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Abstract. The main vitivinicultural region in Brazil, is Sera Gaucha, that presents high rainfall during the
maturation, with risk of attacks by fungal pathogens. The use of resistant varieties can focus in a sustainable
vitiviniculture. The objective of the study was to evaluate the potential of white grapes varieties resistant to
downy mildew. The experiment was performed in a randomized trial with two blocks, with 12 plants each,
spacing of 1.15m per 2.30m. The varieties were Fleurtai, Soreli, Sauvignon Nepis, Sauvignon Kretos, Sauvignon
Rytos, grafted onto the Paulsen 1103. Agronomic and oenological potential were evaluated. Individual phenolic
compounds were analyzed by UPLC/MS. The results were submitted to analysis of variance (ANOVA) and
comparison of means using the Tukey test at 5% probability level. Fleurtai presented the highest productivity.
There were significant differences for total acidity and pH at harvest. Sauvignon Kretos presented higher levels
of flavanols+stilbenes in skint+pulp and seed, while Soreli presented higher levels of flavanols in skint+pulp
extracts. In wines, Fleurtai showed higher concentrations of: isoquercetin, trans-resveratrol, epicatechin gallate,
catechin, caftaric acid and flavonols+stilbenes. Exept for Nepis, all other varieties showed good adaptation and
productivity in the region and can be recommended for winemaking of different styles of wines.

1. Introduction L o . .
Serra Gaucha is the main wine producing region, where

Brazil presents a great diversity and types of viticulture the first Geographical Indication was implemented (Vale
combined with different terroirs, which cultivated area is dos Vinhedos). Part of its production is mainly focused on
around 75,000 ha of vineyards [10]. Traditional viticulture the production of table grapes, juices and derivatives,
concentrated in the southern States of the country, in using Vitis labrusca varieties, in addition to the production
regions with a temperate and subtropical humid climate, of grapes with Vitis vinifera L., intended for production of
with one pruning and one harvest per year. The State of fine and sparkling wines [1, 10]. One of the most important
Rio Grande do Sul-RS is the main national wine producer, problems faced in the cultivation of Vitis Vinifera L. in the
representing 90% of national production of wines and region is susceptibility to fungal diseases, as downy
juices, and 85% of sparkling wines. RS is responsible for mildew [2].
more t.han 60% of the Brazlillian Wine—growing area, In RS state, during the grape maturation period, which
producing more than 500.00 million liters of wines, juices covers the months of December to March, the historical

and other derivatives [10, 17] average rainfall tends to be veru excessive (between 1,000
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and 1,200 mm), with temperatures ranging between 16 and
32°C, which makes fungal disease control time-consuming
and delicate for the producer [15].

Under favorable conditions, fungal pathogens have a
high capacity to cause great damage in a short period, as
downy mildew, main disease that attacks the wvines,
reducing and compromising  productivity  and
consequently the quality of the grapes at harvest [13].
Losses due to pathogen incidence, when under favorable
conditions, can reach 100% [27]. To control the disease,
spraying is necessary during the season to control downy
mildew [26].

In the climatic conditions of Serra Gaticha, an average
of 14 phytosanitary sprays are required, 64% of these
sprays are for downy mildew control, and there may also
be weekly sprays to prevent other fungal diseases [6, 8].

With the expansion of the viticulture in the region, there
is a demand for studies of new technologies to improve the
vine cultivation, trying to get high quality grapes and
wines, in a humid climate condition. An alternative to
minimize the effects caused by pathogens is the use of
resistant varieties focusing on a sustainable viticulture [4,
9, 20, 25]. This varieties are obtained through
backcrossing and genetic studies, combined with selection
assisted by genetic markers between different varieties to
obtain genes for resistance to attack by fungal pathogens,
mainly downy mildew [2, 5, 16]

The resistant varieties, called PIWI, from the German
“Pilzwiderstandsfahige”, have a high percentage of V.
vinifera in their pedigree, greater than 85% [22].

The use of these varieties can bring a significant
reduction in production costs, since spending on
agricultural pesticides is reduced of up to 58% in the costs
of phytosanitary treatments and a 15% reduction in the
vineyard's operating costs [25].

