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Abstract. Phenolic compounds are one of the main parameters of wine quality and contribute to the
organoleptic characteristics, particularly color, astringency and body. In the highlands of southern Brazil,
low temperatures and high accumulation of global solar radiation favor the synthesis of total polyphenols
in grapes. The objective of this work was to evaluate the concentration of total polyphenols of 10 white
varieties and 13 red varieties produced in high altitude regions of southern Brazil. The vineyard is located
in the Experimental Station of Santa Catarina State Agricultural Research and Rural Extension Agency
(EPAGRI), in the city of São Joaquim (28◦ 16 30 S, 49◦ 56 09 W, Altitude 1,400 m), the evaluations occurred
in 2015/2016 growing season. The content of total polyphenols was determined as proposed by Singleton &
Rossi (1965), using the Folin-Ciocalteu method, with spectrophotometer readings. Polyphenol content ranged
from 283.56 to 1,387.31 mg/L for white varieties, the varieties with the highest concentrations were Greco
di Tufo (1,378.31 mg/L), Trebbiano Toscano (995.59 mg/L) and Ribola Gialla (737.48 mg/L). For the red
varieties, the total polyphenol content ranged from 523.87 to 4,929.57 mg/L, Ancellotta (4,929.57 mg/L), Uva
di Troia (2,722.27 mg/L) and Croatina (2,410 mg/L) stood out for presenting the highest levels.

1. Introduction
The wine production in high altitude regions of Santa
Catarina State has less than 15 years of history and is
relatively recent, when compared with other producing
regions in Brazil. Today in high altitude regions of Santa
Catarina State, there are 35 wineries in operation, with
a planted area of 600 hectares and over 200 labels of
white, red and sparkling wines. In high-altitude vineyards
of Santa Catarina, the main varieties planted are Cabernet
Sauvignon, Merlot and Sauvignon Blanc [1].
The enlargement of the varietal choice is a powerful
tool in the hands of grape growers and winemakers in the
highly competitive wine market; however, it should not be
repeated the error of relying on few varieties either local
or imported. The French varieties, it has to be reminded,
are spread all over the viticultural world. In addition,
some practices largely adopted in modern winemaking
emphasized the globalization of wine taste minimizing
on this respect the contribution of the variety and of the
environment of production. In such a situation, the most
forward thinking wine producers are starting to again look
at local varietal heritage, re-examining their enological
value and marketing potential [2].
When introducing new grape varieties, the phenology
and ripening monitoring are important in determining the
ability of a region to produce a crop within the confines
of its climate regime [3]. Grape ripening encompasses the
period that starts with the color change (véraison) and
ends at harvest, and varies according to the variety and the
region. Among the modifications that occur in the berries

and, therefore, in the composition of the grape during the
ripening are pigment accumulation in the skin, synthesis of
aromatic substances and flavor modification [4, 5].
These modifications are related to the synthesis of
phenolic compounds, the grape is one of the major sources
of phenolic compounds, which are mainly found in the skin
and in the seed, presenting little content in the pulp [6].
Phenolic compounds are important for plant growth
and reproduction, also acting as antipathogens (stress
conditions such as infections and wounds) and protection
against UV radiation [7]. They still contribute to
pigmentation, astringency, aromas and oxidative stability.
In viticulture these compounds are responsible for the
qualitative and organoleptic composition of wines, such as
color, body and astringency [8].
The synthesis and accumulation of phenolic compounds are greatly influenced by the environment
conditions, including light, air temperature, altitude,
soil type, water availability, nutritional status, disease
incidence and other developmental processes [9, 10].
The objective of this work was to evaluate the
concentration of total polyphenols of 10 white varieties
and 13 red varieties produced in high altitude regions of
southern Brazil.

