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Abstract

This paper reports on a study of chemical characterization and colour parameters of cv.
Carignan red wines from six locations and two production years of the Chilean Maule
valley. The chemical study was performed on polyphenolic composition (benzoic acids,
hydroxycinnamic acid derivatives, stilbenes, flavan-3-ols, flavonols and anthocyanins)
and several fractions of proanthocyanidins and polysaccharides. Results revealed that
although significantly (p < 0.05) different content of anthocyanins were observed
according to the production year, it could be possible to establish fingerprints of the
different locations of the Maule valley wines. Thus, wines from zones closer to the
Andes Mountains had higher content of procyanidin B3 (Caliboro), polysaccharides and
cis-resveratrol-glucoside (Loncomilla and Melozal), whereas the proximity to the
Pacific Ocean provoked a unifying effect in chemical and colorimetric terms
(Cauquenes, Sauzal and Huerta del Maule).

Keywords: Maule Valley wines; phenolic composition; anthocyanins; polysaccharides;

colorimetric characteristics.
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1. Introduction

Chile is a long and narrow country, whose territory presents a tremendous diversity of
landscapes. The central region, with a Mediterranean climate, is the traditional wine
region of the country. Nowadays, Chile is the fifth largest exporter of wines in the
world, and the ninth largest producer. Over thirty grape varieties in production (72% of
world red varieties) are grown in Chile, such as Carménere, Cabernet Sauvignon and
Syrah, among others.

Nowadays, there is a new tendency about valuing new-style vinifications, betting on
minority and indigenous grapevines, potenting their use as complementary varieties that
contribute with different organoleptic sensorial characteristics to the renowned grape
varieties. That could be the case of Carignan grape variety, with a natural lower acidity
compared with other varieties such as Cabernet Sauvignon or Carménére, which could
improve the chemical and microbiological stability, and confer mouth freshness and
deep violet-red colour to the resulting wines.

Most of Chile’s premium wine regions are dependent on irrigation to sustain vineyards,
getting the necessary water from melting snow caps in the Andes. However, nowadays,
the strategic plan of Wines of Chile 2020 includes an item to promote dry-farmed and
old-vine wines. In this sense, Carignan vines are mainly cultivated in the dry-farmed or
Secano Costero in the Maule Valley (350 km to the south of Santiago de Chile), with
vineyards with more than 60 year old vine-age. Although each year Carignan is
increasingly used in the blends of different commercial wines in Chile and in the world,
very scarce previous scientific studies to typify Carignan wines has been developed,
especially from the Maule region that concentrates more than the 70% of the total
Carignan vineyard area (= 857 ha) in Chile (SAG, Servicio Agricola y Ganadero,

http://www.sag.gob.cl/).



http://www.sag.gob.cl/)

O = T I = S S VE S Sy Y
WO ~J Ul DWW N R OWm JdJoy U WK -

N NN
N = O

N
w

W WW WW W WwWwWww NN NN N
O 0Jd U d WN PO O Joyu

NN
—o

[ N N A T S R ENTAN
O~ o U1 WN

a1 O
= O

(6216}
WN

oy Oy U1 U1 U1 O U1
P O W oo Jo U b

O O)Y O
b W N

The Chilean Maule Valley has a heterogeneous orography and their wines are greatly
influenced by the proximity to the Andes Mountains and the Pacific Ocean. Montes,
Perez-Quezada, Pefia-Neira, and Tonietto (2012) divided the Maule Valley into five
climatic zones (Figure 1) employing three climate indexes, Huglin Index, the Cold
Night Index and the Drought Index. These indexes estimate the potential climate of a
particular place to ensure the maturation of different grape varieties (Huglin, 1998) and
supposed a climate classification system for wine regions which permits the grouping of
regions according to their similarities (Montes, Perez-Quezada, Pefia-Neira, & Tonietto,
2012).

Although the research about Carignan grape red wines is scarce, some research studies
of French and Spanish Carignan red wines have been developed, mainly in terms of
colour parameters and general chemical characteristics. Thus, Carignan wines from the
north of Spain contained low anthocyanin total content in comparison with other grape
varieties (Arozarena, Casp, Marin, & Navarro, 2000), although Edo-Roca, Nadal,
Snchez-Ortiz, and Lampreave (2014) affirmed that exists a strong dependency on the
plant vigour. Carignan wines cultivated in France also showed low values of total
anthocyanins and polyphenols, with values not very high of (+)-catechin, (-)-epicatechin
and hydroxycinnamic acids (Jensen, Demiray, Egebo, & Meyer, 2008). However, in
other countries such as Turkey, the content of anthocyanins and phenols is intermediate
with regard to other grape varieties of the country (Orak, 2007). With regard to
polysaccharides, Ducasse, Williams, Meudec, Cheynier, and Doco (2010), Doco,
Quellec, Moutounet, and Pellerin (1999) and Doco, Williams, Meudec, Cheynier, and

Sommerer (2015) developed an accurately identification of oligosaccharides and

polysaccharides in Carignan red wines cultivated in France. However, in spite of the
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importance in terms of winemaking, any study focused on valuing Chilean Carignan red
wines has been carried out yet.

To the best of our knowledge, this is the first attempt to deeply and jointly characterize
Chilean Carignan wines from the Maule Valley from a colour and chemical (phenolic,
proanthocyanins, anthocyanin and polysaccharides) points of view. Different locations
and years of production of Carignan red wines have been taken into account. This work
would not only suppose a diversification of the oenological market that could permit to
elaborate young monovarietal wines, coupages or even with a short aging, but also
contribute to the social and economic development of a Chilean vinicultural area poorly
developed as the Maule valley.

2. Material and methods

2.1. Chemical and solvents

Methylcellulose (1500 cP viscosity at 20 g L—1) and standards of gallic acid, caffeic
acid, p-coumaric acid, caftaric acid, (+)-catechin, (—)-epicatechin, quercetin and
malvidin-3-glucoside were purchased from Sigma Chemical Co. (St Louis, MO, USA).