Furthermore, the producer will have new varieties in its
portfolio that can diversify the styles of wines produced,
generating more revenue and adding value to the final
product and making it more sustainable.

The objective of this work was to evaluate the
agronomic characteristics of vines and the oenological
potential of grapes and wines from five new resistant
Italian white varieties introduced in Serra Gatcha.

2. Material and methods

The study was developed in an experimental vineyard
located at Embrapa Grape and Wine (29°16’S and
51°52°W, 640 m altitude), in Bento Gongalves city, Rio
Grande do Sul State. The region's climate is Cfb, according
to the Koppen climate classification, characterized by
temperate humid and warm summers. The experimental
design was installed in 2016 in randomized blocks, with
two plots of 12 plants each, spaced 1.15m between vines
and 2.30m between rows.

The white varieties were Fleurtai (TOCAI FRIULANO
X KOZMA 20-3), Soreli (TOCAI FRIULANO X

KOZMA 20-3), Sauvignon Nepis (SAUVIGNON X
BIANCA), Sauvignon Kretos (SAUVIGNON X KOZMA
20-3), Sauvignon Rytos (SAUVIGNON X BIANCA),
grafted onto the Paulsen 1103 rootstock.

Vines were pruned in a bilateral spur-pruned cordon, and
trained in vertical shoot positioning-VSP. Agronomical
characterization was carried out by determining the cycle
duration (days after pruning-DAP), weight per plant (kg),
and productivity/yield (kg/ha). At harvest, 100 berries
were collected per plot, of which 40 berries were used for
physical-chemical analyses, namely total soluble solids
(°Brix), total acidity (g L'! of tartaric acid) and pH [3]. The
remaining 60 berries were used to characterize individual
and total phenolic compounds by UPLC-MS, by extracting
with ethanol skin+pulp and seeds separately, in triplicate
(20 berries each) [11]. Wines were elaborated using 20 kg
of grapes from each plot, following standard protocols for
whites, without maceration, just pressing, controlling
alcoholic fermentation (184+2°C) [7]. After cold
stabilization, wines were bottled and after 30 days were
analyzed.

2.1. Determination of individual phenolic
compounds of grapes and wines by UPLC-
MS

Extracts of skins and pulps or seeds were obtained
according to Pereira et al., (2021), after using ethanol for
extraction. Then, 1.5 ml of samples were dried using a
concentrator, at a temperature of 30 °C, for approximately
3 hours (skins and pulps) and 2 hours (seeds). They were
resuspended using 2 ml of the phase mobile A for seeds
and 5ml for skins and pulps, filtered through a 0.45pm
filter and stored in a vacuum until analysis in UPLC-MS.

For white wine analyses, a direct 1:2 v/v dilution was
performed using mobile phase A.

A Waters Acquity UPLC system (Milford, MA, USA)
equipped with a quaternary solvent pump, an autoinjector,
column oven, and a single quadrupole mass detector (MS)
was used. Data analysis was performed using Empower 3
software. A C18 column (50 X 2.1 mm, 5 um) protected
with a protective pre-column of the same material (5 x 2.1
mm, 5 um) was used.

Mobile phase A (aqueous) consisted of formic acid and
water (2:98 v/v) and mobile phase B (organic) consisted of
methanol, formic acid and water (90:2:8 v/v). The linear
gradient used was: 0 min (min), 15% B; 1.35 min, 40% B;
2.65 min, 65% B; 3.55 min, 90% B; 3.90 min, 90% B; 4.25
min, 30% B; 4.50 min, 15% B. Chromatograms were
recorded for 4.5 min and at the end of each injection, the
column was equilibrated with the mobile phase in its initial
condition (15% B) for 3 min. The flow rate was 0.45
mL/min and the injection volume was 10 pL.

The MS detector (Waters QDa) was equipped with an
electrospray ionization (ESI) source. Detection was
performed based on the molecular weight (monoisotopic
mass) of each compound in single ion recording (SIR)
monitoring mode. The ESI mode (positive or negative) and
cone voltage were selected to obtain high selectivity for
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each compound. The probe temperature was set to 600 °C,
the capillary voltage was —0.8 kV in negative mode and
+1.5 kV in positive mode.

