of gallic acid g !
of cell wall), lignin (expressed as mg g~! of cell wall), cellulosic glucose (expressed as mg g~ of cell wall),
and uronic acids (expressed as mg of galacturonic acid g~! of cell wall)

BStatistically significant at: *p <0.03, **p <0.01, and ***p <0.001, respectively. NS, not significant

Protein compounds

Proteins in the cell wall have been described as structural
constituents forming a fibrillary net, reinforcing the wall
during berry expansion [30]. Furthermore, it has also been
reported that an increase in structural proteins contributes
to the strength necessary to maintain berry integrity [31].
Proteins may be indicative of the stiffness found in the cell
walls of different genotypes studied and of its parent. In our
study, no significant differences were found in protein con-
tent between Monastrell and its crosses in 2017 (Table 3). In
addition, MC98 and MS10 presented higher concentrations
with respect to its parental Monastrell in 2018. Finally, in
2019, MS10 hybrid obtained the lowest protein concentra-
tion. With respect to Monastrell, MC80 and M(C98, all of
them reached similar concentrations (40-43 mg). It is rea-
sonable to believe that the lower protein content in grape
skins could represent a weaker structural rigidity, helping the
degradation of cell wall material from these grape skins [10].

Total phenolic compounds

Ortega-Regules et al. (2006) [28] described that in the pri-
mary cell wall, we found mainly ferulic acid and p-coumaric
acid as the main phenolic compounds, which are usually
found esterifying arabinose and galactose from pectic poly-
saccharides. Besides, Schnitzler et al. (1992) [32] proposed
that phenolic compounds of the cell wall could participate
in resistance against fungal pathogens, due to the types of
bond formed by ferulic acid (oxidative interbreeding), since
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it apparently has the function of limiting the extension of
the cell wall. Table 3 presents the mean values of the total
phenolic compounds content of cell wall isolated from the
skin of Monastrell and its new varieties. In our study, differ-
ences were found among years and varieties as Paladines-
Quezada et al. [13] who showed differences between years
in the composition of phenolic compound in the cell walls
from three varieties (Monastrell, Cabernet Sauvignon, and
Merlot); therefore, in 2017, Monastrell was seen to be the
variety with higher concentration of total phenols (33.1 mg
gallic acid g~! cell wall) and MS10 had least concentra-
tion (22.9 mg gallic acid g~ cell wall). However, in 2018,
this hybrid, (MS10) presented the highest concentration
(27.3 mg gallic acid g~! cell wall) together with MC98
(26.2 mg gallic acid g~! cell wall); while in 2019, MC98 had
26.2 mg gallic acid g~! and MS10 a value of 23.03 mg gallic
acid g! cell wall, respectively. The least concentration dur-
ing the last season was obtained by MC80 hybrid. Apolinar-
Valiente et al. [10] reported that six out of ten Monastrell
hybrids had significantly higher total phenolic compound
values than Monastrell in a study of their cell walls.

Lignin

Lignin is a complex biopolymer primarily present in plant
secondary cell wall, and is embedded in the cell walls of the
plant vascular bundle, together with pectins, hemicelluloses,
cellulose, and structural proteins [33]. Lignin composition
is not strictly controlled but strongly depends on the rela-
tive abundance of the precursors delivered to the lignifying
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zone [34]. The lignin content showed differences among
Monastrell and its hybrids depending on year. In 2017,
MS10 (615.3 mg g~ cell wall) presented the highest values
and Monastrell the lowest (521.2 mg g~! cell wall). On the
contrary, although MS10 continued to obtain the highest val-
ues during the 2 successive years; Monastrell also obtained
highest values. In addition, lignin has been associated with
mechanical support, sap conduction, and defence mecha-
nisms [34].

Carbohydrate composition (cellulosic glucose,
uronic acids)

