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The progressive increase of environmental temperature as a consequence of climate change is a challenge
for the wine industry. Elevated temperatures during grape ripening affect the development of grape skin
color by inhibiting the synthesis of pigments and promoting their degradation, which causes an imbalance
in the chromatic quality of must and red wine. The application of pectic oligosaccharides (POs) and abscisic
acid (ABA) triggers the phenylpropanoid pathway and increases the color index in grapes. Since the at-
harvest pigments and phenolic compounds are determinant for wine quality, this work addressed the pre-
harvest application of POs and ABA as an in-field strategy for improving the quality of Syrah must and
grapes grown in a warm climate. The color development, physicochemical parameters, phenolic content,
and pigments in berries and must were evaluated. Results showed POs and ABA improved berry color
development and anthocyanin content during ripening. Musts from POs-treated berries exhibited the
highest phenols concentration and the most intense color, related to higher chroma values and anthocyanin
content, particularly delphinidin, petunidin, and malvidin 3-glucosides, while ABA improved must tonality
by reducing the hue angle. In summary, POs and ABA application at veraison, differentially modulated
the technological ripening of Syrah grapes and can be an alternative to conventional agrochemicals to
preserve the quality of musts elaborated from grapes grown in warm climates, by increasing the content of
phenolic compounds and enhancing berry skin color development through the differential accumulation

of anthocyanins.

INTRODUCTION

Global warming is currently an open challenge for the wine
industry. Among the problems attributed to global warming
are the decrease in color intensity in red wines and the
increase in the alcohol content (Santos et al., 2020). Color
alterations are related to the effect of high temperatures for
either inhibiting the production of anthocyanins, the natural
pigments of grapes, or triggering their degradation (Sadras &
Moran, 2012; Gouot et al., 2019). The progressive increment
in global mean temperatures along with the predicted shifts
in the minimum and maximum temperature values in the
near future will probably compromise the balance between
the appropriate maturity index (in terms of berry sweetness
and acidity) and optimal grape skin color and aroma-related
compounds at harvest (Santos et al., 2020). A delay in the
harvest period due to lack of optimal berry coloration causes
a loss of volatile compounds and organic acids, and increases

the accumulation of sugars; the higher the content of
fermentable sugars, the higher the alcohol produced during
the fermentation process. Alcohol levels above 14.5 degrees
make difficult to perceive certain aromas and flavors (Goldner
et al., 2009). On the other hand, early harvest may affect
both the acidity perception, due to a higher concentration of
organic acids, and the accumulation of secondary metabolites
such as phenolic and aromatic components, resulting in a
wine with a pronounced unpleasant character related to an
excessive sour taste (Longo ef al., 2018; Zhao et al., 2019).
Since such effects critically influence the composition
of grapes, the production of balanced high-quality wines
is compromised, which highlights the need to search for
alternatives that prevent the drop in the quality of grapes and
their respective wines when produced under the forthcoming
unfavorable climate conditions for viticulture.
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A number of chemical substances, have demonstrated to
effectively mimic the action of plant defense-related signaling
molecules to stimulate the plant’s secondary metabolism,
thereby eliciting the synthesis of phenolic compounds
during the ripening of grape berries and modulating the
accumulation and profile of chemical constituents associated
with the sensorial attributes of berries and wines, including
anthocyanins, tannins, and flavonols (Ruiz-Garcia et al.,
2013; Gomez-Plaza et al., 2017).