Quantification was performed using a standard curve
with the following compounds: epicatechin (flavanols),
quercetin (flavonols and stilbenes) and caftaric acid.

2.2. Statistical analysis

Results were subjected to analysis of variance
(ANOVA) and comparison of means using Tukey test at
5% probability level, using the Action stat statistical
program.

3. Results and discussion

3.1. Agronomic characterisation of the vines

The agronomic characterization of the white cultivars is
presented in Table 1. With regard to productivity, the
Fleurtai variety obtained the highest value with 17,246.3
kg hal. In studies with the Fleurtai variety in Italy,
Testolin et al. (2020) identified high vigor and high
productivity values. In Serra Gaucha, this variety weighed
4.6 kg per plant, a value higher than that found by Testolin
et al. (2020)..

The Sauvignon Rytos variety presented weight per plant
values (2.5 kg/plant) higher than those found by Frioni et
al., 2021 in Italy, for the same variety grown in a unilateral
guyot system of pruning, whereas the Soreli and
Sauvignon Kretos varieties presented weight per plant
smaller than those found in the same variety studied by
Frioni et al. (2021).

The Sauvignon Nepis variety presented the lowest value
for all agronomic parameters analyzed. This characteristic
was observed in the study by Testolin et al. (2020), whose
authors described this variety as having a tendency to
average to low productivity and good plant vigor. The
variety was not vinified in this study due to its low
productivity.

3.2. Classical analysis and oenological potential
of grapes

The oenological potential of the white cultivars are
presented in Table 1. There was no statistical difference
for TSS, with Sauvignon Rytos presenting the highest pH
and TSS values (3.87 and 23.1 °Brix, respectively) and the
lowest value of total acidity (4.7 g L!) and the longer cycle
after pruning 183 days. The high pH and TSS values, and
low acidity values are consistent with those described by
Mota et al. (2006) where, during maturation, there is a
tendency for acidity to decrease, there is an accumulation
of sugars and an increase in pH, due to the later harvest
and the drop in rainfall in February, in addition to greater
solar radiatio that promotes greater accumulation of sugars
in the fruit.

The Soreli and Sauvignn kretos varieties had a higher
total acidity content (6.1 and 6.7 g L'! respectively) than
that found by Frioni et al, 2021 with the same varieties in
Italy.

The Sauvignon Nepis variety presented the lowest pH
and TSS values (3.02 and 20.0 °Brix respectively) and the
highest total acidity value (9.7 g L"), such characteristics
may be related to the early harvest due to high rainfall
during the ripening period.

3.3. Individual phenolic composition of seed and
skin+pulp extracts from grapes

The characterization of phenolic compounds from
skin+pulp extracts, seeds by UPLC/MS can be seen in
Table 2.

In the skint+pulp extracts (Table 2), the Sauvignon
Kretos variety presented the highest content and the Soreli
variety the lowest content of total flavonols+stibenes
(16.23 and 4.22 mg kg!, respectively). For total flavanols,
the levels varied from 140.02 mg kg! (Sauvignon Kretos)
to 220.89 mg kg (Soreli), it was possible to observe
higher levels of catechin

Caftaric acid is a phenolic acid, one of the major
compounds in white wines and is important for the color
of white wine. The derivatives of its oxidation give rise to
the golden yellow color in white wines [14, 21, 23], in the
analyzed wines the caftaric acid content varied from 66.22
mg kg! (Soreli) to 27.55 mg kg! (Sauvignon Kretos).

In the seeds extracts (Table 3), higher levels of flavanols
were observed, ranging from 1225.60 mg kg'! for the
Soreli variety to 2699.26 mg kg™ in the Sauvignon Nepis
variety, with higher levels of monomeric tannins
(catechin).

For caftaric acid, concentrations ranged from 8.21 mg
kg! Fleurtai to 16.20 mg kg-1 in the Sauvignon Kretos
variety.

3.4. Classical analysis of wines and individual
phenolics composition

The white wines in this study were made without pre-
fermentative maceration, that explained the total flavanol
levels observed are much lower than those found in the
skin and seeds.

The alcoholic (Table 4) content in wines varied from
12.58% Sauvignon Kretos to 14.10% Sauvignon Rytos,
with the highest content found in Sauvignon Rytos, and is
related to the higher concentration of TSS observed in the
grapes.