Cellulosic glucose

It is fairly well accepted that cellulosic glucose and uronic
acids represent the highest percentage of sugars in the cell
walls of skin [35]. Our results showed that cellulosic glucose
and uronic acids, together with lignin were the major grape
cell wall components in our varieties. As observed, Monas-
trell showed the highest values of cellulosic glucose in 2017
and 2018 (132.1 and 139.4 mg g~! of cell wall, respectively),
while MC80 had highest content in cellulosic glucose in
2019, reaching a value of 137.7 mg g~! of cell wall. MS10
also obtained the least values in 2017 and 2018 and MC98 in
2019. Differences in amount of cellulose have been observed
in other studies; thus, Apolinar-Valiente et al. [10] reported
differences among, Syrah, Cabernet Sauvignon and Monas-
trell varieties; or among Monastrell and ten intraspecific
hybrids from Monastrell [10]. Cellulosic glucose quantities
have been correlated with firmness [36]. Therefore, the high
quantity of cellulosic glucose in cell walls from Monastrell
during the first 2 years of study and hybrid MC80 in the last
year could hinder degradation and therefore the extraction
of phenolic compounds from the skin during winemaking.
Paladines-Quezada et al. [13] also found higher cellulose
content in Monastrell cell walls compared to other varie-
ties such as Cabernet Sauvignon and Merlot. By contrast,
hybrids MS10 and MC98 would suggest a less rigid cell wall
structure, facilitating the extraction of compounds of interest
during their elaboration process.

Uronic acids

With respect to concentrations found in uronic acids, our
results showed different trends in the 3 years studied.
Monastrell had the highest value together with MC98 in
2017 and MS10 and MC8O0 the lowest. In 2018 and 2019,
the highest uronic acid content was found in MC80 and the
least in Monastrell. These results may suggest that differ-
ences found between the different studied varieties may be
due to the genetics of each variety; however, a large factor
indicates that within each variety, berry texture traits are

vintage dependent, and skin hardness parameters in particu-
lar are related to seasonal climatic indices [6]. As mentioned
above, the maturity of the grape is also a very important
factor that can influence the greater or lesser concentration
of these compounds. Therefore, it is evident that the car-
bohydrate composition of cell wall material isolated from
the Monastrell and its progeny is different and hence could
confer distinct structural characteristics to each [37].

Optical microscopy

The pericarp consists of three anatomically distinct tissues
exocarp, mesocarp, and endocarp [38]. Images from the exo-
carp of skin samples from the three hybrids and its parental
were performed by transmission optical microscopy in the
last season (Fig. 1). A high thickness of cell walls can be
observed in Monastrell and MC80 grape skin reinforcing
our analytical data concerning total of cellulosic glucose
(Table 3). Apolinar-Valiente et al. [10] also found this agree-
ment in a Monastrell hybrid. With respect to Monastrell,
Ortega-Regules et al. [29] and Apolinar-Valiente et al. [10]
observed that Monastrell grape skin had thicker cell walls
compared to other cultivars such as Cabernet Sauvignon.
These authors deduced that Monastrell grapes seem to be
genetically characterized by a more rigid cell wall structure
in comparison to other varieties. The clearly thinner cell
walls were observed in MS10 and MC98, and this could
corroborate our chemical results showed in Table 3, since
these varieties scarcely show layers compared to the rest of
studied cultivars. It is known that the number of layers in the
skin grape berries and their size are cultivar-specific [39].
Therefore, it could be suggested that the structure of MS10
hybrid skin (three skin layers) would facilitate the extraction
of phenolic compounds during winemaking.

Chromatic parameters and phenolic composition in wines

The chromatic parameters and phenolic composition of
the wines analysed at the end of alcoholic fermentation
are shown in Table 4. The polyphenols are released when
grape cells are physically disrupted (grape crushing) or are
degraded during maceration but even with extended macera-
tion only a fraction of the total polyphenols present in the
grapes, will be extracted [11], and in addition, this extract-
ability will be influenced by interaction with cell wall and
red winemaking practices [40]. As observed in Table 4, high
significant differences between Monastrell and the new wine
varieties were found regarding anthocyanins, color inten-
sity, total polyphenol index (IPT), and tannins; this being a
constant trend during the 3 years of study. In general, these
parameters were always higher in the new wine varieties
compared to Monastrell wines. As for anthocyanin con-
centration, Monastrell wines obtained the lowest values
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Fig. 1 Optical microscopy
images of exocarp of Monas-
trell and its progeny in 2019.
The sections were stained with
toluidine blue and show the
epidermis and mesocarp