Polyethylene membranes of 0.22 yum pore size were acquired from EMD Millipore

(Billerica, MA, USA). Merck (Darmstadt, Germany) supplied sodium sulphate

(anhydrous), vanillin (990 g/L), ethyl acetate, potassium metabisulfite, diethyl ether,
sodium hydroxide, hydrochloric acid, sulfuric acid, high-performance liquid
chromatography (HPLC)-grade acetonitrile, acetic acid, formic acid and methanol. All
reagents were of analytical grade or higher. Sep-Pack Plus Environmental Cig cartridges

(900 mg) and Sep-PackPlus Short Cig cartridges (400 mg) were obtained from Waters
(Milford, MA, USA). Phosphate buffer (pH 7) was acquired from Mallinckrodt Baker

(Phillipsburg, NJ, USA). Nitrogen gas was supplied by Indura SA (Santiago, Chile).
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2.2. Red wines samples

Twenty-eight commercial monovarietal cv. Carignan red wines corresponding to two
vintages (2012 and 2014) and different areas of the Maule Valley (in the VII region of
Chile) were analyzed. The samples were collected from wine cellars from six different
areas: Caliboro (8) (35°49'S; 71°54'W), Melozal (8) (35°42°S; 71°48°W); Cauquenes
(2) (35°58'S: 72°21'W). Huerta of Maule (2) (35°40°S; 71°57°W), Loncomilla (4)
(35°34'S; 71°45'W), and Sauzal (4) (35°45'S; 72°07'w) (Figure 1). Once supplied,
wines were stored at 10 °C until their analysis.

Loncomilla and Huerta del Maule locations had a mean Huglin index (HI) of 2400
units, an average value of Drought index (DI) of -222 nm and mean Cold Night Index
(CI) of 9.7 °C. Followed by these growing zones, Sauzal and Cauquenes had a HI of
2223 units, with a DI of -240 mm and a CI of 9.6 °C. Caliboro and Melozal locations
resulted with the lower values of HI, DI and CI, with 2088 units, -145 mm and 8.8 °C,
respectively.

2.3. Spectrophotometric measurement

Wine conventional analytical data were obtained by O.LV. official methods.

Absorbance measurements were made with a Hewlett-Packard UV -Vis 1700

Pharmaspec spectrophotometer (Shimadzu, Kyoto, Japan).

Colour measurements were determined using the whole visible spectrum (380-770 nm)
at constant intervals (Ak = 2 nm), with 2-mm path length glass cells. Distilled water was
used as reference. The CIELAB colour parameters (L*, C*a and hap) were determined
according to Pérez-Magarifio and Gonzalez-Sanjosé (2003), following the Commission
Internationale de L Eclairage’s. CIE, recommendations (CIE, 2004): the CIE 1964 10°

Standard Observer and the CIE Standard Illuminant D65.



el e S e S
WO J Ul DLW DN REP OWo Joy U bW N

N NN
N O

N
w

W WW WW W wwww NN DD N
O OJ U WN PO WOo ~Jo U W

NN
—o

[ T T ST AN
O~ o 0D W

a1 U1
= O w0

(6216}
WN

oy oy U1 U1 U1 O 1Ot
H O W ©0~J o U

O O)Y O
b W N

2.4. Fractionation of proanthocyanidins using Sep-Pak Cig Cartridges

Proanthocyanidins were fractionated according to their polymerization degree using
Sep-Pak tCqg cartridges. 7 mL of wine sample was concentrated to dryness in a rotary
evaporator at < 30 °C and the residue was dissolved in 20 mL of 67 mmol/L phosphate
buffer (pH 7). After adjusting the pH to 7 under a nitrogen atmosphere, the sample was
passed through two preconditioned neutral Sep-Pak tCig cartridges connected in series
(top, Sep-Pak Plus Environmental tC,, cartridge (900 mg); bottom, Sep-Pak Plus Short
tCys cartridge (400 mg)), according to the method described by Sun, Leandro, Ricardo
Da Silva, and Spranger (1998) and briefly explained by Caceres-Mella, Pefia-Neira,
Avilés-Géalvez, Medel-Maraboli, del Barrio-Galan, Lopez-Solis, et al. (2014). For each
fraction obtained previously (monomeric, oligomeric and polymeric fractions), flavan-
3-ols were quantified using the modified vanillin assay described by Sun, Ricardo-da-
Silva, and Spranger, (1998). The absorbance at 500nm was measured and methanol was
used as a blank instead of vanillin.

2.5. HPLC-DAD phenolic and anthocyanin determination

Both anthocyanin and phenolic analyses were performed using an 1100 Series HPLC
system (Agilent Technologies, Santa Clara, CA, USA) consisting of a G1315B
photodiode array detector (DAD), a G1311A quaternary pump, a G1379A degasser and
a G1329A autosampler.

The method proposed by Fanzone, Pefia-Neira, Gil, Jofré, Assof, and Zamora (2012)
was used for the anthocyanin identification. Water-formic acid (90:10) as solvent A and
acetonitrile as solvent B were used. The flow rate was 1.1 mL/min, and the injection
volume was 150 pb- A reversed-phase Chromolith C ; column (100 mm x 4.6 mm I.D.,
2 um; Merck, Darmstadt, Germany) was used. UV-Vis spectra were recorded from 210

to 600 nm with a bandwidth of 2.0 nm. Prior direct injection, the samples were filtered
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through a 0.22-pum pore size membrane. All analyses were performed in triplicate. The
wavelength of 520 nm was used for the quantification by comparing the areas and the
retention times with the malvidin 3-glucoside standard.

