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ABSTRACT: The cycle inversion technique enhances the maturation and health of grapes by shifting the harvest to months with milder
temperatures and lower precipitation. This study aimed to characterize the ‘Cabernet Franc’ and ‘Malbec’, managed using this technique
in Sao Roque, Sao Paulo, Brazil, focusing on productive parameters, the relationship between vegetative growth and fruit yield, and
the evolution of technological and phenolic maturation of the berries. The experiment was conducted in a non-irrigated commercial
vineyard, using a vertical trellis system and trained with bilateral spur cordon, over the 2020, 2021, 2022, and 2023 growing seasons.
The results indicated that ‘Cabernet Franc’ produced an average yield of 1.71 kg per plant, with looser clusters averaging 64.2 g. On the
other hand, ‘Malbec’ yielded an average of 3.12 kg per plant, with denser and heavier clusters averaging 114.3 g. Both cultivars exhibited
a Ravaz index (RI) below the recommended threshold, with values of 1.9 for ‘Cabernet Franc’ and 3.6 for ‘Malbec’. Technological
maturation followed a similar progression for both cultivars, with only minor differences. Total soluble solids accumulated to levels
above 21 °Brix, and total acidity remained below the 5-6 g-L* range. Phenolic maturation, particularly in total polyphenols (TP) and total
anthocyanins (TA), demonstrated a consistent accumulation trend throughout the maturation process. The ‘Cabernet Fran” averaged
415.28 mgGAE-100 g for TP and 279.67 mg-100 g for TA, while the ‘Malbec’ showed significantly higher levels of 1,371.06 mgGAE-100 g*
for TP and 726.18 mg-100 g for TA.
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INTRODUCTION

The inversion of the grapevine’s natural cycle through two prunings, one for formative and another for production,
with a single harvest in autumn or winter, allows for producing grapes with higher concentrations of sugars and phenolic
compounds. Shifting the harvest to months with low precipitation, cooler nights, and warmer days contributes to the
success of this technique, enabling a slow and healthy maturation process (Mota et al. 2009, Favero et al. 2011). This high-
quality raw material results in wines with a more complex and distinctive phenolic profile, resulting in the so-called cycle
inversion wines or winter harvest wines.

The efficacy of this technique has been substantiated by studies conducted in Trés Cora¢des, Minas Gerais, Brazil, using
the Syrah cultivar. These studies revealed an increase in phenolic compound content in the berries, an enhanced color index,
and elevated sugar levels, thus eliminating the need for must chaptalization (Mota et al. 2009, Favero et al. 2011). Recently,
with the application and subsequent development of this technique, there has been growing interest in understanding
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its finer details, such as the relationship between scion and rootstock (Dias et al. 2017), as well as in understanding the
geographical factors essential for establishing a Terroir (Brant et al. 2021).

The potential for producing high-quality wine is closely associated with the suitability of the grapevine and the plant’s
metabolic processes. The chemical composition of the berries is influenced by factors such as vineyard management
practices (including pruning, training, pest control, canopy management, and fertilization), as well as topography and
environmental conditions (Giovaninni and Manfroi 2013, Magalhaes 2015). Given the cycle inversion technique enhances
the technological and phenolic maturation of the berries for the production of fine wines, there is a need for further
research with different cultivars to characterize them and to develop more suitable agronomic management practices
for each region.

The aim of this study was to characterize the ‘Cabernet Franc’ and ‘Malbec, managed using the cycle inversion technique
in the Sdo Roque region, Sdo Paulo, Brazil. The focus was on productive parameters, the relationship between vegetative
growth and fruit yield, and the evolution of technological and phenolic maturation of the berries. This characterization
sought to evaluate the agronomic and enological potential of these cultivars, thereby contributing to the definition of the

region’s distinctive characteristics.