The pH values ranged from 2.99 (Sauvignon Kretos) to
3.58 (Sauvignon Rytos), the low pH values of the Soreli,
Fleurtai and Sauvignon Kretos varieties are interesting for
wine conservation, as according to Ribéreu-Gayon et al.
(2006) low pH values inhibit bacterial growth as well as
limit the production of volatile acidity.
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For acidity parameters, total acidity levels varied from
6.0 g L' (Sauvignon Rytos) to 8.9 g L' (Sauvignon
Kretos). Acidity is, like pH, capable of giving longevity to
wines, as the high level of total acidity prevents possible
microbiological deterioration or possible contamination
[19].

Volatile acidity levels ranged from 0, 53 g L™! (Soreli) to
1.31 g L'! (Sauvignon Rytos), this can be explained by the
bird and insect attacks, and also due to its high pH value
(3.58) which can favor microbial development by
increasing the volatile acidity of the wine [19].

In the individual phenolic compounds (Table 5), the
fleurtai variety presented higher levels of total
flavanols+stilbenes, total flavanols and caftaric acid, 12.44
mg kg!, 39.22 mg kg'!, 28.94 mg kg'! respectively.

The concentration of caftaric acid tends to decrease
during fermentation, with the levels observed in the wines
being lower than those observed in the must. These levels
vary between varieties, climatic conditions, processing,
and are important in the evolution of the color of white
wines [14, 18, 21, 23].

For further researches, pre-fermentation maceration in
white wines can be an option for obtaining more structured
wines with greater aging potential.

4. Conclusion

The varieties studied, with the exception of the
Sauvignon Nepis, showed high agronomic and oenological
potential, presenting adequate productivity and wines with
characteristics of low pH and high acidity, and also
typicality, providing aging potential. The other varieties
could be used by wineries in the region, trying to get
quality grapes and wines, in order to adopt a sutainable
viticulture with these resistant varieties.
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Table 1. Agronomical and oenological characterization of white Italian varieties in 2021 vintage.

Total acidity
i Yield Cycle Total soluble )
Varieties “;Zl;lgth (t]g e)r duration sugars-TSS tar t(agriI; ;ci d) pH
p g (Kg ha-1) (DAP) (°Brix)

Fleurtai 4.6a+0.1 17,246.3a+236.3 160 20.7a+0.5 5.2ab+0.9 3.37ab+0.18
Soreli 2.7ab+1.0 10,221.8ab+3764.3 160 21.0a+0.1 6.1ab+0.1 3.23ab+0.02
Sauvignon Nepis 0.4¢c+0.1 1,529.2ab+360.8 160 20.0a+0.4 9.7a+0.1 3.02b+0.02
Sauvignon Rytos 2.5ab+0.1 9,450.0ab+315.0 183 23.1a+0.9 4.7b£0.1 3.87a+0.00
Sauvignon Kretos 2.4ab+1.5 9,187.5ab+5617.5 160 20.2a+1.0 6.7ab+1.7 3.28ab+0.20

*Averages followed by the same lowercase letter in the line do not differ by the Tukey test at the 5% probability level. DAP: days after pruning.

Table 2. Characterization of total and individual phenolic compounds from skin+pulp extracts by UPLC/MS of Italian red varieties resistant, 2021