Abscisic acid (ABA) is a phytohormone implicated in a
diversity of relevant physiological processes in various plant
organs. For over a decade, the application of ABA has shown
a positive impact in the color attributes of table grapes (Lurie
et al.,2009; Crupi et al., 2019; Shahab et al., 2020) and more
recently in Plavac Mali wine grapes (Mucalo ef al., 2020).
ABA increases in the skin of grape berries the expression
of the UDP-glucose:flavonoid 3-O-glucosyltransferase
(UFGT) gene. The UFGT enzyme catalyzes the final step
of anthocyanin biosynthesis (Koyama et al., 2018). Also,
the exogenous application of ABA has effectively increased
the skin content of relevant phenolic compounds such
as proanthocyanidins in Monastrell wine grapes (Ruiz-
Garcia et al., 2013). However, most of the studies on the
application of elicitors to improve the chromatic quality
of grapes and wines have been conducted in regions with
temperate climates, in which the impact of the lack of grape
berry quality is less pronounced than in hot climate regions
because when temperatures rise to 35°C, the accumulation
of flavonoids in grapes decreases (Gouot et al., 2019), and
anthocyanin biosynthesis is inhibited, thus affecting berry
skin coloration (Kliewer & Torres, 1972). Besides, the
technological use of ABA as a plant growth regulator has
shown some limitations including its high cost (Crupi ef al.,
2019). Therefore, new strategies to avoid the loss of quality
of grapes for winemaking are still required.

Among the current worth studying technologies to
ameliorate the lack of grape berry coloration, the application
of biological elicitors stands as a safe and eco-friendly
alternative that presents advantages in comparison to the
adverse effects triggered by chemically-synthetized plant
growth regulators that can cause defoliation, premature aging,
and berry softening (Ledo et al., 2015; Pessenti et al., 2019).
Some biologically active pectin-derived oligosaccharides are
known to induce biochemical and physiological responses in
plants (Ferrari et al., 2013). In Vitis vinifera, the exogenous
application of pectic oligosaccharides (POs) induces the
expression of defensive markers in grapevine leaves (Ferrari
et al., 2013). In Flame Seedless red table grapes preharvest
POs application has been shown to enhance berry skin
anthocyanin accumulation and color due to stimulation of
phenylalanine ammonia-lyase (PAL) gene expression in an
ethylene-independent manner (Ochoa-Villarreal et al., 2011).
PAL is a key regulatory enzyme of the phenylpropanoid
pathway, in which several metabolites related to grape
color quality and flavor are synthetized. Therefore, we
hypothesize that the pre-harvest application of POs will
improve the berry color attributes with higher accumulation
of anthocyanin pigments in grape berries of the blue-black-
skinned V. vinifera L. cv. Syrah, thus allowing the production
of balanced musts for winemaking. The aim of the work was
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to evaluate the effect of the pre-harvest application of POs on
the maturation, anthocyanin profile, content of polyphenols
and chromatic quality of Syrah grapes and musts produced
in a warm climate region.

MATERIALS AND METHODS

Preparation of pectic oligosaccharides and abscisic acid
The POs with degree of polymerization in the range of 2
to 20 were obtained and characterized according to Vera-
Guzman et al. (2017). Briefly, commercial pectin (Danisco
Mexicana) was dissolved in water (1:45) and adjusted to pH
5. Then, it was hydrolyzed with a pectinase from Aspergillus
niger (Sigma, USA) at 23°C for 3 h, stopping the reaction
by autoclaving. The solution was dried using a Yamato
ADL311S spray dryer to obtain the powdered mixture of
POs. The degree of polymerization was determined by anion
exchange chromatography with an amperometric pulse
detector (HPAEC-PAD) (Dionex, Sunnyvale, CA) and a PD-
10 column. The S-abscisic acid (ABA; ProTone® SG) was
purchased from Valent BioSciences Corp. (USA) and used
as a control growth regulator substance as demonstrated
in previous studies on table grapes (Peppi et al., 2008;
Yamamoto ef al., 2015).

Vegetal material and experimental
The experiments were carried out during the 2018 productive
season in 15-year old vines (Vitis vinifera L. cv. Syrah)
grafted to Freedom rootstocks imported from California,
USA. Grapevines were grown in an organic vineyard located
in Guadalupe de Ures, Sonora (latitude 29° 23” 56.1” N,
longitude 110° 28’ 06.7” W) and arranged with a spacing
of 2.5 m X 1.5 m and trained in a bilateral cordon system.
The area is characterized by a semi-arid climate with a
minimum and maximum average temperature of 21.7°C
and 40.4°C during the experimental period, and an annual
rainfall of about 430 mm. Eighteen plants with a similar fruit
load (approximately 60 bunches per plant) were selected
and randomly assigned to three different groups. Treatments
consisted of a direct spraying of either water (controls),
1500 ppm POs (effective concentration according to Ochoa-
Villarreal et al. (2011) and Villegas et al. (2016)) or 120 ppm
ABA (recommended concentration by the provider), at 0 and
48 h after the onset of veraison. All solutions contained 0.1%
glycerol as surfactant.