MATERIALS AND METHODS

The experiment was conducted in a non-irrigated commercial vineyard located in the municipality of Sdo Roque, at
coordinates 23°35’37.5”S and 47°9’40”W, with the elevation of 890 m, during the 2020, 2021, 2022, and 2023 seasons.
According to the Képpen’s classification, the region’s climate is Cfb-humid subtropical with no dry season-and a temperate
summer (Alvares et al. 2013), with average temperatures ranging from 23.1°C in the warmest month (February) to
15.5 °Cin the coldest month (July) (Abramides et al. 2003). The soil class in the region is classified as PVA15-Typic Dystrophic
Red-Yellow Argisol-, with a moderate or prominent A horizon, medium, clayey, or medium-clayey texture, and undulating
to strongly undulating relief (Rossi 2017).

The cycle inversion technique was implemented through two distinct prunings. The first step was the formative
pruning, a short pruning that left two buds on each spur, conducted in September, with the inflorescences from the
initial budding phase removed. The second pruning was for production, a long pruning that left six to eight buds
per cane, carried out from late December to mid-January, with localized application of hydrogen cyanamide to the
two apical buds.

‘Cabernet Franc’ (clone 214) and ‘Malbec’ (clone 596) grapevines grafted onto ‘Paulsen 1103’ rootstock were planted
in 2011, with vine spacing of 1.5 (in rows) and 2.5 m (between rows). The vines were trained on a vertical trellis system
with the first wire positioned at the height of 0.9 m and managed using a bilateral spur cordon system under the cycle
inversion technique. The rows were kept clean, while the inter-rows were maintained with spontaneous cover crops that were
regularly mowed. Canopy management involved: leaf removal around the clusters during stage 73 (groat-size) according
to the Biologische Bundesanstalt fiir Land und Forstwirtschaft, Bundessortenamt und Chemische Industrie (BBCH) scale
(Lorenz et al. 1995); no topping; insecticide and fungicide applications, as well as fertilization, conducted according to
technical recommendations; and the use of white anti-hail nets to cover the cluster zone, starting from the color change
stage, to protect against pest and wildlife attacks.

Meteorological data were evaluated starting from the production pruning, with temperatures obtained from NASA
Power via Rural Clima (2024) and precipitation collected in loco (Fig. 1).

The experiment followed a completely randomized design, involving two cultivars with 10 replicates each, with three
plants per plot, two of which served as border plants. The physical characterization of the clusters for each cultivar was
performed by selecting five clusters with masses close to the overall plot average, while berry characterization was conducted

by randomly collecting 50 berries with three replicates.
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Figure 1. Monthly averages of maximum temperatures, minimum temperatures, and precipitation in Sdo Roque, SP, Brazil, during the
productive period from 2020 to 2023.
Production per plant and cluster characteristics were measured using a digital scale at harvest. The following productive
parameters were evaluated: total cluster mass per plant; number of clusters per plant; average cluster mass; and yield per
hectare. For cluster characterization, the following metrics were assessed: average cluster mass; average number of berries;

average berry mass per cluster; average rachis mass per cluster; and the cluster compactness index, calculated using Eq. 1:
IC = cluster mass (g)-cluster length (cm) (Tello and Ibafiez 2014) (1)

For berry characterization, the parameters evaluated included: average berry mass; average skin mass; number of seeds
per berry; and average seed mass.

Leaf area estimation was carried out during harvest by counting the total number of shoots per plant, from which 10
shoots located in the middle third of the spur cordon were selected. For each selected shoot, the central vein length of
all leaves was measured using a graduated ruler in centimeters. Leaf area was estimated using the mathematical model
proposed by Delrot et al. (2010) (Eq. 2):

Y = 0.6812 (central vein)? + 0.8067 (central vein) - 5.17024 (2)

The total leaf area per plant was determined by multiplying the leaf area of a shoot by the number of shoots per plant.
Leaves with central veins < 3 cm were excluded, following the recommendations of Lopes and Pinto (2000).

The balance between vegetative growth and fruit yield was assessed using the Ravaz index (RI). This index was calculated
by dividing the grape yield (kg) from a given harvest by the mass of pruned shoots (kg) during the subsequent winter.