2. Materials and methods
The experiments was conducted in variety collection of the
Experimental Station of Santa Catarina State Agricultural
Research and Rural Extension Agency (EPAGRI), located
in the city of São Joaquim (28◦ 16 30 S, 49◦ 56 09 W,
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Altitude 1,400 m a.s.l.). The vineyard was planted in 2006,
spacing 3.00 m between rows and 1.50 m between plants,
the training system adopted was VSP and evaluations
occurred in the 2015/2016 growing season.
The climate of the region is characterized as
humid subtropical, without dry season, with annual
mean temperature and rainfall of 13.5o C and 1,700 mm,
respectively. According to the Köppen classification, the
climate is Cfb. The soils are classified as Haplumbrept and
Udorthent developed from rhyodacite and basalt rock [11].
The evaluated white grape varieties were Riesling
Renano, Verdelho, Marsanne, Petit Manseng, Moscato
Giallo, Fiano, Chardonnay, Ribola Gialla, Trebbiano
Toscano and Greco di Tufo. The evaluated red grape
varieties were Negroamaro, Pinot Nero, Canaiolo Nero,
Malvasia Nera, Barbera, Cabernet Sauvignon, Marselan,
Merlot, Aglianico, Syrah, Croatina, Uva di Troia and
Ancellotta.
Climatic data, like precipitation (mm), relative
humidity (%), maximum, minimum and mean air
temperature (◦ C) and sunshine (h) were measured on
site with an automatic weather station from CIRAM
(Center of Environmental Resources Information and
Hydrometeorology of Santa Catarina).
For quantification of the grapes phenolic content the
extract used was obtained as follows: grape skins were
carefully removed from 90 berries and used for the
extraction process of the phenolic ripening analysis [12].
To obtain extract solutions, the following skin and
extract ratio was used: 50 g of skins were separated
manually from berries samples, which were added
20 mL of hydroalcoholic solution of methanol 50% v/v,
and maintained At 30 ◦ C (+ 0.5 ◦ C) for 24 hours. After
this time, the “hot” extract was separated and the skins
were rinsed with 5 mL of the methanol solution. After this,
20 mL of methanol extracting solution were added to the
skins, which were then placed at 0 ◦ C (+ 0.5 ◦ C) for further
24 hours. After this extraction, the “cold” extract was
homogenized with the “hot” extract, and the skin rinsing
was repeated with another 5 mL of methanol solution. The
extract solution was filtered at the end of the process [12].
The concentration of skin total polyphenols was
quantified in spectrophotometer, using the reagent FolinCiocalteu (Vetec) and gallic acid as standard, with
absorbance readings at 760 nm [13]. The calibration curve
was made using the concentrations of 0, 100, 200, 300,
400, 500, 600 and 1000 mg/L. The results were expressed
in mg/L of gallic acid.
Data were submitted to analysis of variance (ANOVA,
p ≤ 0.05), and when variety effects were detected, the
Tukey test was performed (p ≤ 0.05).

Table 1. Climatic parameters obtained with meteorological
station, from véraison to harvest, during the growing season
2015/2016, in São Joaquim – Santa Catarina State, Brazil.
Climatic Parameters
Maximum Temp. (◦ C)
Minimum Temp. (◦ C)
Mean Temp. (◦ C)
Termal Amplitude (◦ C)
Relative Humidity (%)
Precipitation (mm)
Rainy Days (n)
Rainy Days (%)
Sunshine hours (h)

Jan
23.4
13.4
17.8
10.0
83.2
119.9
10
32
198.3

Feb
23.5
14.6
18.4
8.9
85.3
177.5
20
69
160.2

Mar
20.7
11.2
15.4
9.5
84.2
159.4
12
39
180.5

Apr
21.0
12.7
16.1
8.3
80.2
157.9
14
47
155.4

Mean
22.2
13.0
16.9
9.2
83.2
614.7
56
47
694.4

shown in Table 1. Temperatures observed in this phase
confirm the potential for wine production in the region,
due to temperature reduction and substantial thermal
amplitude during fruit ripening. Another authors reported
for the region of São Joaquim thermal amplitude around
10 ◦ C, which is favorable for production of quality
grapes [3, 15, 16].
The climatic conditions of São Joaquim favored
grape phenolic maturation, since the accumulation
of anthocyanins during maturation presents negative
correlation with high temperatures and positive with low
temperatures. The grapes present a good coloration when
the thermal amplitude does not exceed 10 ◦ C and during
maturation it must be below 15 ◦ C [17].
During grape ripening, the observed amount of precipitation was 614.7 mm. The frequency and distribution of
rainfall are climatic elements of great importance, because
the free water on the leaves and the fruit is the main factor
to trigger the onset of fungal infections on the vine [18].
The high rate and frequency of rainfall is the main limiting
climatic factor of vine cultivation in high altitude regions
of southern Brazil [19].
The precipitation is an important climatic factor in
terms of the formation of phenolic compounds in the
skin of the grapes [20]. Polyphenols have the function
of protecting plants from physical (such as the sun UV
radiation) and biological (fungi, viruses, bacteria) attacks.
Typically, in places where there are high rainfall levels,
there is stress from the plant to combat, mainly, fungal
diseases, inducing the production of phenolic compounds
[9, 10, 21].
The accumulation of sunshine hours during grape
ripening was higher in São Joaquim (694.4 hours) than
in other grapevine producing regions of Santa Catarina
State. The regions of Campo Belo do Sul, Bom Retiro
and Água Doce showed 546, 571 and 288 sunshine hours,
respectively, during ripening of different varieties [16, 22].
In São Joaquim, during the growing seasons of 2005/2006
and 2006/2007 it was reported the average of 424
sunshine hours during the ripening of four Vitis vinifera
L. varieites [3]. This climatic parameter is important
because it is directly related to fruit quality, stimulating
mainly the accumulation of phenolic compounds such as
anthocyanins [5].
The incidence of solar radiation in grape clusters
also contributes to the activation of metabolism and the
formation of substances responsible for wine quality, such
as phenolic compounds, especially flavonols [9]. This