Four clusters per treatment were collected at 0, 5, 10, and
15 days post-treatments, while the remaining load of treated
clusters was harvested at day 20, when control berries had
reached a mean technological maturity of 20 °Brix. There
were four replications per treatment and the experiment
was conducted twice, in which each collected bunch was
considered a biological replicate. At harvest (day 20 after
treatment application), the fruit load from each group of
grapevines was divided into four batches for must preparation
by direct maceration of grapes at room temperature, and each
batch was considered a replicate (three treatments x four
batches each).

Reference analyses

The different response parameters evaluated during grape
berries maturation were color index, total phenols, and
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anthocyanins concentration on berry skin, while total soluble
solids, pH, and titratable acidity were assessed in the pulp.
The color attributes (brightness, chroma, and tone angle),
probable alcohol percentage, total phenols, and anthocyanins
were evaluated in the must.

The color parameters were determined based on
the CIELab color space system with a Minolta CR-300
colorimeter (Konica Minolta,Tokyo, Japan) and a D, light
source to measure the L* (lightness), a* (red), and b* (yellow)
coordinates and to calculate the chroma value (C) and hue
angle. To monitor berry skin color development during
grape maturation the color index for red grapes (CIRG) was
calculated on 30 berries per sampled cluster according to
the technique described by Carrefio et al. (1995) with the
following formula:

— (180 - °hue
CIRG = ((L*T)

The colorimeter was equipped with a glass light-
projection tube CR-A33f to measure the color parameters of
musts on 10 mL-low refractive borosilicate glass vials.

The content of total soluble solids (TSS) was determined
following the methodology from Moreno & Oyola (2016)
using a digital refractometer Atago PAL-1 calibrated with
distilled water and recording the results in °Brix. The
percentage of probable alcohol (% PA) was estimated from

the must’s TSS content according to the formula proposed by
Bakker & Clarke (2011a) as follows:

%P =155

The titratable acidity (TA) was calculated following the
methodology proposed by the OIV (2019) usinga METTLER
DL21 automatic titrator, titrating up to a pH of 8 with 0.1 N
NaOH; the results were expressed as g of tartaric acid / L.
The grape berry maturity index (MI) was determined as the
ratio between TSS and TA contents.

Berry skin phenols were extracted with 80% methanol
following the Singleton & Rossi method (1965) with
modifications. Briefly, 1.5 g of epicarp tissue were
homogenized with an Ultra-Turrax T25, sonicated 30 min
in a Branson 1520 water bath and centrifuged at 23,400 x g
for 15 min at 4°C. The pellet was re-extracted until complete
discoloration. Three mL of distilled H,O and 250 pL of
Folin-Ciocalteu 1 N reagent were added to 50 puL of either
berry skin methanolic extracts or musts, allowing them to
rest for 5 min. Subsequently, 750 uL of 20% Na,CO, and 950
uL of distilled H,O were added, allowed to stand for 30 min,
and then spectrophotometric readings were done at 765 nm.
A gallic acid calibration curve was performed to calculate
the content of total phenols; the results were expressed as
mg of gallic acid equivalents (GAE) per 100 g of either fresh
skin tissue (for grapes) or must.

