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Phenolic composition of wine
from ‘Cabernet Sauvignon'
grapes subjected to leaf
removal at different timing

in Southern Brazil

Abstract — The objective of this work was to evaluate the phenolic composition
of wine from 'Cabernet Sauvignon' (Vitis vinifera) grapes subjected to leaf
removal management at different timing, in a high-altitude region. The
experiment was carried out in the 2015 and 2016 vintages, in a vineyard located
in the municipality of Sdo Joaquim, in the state of Santa Catarina, Brazil.
The treatments consisted of different periods of leaf removal in the clusters,
at five phenological stages — full bloom, buckshot berries, pea-sized berries,
veraison, and 15 days after veraison —, and of a control without leaf removal. At
harvest, 50 kg of each treatment were collected for winemaking. The contents
of gallic acid, catechin, p-coumaric acid, vanillic acid, resveratrol, quercetin,
rutin, and kaempferol were evaluated. The results showed the importance of
leaf removal before veraison, to obtain wine with a higher concentration of
phenolic compounds, which favors wine quality. The leaf removal management
promotes the increase of gallic acid, vanillic acid, p-coumaric acid, resveratrol,
quercetin, and kaempferol in wine. The early leaf removal before veraison
results in increases in vanillic acid, p-coumaric acid, resveratrol, quercetin, and
kaempferol. The wine made from grapes not subjected to leaf removal shows
higher values of catechin and rutin.

Index terms: Vitis vinifera, enology, gallic acid, phenological stage, resveratrol.

Composigao fendlica do vinho de uvas
‘Cabernet Sauvignon' submetidas a diferentes
épocas de desfolha na regidao Sul do Brasil

Resumo — O objetivo deste trabalho foi avaliar a composigdo fenolica de vinho
elaborado com uvas 'Cabernet Sauvignon' (Vitis vinifera) submetidas ao manejo
de desfolha em varias épocas, em regido de elevada altitude. O experimento
foi conduzido nas safras de 2015 e 2016, em um vinhedo localizado no
municipio de Sao Joaquim, no estado de Santa Catarina, Brasil. Os tratamentos
consistiram de diferentes épocas de desfolhas na regido dos cachos, em cinco
estadios fenologicos — plena florada, baga-chumbinho, baga-ervilha, mudanga
de cor das bagas (véraison) e 15 dias apds o véraison —, e de um controle sem
desfolha. Na fase da colheita, 50 kg de uvas de cada tratamento foram colhidos
para a elabora¢do do vinho. Avaliaram-se as concentra¢des de acido galico,
catequina, 4cido p-cumarico, acido vanilico, resveratrol, quercetina, rutina e
campferol. Os resultados evidenciaram a importancia do manejo precoce da
desfolha antes do estagio de véraison, para a obtengdo de vinho com maior
conteudo de compostos fenolicos, benéficos a qualidade do vinho. O manejo da
desfolha promove o aumento de acido galico, acido vanilico, acido p-coumarico,
resveratrol, quercetina e campferol no vinho. A desfolha precoce antes do
estagio de véraison resulta em aumento de 4cido vanilico, 4cido p-coumarico,
resveratrol, quercetina e campferol. O vinho elaborado com uvas nao submetidas
ao manejo da desfolha apresenta valores superiores de catequina e rutina.
Termos para indexacdo: Vitis vinifera, enologia, acido galico, estagio
fenoldgico, resveratrol.
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Introduction

The high-altitude region of Santa Catarina state (SC)
exhibits vineyards cultivated in lands elevated from
900 up to 1,400 m altitude, where grape phenological
cycle is longer in comparison to other Brazilian wine
producing regions (Brighenti et al., 2013). Wine
produced in Santa Catarina have high-color quality or
and aroma capable of differentiating them from wine
made in other regions (Marcon Filho et al., 2015).

The 'Cabernet Sauvignon' (Vitis vinifera) has the
largest acreage in the high-altitude regions of Santa
Catarina state. However, it is a long-cycle variety (214
days) that requires a high-thermal sum to complete its
phenological phases, whose harvests occur from the
second half of April, a time when temperatures start to
drop in the region (Brighenti et al., 2013). Associated
with this fact, this region shows conditions such as
high levels of organic matter in the soil (Zalamena
et al., 2013), high-water availability, the adoption of
vigorous rootstocks, and the vertical shoot position
(VSP) training system, which results in excessive
vegetative growth requiring canopy adjustment to
promote the vineyard balance (Borghezan et al., 2011;
Wiirz et al., 2017b). This combination of factors leads
to the risk of harvesting 'Cabernet Sauvignon' grapes
with inadequate maturation parameters, such as high-
acidity content, aggressive tannins, and excess of
herbaceous aromas (Wiirz et al., 2017b).