50-mL aliquot of wine was extracted with diethyl ether (3 x 20 mL) and ethyl acetate (3
x 20 mL) to concentrate the low-molecular-weight phenolic compounds, according to
the method described by Pefia-Neira, Céceres, and Pastenes (2007). The organic

fractions were combined, dehydrated with 2.5 g of anhydrous sodium sulphate and

subsequently, evaporated to dryness under vacuum at 30 °C. The so obtained solid
residue was dissolved in 2 mL of a methanol/water (1:1, v/v) solution and filtered
through a 0.22-um pore size membrane. 25 pL was injected and underwent
chromatographic analysis. A reverse phase Nova-Pak Cig column (4 um, 3.9 mm i.d. x
300 mm; Waters, Milford, MA) was used for HPLC-DAD analysis thermostatted at 20
°C. The calibration curves at 280 and 360 nm were produced by injecting the standard
solutions under the same conditions. The proanthocyanidins and stilbene glycosides, for

which no standards are available, were quantified using standard curves for (+)-catechin

and trans-resveratrol, respectively. All analyses were performed in triplicate.

2.6. Polysaccharide analysis

High-performance size exclusion chromatography with refractive index detection
(HPSEC-RID) to determine their molecular distributions and concentrations was used
the polysaccharides. HPSECRID was performed using an Agilent 1260 Infinity Series
liguid chromatograph (Agilent Technologies, Santa Clara, CA) equipped with a
G1362A refractive index detector (RID), a G1311B quaternary pump, a G1316A
column oven with two Shodex columns, an OHpak SB-803 HQ and an SB-804 HQ
connected in series (300 mm x 8 mm i.d.; Showa Denko, Tokio, Japan), and a G1329A

autosampler. The quantification of the polysaccharides fractions were carried out using
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dextrans and pectins (Leuconostoc mesesteroides) to prepare the calibration curves
(Fanzone, Pefia-Neira, Gil, Jofré, Assof, & Zamora, 2012).

2.7. Statistical analysis

All statistical analyses were performed using Statistica v.8.0 software (Statistica, 2007).
Analysis of variance (ANOVA) test were applied using the general linear model
program to establish whether mean values of the sample data differed significantly each

other, with a significance level of 95% (p < 0.05). To obtain information summarized

and synthesized from a large set of variables and to better understand the location

effects, principal component analysis (PCA) was applied.

3. Results and discussion

The influence of the production zone and year of a set of wines from Maule Valley have
been studied. Concretely, cv. Carignan wines from 2012 and 2014 were analyzed in
Caliboro, Melozal, Cauquenes, Huerta del Maule, Loncomilla and Sauzal areas. The
effects were underwent taking into account several chemical parameters (phenolic

composition, anthocyanins, proanthocyanidins and polysaccharides) and colour
parameters. In spite of the remarkable production extension of cv. Carignan in Chile, to
our knowledge, this is the first report identifying and quantifying the chemical

composition and colour characteristics of cv. Carignan grape variety from Chile.

3.1. Fractionation of proanthocyanidins

Table 1 displays the monomeric, oligomeric and polymeric proanthocyanidin

proportions in the wine samples.

According to Caceres-Mella, et al. (2014), the monomeric fraction consists only of (+)-
catechin, (—)-epicatechin and (—)-€picatechin-3-O-gallate, whereas the oligomeric

fraction is formed by proanthocyanidins of degree of polymerization ranging from 2 to

12-15. The polymeric fraction, instead, is composed of polymeric proanthocyanidins
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(more than 12-15 units). The relative percentages of the proanthocyanidins fraction in
Maule Carignan wines were as follows: flavan-3-ol polymers (85.6-92.4%), followed
by flavan-3-ol oligomers (6.1-12.0%) and a lower percentage of flavan-3-ol monomers
(1.0-2.4%), being the polymeric fraction predominant in comparison with the
monomeric and oligomeric fractions. These results agreed with similar published
studies for red wines (Monagas, Gomez-Cordovés, Bartolomé, Laureano, & Ricardo Da
Silva, 2003; Fanzone, Pefia-Neira, Gil, Jofré, Assof, & Zamora, 2012). The
fractionation by molecular weight has been previously developed in other Chilean grape
varieties, such as Cabernet Sauvignon, Carménére, Merlot and Cabernet Franc
(Caceres-Mella, et al., 2014; del Barrio-Galan, Caceres-Mella, Medel-Maraboli, &
Pefa-Neira, 2015), but this is the first time that it is underwent in Carignan red wines.
3.2. Identification of polyphenolic composition

In this research, several types of polyphenolic compounds have been identified, like
benzoic acids, hydroxycinnamic acid derivatives, stilbenes, flavan-3-ols, flavonols and
anthocyanins (Table 2). The polyphenolic compounds identified were the expected,
well-known, compounds usually present in wine (Cejudo-Bastante, Pérez-Coello, &
Hermosin-Gutiérrez, 2011; Gordillo, Cejudo-Bastante, Rodriguez-Pulido, Lourdes
Gonzalez-Miret, & Heredia, 2013). Cis-resveratrol-glucoside was also identified, very
scarcely previously reported in this grape variety (Lambert, Richard, Renouf, Bisson,
Waffo-Téguo, Bordenave, et al., 2013). Native grape anthocyanins were detected in
Carignan red wines (Etiévant, Schlich, Bertrand, Symonds, & Bouvier, 1988; Gordillo,
Cejudo-Bastante, Rodriguez-Pulido, Jara-Palacios, Ramirez-Pérez, Gonzalez-Miret, et
al., 2014), including non-acylated, acetylated, p-coumaroylated and caffeoylated
anthocyanins of the five expected anthocyanidins (delphinidin, cyaniding, petunidin,

peonidin and malvidin) (Table 2).