The concentration of individual anthocyanins in musts
and berries was determined with a high-resolution liquid
chromatography (HPLC) system (Agilent Technologies
1260 infinity, Santa Clara, CA, USA) equipped with a diode
array detector and a Nucleosil 120 C18 column (4 x 250 mm
with a particle size of 5 um; Cronus). Grape epicarp (1 g)
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was ground with liquid nitrogen and homogenized with
methanol-HCI 1% (v/v) for anthocyanins extraction (Ochoa-
Villarreal et al., 2011). The HPLC mobile phase consisted
of 10% formic acid (A) and acetonitrile (B), with a gradient
of: 5to 9% B, 5 min; 9 to 11% of B, 10 min; 11 to 15%
of B, 15 min; 15 to 20% of B, 25 min; and 20 to 30% of
B, 30 min. The flow rate was 1 mL/min, with a detection
wavelength of 520 nm. Anthocyanin concentrations were
calculated from standard curves made with commercial
3-0-monoglycosylated anthocyanins (delphinidin, cyanidin,
petunidin, peonidin, and malvidin 3-glucosides) purchased
from Polyphenols Laboratories (Norway), and were
expressed as pg per gram of either fresh skin tissue (for
grapes) or must. The sum of the individual anthocyanins
was considered as the total mono-glycosylated anthocyanin
content.

Statistical analysis

The effect of the treatments was evaluated using a completely
randomized one-way experimental design. An analysis of
variance was carried out at a significance level of p < 0.05,
and a comparison of means with Tukey’s multiple range test
at p < 0.05 using the statistical package NCSS version 12
(NCSS, LLC, Kaysville, UT, USA).

RESULTS

The application of POs and ABA influences the
technological maturity of Syrah grapes during berry
ripening

POs and ABA differentially influenced the parameters of
quality with respect to control berries. A periodic decrease
in berry skin luminosity along with a marked shift in hue/
tone starting from yellowish-green to red and then dark
violet occurred during the ripening of ‘Syrah’ grapes, which
is reflected in the CIRG values that were progressively
increasing (Fig. 1). Initial CIRG values at veraison averaged
1.21 £ 0.47 and reached 6.69 £+ 1.03 at harvest. From day
10 onwards, significant differences were observed between
controls and treated berries, in which ABA treatment induced
the highest CIRG on days 15 (7.22 + 0.81) and 20 (8.19 +
0.22). On harvest day, CIRG values of POs and ABA treated
berries were significantly higher than controls.

The pH of Syrah grape berries was not altered by any
treatment and showed a slow increase during ripening, with
an all-treatment average of 3.28 + 0.17 at the start of veraison
to 4.19 £ 0.15 at harvest. A typical progressive TA decrease
and TSS increase occurred during the Syrah grape ripening
process (Fig. 2). At harvest, TSS concentrations ranged from
19.52 to 21.59%, with no differences among treatments.
However, POs-treated grapes reached significantly higher
°Brix values than controls and ABA-treated grapes at days 10
and 15 post-application (Fig. 2A), trend observed for all the
sampling dates. Figure 2B shows the behavior of TA during
grape ripening, in which significant (p < 0.05) lower values
were observed by day 10 for POs-treated grapes, while at
harvest (day 20), all the experimental groups shared similar
acidity around 4 g of tartaric acid/L.

The TSS/TA ratio was used as a maturity indicator
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FIGURE 1
Color development in red wine grapes cv. Syrah treated at véraison with pectic oligosaccharides (POs) or S-abscisic acid
(ABA). The mean values + SE of two experiments (n = 8) are presented. Different literals indicate significant differences at p <
0.05 and no significant differences are indicated as n.s.

during grape berry ripening. The MI showed a gradual
increase that reached the maximum values at day 20 for all
the experimental groups (Fig. 2C). A significantly higher
MI was promoted by the effect of POs treatment in days 10
and 15 post-application, as a result of the increased TSS and
reduced TA. By harvest day, all treatments had reached a
similar maturity.