Technological and phenolic maturation of the grapes was evaluated from the color change stage (BBCH 81) to harvest
(BBCH 89). Weekly, 50 berries per cultivar were randomly collected, with three replicates. Pedicels were removed to obtain
the must, and the skins and seeds were separated.

The must obtained by macerating the berries was used to determine the following parameters: total soluble solids (TSS)
in °Brix, hydrogen ion concentration (pH), and total titratable acidity at pH 7, expressed as tartaric acid (TA) in g-L",
according to the OIV methodology (2024).

Extracts were prepared using a methodology adapted from Pereira et al. (2005) and Pereira et al. (2020) to obtain the
phenolic compounds from the grape skins. Five grams of cleaned grape skins were ground with 50 mL of 96% ethanol in

a 600 W mixer for 1 minute and 40 seconds. The extraction was performed at a cold temperature, between 0 and 5°C, for
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1 hour, with agitation every 10 minutes. The extracts were then centrifuged for 15 minutes at 3,500 rpm, and the supernatant
was stored in a freezer until the chemical analyses were conducted.

The total polyphenol index (TPI 280) was determined using spectrophotometry at the absorbance of 280 nm (Rizzon
2010), using alcoholic extracts of ‘Cabernet Franc’ and ‘Malbec’ diluted in deionized water at ratios of 1:10 and 1:30,
respectively. Total polyphenol (TP) values were expressed in mg-L" of gallic acid equivalents (GAE), estimated using a
standard calibration curve. The standard curve was generated by preparing a stock solution of 100 mg-L™' gallic acid. Aliquots
of1,2.5,5, 10, 15, and 20 mL were transferred into 100 mL volumetric flasks and diluted to the mark with deionized water.
Absorbance measurements were then taken using a spectrophotometer at 280 nm, utilizing a quartz cuvette with a 10 mm
optical path length.

The total anthocyanin concentrations (TA) (mg-L') were determined using the sodium bisulfite bleaching method and
spectrophotometry at the absorbance of 520 nm (Zamorra 2003). A stock solution was prepared by combining 1 mL of the
alcoholic extract, 1 mL of 99.5% ethanol, and 20 mL of 0.7% hydrochloric acid (HCI). Two screw-cap test tubes were then
prepared: the first contained 5 mL of the stock solution and 2 mL of deionized water, while the second contained 5 mL of
the stock solution and 2 mL of 0.7% sodium bisulfite (NaHSO,). The tubes were securely capped, agitated for 10 minutes,
and subsequently analyzed using a spectrophotometer set at 520 nm, utilizing a quartz cuvette with a 10 mm optical path
length. The TA content was calculated using Eq. 3:

TA = (tube 1 - tube 2) x 875 (3)

Total tannins (TT) (g-L!) were quantified using the acid hydrolysis method and spectrophotometry at the absorbance
of 550 nm, as proposed by Zamorra (2003). The analysis involved the preparation of two screw-cap test tubes. Each tube
received 2 mL of an alcoholic extract diluted at a 1:50 ratio, 1 mL of deionized water, and 6 mL of 12 N HCL Tube 1 was
sealed and incubated in a covered water bath (protected from light) at 100°C for 30 minutes, while tube 2 was maintained
at room temperature. After incubation, 1 mL of 99.5% ethanol was added to each tube, followed by shaking and thorough
homogenization. Absorbance readings were taken using a spectrophotometer at 550 nm, utilizing a quartz cuvette with a
10 mm optical path length. The tannin concentration was calculated using Eq. 4:

TT = (tube 1 - tube 2) x 19.33 (4)

For the analysis of the results, an average of the data from the four harvests was calculated, except for the 2022 harvest
concerning productive parameters and the between vegetative growth and fruit yield due to the occurrence of the physiological
disorder known as filage, or cluster regression. Technological and phenolic maturation curves were evaluated through
regression analysis, except for T'T, which were represented by a bar graph. The other parameters assessed in this study were
presented as means with standard deviation.