vintage.
Parameters* Fleurtai Soreli Sauvignon Nepis Sauvignon Kretos Sauvignon Rytos
Flavonols + stilbenes
Rutin 0.01£0.00 0.04°+0.00 0.01£0.00 0,02°+0,00 0,03°£0,00
(Quercetina-3-O-
rutinisideo)
Mpyricetin 3-O- 0.10°+0.10 0.15°+0.02 0.99°+0.03 0,15°+0,01 0,26°£0,02
glucoside
Quercetin-3-O- 0.11°+£0.01 0.45°+0.10 0.14°+£0.01 0,24°+0,01 0,61°+£0,01
glucoside
Kaempferol-3-O- 1.26%+0.89 0.24°£0.02 2.54%+0.18 2,10%+0,09 2,79+0,08
glucoside
Isoquercitin 5.30°+0.34 2.43£0.32 10.34°+£0.48 10,35*+0,27 8,05°+£0,56
Taxifolin 0.11°+£0.01 0.38>+0.06 0.62°+0.03 1,13%+0,08 1,23%+0,16
Trans-resveratrol 1.75*+0.37 0.53%+0.07 1.01°+0.05 2,24°+0,17 0,83%£0,05
Total flavonols + 8.65°+0.87 4.2390.55 15.66™+0.72 16,24°+0,12 13,81°+0,84
stilbenes
Flavanols
(-)- Epicatechin gallate 12.23°£0.60 16.94°1.12 22,30*+0,37 12.27°40.53 10,08°+0,86
(+)-Catechin 51.87°+4.31 96.01°+5.16 64.99°+3.22 42.74°¢1.23 54.11°+2.58
(-)- Epicatechin 17.00°43.17 47.26"+5.88 30.43%+1.01 12.89°¢1.39 20.82%+1.71
Procyanidin B1 6.53%1.16 30.29°43.85 46.31°+1.70 35.30"+2.68 41.17%+2.41
Procyanidin B2 12.38°3.83 19.88%°+2.74 24.66°+0.37 24.29*1.14 15.58>+1.34
(-)- Epigallocatechin 20.45°+3.79 10.51°1.23 29.94*+1.21 12.53°£0.18 8.41°40.77
Total flavanols 120.46°+12.48 220.88°+19.04 218.63+6.24 140.01°%+3.77 150.16°+8.16
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44.09°+3.18

Phenolic acids

66.22°+7.33

30.53°¢1.00

27.5540.65

28.89°£2.08

*Averages followed by the same lowercase letter in the line do not differ by the Tukey test at the 5% probability level. ** For skin+pulp, results are expressed in mg Kg™' of grapes;

flavanols and stilbenes (expressed in mg Kg™' of quercetin-3-O-glucoside) and total flavanols (expressed in mg Kg™' of epicatechin).

Table 3. Characterization of total and individual phenolic compounds from seed extracts by UPLC/MS of Italian white varieties resistant, 2021

vintage.
Parameters* Fleurtai Soreli Sauvignon Nepis Sauvignon Kretos Sauvignon Rytos
Flavonols + stilbenes
Rutin (Quercetina-3- 0.20%+0.02 0.12°+0.02 0.15"+0.01 0.17%+0.00 0.19%+0.01
O-rutinisideo)
Mpyricetin 3-O- 0.08°£0.01 0.08°+0.01 0.18°+0.01 0.40°+0.00 0.38%+0.03
glucoside
Quercetin-3-O- 0.14%+0.01 0.09+0.02 0.22%+0.01 0.18°+0.01 0.11%+0.01
glucoside
Kaempferol-3-O- 0.59°+0.05 0.40°+0.05 0.61°+0.04 0.57*+0.02 0.53%+0.04
glucoside
Isoquercitin 1.00°+0.11 0.68°+0.14 1.31%+£0.06 1.48%+0.01 1.50%£0.08
Taxifolin 0.06°+0.00 0.08°+0.01 0.06°+0.00 0.06°+0.00 0.15*+0.01
Trans-resveratrol 0.15°+0.01 0.15°+0.02 0.23%+0.02 0.22%+0.00 0.21%+0.02
Total flavonols + 2.21%+0.21 1.61°£0.27 2.77%£0.14 3.08+0.02 3.07°+0.20
stilbenes
Flavanols