Tablefl Phenolic 'composition Year MON MCS0 MC98 MS10 p valueP
and wine chromatic
characteristics of Monastrell Anthocyanins (mg L™") 2017  437d*+12  1547c+13  1769b+76  2225a+13  #x
:lnciﬁzﬁcvgr‘ﬁ;i;;;ﬁe end of 2018 633d+14  1438c+£32  1555b+19  2038a+40 %
2019  565d+17 1610b+8 1256c+23  1949a+17  ***
Color intensity 2017  12.8¢+0.0 46.6b+03  45.6b+2.9 63.6a+0.4  *x
2018  16.1d+02 42.1b+0.0  39.3c+0.2 61.0a+04  *+x
2019 162d+02 452b+0.1  33.5¢+0.7 59.1a+0.1  *x
IPT 2017  49.2d+04 842c+0.1  93.0b+22  110.lax1.5 ***
2018  42.1d+0.5 92.1b+1.6  78.1c+0.7 97.2a+0.5  *x
2019  403d+09 81.1b+04  71.0c+1.0 84.2a+03  #x
Tannins (mg L") 2017 628¢+90 227324222  235la+151  1263b+223  k*x
2018  838d+93 1708b+116  1799a+147  1549c+41  ***
2019  688d+31 1724b+137 1800a+77  1166c+135  ***

Color intensity corresponds to the sum of three absorbance units (620, 520, and 420) with an optical path
of 10 mm. IPT Total polyphenol index in wines expressed as index with a dilution factor

ADifferent letters within the same row represent significant differences according to an LSD test (p>0.05).
Significant differences were determined per year and between varieties

BStatistically significant at: *p <0.05, **p <0.01, and ***p <0.001, respectively. NS, not significant

(average 557 mg L™!) and MS10 wines highest (average
2071 mg L™!) quadrupling its concentrations The remain-
ing two hybrids also obtained much higher values (average
1532 and 1537 mg L=! for MC80 and MC98, respectively)

@ Springer

than Monastrell during the three seasons studied. Gil-Mufioz
et al. [41] showed how wines made with Monastrell hybrids
obtained a higher concentration in anthocyanins compared to
Monastrell wines. The extraction in greater or lesser quantity



European Food Research and Technology (2022) 248:1253-1265

1261

of anthocyanins will depend on degradation by pectolytic
enzymes of grape skins during ripening [9] not forgetting
that this extraction will be quite difficult depending on how
the cell wall of the grapes is structure. By contrast, other
authors have demonstrated that knowing the quantities of
anthocyanins in grape skins is not sufficient for estimating
wine anthocyanin concentrations and this lack of correla-
tion has been commonly attributed to the partial retention
of these anthocyanins in skin cells due to the barrier effect
of cell walls [42]. In addition to above mentioned, it was
decided to carry out a correlation study with the different
parameters studied for the shake of understanding which
parameters could affect more to the release of the antho-
cyanins. If only the data of new varieties are used for the
calculation, as can be noted in Fig. 2, what is facing us is a
Pearson correlation graphic. Graphic brings evidence about
the relations between the parameters (IPT, tannins, antho-
cyanins, color intensity, uronic acids, total phenols, lignin,
proteins, and sugars) and this gives out information really
important to us. It is well known that exists a high correla-
tion between color intensity and anthocyanins, and this is
perfectly shown in Fig. 2. (r=0.96). The color of red wine is
directly correlated with the content of anthocyanins, so it is
therefore foreseeable that wines obtaining highest concentra-
tions of these compounds are which show the highest color
intensity values. As observed in Table 4, MS10 wines (aver-
age 61) obtained the highest results compared to Monas-
trell wines (average 15). With respect to the other varie-
ties (MC80 and M(C98), higher values were also obtained
compared to wines from its parental variety (average 45
and 39, respectively). Furthermore, Fig. 2 provides some
insights on the anthocyanin release. Not only was obtained
a significant negative correlation between uronic acids and
anthocyanins (r=— 0.70), but also was found a positive
correlation between lignin and anthocyanins (r=+0.69).

-1,0 I

IPT 0,29 0,77 | 0,54 0,00 | 0,57 | 0,16 [ 0,60

Tannins [-0,29 -0,53 [-0,59 | 0,14 | 0,30 [-0,18 | 0,34 | 0,04
Anthocyanins 0,53 0,06 | 0,69 | 0,04 | 0,45
Color Intensity | 0,77 |-0,59 0,13 | 0,71 (-0,05| 0,46
Uronic acids |-0,54 | 0,14 -0,07| 0,72
Total phenols | 0,00 | 0,30 | 0,06 | 0,13 |-0,63 0,62 | 0,30
Lignin | 0,57 [-0,18 | 0,69 [ 0,71 0,62 -0,02
Proteins | 0,16 | 0,34 | 0,04 [-0,05 [-0,07 | 0,30 | -0,02 0,41
Sugars |-0,60 [-0,04 [ 0,45 |-0,46 | 0,72 -0