RESULTS AND DISCUSSION

Temperature is crucial for the maturation and development of berries, with an optimal range of 18 to 33°C being ideal
for photosynthesis (Jackson and Lombardi 1993), placing the study’s seasons in satisfactory conditions (Fig. 1). The wider
temperature range observed in autumn/winter production, combined with low precipitation levels, is favorable not only
for sugar accumulation but also for enhancing aromas and phenolic compounds, particularly anthocyanins (Magalhaes
2015). Rainfall during the second pruning period supports shoot formation and plant development, although precautions
against fungal attacks should not be overlooked. However, during the maturation period leading up to harvest, reduced
rainfall and cooler temperatures facilitate a longer maturation process, resulting in a higher health and quality harvest.

The productive parameters of the ‘Cabernet Franc” and ‘Malbec’ managed using the cycle inversion technique,
along with the characteristics of their grape clusters (Table 1), exhibited distinct profiles. Variations in physical and
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morphological traits, as well as differences in the chemical composition of the berries, are expected due to the genetic
makeup of each cultivar and their responses to various factors, including the cycle inversion technique. The average yield
per plant for ‘Cabernet Franc’ was 1.71 kg, with a productivity of 4.55 t-ha™!, which exceeds the values reported by Tecchio
et al. (2022) for a summer harvest in Jundiai, Sdo Paulo, Brazil, at 1.01 kg and 4.06 t-ha"'. However, Dias et al. (2017)
observed higher yields in ‘Syrah’ managed with cycle inversion and different rootstocks in Andradas, Minas Gerais, Brazil,

compared to the results of this study.

Table 1. Production per plant, number of clusters per plant, yield, average cluster weight, average number of berries per cluster, average
berries weight per cluster, average rachis weight per cluster, compactness index, average berry weight, average skin weight per berry,
average number of seeds per berry, and average seed weight per berry for the ‘Cabernet Franc’ and ‘Malbec’ produced under cycle inversion
technique, averaged across the 2020, 2021, 2022, and 2023 seasons.

. Production-plant? Yield Cluster weight

Cultivar (kg) No. clusters (t-ha?) (@)
‘Cabernet Franc’ 171+0.3 2670+4.2 455+0.6 64.20 £5.01

‘Malbec’ 312+16 25.83+73 83342 114.34 £ 274

i i . -1 i i . -1

Cultivar No. berries-cluster? AN we(lg)h G TR Rachis We('g;‘ BT Compactness index
‘Cabernet Franc’ 80.03+6.6 64.07 £5 2.39+0.56 0.56 +0.08

‘Malbec’ 75.33+20.4 108.32+ 25 5.29+3.27 121+0.15

Cultivar Berry weight Skin weight-berry* No. seeds-berry* Seed weight-berry?

(9) (9) (9)

‘Cabernet Franc’ 0.80+0.08 0.21+0.05 13+013 0.05+0.01

‘Malbec’ 171+£0.33 0.38+0.04 20+0.23 0.07+£0.02

+ Standard deviation.

The ‘Malbec), on the other hand, yielded 3.12 kg per plant, with a productivity of 8.33 t-ha™', which exceeds the values
reported under the same rootstock and irrigated vineyard conditions in Mendoza, Argentina, where the average yield
was 2.7 kg per plant (Di Filippo and Vila 2011). However, these results were slightly lower than those reported by Pereira
etal. (2023) in the Brazilian cerrado, where using the cycle inversion technique combined with the ‘Paulsen 1103’ rootstock
resulted in a yield of 3.8 kg per plant.