Epicatequina galato
Catequina
Epicatequina
Bl
B2
Epigalocatequina

Total flavanbis

Acido caftarico

188.999+21.70

474.14°£45.55

414.68%+43.73
99.88°£6.98
92.87°+7.74
45.35°46.20

1,315.91%4129.02

8.21°+1.10

222.58%427.69

460.67°£31.56

365.37+13.41
97.04°10.05
39.02°+4.76

40.92°4£3.75

1,225.609£89.58

545.59°+24.63

939.02°+39.71

752.60°£21.56

198.35*+5.01

167.03*+4.26

96.67°+6.08

2,699.26'£91.72

Phenolic acids

10.53%£1.05

14.46°+0.74

364.10%£1.09
701.24°+27.08
575.90°+26.07
147.92*+3 34
93.79°+5.40

70.13%+3.32

1,953.07°+43.85

16.20°+0.50

277.28°¢16.14

580.42%+41.51

502.65>+20.17
107.74°+5.14
94.88°+7.18
52.90°+5.40

1,615.87°469.30

10.29°+0.81

*Averages followed by the same lowercase letter in the line do not differ by the Tukey test at the 5% probability level. ** For seeds, results are expressed in mg Kg™' of grapes;
flavanols and stilbenes (expressed in mg Kg™' of quercetin-3-O-glucoside) and total flavanols (expressed in mg Kg™! of epicatechin).
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Table 4. Classical analyses of wines from Italian red varieties resistant to fungal pathogens, 2021 vintage.

Parameters* Fleurtai Soreli Sléilue‘giil’:gn Sauvignon Kretos Sauvignon Rytos
Density (20°C) 0.9905°+0.0000 0.9897°£0.0000 - 0.9921%+0.0001 0.9893%+0.0000
Alcoholic Content (%) 13.24°+0.00 13.22°+0.01 - 12.58£0.00 14.10%+0.08
pH 3.18%+0.01 3.23%£0.02 - 2.9940.01 3.58%0.01
Total acidity (g L™) 7.2°40.0 6.3°:0.1 - 8.9°+0.1 6.0°+0.1
Volatile acidity (g L™7) 0.53°£0.02 0.56%+0.00 - 1.31%+£0.02 0.65°+0.02

*Averages followed by the same capital letter in the column do not differ according to the Tukey test at the 5% probability level. * Total acidity expressed in g.L-1 of tartaric acid and
volatile in g.L-1 of acetic acid. ** The Sauvignon Nepis variety did not present significant productivity for winemaking.

Table 5. Characterization of total and individual phenolic compounds from wines extracts by UPLC/MS of Italian white varieties resistant, 2021
vintage.

Pariametros Fleurtai Soreli Sauvignon Kretos Sauvignon Rytos

Flavonols + stilbenes

Rutin 0.05°+0.00 0.02%£0.00 0.07%£0.01 0.05°£0.00
Myricetin 3-O-glucoside 0.16°+0.01 0.09°+0.01 0.14*+0.01 0.16*+0.00
Quercetin-3-O-glucoside 0.36°+0.00 0.61°+0.12 0.42°+0.01 1.89°+0.01

Kaempferol-3-O-glucoside 0.36°+0.01 0.45%+0.00 0.40°+0.04 0.35*+0.01
Isoquercitin 7.11*£0.09 2.42°+0.11 4.81°£0.02 4.68"+0.01
Taxifolin 1.43%+0.08 2.06*+0.12 2.06°+0.01 0.97°+0.04
Trans-resveratrol 2.97°+0.10 1.34°+0.05 1.19%+0.15 0.76°+£0.00
Total flavonols + stilbenes 12.44°+0.10 6.99°+0.09 9.09°+0.08 8.86"+£0.02
Flavanols
(-)- Epicatechin gallate 5.67°+0.46 2.61°+0.30 1.23°%+0.13 2.01°+0.09
(+)-Catechin 20.10*+1.70 9.88°+0.22 14.16%+2.58 10.11%+0.29
(-)- Epicatechin 8.82+0.77 6.31°+0.39 10.80°+0.63 13.48%+0.32
Procyanidin B1 1.38°+0.08 1.05°+0.10 1.32°40.09 1.92°+0.03
Procyanidin B2 1.01°+0.01 1.24°+0.05 1.10°+0.07 5.34°+0.32
(-)- Epigallocatechin 2.24°+0.12 2.28°+0.03 3.63+0.28 2.39°+0.22
Total flavanols 39.22%+3.13 23.37°+0.29 32.24%°+2 .89 35.25%+0.76
Phenolic acids
Caftaric acid 28.94°+0.21 25.322+2.06 19.02+0.57 26.22%+1.72

*Averages followed by the same lowercase letter in the line do not differ by the Tukey test at the 5% probability level. ** For wines, results are expressed in mg L"'; flavanols and
stilbenes (expressed in mg L' of quercetin-3-O-glucoside) and total flavanols (expressed in mg L™ of epicatechin).
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