10
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3.3. Analysis of polysaccharides

Four fractions of polysaccharides were identified, quantified and classified according to
the average molecular weights: fraction I, > 2000 kDa; fraction 11, 200—300 kDa;
fraction 111, 60-80 kDa; fraction IV, =10 kDa. As seen in Table 3, the fractions 1l and
I11 generally depicted the highest polysaccharide concentration regardless the location
of the vineyard, being the high-molecular-weight fraction (fraction 1) those that
presented the lower percentage of polysaccharides. In fact, similar number of fractions
have been previously reported by del Barrio-Galan, Céaceres-Mella, Medel-Maraboli,
and Pefia-Neira (2015) and del Barrio-Galan, Medel-Maraboli, and Pefia-Neira (2015)
in wines elaborated from Syrah and Cabernet Sauvignon grape varieties.

3.4. Effect of production year and location

It is highlighted that all wines were supplied by Chilean winemakers that employ
similar winemaking practices of production and harvesting. Therefore, the differences
observed on all the parameters are assumed to correspond to the location area and the
harvest year.

To gain an ingjght into the “production year™ effect, chromatic parameters and the total
content of polyphenols, anthocyanins, proanthocyanidins and polysaccharides were
subjected to ANOVA (Figure 2). Production year did not remarkably affect compound
family profiles except monomeric anthocyanins, having 2012-vintage wines lower
values in all growing areas. This fact could be due to the decrease of monomeric
anthocyanins during storage (Gomez Gallego, Gomez Garcia-Carpintero, Sanchez-
Palomo, Gonzélez Vifias, & Hermosin-Gutiérrez, 2013). Therefore, it could be affirmed
that production year only affected the monomeric anthocyanins of Carignan red wines.
A post-hoc comparison Tukey’s test was applied to the sct of data according to the

variable “location™ (Tables 1-3). The pH and total acidity of wines from different areas

11
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of Maule Valley were similar and low, with the exception of wines from Melozal and
Huerta del Maule, with significantly (p < 0.05) lower values of pH (Table 1). However,
Cauquenes, Caliboro and Loncomilla red wines were considered as the less acidic
wines. The colour of wines (the colorimetric characteristics L*, C*a and hap) were
similar in all Carignan red wines regardless the production zone (Table 1).

With regard to the fractions of proanthocyanidins, it could be affirmed that Caliboro
showed the highest values of monomeric and oligomeric proanthocyanidins, whereas
Loncomilla showed the highest value of polymeric fraction (Table 1). These results
were in concordance with the significantly (p < 0.05) higher amounts of (+)-catechin
and procyanidin B3 of red wines elaborated in the Caliboro area, followed by red wines
cultivated in Huerta del Maule and Loncomilla locations (Table 2). However,
Cauqguenes area, located in the south of the Maule valley and closer to the Pacific
Ocean, provided to wines the lowest values of all fractions of proanthocyanidins.

With regard to the low-molecular-weight phenolic compounds, Table 2 reflects the
content and ANOVA analysis of benzoic acids, hydroxycinnamic acid derivatives,
stilbenes, flavonols and anthocyanins. It could be observed that the location area of the
Maule valley region greatly influenced on the chemical composition. It could be shown
that the most abundant concentration of benzoic acids (above all gallic acid)
corresponded to wines elaborated in the Huerta del Maule area, whereas Cauquenes
obtained the lowest one. Among hydroxycinnamic acid derivatives and stilbenes,
Loncomilla showed the significantly highest content of caffeic acid, cis-resveratrol-
glucoside and procyanidin B3 (and oligomeric proanthocyanidins). Caliboro also
highlighted a huge concentration of these last three compounds, together with (+)-
catechin, in agreement with the highest values of proanthocyanidins previously

described (as sum of the fractions of monomers and oligomers). Regarding

12
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anthocyanins, however, the location of the vineyard showed a low dispersion, in the
light of the lack of significant (p < 0.05) differences.

When polysaccharides were taken into account, Caliboro showed the highest amount of
the first (FI) and second fraction (FII), together with Melozal in FI. However, Melozal
showed the lowest values of FIII and FIV (Table 3). It must be taken into account that
Caliboro and Melozal are ones of the closest regions to the Andes Mountains (Figure 1).
Taken together, hydroxycinnamic acid derivatives, stilbenes, flavan-3-ols, oligomeric
proanthocyanidins, and the two first fractions of polysaccharides were the parameters
significantly (p < 0.05) more affected by the production area.

Based on the results obtained from ANOVA, non-supervised pattern recognition
statistical analysis (Principal Component Analysis) was applied to the data of the
parameters significantly affected by the location area. Three main significant principal
components (PUs) were arisen according to Kaiser's criterion (eigenvalues = 1). With
these factors, 78.4% of the total variance was explained. The first PC, PC1, which
explained 32.5% of the total variance, mainly contains the two first fractions of
polysaccharides (those with the higher average weigh) with a negative sign. In the case
of PC2, which explained 26.1% of the total variance, cis-resveratrol-glucoside and
procyanidin B3, both of them with a positive sign, are the main contributors.

Figure 3 shows the samples to the plane defined by these two PCs, which explained
58.6% of the total variability. As can be seen, a separation by growing zone was
achieved. Cv. Carignan wines derived from Caliboro area were clearly separated from
the rest of locations, showing negative values for PC1. The other growing areas closer
to the Andes Mountains (Melozal and Loncomilla) could be also differentiated. Both of
them showed positive sign in PC1, but Melozal showed negative sign in PC2 contrarily

to Loncomilla. However, the western areas (close to the Pacific Ocean) were
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intermingled. Caliboro area was characterized by providing wines with higher content
of low-weight polysaccharides, whereas wines produced in Loncomilla and Melozal
areas showed the higher and lower content of cis-resveratrol-glucoside and procyanidin
B3, respectively.

4. Conclusions

Several Chilean Carignan wines from different location areas and production years of
the Maule Valley were studied for the first time on the basis of chemical composition
and colour characteristics. The proximity to the ocean seemed to produce a unifying
effect in chemical and colorimetric terms, while the closeness to The Andes Mountains
produced Carignan red wines more different from each other, with high content of
polysaccharides, cis-resveratrol-glucoside and procyanidin B3. In spite of the
anthocyanin content significantly (p < 0.05) differed among harvesting year, it could be
possible to determine the markers responsible for the different locations of Maule
Valley. This is an important advance forward valuing Carignan wines, above all from an
economically poor region of Chile as Maule valley.