Yield is closely tied to the number of clusters per plant, which is influenced by the number of spurs on the cordon and
the number of fruiting canes. Both ‘Cabernet Franc’ and ‘Malbec’ averaged around 26 clusters per plant, but they exhibited
distinct morphological traits. ‘Cabernet Franc’ produced looser clusters with smaller berries, reflected in the average values
of cluster weight, mass of berries, and compactness index, recorded at 64.2, 64, and 0.56 g, respectively. In contrast, studies
in northeastern Sao Paulo state found that two-year-old ‘Cabernet Franc’ vines had a higher average cluster weight of 121 g
(Regina et al., 2011). The occurrence of bunch stem necrosis, which disrupts the transport of sugars and water (Krasnow
etal. 2010) during the ripening stage in two of the evaluated harvests likely contributed to the lower cluster weights observed.
However, this physiological disorder is not the sole determinant of final cluster weight and its impact on overall productivity.
Interestingly, the average berry weight was similar to that reported by Regina et al. (2011), approximately 1 g. On the other
hand, ‘Malbec’ produced heavier, more compact clusters, with an average berry weight of 1.71 g and a compactness index
of 1.21, closely matching the berry weight observed in Mendoza, Argentina (Di Filippo and Vila 2011). Among these
factors, cluster compactness is particularly significant from a phytosanitary perspective, as it suggests a potential increase
in susceptibility to pathogens, especially gray mold (Botrytis cinerea) (Latorre et al. 2015, Albertin et al. 2024).

Berry size is influenced not only by the genetic traits of each cultivar and their interaction with the environment but also
by the number of seeds that each berry can potentially develop. The ‘Cabernet Franc’ averaged one seed per berry, whereas
‘Malbec’ averaged two seeds per berry. This difference may impact berry size, as seeds produce auxins, which play a crucial

role in cellular growth and division, thereby regulating fruit development (Taiz and Zeiger 2013).
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Berry size is important in determining high-quality raw material for fine wine production. From a physiological perspective,
smaller berries tend to accumulate more sugars due to reduced evapotranspiration, especially towards the end of the cycle
(Dreier et al. 2000). The concentration of total phenolics and anthocyanins is influenced by fruit size, with smaller berries
exhibiting higher concentrations, not only due to the reduced volume of solvents but also due to the higher surface area
to pulp ratio (Di Filippo and Vila 2011, Chen et al. 2018). It is reported that berries weighing less than 2 g are considered
small for processing (Rizzon and Miele 2004), which places the berries in the present study according to these parameters.

The relationship between vegetative growth and fruit yield for the cultivars under study (Table 2) indicates vine development
and balance. The results revealed that ‘Malbec’ produced 1 kg of grapes per m2 of leaf area, while ‘Cabernet Franc yielded
0.5 kg. However, to produce 1 kg of grapes, ‘Cabernet Franc’ required twice the leaf area compared to ‘Malbec; resulting
in a ratio of 2.07 m-kg™. These findings are consistent with those of Regina et al. (2011) for ‘Cabernet Franc’ and Dias
et al. (2017) for ‘Syrah; both using the cycle inversion technique on ‘Paulsen 1103} which reported average ratios of 1.75
and 1.80 m*-kg™, respectively. Research conducted in Davis, United States of America, indicates that, for grapevines grown
on trellises, an ideal range of 0.8 to 1.2 m?-kg™! is recommended to ensure complete maturation of the clusters, with optimal
sugar accumulation, coloration, and mass (Kliewer and Dokoozlian 2005). Nonetheless, these are only indicative values and
do not preclude the establishment of new standards according to regional conditions. Despite ‘Cabernet Franc” exhibiting
values above the expected range, there was no detrimental effect on the evolution of technological and phenolic maturation.

Table 2. Production per unit of leaf area, leaf area required per kilogram of production, and Ravaz index for the ‘Cabernet Franc’ and ‘Malbec’
under cycle inversion technique, averaged across the 2020, 2021, and 2023 seasons.

. Production-leaf area* Leaf area-production .
Cultivar p ) Ravaz index
(kgm 2) (mzkg 1)
‘Cabernet Franc’ 0.50 £ 0.07 2.07+0.28 19+011
‘Malbec’ 1.02+0.50 127 +£0.59 36+128

+ Standard deviation.