Therefore, it is necessary to apply management
practices to promote the vine production such as the
vegetative balance, to allow of grape harvesting with
the appropriate maturity levels, and to produce quality
wine. Leaf removal stands out among the canopy
management practices, and it is a cultural practice
carried out in the cluster zones during the vegetative
period, in order to modify grape quality (Poni et al.,
2000).

Increasing fruit exposure to sunlight through leaf
removal benefits the concentration of anthocyanins in
grapes, particularly in colder regions, where excessive
temperature of berries is not a problem (Lemut et al.,
2013; Wurz et al., 2017a). It also results in a reduction of
bunch-rot incidence, such as Botrytis cinerea (Molitor
et al., 2011; Wiirz et al., 2020), and in better quality of
berries during harvest (Poni, 2006; Wiirz et al., 2017b,
2018). Clusters exposed to sunlight by leaf removal
generally have berries with higher levels of sugars,
anthocyanins, and phenolic compounds than berries in
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shaded fruit (Poni et al., 2006, Diago et al., 2012, Wiirz
et al., 2017b).

Several scientific studies carried out in high-altitude
regions in the South of Brazil confirm that leaf removal
has been an important tool for canopy management,
which may reduce cluster compactness, reduce the
occurrence of bunch rot, and improve the chemical
composition of berries (Wurz et al., 2017a, 2017b, 2018,
2020). However, there is a lack of information about
the effect of leaf removal on the phenolic compositions
of wine.

Polyphenols play an important role in the sensory
characteristics of wine, such as color, astringency,
and bitterness, since they play a major role in the
wine quality (Conde et al., 2007). The wine phenolic
composition is currently under special research
interest because of its associations with human health-
promoting effects, according to Lemut et al. (2013).

The objective of this work was to evaluate the wine
phenolic composition of 'Cabernet Sauvignon' grapes,
according to the time of leaf removal management,
in the high-altitude region of Santa Catarina state,
Southern Brazil.

Materials and Methods

The experiment was carried out in the vintages of
2015 and 2016, in a commercial vineyard (28°17'39"S,
49°55'56"W, at 1,230 m altitude) located in the
municipality of Sdo Joaquim, in the state of Santa
Catarina, Brazil. The experimental design was carried
out in randomized complete blocks, with four blocks,
and five plants per block.

The region’s climate is classified as Koppen-Geiger
classification, and displays 1,714 heliothermic index,
1,621 mm average annual rainfall, and 80% relative
humidity (Tonietto & Carbonneau, 2004). The soils
of the region are classified as Cambissolo Humico
(Inceptisol), Neossolo Litolico (Entisol), and Nitossolo
Haplico (Ultisol), developed from riodacite and basalt
rocks (Santos et al., 2018).

A vineyard of 'Cabernet Sauvignon' grafted on
'Paulsen 1103' planted in 2004 was evaluated. Plants
were spaced at 3.0x1.5 m, in rows arranged in the
N-S direction, trained in vertical shoot-position trellis
(VSP), pruned in double spur cordon, at 1.2 m high
above the ground, and covered with anti-hail net.
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The treatments in the vineyard consisted of leaf
removal between November and January, in the 2015
and 2016 vintages, exposing the cluster zones in five
different phenological stages — full bloom, buckshot
berries, pea-sized berries, veraison, 15 days after
veraison —, and a control without leaf removal. Leaf
removal was performed manually by removing three
basal leaves, including the opposite leaf to the cluster,
exposing it completely.

The harvest date was determined according to the
winery standards, on April 1, 2015 and March 17,
2016, when 50 kg of each treatment were harvested for
winemaking. The microvinifications were carried out
at the Enology Laboratory of Universidade Estadual
de Santa Catarina, in Lages, SC, Brazil, following the
protocol adapted from Pszczolkowski & Lecco (2011).

The wine phenolic compounds were quantified in
a high-performance liquid chromatography (HPLC),
according to Cadahia et al. (2009), and adapted by
Ferreira-Lima et al. (2013). A solution containing a
mixture of all standards was prepared in a synthetic
wine system. Synthetic wine (5 g L' tartaric acid,
12% v v! ethanol, and pH 3.2) was used to avoid
interference in the chromatographic separation and
detection response. The calibration solutions were
also prepared in synthetic wine by diluting the stock
solution containing the mixture of the standards. All
solutions were previously filtered through a 0.45 um
pore membrane (PES-Kasvi membrane, Sdo José dos
Pinhais, PR, Brazil).