Funding

The authors are grateful to the Fondecyt Initiation (Project 11140403) for financial
support. M.J.C.B. thanks JPI, Santander Universidades, for the award of a grant.
Acknowledgments

We are indebted to VIGNO (Vignadores de Carignan) for the supply of the wine
samples.

Conflict of interest. None.

14



el B B e — S S By Ty B Ry
W~ oo W N R OWoo JdJoy U bhw N

N NN
N = O

N
w

W WW WW W W Wwww NN NN N
O OJ OO d WNRFPFO W Joyu

NN
—o

[ N N A T S RSN
O~ o U1 WN

a1 O
= O

o,
w N

oy oy U1 O O U1 O U1
= O W 00 J o U

O O)Y O
b W N

References

Arozarena, I., Casp, A., Marin, R., & Navarro, M. (2000). Multivariate differentiation
of Spanish red wines according to region and variety. Journal of the Science of
Food and Agriculture, 80(13), 1909-1917.

Cejudo-Bastante, M. J., Pérez-Coello, M. S., & Hermosin-Gutiérrez, 1. (2011). Effect of
wine micro-oxygenation treatment and storage period on colour-related
phenolics, volatile composition and sensory characteristics. LWT - Food Science
and Technology, 44(4), 866-874.

CIE. (2004). Technical Report Colorimetry; Commission Internationale de I'Eclairage
Central Bureau. Vienna, Austria.

Céceres-Mella, A., Pefia-Neira, A., Avilés-Géalvez, P., Medel-Maraboli, M., del Barrio-
Galan, R., Lopez-Solis, R., & Canals, J. M. (2014). Phenolic composition and
mouthfeel characteristics resulting from blending Chilean red wines. Journal of
the Science of Food and Agriculture, 94(4), 666-676.

del Barrio-Galan, R., Caceres-Mella, A., Medel-Maraboli, M., & Pefia-Neira, A. (2015).
Effect of selected Saccharomyces cerevisiae yeast strains and different aging
techniques on the polysaccharide and polyphenolic composition and sensorial
characteristics of Cabernet Sauvignon red wines. Journal of the Science of Food
and Agriculture, 95(10), 2132-2144.

del Barrio-Galan, R., Medel-Maraboli, M., & Pefia-Neira, A. (2015). Effect of different
aging techniques on the polysaccharide and phenolic composition and sensory
characteristics of Syrah red wines fermented using different yeast strains. Food

Chemistry, 179, 116-126.

15



I = T = = S S Y Sy Y
WO J Ul dWN RO WO®TJo Ul WN -

N NN
N = O

N
w

W WW WW W W W wwNhNdDNDNDND N
O OJd U d W N RFPFO W Joyu b

IS
[l e)

O N T S JTENNTAN
O~J o U1 D WN

a1 O
= O

(6216}
WN

oy oy U1 OO U1 U1t
H O W 0Jd o U

O O)Y O
b W N

Doco, T., Quellec, N., Moutounet, M., & Pellerin, P. (1999). Polysaccharide patterns
during the aging of Carignan noir red wines. American Journal of Enology and
Viticulture, 50(1), 25-32.

Doco, T., Williams, P., Meudec, E., Cheynier, V., & Sommerer, N. (2015). Complex
carbohydrates of red wine: Characterization of the extreme diversity of neutral
oligosaccharides by ESI-MS. Journal of Agricultural and Food Chemistry,
63(2), 671-682.

Ducasse, M. A., Williams, P., Meudec, E., Cheynier, V., & Doco, T. (2010). Isolation
of Carignan and Merlot red wine oligosaccharides and their characterization by
ESI-MS. Carbohydrate Polymers, 79(3), 747-754.

Edo-Roca, M., Nadal, M., Snchez-Ortiz, A., & Lampreave, M. (2014). Anthocyanin
composition in Carignan and Grenache grapes and wines as affected by plant
vigor and bunch uniformity. Journal International des Sciences de la Vigne et
du Vin, 48(3), 201-217.

Etiévant, P., Schlich, P., Bertrand, A., Symonds, P., & Bouvier, J. C. (1988). Varietal
and geographic classification of French red wines in terms of pigments and
flavonoid compounds. Journal of the Science of Food and Agriculture, 42(1),
39-54.

Fanzone, M., Pefia-Neira, A., Gil, M., Jofré, V., Assof, M., & Zamora, F. (2012).
Impact of phenolic and polysaccharidic composition on commercial value of
Argentinean Malbec and Cabernet Sauvignon wines. Food Research
International, 45(1), 402-414.

Gordillo, B., Cejudo-Bastante, M. J., Rodriguez-Pulido, F. J., Jara-Palacios, M. J.,
Ramirez-Pérez, P., Gonzélez-Miret, M. L., & Heredia, F. J. (2014). Impact of

adding white pomace to red grapes on the phenolic composition and color

16



I = T = = S S Y Sy Y
WO J Ul dWN RO WO®TJo Ul WN -

N NN
N = O

N
w

W WW WW W W W wwNhNdDNDNDND N
O OJd U d W N RFPFO W Joyu b

IS
[l e)

O N T S JTENNTAN
O~J o U1 D WN

a1 O
= O

(6216}
WN

oy Oy U1 U1 U1 O U1
P O W oo Jo U b

O O)Y O
b W N

stability of syrah wines from a warm climate. Journal of Agricultural and Food
Chemistry, 62(12), 2663-2671.