The RI (Table 2) indicates the balance between vegetative growth and fruit yield, with values between 5 and 10, suggesting
the desirable equilibrium for grapevines. In this study, both ‘Cabernet Franc’ and ‘Malbec’ exhibited RI values below 5,
averaging 1.9 and 3.6, respectively, indicating an imbalance and the need for management adjustments. This finding underscores
the necessity for further research to determine the optimal training system, pruning time, number of buds after pruning,
frequency of topping, new combinations of scion and rootstock, irrigation systems to mitigate drought conditions or even
the establishment of new RI values for different management systems that deviate from established standards. Similarly
low RI values have been also observed in Sdo Joaquim, Santa Catarina, Brazil, where traditional cultivation under hail nets
for ‘Cabernet Franc’ trained in a vertical trellis system on ‘Paulsen 1103’ rootstock yielded an average RI of 3.21 without
cluster thinning (Marcon Filho et al. 2015); and an RI of 2 for ‘Cabernet Franc’ on ‘Paulsen 1103}, with a load of 50 buds
without cycle inversion (Wiirz et al. 2020).

Establishing the maturation profile is essential for understanding the potential and behavior of grape cultivars under a
new pruning system and in a specific region. This assessment provides critical insights that inform management practices
aligned with the desired product outcomes and the quality of the raw material, while also enhancing overall agronomic
practices. The technological maturation curve (Fig. 2) revealed that both cultivars, with an average growth cycle of 174
days, exhibited an increase in TSS and pH during berry ripening, along with a decrease in TA.

The TSS levels in both ‘Cabernet Franc” and ‘Malbec’ were satisfactory for producing fine wines without the need for
chaptalization, averaging 21.45 °Brix and 21.30 °Brix, respectively. The result for ‘Cabernet Franc’ aligns with the trend
previously observed by Hernandes et al. (2016) in the same study location, which reported an average of 20.4 °Brix. However,
Regina et al. (2011) found higher values in the northeastern region of Sio Paulo state, reaching 25.43 °Brix. Although the
average in Sdo Roque was around 21 °Brix, two harvests recorded values above 22.4 °Brix for both cultivars, highlighting
the region’s potential when using the cycle inversion technique combined with favorable climatic conditions (Fig. 1) that
enhance the maturation process.
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Figure 2. Total soluble solids (TSS) (°Brix), pH, and total acidity (TA) (g-L?) of ‘Cabernet Franc’ (a) and ‘Malbec’ (b) berries produced using the
cycleinversion technique, averaged across the 2020, 2021, 2022, and 2023 seasons, from the color change stage (BBCH 81) to harvest (BBCH 89).

The ability of the berries to accumulate higher sugar concentrations through the cycle inversion technique in this region
facilitates achieving TSS levels comparable to or exceeding those found in prominent fine wine-producing areas. This is
exemplified in studies by Di Filippo and Vila (2011) in Mendoza, Argentina, and Souza et al. (2021) in Videira, Santa Catarina,
Brazil, also using ‘Paulsen 1103’ rootstock, in which average TSS levels of 23.5 and 18.3 °Brix were reported, respectively.
The TSS values observed in the cultivars indicate that they will produce fine wines with alcohol content according to the
standards required by Law No. 10,970 and the new Normative Instruction (NI 14) in Brazil, which now classify noble wines
as those with alcohol levels between 14 and 16%, due to the increased total sugar content in the berries.