Approximately 2 mL of sample (wine or calibration
solution) were filtered on a 0.45 um membrane with a
syringe, and placed in the vial for direct injection into
the high-performance liquid chromatography system.
The reagents used in the analysis, such as acetonitrile
(>99.9%, LabMaster, Pinhais, PR, Brazil), acetic acid
(299.7%, Sigma-Aldrich, Darmstadt, Germany), and
methanol (>99.8%, LabMaster, Pinhais, PR, Brazil)
were of chromatographic grade. Tartaric acid L (+)
(>99%, Sigma-Aldrich) and ethanol (>99.8%, Sigma-
Aldrich) were of analytical grade. Water used for the
analyzes was obtained through the Milli-Q purification
system, Simplicity UV System (Millipore, MA, USA).
The standards anhydrous gallic acid (>98%), (+) -
catechin (>98%), p-coumaric acid (>98%), vanillic
acid (>97%), resveratrol (>95%), quercetin (>95%),
rutin (>94%), and kaempferol (>97%) were obtained
from Sigma-Aldrich.

Chromatographic analyses were performed using a
high-performance liquid chromatography equipment
(Shimadzu, Kyoto, Japan). The column was C18 (5 um,
250 mm x 4.6 mm, Restek). For each sample, a duplicate
reading was performed, and when a variation > 10%
was detected, a third reading was performed. Phenolic
compounds were read at 280 nm.

All solvents used as a mobile phase were previously
filtered through a 0.45 um pore membrane. The
calibration ranges and equations for determining
the phenolic compounds are described (Table 1). All
compounds (mg L) were determined by calibration
curves with an external standard.

For the microvinifications, a completely randomized
block design was carried out with four replicates. The
variables were subjected to the analysis of variance,
and when treatment effects were detected, the Scott-
Knott’s test was performed, at 5% probability.

Results and Discussion

The leaf removal management of 'Cabernet
Sauvignon' affected the wine phenolic composition
(Table 2). As to gallic acid, a similar behavior was
observed depending on the time of leaf removal in
both vintages. The lowest value of gallic acid was
observed in wine made from grapes not subjected
to leaf removal, with 16.5 mg L' and 16.9 mg L, in
2015 and 2016 vintages, respectively. For the other

Table 1. Quantification of phenolic compounds of wine
from 'Cabernet Sauvignon' (Vitis vinifera) grapes subjected
to different timing of leaf removal® in 2015 and 2016
vintages in the municipality of S0 Joaquim, in the state of
Santa Catarina, Brazil.

Phenolic Calibration Linear R? Quantification
compound range equation threshold
(mg L") (y=ax) (mg L")
Gallic acid 0.8-78.1 y=62155x  0.997 0.006
Catechin 0.4-158.8 y=17546x  0.999 0.072
Vanillic acid 0.4-39.8 y=41400x  0.998 0.026
p-coumaric acid  0.3-29.4 y=116481x 0.996 0.009
Rutin 0.3-29.9 y=21032x  0.996 0.033
Resveratrol 0.2-18.8 y=83839x  0.994 0.013
Quercetin 0.6-58.9 y=33919x  0.998 0.031
Kaempferol 0.1-13.4 y=40635x  0.997 0.029

(MLeaf removal performed in five phenological stages — full bloom,
buckshotberries, pea-sized berries, veraison, an at 15 days after veraison—,
and a control without leaf removal. R?, coefficient of determination.
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treatments, which were subjected to leaf removal,
gallic acid showed average values higher than 30 mg L'
and 20 mg L', in 2015 and 2016 vintages, respectively,
indicating that regardless of the leaf removal timing,
there was an increase of the gallic acid content in
'Cabernet Sauvignon' wine.

The main hydroxybenzoic acid present in red wine is
gallic acid, formed mainly by the hydrolysis of gallate
flavonoids (Cartoni et al., 1991). Gallic acid is described
as one of the most important phenolic compounds
because it is a precursor to all hydrolysable tannins.
It is important to note that leaf removal resulted in
higher values of gallic acid, especially in comparison
to studies made by other authors like Burin et al. (2011)
and Simon (2014), who found 23.3 and 24.5 mg L-'of
gallic acid, respectively, in 'Cabernet Sauvignon' wine
cultivated in Sao Joaquim, SC, Brazil.