The POs and ABA treatments promote the accumulation
of anthocyanins in the skin of Syrah grapes, but with a
different distribution pattern.
The total mono-glycosylated anthocyanin content showed an
increasing trend during grape berry ripening (Fig. 3). POs
induced earlier anthocyanins accumulation with significant
higher levels than the rest of the groups by day five after
treatments. The peak values for control- and POs-treated
grapes occurred on day 15, while ABA-treated berries
showed their highest anthocyanins content at harvest (day
20), which was greater than the rest of the treatments. The
individual mono-glycosylated anthocyanin profile varied
among sampling dates and treatments. Malvidin 3-glucoside
was consistently the most abundant anthocyanin, followed by
delphinidin, peonidin, petunidin, and cyanidin 3-glucosides.
By day 10 post-application the contents of petunidin,
peonidin, and malvidin 3-glucosides were significantly lower
in control berries than either of the treatment groups, while
delphinidin and cyanidin were only higher in ABA- and
POs-treated grapes, respectively. On day 15, anthocyanin
levels were similar in all the experimental groups, except for
the higher content of malvidin 3-glucoside in ABA-treated
grapes. On harvest day, peonidin and malvidin 3-glucosides
were increased by both ABA and POs treatments, while
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delphinidin and petunidin 3-glucosides contents were higher
only in ABA-treated grape berries.

The mean content of total phenolic compounds in the
skin of Syrah grape berries ranged from 1474 £ 66 mg
GAE/100 g FW at veraison to 1203 £ 140 at harvest. Control
berries showed a decreasing tendency during the first 10
days posttreatment. No clear tendency was observed on POs-
treated berries, while relative steady levels were observed in
ABA-treated grapes through the maturation period, reaching
a significant higher concentration than the controls at days
10 and 20 (Fig. 4).

The application of POs and ABA at véraison differentially
affects the color, contents of anthocyanins and total
phenols, and probable alcohol yield in musts

The effect of the treatments on colorimetric and enological
characteristics of musts is shown in Table 1. The color-related
attributes chroma and °hue were differentially influenced by
the treatments, while luminosity (L*) remained unaffected.
Must from POs-treated berries showed a significant higher
chroma value than controls, while ABA reduced 2.25° the
hue angle of must in relation to the untreated control. While
the titratable acidity was not affected by any treatment, POs
significantly increased the content of total phenols in must
with 35% and 27% higher levels than those prepared from
control and ABA-treated berries, respectively.

The probable alcohol content (Table 1) was calculated
from both grapes sampled at day 15 after treatments
application and musts prepared with grapes at harvest. The
results suggest that the pre-harvest application of POs would
have significantly increased the alcoholic percentage of
wines prepared with grapes harvested both at days 15 and
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20, compared to control and ABA-treated berries, probably
due to a faster accumulation of berry sugar.

Figure 5 shows the effect of the treatments on the
individual content of anthocyanins-3-glucosides in Syrah
musts. Musts prepared from POs-treated berries reached
a higher level of three different anthocyanins: malvidin,
petunidin, and delphinidin 3-glucosides, which may be
related to the increased color intensity with respect to
control musts. No statistical differences were observed in the
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FIGURE 2
Maturity parameters during ripening of Syrah grape berries
treated at véraison with pectic oligosaccharides (POs) or
S-abscisic acid (ABA). Total soluble solids content (a);
titratable acidity (b); maturity index (c). The mean values
+ SE of two experiments (n = 8) are presented. Different
literals indicate significant differences at p < 0.05 and no
significant differences are indicated as n.s.
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concentration of anthocyanins in must prepared form ABA-
treated berries.