FS
-

ds

Tannins
Anthocyanins
Color Intensity
Uronic aci
Total phenols
Proteins
Sugars

Fig.2 Pearson correlation coefficients

Besides, graphic shows a strong negative correlation among
them (uronic acids and lignin) (r=— 0.99). This informa-
tion could be really valuable in the characterization of these
new varieties. This results suggest that a higher uronic acid
concentration gives a lower release of anthocyanins, and it
can be seen in Tables 3 and 4. Furthermore, in these tables
which can be observed when lignin content is higher, the
concentration of anthocyanins increases too. These results
are contrary to found in Ortega-Regules et al. (2006) [43]
or Hernandez-Hierro et al. (2014) [9]. Yet, it is important
to highlight the high anthocyanin concentration that these
new varieties have compared to others varieties (Monastrell,
Cabernet Sauvignon, Syrah, and Tempranillo), even achiev-
ing duplicate, triple, or quadruple the concentrations of these
varieties. All things considered, it is suggested that the large
number of anthocyanins that these new varieties have makes
it possible to extract more of these compounds in wines.
Definitely, not only uronic acids determine if the wines pro-
duced will have more or less anthocyanins, but also there are
many features to consider. For instance, physical properties
of grape skins like berry skin hardness, berry skin thickness,
number of cell layers, cell wall thickness, and grape variety
between others are linked to the anthocyanin extractability
[9], and also how the compounds on the wall are organized.
Regarding tannin concentrations in Table 4, in most cases,
new wine varieties, again obtained a higher concentration
compared to Monastrell wines. This trend continued during
the 3 years, the highest concentration in MC98 wines (aver-
age 1983 mg L), the other hybrids (MC80 and MS10) also
obtained wines with higher concentrations of tannins than
Monastrell (1908 and 1306 mg L=}, respectively). These
results could be explained by the fact that the presence of
anthocyanins improves the extraction of tannins from both
skin and seeds as these compounds compete with tannins
for cell wall adsorption sites [42], and in addition, the differ-
ences in nature of skin-derived and seed-derived tannins can
influence their affinities for cell wall material and their final
extractability [44, 45]. Another factor influencing interaction
between cell wall components and tannins is grape ripeness
level; so, tannin-binding capacity increases as grape berries
ripen [11]. Polyphenolic content is an important parameter
determining some organoleptic and sensorial properties of
wines. Results showed the same trend that in the other chro-
matic parameters measured Table 4, during the 3 years stud-
ied, wines with highest values of polyphenolic compounds
was found in MS10, and wines with lowest values was found
in the parental Monastrell. Some studies have also shown
low values of these parameters in Monastrell wines [46, 47].
Other authors have also found links between cell wall sugar
composition, grape ripeness levels and the corresponding
of phenolic extractability [9, 48, 49], or correlation between
extractability index and of anthocyanin extraction [28].
Therefore, one might think that the phenolic composition
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Fig. 3 Distribution of varieties in the coordinate system defined by
discriminant functions

found in wines is more correlated with the characteristics of
each variety inherited from its parents than a possible rela-
tionship between cell wall composition and extractability.

Discriminant analysis

A multivariate discriminant analysis was used to check
whether the measured variables could distinguish between
Monastrell and its hybrids. Nine predictor variables were
entered (proteins, total phenols, lignin, cellulosic glucose,
uronic acids, anthocyanins, tannins, color intensity, and total
polyphenol index) and three discriminating functions with
p values less than 0.05 were statistically significant at 95%
confidence level. These three discriminant functions allowed
100% of correct classification of samples according to vari-
ety Fig. 3. The relative percentage for function 1 was 84.44%
and 14.51% for function 2. Table 2 (supplementary mate-
rial) shows the coefficients of functions used to discriminate
among the different varieties. From the different magnitude
of these coefficients, it can be determined how independent
variables are used to discriminate among groups [28]. Vari-
ables with the highest discriminant power were anthocyanin,
lignin, uronic acid content, and the color intensity parameter.
As seen, the separation of the three new varieties was perfect
with respect to Monastrell (Fig. 3). MS10 is located farther
from Monastrell indicating greater differences regarding this
variety. According to our previous results, MS10 could have
a different cell wall, thinner than the rest of cultivars. The
other two varieties (MC80 and MC98) are located in the
figure in the middle of MS10 and Monastrell, which would
indicate greater similarity with this parental.