The TA values for the cultivars were 5.11 g-L" for ‘Cabernet Franc’ and 6.01 g-L! for ‘Malbec, which are consistent
with the standards set in Brazil and by the European Community (Regulation CE No. 479/2008), where acceptable values
range from 3 to 9.75 g-L"'. The pH values for both cultivars were around 4. Typically, the pH of must in Brazil ranges from
3.4 to 3.8, which is favorable for producing wines with a more intense red color, protection against microbial spoilage, and
enhanced malolactic fermentation (Giovaninni and Manfroi 2013). Coloration is influenced by pH, with values above
4.5 leading to the conversion of the cationic (red) form into a more violet to blue hue (Brouillard et al. 1989, Giovaninni
and Manfroi 2013). Higher pH values in berries and wines produced in winter may be associated with the cycle inversion
technique, which allows for longer maturation and, combined with greater thermal amplitude, maintains lower respiration
rates and preservation of malic acid during cool/cold nights (Conde et al. 2007). Although ‘Malbec’ did not exhibit bunch
stem necrosis, this condition may also contribute to an increase in pH due to a possible excess of potassium in the berries
and rachis, leading to the precipitation of TA in the form of potassium bitartrate (Mpelasoka et al. 2003). Additionally,
factors such as excessive fertilization and foliar applications may also impact plant balance and physiology, influencing the
physicochemical properties of the berries and disease development.

This observed trend of elevated pH in the must due to the cycle inversion technique has been also documented in
other studies. The TA and pH results in this study align with those found for ‘Syral’ on ‘Paulsen 1103 in Trés Coragoes,
Minas Gerais, Brazil, which also employed cycle inversion but reported lower °Brix, around 19 (Mota et al. 2009). Studies
with cultivars such as ‘Pinot Noir, ‘Tempranillo, ‘Cabernet Sauvignon, ‘Chardonnay’ and ‘Sauvignon Blanc’ on the same
rootstock and winter cycle also achieved °Brix values greater than 20.4, with pH and TA values comparable to those in the
present study (Mota et al. 2010).

The phenolic composition of berries is closely linked to the sensory characteristics of wine and its aging potential.
Phenolic compound concentrations vary based on edaphoclimatic conditions, management practices, and cultivar genetics.

The cycle inversion technique aims to integrate these factors, facilitating the development and maturation of grapes with
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significant enological potential. This is further supported by the favorable thermal amplitude observed in Sdo Roque and
low precipitation levels.

The evolution of phenolic maturation in the cultivars (Figs. 3 and 4) demonstrated an accumulation of TP and TA
during maturation, reaching a peak and showing a slight decline after 160 days post-pruning. This pattern indicates an
optimal timing for harvest (Magalhaes 2015). In contrast, TT exhibited variability throughout maturation until harvest,
influenced by extractability and extraction protocols, but remained in a range of 0.27 g-L" for ‘Cabernet Franc’ and
0.98 g-L! for ‘Malbec’. Additionally, according to Bogs et al. (2005), genes associated with tannin synthesis were not
detected after the color change stage, which partially explains the fluctuations in concentrations and values around the
beginning of the curve. This pattern suggests that tannin accumulation may occur before this stage and during the early

fruiting process.
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Figure 3. Concentration of total polyphenols (TP) (mg of gallic acid equivalents-100 g*) and total anthocyanins (TA) (mg-100 g*) in ‘Cabernet
Franc’ (a) and ‘Malbec’ (b) berries produced using the cycle inversion technique, averaged across the 2020, 2021, 2022, and 2023 seasons,
from the color change stage (BBCH 81) to harvest (BBCH 89).
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Figure 4. Concentration of total tannins (TT) (g100 g) in ‘Cabernet Franc’ (a) and ‘Malbec’ (b) berries produced using the cycle inversion
technique, averaged across the 2020, 2021, 2022, and 2023 seasons, from the color change stage (BBCH 81) to harvest (BBCH 89).

According to Zamorra (2003), the values observed at the end of phenolic maturation, even though the alcoholic extract
is not precisely wine, fall in the typical range for young wines. This includes anthocyanin levels between 200-1,200 mg-L",
a TPI 280 range of 20-80 (starting from 550 mgGAE-L"), and TT ranging from 1-5 g-L"'. For ‘Cabernet Franc; the TPI 280
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value of 15.12 and TT of 0.25 g-100g " of fresh weight or 0.25 g-L* (Table 3) are slightly below the established standards, but
they could have increased if there were a winemaking process. The lower tannin concentrations are also partially because
the extract was obtained solely from the grape skins, whereas higher tannin levels are generally found in seeds and stems
(Giovaninni and Manfroi 2013, Magalhaes 2015).