DISCUSSION
The pre-harvest application of POs and ABA differentially
influenced important quality-related parameters both during
berry ripening and in musts. The color attributes were among
the most influenced parameters by effect of the treatments
in terms of the CIRG index for grapes and °hue and chroma
values for must, even when the harvest occurred until control
berries reached 20 °Brix. The mean at-harvest CIRG values
observed for Syrah grapes in this work are in the range of
the reported for red-black and blue-black cultivars such as
Cabernet Sauvignon, Dolcetto, Freisa, and Plassa (Rolle &
Guidoni, 2007). CIRG value variations may reflect non-
obvious differences in berry skin color intensity and tonality
allowing differentiating among red wine grape varieties.
Since the berry skin color positively correlates to the
concentration of anthocyanins in the skin of colored grape
cultivars (Rolle & Guidoni, 2007), the significantly higher
CIRG values observed in ABA- and POs-treated berries
suggest an increased accumulation of these pigments. These
findings agree with higher CIRG values and total anthocyanin
contents found in the skin of ABA- and POs-treated red table
grapes (Ochoa-Villarreal ef al., 2011; Shahab et al., 2019).
Regarding the chromatic quality of the obtained musts,
a higher chroma indicates a more saturated color or higher
intensity, while hue indicates the tonality in a scale of 360°;
the closer to 0° the hue angle is, the redder the color. The
shifts in *hue may result from different pigments profiles or
due to pH variations (Heredia et al., 1998; Torskangerpoll &
Andersen, 2005), however, in this case pH was not affected
by the treatments, suggesting that the decreased “hue in must
prepared from ABA-treated berries is related to a differential
phenolics composition rather than a pH-associated effect.
Also, the increased chroma in must prepared from POs-
treated berries suggests higher concentrations of anthocyanic
pigments and/or other polyphenols abundant in grape seeds
and skin that are released during maceration and are related
to color stabilization. Released phenolic compounds are
chemically modified to different extents during winemaking
and aging, which determines the final wine color and
taste (Smith et al., 2015). The chemical changes that
most influence wine organoleptic and sensorial attributes
include modifications in the complexity of tannins and
copigmentation, the latter being a spontaneous phenomenon
characterized by chemical associations between pigments and
non-colored components further leading to the formation of
complex anthocyanin-derived pigments that greatly impact
the color of the wine (Malaj ef al., 2013; Escribano-Bailon
et al., 2019; Laitila & Salminen, 2020). Thus, the effects in
the must chromatic quality observed in the present work may
also be the result of bathochromic and hyperchromic shifts
caused by the formation of oligomeric pigments either by
self-association of free anthocyanins or by their association
with organic or metallic copigments after maceration
(Escribano-Bailon et al., 2019; Laitila & Salminen, 2020).
Typically, during fruit ripening the content of organic
acids decreases while the accumulation of sugars increases,
therefore, TA and TSS are flavor-related quality parameters
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commonly used to monitor the maturity of grapes. It has been
proposed that a higher sugar accumulation correlates with
an increased anthocyanin accumulation in red wine grapes
(Pérez-Magarifio & Gonzalez-San José, 2006), suggesting
it may have implications beyond flavor and sweetness,
influencing the berry color quality as well. For wine grapes,
the recommended sugar content at harvest is between 20.5
and 23.5 °Brix (van Schalkwyk & Archer, 2000). Particularly,
for the cv. Syrah it has been suggested that an ideal grape
technological maturity as related to higher content of
pleasant aroma volatiles, phenolics and color of wines is
reached at 21 °Brix in tropical regions (Barbara et al., 2019).
Interestingly, when Syrah grape harvest occurs at 19 °Brix,
an increased number of volatiles related to pleasant aromas
such as some esters, alcohols, and terpenes are detected in
the resulting young wines; however, high maceration time
may lead to excessive astringency and bitterness, which are
related to the high levels of tannin monomers characteristic of
berries with lower ripeness degree (Aith Barbara et al., 2020)
and to an increased extraction of seed proanthocyanidins (or
polymeric tannins) (Smith et al., 2015). On the other hand,
the at-harvest TA values reported for mature Syrah grapes
vary between 2.7 and 5.2 g/L according to the growing
region, season, and time to harvest (Giacosa et al., 2015;
Canoura ef al., 2018; Carlomagno et al., 2018), which agrees
with our observations for grapes grown in a semi-arid warm
climate.

Grapes grown in warm climates commonly develop
a suboptimal berry skin color, which makes it difficult to
achieve a proper balance of those attributes important for
a good quality red wine in terms of color and flavor. In
this work, POs-treated berries was the only experimental
group to reach the recommended sugar content umbral of
20.5 °Brix by day 15, but the skin color index continued
to increase until harvest and titratable acids remained
practically steady thereafter. On the contrary, control berries
reached its highest skin color development at day 15, with
no further increase by harvest time. So far, these findings
demonstrate POs treatment influenced the ripening of Syrah
grapes, suggesting it may contribute to reduce the time to
harvest up to five days.