Gordillo, B., Cejudo-Bastante, M. J., Rodriguez-Pulido, F. J., Lourdes Gonzalez-Miret,
M., & Heredia, F. J. (2013). Application of the differential colorimetry and
polyphenolic profile to the evaluation of the chromatic quality of Tempranillo
red wines elaborated in warm climate. Influence of the presence of oak wood
chips during fermentation. Food Chemistry, 141(3), 2184-2190.

Gobmez Gallego, M. A., Gdmez Garcia-Carpintero, E., Sanchez-Palomo, E., Gonzélez
Vifas, M. A., & Hermosin-Gutiérrez, 1. (2013). Evolution of the phenolic
content, chromatic characteristics and sensory properties during bottle storage of
red single-cultivar wines from Castilla La Mancha region. Food Research
International, 51(2), 554-563.

Huglin, P. a. S., C. (1998). Biologie et écologie de la vigne. Paris: Lavoisier.

Jensen, J. S., Demiray, S., Egebo, M., & Meyer, A. S. (2008). Prediction of wine color
attributes from the phenolic profiles of red grapes (Vitis vinifera). Journal of
Agricultural and Food Chemistry, 56(3), 1105-1115.

Lambert, C., Richard, T., Renouf, E., Bisson, J., Waffo-Téguo, P., Bordenave, L., Ollat,
N., Mérillon, J. M., & Cluzet, S. (2013). Comparative analyses of stilbenoids in
canes of major Vitis vinifera L. cultivars. Journal of Agricultural and Food
Chemistry, 61(47), 11392-11399.

Monagas, M., Gémez-Cordovés, C., Bartolomé, B., Laureano, O., & Ricardo Da Silva,
J. M. (2003). Monomeric, Oligomeric, and Polymeric Flavan-3-ol Composition
of Wines and Grapes from Vitis vinifera L. Cv. Graciano, Tempranillo, and
Cabernet Sauvignon. Journal of Agricultural and Food Chemistry, 51(22),

6475-6481.

17



I = T = I = N VNG S Y
WO J Ul DLWNREROWDJOU ™ WN -

N NN
N = O

N
w

W WW WW W WWwW ww NN N
O OJd U d WN PO 0o Joyu b

NN
—o

[ O T N ST STANAN
O~1 o U1 b W

a1 01 b
= O w0

(G2 NE)]
w N

oy oy U1 O O U1 O U1
= O W 00 J o U

O O)Y O
b W N

Montes, C., Perez-Quezada, J. F., Pefia-Neira, A., & Tonietto, J. (2012). Climatic
potential for viticulture in Central Chile. Australian Journal of Grape and Wine

Research, 18(1), 20-28.

Orak, H. H. (2007). Total antioxidant activities, phenolics, anthocyanins,
polyphenoloxidase activities of selected red grape cultivars and their
correlations. Scientia Horticulturae, 111(3), 235-241.

Pefia-Neira, A., Caceres, A., & Pastenes, C. (2007). Low molecular weight phenolic and
anthocyanin composition of grape skins from cv. Syrah (Vitis vinifera L.) in the
Maipo Valley (Chile): Effect of clusters thinning and vineyard yield. Food
Science and Technology International, 13(2), 153-158.

Pérez-Magarifio, S., & Gonzalez-Sanjose, M. L. (2003). Application of absorbance
values used in wineries for estimating CIELAB parameters in red wines. Food
Chemistry, 81(2), 301-306.

Statistica. (2007). StatSoft Inc. STATISTICA (Data Analysis Software System). (Tulsa,
OK, USA, Computer software).

Sun, B., Leandro, C., Ricardo Da Silva, J. M., & Spranger, I. (1998). Separation of
Grape and Wine Proanthocyanidins According to Their Degree of
Polymerization. Journal of Agricultural and Food Chemistry, 46(4), 1390-1396.

Sun, B., Ricardo-da-Silva, J. M., & Spranger, 1. (1998). Critical Factors of Vanillin
Assay for Catechins and Proanthocyanidins. Journal of Agricultural and Food

Chemistry, 46(10), 4267-4274.

18



N = | = N = Y S gy Sy
W~ U DN R OWo Joy U dw N

N NN
N = O

N
w

WWwWwWwwwwwwwdhNdND DN
O O Jo U d WNRE O WOWwJo U

IS
= o

B DD DD D
O 00 Jo U Wi

a1 o1
= o

(G2 NE)]
w N

oy oy U1 O O U1 O U1
= O W 00 J o U

O O)Y O
b W N

Figure captions

Fig. 1. Climatic zones of the Chilean Maule region and locations studied (Cauquenes,
Caliboro, Sauzal, Melozal, Huerta del Maule and Loncomilla).

Fig. 2. Colour parameters and total anthocyanins, polyphenols, proanthocyanidins and
polysaccharides of Carignan red wines from different locations and production years of
Maule valley. The bars of the same location with different letters show significant

differences (p< 0.05) by year according to Tukey test.

Fig. 3. Distribution of samples in the plane defined by the two first discriminate

functions by location.

19



Figure1

PACIFI C
OCEAN

ANDES &
MOUNTAINS ¢ ARGENTINA

]
‘
1
’
3

& s
\
'l

1

~, 0

'-f ‘J 5 2

r 10 3

! 15 4

N -) 20 3

5 5 Km |6

Climatic zones

Cauquenes
Caliboro

Sauzal

Melozal

Huerta of Maule
Loncomilla

Figure 1.