Table 3. Concentrations of total soluble solids (TSS), pH, total acidity (TA), total acidity (TA), total polyphenolindex at 280 nm (TP1280), total
polyphenols (TP), total anthocyanins (TA) and total tannins (TT) in ‘Cabernet Franc’ and ‘Malbec’ berries produced under cycle inversion
technique, averaged across the 2020, 2021, 2022, and 2023 seasons, at harvest (BBCH 89).

Cultivar TSS (°Brix) pH TA (g-L?) TA (meq-L?)
‘Cabernet Franc’ 21.45+221 4.08+0.12 511+0.89 68,08 +11,87
‘Malbec’ 21.30+1.20 401+011 6.01+1.06 80,08 + 14,22
Cultivar TP1280 TP (mgGAE-100 g?) TA (mg-100 g*) TT (g-100 g?)
‘Cabernet Franc’ 1512 +291 415.28 +£79.99 279.67 +100.03 0.25+0.12
‘Malbec’ 49.46 +5.46 1,371.06 +149.92 72618 +108.15 1.08+0.16

+ Standard deviation.

The results regarding the evolution of phenolic maturation often difter from those found in the literature due to variations
in the methods of compound extraction and analytical methodologies used. Some methodologies employ methanol in the
extraction process (Singleton and Rossi 1965), and total polyphenol concentrations can be also expressed in epicatechin or
other units of measurement. Although various methodologies and adaptations are available, this does not imply that one
produces better or worse results. This is evident in studies attempting to correlate the antioxidant capacity of wines with
their total polyphenol content, in which often no clear relationship is found depending on the analytical method employed
(Stratil et al. 2008).

Berries of the Syrah cultivar in Andradas, under cycle inversion technique, exhibited an average TP of 319.65 mg-100 g'!
and TA of 124.6 mg-100 g (Dias et al. 2017). These values are lower compared to those found in the present study, in
which ‘Cabernet Franc” had averages of 415.28 mg-100 g for TP and 279.67 mg-100 g for TA, while ‘Malbec’ showed
1,371.06 mg-100 g for TP and 726.18 mg-100 g for TA. Additionally, these findings indicate higher concentrations than
those reported for ‘Syrah’ in several cities in the Southeast region of Brazil, including Trés Corag¢des, Minas Gerais; Trés
Pontas, Minas Gerais; Cordislandia, Minas Gerais; Sdo Sebastido do Paraiso, Minas Gerais; Andradas, Minas Gerais; Itobi,
Sao Paulo; and Espirito Santo do Pinhal, Sdo Paulo (Brant et al. 2021).

With an average cycle of 174 days for both cultivars under study, determining the optimal berry maturation stage depends
on the desired wine style. The harvest data (Table 3) provide insights into the maturation process. Traditionally, the optimal
harvest point is defined by achieving high sugar levels, low acidity, and elevated phenolic compound concentrations, while
maintaining a sound phytosanitary condition. Technological maturation and phenolic maturation are independent variables

that may follow different evolutionary trends, but both should be considered when deciding the optimal harvest time.

CONCLUSION

The ‘Cabernet Franc’ is characterized by loose clusters with an average mass of 64 g and small berries averaging 0.8 g.
In contrast, ‘Malbec’ displays compact clusters with an average mass of 114 g and larger berries of 1.7 g. Both cultivars have
a RIbelow 5, indicating an imbalance between production and vigor, necessitating adjustments in agronomic management.
The application of the cycle inversion technique with ‘Cabernet Franc’ and ‘Malbec’ improves technological and phenolic
maturation. Combined with the thermal range and low rainfall during the maturation process, these techniques achieve

satisfactory values with enological potential for the production of winter harvest wines.
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