The content and balance of organic acids and phenolic
compounds is critical for the organoleptic quality of wines.
The mean at-harvest total phenolics content in Syrah grapes
was similar to those found in the dark blue-colored wine
grapes cvs. Blaufriankisch and Merlot grown in temperate
climate (Pavi¢ et al., 2019), suggesting the adaptability of
V. vinifera to maintain adequate levels of these relevant
compounds even under suboptimal climate conditions. The
preharvest application of elicitors to increase the content of
phenolic compounds in grapes has shown contrasting results
related to the species, cultivar, type of elicitor, and vintage
(Sandhu ef al., 2011; Ruiz-Garcia ef al., 2013; Gomez-Plaza
et al.,2017). While methyl jasmonate, benzothiadiazole, and
ABA were all able to increase the content of anthocyanins in
both V. vinifera and V. rotundifolia grapes, the effect of these
elicitors on the content of flavonols and proanthocyanidins
has been more controversial. On the one hand, ABA and
methyl jasmonate treatments increased the content of
flavonols in muscadine and Syrah grapes, but not in the cvs.
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FIGURE 5
Content of anthocyanins in musts prepared from Syrah grapes treated at véraison with pectic oligosaccharides (POs) or S-abscisic
acid (ABA). Bars represent the mean values + SE (n = 4). Different literals indicate significant differences at p < 0.05.

Monastrell and Merlot (Sandhu et al., 2011; Gomez-Plaza
et al., 2017). On the other hand, ABA application increased
the content of grape skin tannins in Monastrell berries,
whereas benzothiadiazole and methyl jasmonate treatments
had not a significant effect in the same cultivar (Ruiz-Garcia
et al., 2013), however, in grapes of the cv. Merlot, methyl
jasmonate treatment did increase the content of tannins
(Goémez-Plaza et al., 2017).

The importance of the phenolic compounds content lies
in their copigmentation capacity, by which they stabilize the
anthocyanins in solution resulting in enhanced color (Malaj
et al., 2013). Various authors have addressed the relevance
of copigmentation with phenolic compounds by adding
enological tannins or phenolic extracts during pre- and post-
fermentative periods, obtaining young red wines with a
better colorimetric quality and stability (Alvarez et al., 2009;
Gordillo et al., 2014; Bimpilas et al., 2016). Therefore, it
would be expected that treatments capable of increasing the
phenolic content of grapes would produce red wines with
improved chromatic characteristics. However, Ruiz-Garcia
et al. (2013) found that wines elaborated with Monastrell
grapes that had been treated with ABA to increase the skin
content of anthocyanins and tannins showed no differences
in color intensity, total phenolics content, and antioxidant
activity than wines prepared from control berries with lower
content of phenolic compounds. In comparison, wines
claborated with methyl jasmonate- and benzothiadioazole-
treated berries showed enhanced color and higher content
of total phenols (Ruiz-Garcia et al., 2013), which highlights
the importance of studying the specific effect of the different
plant elicitors on the profile and extractability of grape
phenolics and the final quality of the wine. These findings
partially support our results, in which musts prepared with
ABA-treated berries had a lower content of total phenolic
compounds than those prepared with POs-treated berries and
suggest that the increased chroma found in must prepared
with POs-treated berries may likely be related to the increased
content of phenolic compounds after berry maceration,

DOI: https://doi.org/10.21548/42-1-4343

which consequently favors anthocyanins copigmentation
and must color.