In the 2015 vintage, the highest-catechin values
were observed in wine made with grapes not subjected
to leaf removal (Table 2), while in 2016, the highest-
catechin values were observed in wine from grapes
not subjected to leaf removal, and in grapes subjected
to leaf removal 15 days after the veraison. The early
leaf removal seems to reduce the catechin content in
'Cabernet Sauvignon' wine. In a previous study on the
white cultivar 'Sauvignon Blanc' cultivated in a high-
altitude region of Southern Brazil, higher-catechin
values were observed in wine made with grapes not
subjected to the leaf removal management (Wurz
et al., 2017a).

Flavan-3-ols — mainly represented by catechin and
epicatechin — are important compounds, as they give
astringency to wine (Downey et al., 2003). Bitterness

and astringency are associated with high levels of
flavan-3-ols (Chapman et al., 2004).

The content of vanillic acid was influenced by the
timing of leaf removal (Table 2). When leaf removal
was performed in the stages full bloom, veraison,
and at 15 days after veraison, lower values of vanillic
acid were observed; however, when leaf removal was
carried out in the phenological stages buckshot berries
and pea-sized berries, an increase of this phenolic
compound was verified.

A different behavior was observed in the two
evaluated vintages, in relation to p-coumaric acid
(Table 2). However, lower values of p-coumaric acid
were observed in wine made with grapes not subjected
to leaf removal, whereas higher values of p-coumaric
acid were observed during the leaf removal at the
stage of pea-sized berries, in both evaluated vintages.
This group of compounds is important in the wine
composition, mainly due to their ability to react with
anthocyanins, consequently stabilizing the wine color
(Gris et al., 2007). In the present work, the values of
p-coumaric acid are higher than those reported by
Burin et al. (2011), who reported 1.69 and 0.47 mg L
p-coumaric acid, which suggests that the leaf removal
management allows of a higher accumulation of
p-coumaric acid in 'Cabernet Sauvignon' wine.

'Cabernet Sauvignon' wine elaborated from grapes
subjected to leaf removal resulted in lower-rutin
contents than wine made with grapes not subjected to
leaf removal, in both vintages (Table 3). The timing
of leaf removal did not affect the rutin content. In a
previous work, Wurz et al. (2017a) found higher-rutin
values in 'Sauvignon Blanc' wine elaborated with
grapes not subjected to leaf removal management.

Table 2. Effect of leaf removal timing on the phenolic composition (gallic acid, catechin, vanillic acid, and p-coumaric acid)
of wine from 'Cabernet Sauvignon' (Vitis vinifera) grapes cultivated in a high-altitude region of Santa Catarina state, Brazil,

in 2015 and 2016 vintages®.

Leaf removal timing Gallic acid (mg L")

Catechin (mg L")

Vanillic acid (mg L") p-coumaric acid (mg L)

2015 2016 2015 2016 2015 2016 2015 2016
Full bloom 32.4a 26.8a 23.2b 21.2b 6.2b 6.6b 6.3b 4.1b
Buckshot berries 36.6a 23.2a 17.2¢ 23.2b 8.3a 6.8b 6.5b 5.9a
Pea-sized berries 32.4a 23.5a 17.3¢ 25.0b 6.8a 9.9a 7.2a 6.4a
Veraison 34.5a 23.6a 17.2¢ 26.3b 7.6a 5.5¢ 6.6b 4.5b
15 days after veraison 37.3a 24.6a 28.2b 33.8a 7.1a 5.2¢ 6.1b 6.1a
Control® 16.5b 16.9b 32.6a 35.2a 5.3c¢ 6.0b 3.9¢ 4.0b

(UMeans followed by equal letters, in the columns, do not differ by Scott-Knott’s test, at 5% probability. @Control, without leaf removal.
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The stilbenes monomers cis and trans-resveratrol are
phytoalexins, that is, they are components synthesized
by the grapevine in response to a situation of stress,
caused by the exposure to ultraviolet light (UV) and by
climatic conditions. The effects of sunshine duration
and UV-light exposure on resveratrol concentrations
of red wine were investigated separately, and the
observations showed an increase of resveratrol
concentrations to a considerable extent (Threlfall
et al., 1999).

The timing of leaf removal influenced the content
of resveratrol in 'Cabernet Sauvignon' wine, in both
vintages (Table 3). In 2015, wine from grapes subjected
to leaf removal in full bloom, buckshot berries, pea-
sized berries, and veraison showed higher resveratrol
levels. However, in 2016, the highest resveratrol level
was observed in wine from grapes subjected to leaf
removal in full bloom, followed by leaf removal at
the stage of buckshot berries, which suggests the
effectiveness of early leaf removal to increase the
resveratrol contents in 'Cabernet Sauvignon' wine.