3. Results and discussion
The climate is one of the basic aspects in the grape culture
and, consequently, for the viticulture. Viticulture for the
wine production is developed in many types of climate
and soil in the different continents [14]. A survey of world
viticultural areas can indicate relationship between climate
and quality [4]. Thus, the monitoring of the climatic
parameters are important because these influence both
grape and wine quality [3].
Grape ripening period occurred between January and
April and the climatic parameters for the period are
2
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2000.00

Véraison Harvest Ripening Total cycle
Duration
(days)
Riesling R.
25-jan
9-mar
44
192
Verdelho
9-feb
28-mar
48
203
Marsanne
14 feb
28-mar
43
196
P. Manseng
2-feb
28-mar
55
194
Moscato G.
10-feb
22-mar
41
189
Fiano
11-feb
28-mar
46
202
Chardonnay
19-jan
16-mar
57
208
Ribola G.
31-jan
28-mar
57
205
Trebbiano T.
15-feb
5-apr
50
196
Greco di Tufo 10-feb
15-apr
55
223

1378.3 a
995.6 b

1000.00
648.5 d
506.1 e 559.5 e

500.00

283.6 g 319.2 g

434.9 f

443.8 f

Petit Manseng

Variety

1500.00

Marsanne

Total Polyphenols (mg/L)

Table 2. Date of occurrence from véraison to harvest phases for
the white varieties evaluated during 2015/2016 growing season,
in São Joaquim – Santa Catarina State, Brazil.
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630.7
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Figure 1. Total polyphenols concenttration (mg/L) in berries of
different white varieties grown in São Joaquim – Santa Catarina
State, Brazil, during the growing season of 2015/2016.

Table 3. Date of occurrence from véraison to harvest phases for
the red varieties evaluated during 2015/2016 growing season, in
São Joaquim – Santa Catarina State, Brazil.
Variety
Negroamaro
Pinot Nero
Canaiolo N.
Malvasia N.
Barbera
Cabernet S.
Marselan
Merlot
Aglianico
Syrah
Croatina
Uva di Troia
Ancellotta

Véraison Harvest Ripening Total cycle
Duration
(days)
12-feb
5-apr
53
200
17-jan
1-mar
44
183
11-feb
28-mar
46
201
13-feb
28-mar
44
192
6-feb
22-mar
45
190
6-feb
22-mar
45
186
5-feb
22-mar
46
200
4-feb
22-mar
47
186
15-feb
5-apr
50
201
7-feb
5-apr
58
211
10-feb
28-mar
47
192
10-feb
28-mar
47
188
29-jan
28-mar
59
194

Figure 2. Total polyphenols concenttration (mg/L) in berries of
different red varieties grown in São Joaquim – Santa Catarina
State, Brazil, during the growing season of 2015/2016.

and management practices, as well as the growing season
[4, 20, 25].
Polyphenol content ranged from 283.56 to
1,387.31 mg/L for white varieties. For the red varieties,
the total polyphenol content ranged from 523.87 to
4,929.57 mg/L. The main phenolic compounds found
in grapes and wines are classified as: non-flavonoids
and flavonoids [26]. Flavonoid compounds represent the
largest group of polyphenols found in foods, presenting
high antioxidant power [27]. The most common flavonoids
present in grapes and red wines include anthocyanins,
flavanols and flavonols. These compounds are responsible
for color and structure characteristics of wines [9].
Therefore the concentration of total polyphenols is on
average higher in the red varieties.
The white varieties with the highest concentrations of
total polyphenols were Greco di Tufo (1,378.31 mg/L),
Trebbiano Toscano (995.59 mg/L) and Ribola Gialla
(737.48 mg/L), while Riesling Renano (283.56 mg/L),
Verdelho (319.16 mg/L) and Marsanne (434.87 mg/L)
presented the lowest values.
In southern Italy, the average total polyphenols ranged
from 491.6 to 536.8 mg/L for different white grape
varieties [28]. While in Água Doce – Santa Catarina State,
Brazil, the average total polyphenols ranged from 601 to
706 mg/L [16]. In Água Doce, the value obtained for Fiano
was 601 mg/L, quite similar to those obtained in this study
(559.5 mg/L). While in São Joaquim, it was found values
of 474.94 mg/L for Prosecco, 517.32 for Vermentino and
540.04 for Verdicchio [15].