Our findings suggest POs-treated berries achieved a
more balanced technological maturity by increasing the color
and TSS during ripening of Syrah grapes, suggesting POs
treatment would allow harvest to be conducted from day 15
onwards. During fermentation, most of the sugars in the must
will be transformed into alcohol, leaving the rest responsible
for the sweet taste of the final product. Also, breakdown
products of the residual sugars may contribute to the aroma
of mature wine (Bakker & Clarke, 2011b). It is estimated that
for every 18 g of sugar / L in the must, the alcoholic content
of the wine will increase by 1%, approximately (Bakker &
Clarke, 2011a). Hence, the probable alcohol levels promoted
by POs-treatment would allow wines prepared from grapes
harvested on days 15 and 20 after treatment application to
fall within the low-alcohol category (10.0 to 12.0% range)
that favors the perception of the organoleptic properties of
wines, especially sweet and fruity aromas (Goldner et al.,
2009). However, the present work did not evaluate the impact
of POs-applications on the accumulation of aroma-related
compounds and aroma precursors. Therefore, our results
may open the gate for future studies to evaluate the effect of
these treatments on the content and profile of aroma-related
volatiles and the overall organoleptic attributes of wine.

The berry skin anthocyanin accumulation and profile
were modulated during Syrah grape ripening by effect
of the treatments. Both inducers promoted a differential
accumulation of anthocyanins. ABA increased the content of
delphinidin and petunidin 3-glucosides, which confer purple
and blue-reddish tonalities to plant tissues (Rolle & Guidoni,
2007; Khoo et al.,2017), thus favoring an augmented purplish
pigmentation. POs mainly enhanced the red saturation by
promoting higher at-harvest levels than controls of peonidin
and malvidin 3-glucosides, pigments respectively related to
red and purplish-red tonalities at the vacuolar pH (Heredia
et al., 1998). Anthocyanins biosynthesis is transcriptionally
regulated by members of the MYB family of transcription
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factors (Villegas et al, 2016; Koyama et al., 2018).
Exogenous ABA induced the expression of MybAl and
MybA2 genes in red table grapes (Koyama et al., 2018) and
POs application increased MybAl and Myb5A expression
levels and temporarily reduced Myb4A transcript levels in
Cabernet Sauvignon grapes (Villegas et al., 2016). This
differential regulation of MYB transcription factors may in
part explain the particular modulation of the anthocyanin
profile exerted by POs and ABA treatments.

On the other hand, Syrah must prepared from POs-
treated berries showed an increased concentration of
malvidin, petunidin, and delphinidin 3-glucosides, which are
molecules three-substituted in the B ring and are localized in
the area of the red-purple hues, while peonidin and cyanidin
are localized in the red-orange arca (Heredia ef al., 1998;
Rolle & Guidoni, 2007). Particularly, malvidin and petunidin
3-glucosides are methylated anthocyanins, the former being
the major pigment in young red wines and contributing
precursors for the formation of more complex pigments
responsible for the characteristic darker dusty red tonality
in mature wines; petunidin provides intense purplish-red
colors and delphinidin blue-violet tones (Khoo et al., 2017).
It is worth noting that although anthocyanin-3-glucosides
are the predominating anthocyanin molecular species in this
cultivar, with approximately 57% of the total anthocyanic
pigments, Syrah grapes contain varying amounts of
acylated anthocyanins and are particularly rich in malvidin
3-p-coumarylglucoside and malvidin 3-acetylglucoside,
which represent up to 22% and 9% of the total anthocyanins,
respectively (Mazza, 1995). Therefore, future studies should
evaluate the effect of these inducers on the pattern of acylated
anthocyanins.

CONCLUSION

This work addressed the utilization of pectic oligosaccharides
and abscisic acid as an in-field strategy for improving the
quality of berries and musts in warm semi-arid climates by
respectively promoting an enhanced skin color development
and a more intense must color, which is concomitant to
a higher and differential accumulation of anthocyanin
pigments and total phenolic compounds during ripening of
Syrah grapes. It is worth noting, however, that the pigments
present in the must can undergo chemical transformations
during the different stages of winemaking, leading to the
formation of more complex condensation products with
varying chromatic characteristics that depend on the content,
profile, and availability of organic and metallic precursors,
which altogether determine the final color and organoleptic
attributes of the wine. Therefore, it would be necessary to
evaluate if the color improvement observed in the grapes
and musts from the present work will also be reflected after
fermentation and wine aging stages.
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