Figure2

L*

b b
a a aa 2,
30 a 2 a 2
20
10
0

Caliboro Cauquenes Huertadel Loncomilla Melozal Sauzal

Figure 2.

maule

350
300
250
200
150
1

u ©
s 8

0

0

*
Cab

ab aa ai aa ai i

Caliboro Cauquenes Huertadel Loncomilla Melozal Sauzal

Total anthocyanins

b

b
bb|
II |
aaaaaI
1NN

Caliboro Cauquenes Huertadel Loncomilla Melozal

maule

Total proanthocyanidins

o a
a
b
a
Ia a a I

[}

Caliboro  Cauquenes Huerta del Loncomilla  Melozal

maule

b
a|
|

Sauzal

Sauzal

maule

120

100

80

60

20

«

0

a

b Wa a

a a aa g
IIIIa

Caliboro Cauquenes Huerta del Loncomilla Melozal

Total polyphenols

b
b a
a a
a 4 a
I I I |

Caliboro Cauquenes Huerta del Loncomilla Melozal

maule

a

Total polysaccharides

maule

ai

Sauzal

b
b
a
a aa a
a a
aI I II II Ia

Caliboro Cauquenes Huerta del Loncomilla  Melozal

maule

Sauzal

W2012

m2014

Sauzal



Figure3

3,0
® Caliboro
2,5 ¢ Melozal TAY
+ Cauquenes
2,0 O Huerta de Maule A
A Loncomilla
1,5 B Sauzal A
d
1,0
_ \1 A
2 05 .. o i 0m
- O +
© ! +
2 00 ; o
O
)
& o054 - g B
,,,,,,, O T
-1,0 [ | o
¢} o}
_115 +
2,0 o © -
-2,5
-3,0 -2,5 -2,0 -1,5 -1,0 -0,5 0,0 0,5 1,0

Figure 3.

PC1 (32.5%)

15



"DIUIIBYIP
(5070 > d) Jueayiudis Aue ajouap s3duasiadns ON 1533 S|NIY-UBWMIAN-1UBPNIS 0} uIplodde saduaJtayip (G070 > d) Juediiudis a10uap mod awes ay)l ul siduasiadns jua4apig

899L1 T 8T99¢% I+¥'59C + 10'8CF 99°LcE T I€°C8L 9CULYF T 650L9 8F Pl T 8TELE €T0CE T gL0vr Vd duawAjod

* 098¢y T OC0TH qeoQ’sl  F  CFI€ 26097 T 6LLS 2989'6C T FCLF qeog'cl T To'IC 29¢LT T 8819 Vd d1aWOSI ()

€8¢ T 169 6Tt T9%L €09 T 688 LS T P8 9L1 F 989 oy T ¢l'el Vd dlLatouo

81 F 0Ll 9t T 607l 12 A T 0 9l T 987l LET T 8911 o'l T8Il Ty

&e T IS 6LC T LI0O9 el T oeres 60'L T 9L6¢ 68°¢C T 099¢ 68c T 80cS 0

658 T LYY L8S T 606t 81'L T O0l'6¢ ot T 0TS S6’'L T B8LO9EC cErl T BOLE *7

BLI'C T €9¢ BICO0 T 60¢ BLCOD T S8€ S0 T vLF BCHO T I8°€ eypl1'0 T T8¢ Aupioe (e,

* qero T o6le BCI0 T 16T Q00 Togle 00 T T0¢E Qse0 T 8TE Qgo0 T <C¢ Hd
woyroo) -d as uBay as ueap as teay as ueajn as ueajn as ueajy

|eznes [BZO[ Al e[Iuoduory JNEA [2P BJIANY sauanbne) o10q1e)D)

‘A3||eA a|nelAl JO SUOIIBI0| JUBIBLIP WOJ) SauIm pald ueudiie) Jo (1/3w) (vd) suipiueidoyiueoad JuawAjod pue 311awod||0 duawouow
JO suoideyy syl pue ‘(°y pue .9 ‘,7) sis18wedsed unojod ‘Alipide |e101 ‘Hd syl 4o} (8Z=u) SUOIIRIABP pJepuels pue (7/3W) UoI1RIIUSIUODD JO SaN|eA URIIA T 3|qeL

LalqeL



000 T 160 00 SIo 10°0 680 10°0 LT0 1070 Ly0 000 a0l d|3-19%e-¢-uiptuiydiaq

P00 T S6TL g0 Ly'CL 00 corl 010 0L 0+'0 ¥ o1 SH'l CSLLl 3[3-¢-UIpIAJEIN

€00 T LI'Y 8C0 9% £0°0 889 <00 s 8¢0 €L 000 60'8 9[5-¢-UIPIU0d

61'0 T o006l 01°0 8¢l 01°0 68'¢C 0€0 0Ll 8¢0 08'¢cc o 68'5C O[5-C-UIpIunag

000 T w01 10°0 680 L0°0 66°0 r0°0 660 910 6L0 000 8I'l d[3-¢-urprues)

€00 T L8'LI €ro 19°¢1 90°0 £8°1¢ 10 €E8l 1Z0 €00c LO0 So've d15-¢-urptutydiag
SHIDAIOUIUD ILIDHOUO L

89 T STl o5t 9L'6 Iv'e 6901 L6'1 £9°01 99°¢ Zsel (A% £r'o unadiangy
sjouoany.y

* BILT T 681 BRL'Y Ll BRCL 0s'T1 BLEE LOCI qec0'c 089 RIS £ecl uryaane)-(+)

* Lot N R BLLO 96°1 20€°0 STy BOL0 6T¢ BTl 08°¢C I81°0 8¢y €g UIpIueAd0i
SjO-c-UDAn].J

* BSTO T S90 BET°0 £9°0 26£°0 091 B8E0 L0 E9E0 L6°0 qe¢°0 9T'1 I[B-|ONEIASY-D
sauaqing

* WIT'Z T o8It q¢L0 11 W61°6 6e's 24090 €Le SQLTT 9¢'C e pu PIoE J19)je)