difference can give to the wines high altitude regions
of Santa Catarina State more intense coloration, more
complex aroma, greater structure and persistence [3, 22].
The mean date of occurrence and extent of phenological cycle, between véraison and harvest, are shown in
Tables 2 and 3. Greco di Tufo (white) and Syrah (red)
were the varieties with the longest cycle with 223 and 211
days respectively. Among white varieties, Chardonnay,
Ribola Gialla, Greco di Tufo and Petit Manseng presented
the longest duration of grape ripening. While for the
red varieties, Ancellotta and Syrah presented the longest
ripening duration.
The extension of the phenological cycle is related to
climatic conditions of each region. In Brazilian climatic
conditions, regions of high altitude (above 900 meters
a.s.l.), present longer phenological cycles due to the
occurrence of lower temperatures [15, 19, 23].
Significant differences were observed in polyphenol
contents between the different varieties (Figs. 1 and 2).
although the environmental conditions under which the
grapes were grown have a great influence on the synthesis
of polyphenolic compounds, the nature and the different
concentration of these compounds follow the determinant
genetics of each variety [24].
Many authors have reported that polyphenol composition is due not only to the type of cultivar but also to
the location where the grapes are grown and environmental
3
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Considering red varieties, Ancellotta (4,929.57 mg/L),
Uva di Troia (2,722.27 mg/L) and Croatina (2,410 mg/L)
stood out for presenting the highest levels of total
polyphenols, while Negroamaro (523.87 mg/L), Pinot
Nero (692.98 mg/L) and Canaiolo Nero (746.38 mg/L)
presented the lowest levels of total polyphenols.
In a study performed in Calabria/Italy, with four
different red grape varieties, it was found variations
in polyphenol contents from 1,503 to 2,170 mg/L. The
diversity of results found, is probably related to several
factors, among them: the variety, management practices,
methods of extraction and analysis used [29].
While in Água Doce – Santa Catarina State, Brazil, the
average total polyphenols ranged from 570 to 2,217 mg/L
to four red varieites [16]. In Água Doce, the variety
Ancellotta stood out with the highest concentration of
total polyphenols (2,217 mg/L), that value was lower
the observed in São Joaquim, for the same variety
(4,929.57 mg/L). In São Joaquim, during the growing
seasons of 2010/2011, 2011/2012 and 2012/2013 it was
found values between 734.2 and 2,515.1 mg/L for 9 red
Italian varieties, in this work, the varieties Aglianico
(1,730.7 mg/L) and Ancellotta (2,515.1 mg/L) stood out
with highest total polyphenols concentration [15].
It is believed that high altitude is related to the high
concentration of total polyphenols obtained in grapes
grown in São Joaquim. Among the environmental factors,
climate exerts the greatest influence on the accumulation
of polyphenols; the higher the altitude, the lower the
temperature and humidity and the higher the incidence
of solar radiation, which favors the accumulation of total
polyphenols [9, 30]. In this case, the causes of the greatest
accumulation of total polyphenols may be related to the
quantity and quality of solar radiation and thermoperiod,
which are effects of altitude [19].
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4. Conclusion
Significant differences were observed in polyphenol contents between the different varieties. This fact evidences
the interaction between genotype and environment as
one of the main factors related to accumulation and
concentration of grape polyphenols.
Polyphenol content ranged from 283.56 to
1,387.31 mg/L for white varieties, the varieties with the
highest concentrations were Greco di Tufo (1,378.31
mg/L), Trebbiano Toscano (995.59 mg/L) and Ribola Gialla (737.48 mg/L), while Riesling Renano (283.56 mg/L),
Verdelho (319.16 mg/L) and Marsanne (434.87 mg/L)
presented the lowest values.
For the red varieties, the total polyphenol content ranged from 523.87 to 4,929.57 mg/L, Ancellotta
(4,929.57 mg/L), Uva di Troia (2,722.27 mg/L) and
Croatina (2,410 mg/L) stood out for presenting the
highest levels, while Negroamaro (523.87 mg/L), Pinot
Nero (692.98 mg/L) and Canaiolo Nero (746.38 mg/L)
presented the lowest levels of total polyphenols.
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