Among the phenolic compounds found in wine, the
group of stilbenes is one of the most important, from
which resveratrol (3,5,4’ trihydroxy stilbene) stands
out as one of the most studied phytoalexin for its
putative role on human health (Gris et al., 2010). The
growing interest in resveratrol is the result, principally,
of its claimed role in protecting against coronary heart
disease. This potential effect could be attributed
to the antioxidant potential of resveratrol, and to
the inhibition of low-density lipoprotein oxidation
(Frankel et al., 1993).

The content of quercetin in 'Cabernet Sauvignon'
wine was influenced by the timing of leaf removal

(Table 3). In both vintages, the lowest values of
quercetin were observed in wine made with grapes not
subjected to leaf removal, and with grapes defoliated 15
days after veraison, indicating that early leaf removal
resulted in the increase of quercetin in 'Cabernet
Sauvignon' wine. The leaf removal performed in full
bloom resulted in wine with the highest content of
quercetin.

Flavanols are important compounds for wine
quality, as they contribute to bitterness and color,
stabilizing the anthocyanins (Puértolas et al., 2010).
Among the evaluated flavanols, quercetin was the most
abundant in the analyzed wine. It has been known that
the expression of genes involved in the regulation of
flavanol synthesis is stimulated by sunlight (Downey
et al., 2003; Ristic et al., 2007), and that the flavonol
content in sun-exposed grapes is normally increased
(Ristic et al., 2007). In the grape ripening phase, the
clusters that are more exposed to the sun may contain
up to ten times more flavonol contents than shaded
clusters, which is due to the concentration increases
of quercetin, kaempferol, and myricetin 3-glycoside
(Spayd et al., 2002). According to the results obtained
in the present work, it is possible to affirm that the
early leaf removal, which allowed of a better cluster
exposure to the sun, can promote higher accumulation
of flavanols in grapes and, consequently, in wine.

The leaf removal resulted in higher values of
kaempferol (Table 3). In both vintages, the lowest-
kaempferol values (from 0.04 mg L' to 0.02 mg L")
were observed in wine from grapes not subjected to
leaf removal.

A quality red-wine grape should contain a large
amount of phenolic compounds, and, in that sense, leaf

Table 3. Effect of leaf removal timing on the phenolic composition (rutin, resveratrol, quercetin, kaempferol) of wine from
'Cabernet Sauvignon' (Vitis vinifera) grapes cultivated in a high-altitude region of Santa Catarina state, Brazil, in 2015 and

2016 vintages™.

Leaf removal timing Rutin (mg L") Resveratrol (mg L) Quercetin (mg L) Kaempferol (mg L")

2015 2016 2015 2016 2015 2016 2015 2016
Full bloom 7.4b 7.2b 2.6a 3.8a 4.6a 1.6a 0.07b 0.08a
Buckshot berries 7.4b 8.9b 2.4a 2.3b 1.9¢ l.4a 0.17a 0.04b
Pea-sized berries 7.3b 7.4b 2.7a 1.4c 2.8b 1.2a 0.10b 0.09a
Veraison 7.4b 8.8b 2.5a 1.5¢ 2.2¢ 0.8b 0.15a 0.12a
15 days after veraison 7.3b 7.0b 1.9b 1.2¢ 1.3d 0.4c 0.07b 0.04b
Control® 13.2a 10.1a 1.8b 1.4c 1.1d 0.4c 0.04¢ 0.02¢

(MMeans followed by equal letters, in the columns, do not differ by Scott-Knott’s test, at 5% probability. @Control, without leaf removal.
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removal has been an important canopy management
to improve both the quantity and quality of phenolic
compounds in berries and, consequently, in wine
(Moreno et al., 2015; Wiirz et al., 2017b). The timing of
leaf removal is an important factor in the accumulation
of these compounds, therefore, leaf removal
management is recommended to be performed before
the phenological stage of veraison.

Conclusions

1. The management of grapevine (Vitis vinifera)
according to the time of leaf removal influences the
content of phenolic compounds in 'Cabernet Sauvignon'
wine, from grapevines cultivated in high-altitude
regions of Santa Catarina state, Southern Brazil.

2. Early leaf removal carried out before the
phenological stage of veraison results in an increase of
vanillic acid, p-coumaric acid, resveratrol, quercetin,
and kaempferol contents in 'Cabernet Sauvignon' wine,
which favors the wine quality.

3. Wine elaborated from grapes not subjected to leaf
removal show higher values of catechin and rutin.
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