* qcly + Sy qece ro'c qLy'¥ co's qele 6’9 q81°¢ 69'r e pu pLoE SLIEY BT

LT9 T €678 L8¢ LL'S oSt 9L et 0L €0'¢ 899 ¥6°S 68'L P19 JLIEINO)
SAAYDALIP PIDY IUDUUIIXOIP AR

€90 T ¢cI't ¥8°0 60t 8¢l SLE 150 6l¢ 120! ¢ 61°0 9¢'C proe 215uLIS

LTO0 T 6sl €0 9’1 0C0 Lyl cro 11 €0 89°1 €00 LT1 proe dljjiue

€0 T ote'l 690 SLl 80 LE'T 10 LL'T 89°0 881 o S8l pLoE dINy3a1ed00.1d

Ice 7 o8l 9L'Cl <681 98'LI1 c0°¢¢ 88°¢l PFee LY 16°¢1 Lo £o'Fe prae otjjery
SPIOD Ji02UIGg

UOIDDI0] ] ] ]
d as uRay as uBaN as UBN as uBay as uBajy as uea
[eznes [ezoja E|[Iuoduo JNELy [P BldNY sauanbne)) o10qIE)

"A3j|eA 9|nejAl JO SUOIIEIO| JUBIBHIP WOL4 SBUIM pPaa ueusue) ul Qva-J1dH Ag paipiiuapi
S3||IWey [e21WSYI JU3JaYIp 01 pasuo|ag spunodwod 31jousydAjod [enpialpul 3yl JO (Z=U) SUOIRIASP pJepuUelS pue (]/3wW) UOI1LIIUSIUOD JO SIN[BA UBSIAl *Z 3|geL

zZalge L



"[A033jed ‘B {[Aodewnod-d ‘wnod {JAjade ‘1a3e [apisoan|8 0|8 512 2 fsupJl 3 {pa1a3lap 10U ‘pu "33U3IYIP
(500 > d) eayudis Aue a1ouap sidudsiadns ON 1531 S|NY-UBWMSN-IUSPNIS 01 Suipiodde saouaIaIp (S0°0 > d) uedyudis alouap moJd awes ayl ul sidudsiadns Juasayig

.: 000 7T 090 000 7T 0T0 000 T 9¢0 800 T €50 000 T €00 9 3-yed--UIPIAJEIN

_ _ . - . - ) - T J[B-WNOI-C-UIPIA[BN -/

610 [6’¢ 900 £oc 0C0 LT0l 00 sL¢ <00 1¢8 <o 99
91'0 © 680 €00 T €0 100 7 6Tl 700 T LSO 100 7 LLO 00 T L90 3[3-WN0d-¢-UIpIU0ad-/
000 T ot0 600 T 0F0 100 7 TS0 €00 T I€0 0o 7T S0 000 T 01 93-WN0d-E-UIPIAJEN -2
000 T 8TTC v00 T €Tl €00 T <S0T 900 T €l r00 T 891 000 T T¢I 33-WN0d-¢-UIpIuMag-/
00 T 850 200 T 870 00 T FFO €00 T €0 900 T 6C0 €00 T I1T0 9|3-WN0d-¢-uptueA -/
v0'0 T ITT 00 TSI 90 T e €00 T 0€TC Iro = ILC L0 T ¥IT 3|3-wnod-g-utptutydjiq-/
STO0 T 90°¢€ LI'0 T ¥8¢C Zro T OI9L 100 & 0L’ 610 T  €9¢ SE0 T 09¢ 9[5-1998--UIPIAJRIN
0o T TS0 vO'0 T 9¢°0 LOO T 0I'l L0 T +80 SO0 T 060 000 T 9T 9[3-198-¢-UIPILUOA ]
8s0 T 0L 60 T 6rtT 90 T L¥T L0'0 T 98T o T oerc L0 T 6fT 9|3-1998-¢-UIpIUMRg
qegoo T LLT QL00 T LT'E qe00 T 18°€ qrro © 0€y 9500 T 1TV qso0 T vl 9[3-1228-¢-UIpIUBAD)




(500 > d) ueayudis Aue ajouap

CRIEIETe)

syduosiadns oN (1591 S|nay-UBWMAN-1UapniS 01 Suipi0dde s3dualayIp (S0°0 > d) 1uediudis 10uap mod swes ay) ul sydudsiadns JualiapIQg

FOIIT & €F'181 6T8C T T0€0l 1209 = §0¢I 16 = 98911 c09¢  — 86'9¢l 9 T reTel [AlL]
£€C'e9 T Sfoll co'ls T o1recl LL8FI T 97TST Sl'ell T +tSolC SOL9 T 8I'FEl 9¢¢T T 09191 (1111
* BCO'IE T €L68 BOCEO0T T 6£790T BI6'19 T 6'LS] BCO'LL T 00661 BCLT9 T 6E011 ary'1LS T 1S°T8S [11:1]
* BECO) T 6€711 LT6 T 08LEL BCC8S T 81°8L 29066 T 89°0¢€I BEO'SH T COIL POV'VI T 968t [14]
uonoo] -d as UBIN as UBdy as UBIN as LD as UBIN as UBaIN
|ezneg [BZOJ3 A B[[IW0duoT| JNEA [2P BIIANYH sauanbne) ogoqie)
‘Agj|eA 3|nep

1O SUOI1BI0| JUSUSYIP WOIY SSUIM paJ ueudlie) Jo (4) suondel) sspueyddesAjod syl 1oy (gg=u) SUOIILIASP pJepuels pue (7/3w) uoi1eilusduod JO SaN|eA UBIA "€ d|qeL

gajqe ]



*Graphical Abstract

\
[ s ~n
J( \p—=f NN
Ny
J
-
S
s
5
ANDES %

Graphical abstract.

MOUNTAINS ¢ ARGENTINA

Climatic zoncs

Caugquenes
Caliboro

Sawzal

Melozal

Huera of Masle
Loncomilla

PC2 (26.1%)

Caliboro
Melozal
Caugquenes
Huerta de Maule
Loncomilla
sauzal

E>0+08

-1,0 -05

PC1 (32.5%)

0,0



	24 2. Material and methods
	22 3. Results and discussion
	9 4. Conclusions
	43 Acknowledgments
	References
	Figure captions
	Figure 1.
	Figure 2.
	Figure 3.
	Graphical abstract.