Heat map

In each year of study, the diversity of Monastrell and new
varieties with the principal variables was visualized by hier-
archical clustering and a heat map (Fig. 4). Heat maps are
ubiquitous in the genomic literature and are quite useful for
visualizing measurements, a subset of rows representing all
samples [7]. Each row depicts the main group for individual
varieties. This heat map simultaneously enables visualiz-
ing clusters of samples and features. First, a hierarchical
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Fig.4 Heat map correlations for the different variables according to
a cluster analysis of Monastrell and the new varieties. In brief, white
colors indicate positive correlation, red indicate negative correlations,
and blue indicate intermediate correlations

clustering was carried out of both rows and columns of the
data matrix. The columns/rows of the data matrix were re-
ordered according to the hierarchical clustering result, plac-
ing similar observations close to each other. As a result, a
color scheme was applied for visualization. Finally, visual-
izing the data matrix in this way can help to find variables
which appear to be characteristic for each sample cluster.
As seen on the left of Fig. 4, in the hierarchical clustering
(the horizontal axis of the dendrogram which represents the
distance or dissimilarity between clusters), three branches
are observed. The first separates Monastrell in the 3 years of
study from the rest of varieties. The other branch then groups
the 3 years of study of MS10. Finally, in the last branch,
a mix of varieties can be seen (MC80 and MC98) which
could suggest certain similarity between them, and these
results are confirmed with the optical microscopy images
and discriminant analysis. As observed, the new varieties are
separated from Monastrell, suggesting that these new varie-
ties have different characteristics. With the distance between
samples computed, clustering algorithms are needed to place
them in groups. In addition to clustering, calculated correla-
tion coefficient was done which was 0.93 when one is the
maximum,; therefore, this is a very powerful statistical study.
The analysis performed is the Pearson correlation between
actual and predicted distances based on this particular hier-
archical configuration. In general, the heat map showed
more positive correlations (white) and intermediate corre-
lations (blue) between variables than negative correlations
(displayed in red). Monastrell showed positive correlations
in 2017 with regards to total phenols, while intermediate
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correlations were found in cellulosic glucose for 2017 and
2018. The variety MS10 had more power on color intensity,
IPT and anthocyanins. By contrast, a negative correlation of
MS10 in 2019, referring to the concentration of proteins, is
highlighted. Convincing evidence suggests that MC80 and
MC98 showed a certain relationship and positive correla-
tion at the uronic acid level and perhaps at the level of net
tannin concentration. Also highlighted was the 2018 pro-
tein concentration of MC98 along with the concentration
of cellulosic glucose from MC80 in the year 2019. Results
suggest that the constructed database could be applied in
the characterization of Monastrell and their new varieties to
systematically profile the different wines elaborated.

Conclusions

Our data have shown differences among years and varieties
as regards cell wall composition in Monastrell and hybrids
studied. Results obtained may suggest that differences
found among the different studied varieties may be due to
the genetics of each variety, largely influenced by seasonal
climatic conditions. With regards to cell wall composition,
Monastrell was characterized by a high quantity of glu-
cose cellulosic and lignin could indicate a higher structural
rigidity as the microscopy analysis corroborated, hindering
the degradation of cell wall material during winemaking.
By contrast, despite of the interannual differences, MS10
obtained the highest amount of phenolic compounds in the
cell wall and MC98 the highest protein content, meaning
values associated with mechanical support. Furthermore, it
was interesting the high correlation found between uronic
acids and anthocyanins in the new varieties. More studies are
necessaries to corroborate that this is a conditioning factor
of obtaining high concentrations of anthocyanins releases in
the wine or not, since these grapes have a high concentration
of anthocyanins in themselves. In spite of the differences
found in the cell wall composition in skin grapes, analysis
of phenolic composition in wines showed high significant
differences between Monastrell and the new wine varieties
as regards anthocyanins, color intensity, total polyphenol
index, and tannins, obtaining concentrations which quadru-
ple Monastrell wines. This could mean that the new wines
from hybrids might present a very important item from
the consumer's organoleptic point of view. Finally, other
analysis should be carried out to reinforce and deepen our
hypothesis and other authors concerning the relationship
that exists between the composition of cell walls and the
extraction of compounds of interest during winemaking. In
addition, more in-depth studies on carbohydrate composi-
tion (thamnose, fucose, arabinose, xylose, mannose, galac-
tose, and glucose) could be performed which could help in
the understanding the rigidity of these varieties at structure

level. Yet, our studies show and reveal the great potential
of these new grape varieties (Calnegre, Gebas, and Myrtia)
regarding high concentration of polyphenolic compounds.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00217-022-03966-4.
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