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Abstract

Today, humanity must cope with the consequences of climate change. Its impacts affect human
activity every day. The main areas where the impact of a changing climate is reflected are air
temperature, evapotranspiration, and rainfall. These three parts are interlinked. Therefore, when
the air temperature increases, the evaporative intensity increases and therefore the volume of
water vapor in the atmosphere increases, resulting in higher rainfall.

The aim of this work is to assess the evolution of the average precipitation in Slovakia under
a changing climate. The basic input data are taken from 64 meteorological stations in Slovakia and
cover the period 1901 - 2020. The whole period under study will be divided into four smaller
periods of 30 years to compare them. Esri's ArcGIS Pro will be used to produce map outputs from
the input data.

The results show that over the last 120 years the maximum average annual precipitation has
increased by 8% and the minimum by 5%. On the other hand, the average value of rainfall has
decreased by 2% over this period. Also, the results show that over the last 120 years the average

rainfall amounts have not changed significantly. While at the beginning of the study period the
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average values were higher than at present, an increasing trend in these values can be expected in
the future. The maximum and minimum rainfall values are also expected to increase.

Keywords: climate change, change of precipitation

1. Introduction

The climate has changed many times in the history of the Earth. It is also known that our planet
has experienced periods when global temperatures have risen. When these periods of warming
reached their peak, the planet naturally began to cool again. Around a thousand years ago,
a warming of the planet occurred, and it has been shown that its onset and progression has not
been significantly affected by human activity (Kovar, Zajac, Benedikova, 2022).

With the beginning of the industrial revolution in the 18th century, the negative impact of human
activities on the climate increased. The transition from manufactures to large-scale industrial
production, the use of steam engines and increased air emissions began to change the composition
of the atmosphere. The retention of greenhouse gases in the atmosphere is leading to excessive
overheating of the Earth's surface. In recent decades, however, this change has been dramatically
boosted by increased industrial production and a multifold increase in the planet's population.
The impacts of climate change are mostly negative. They are mainly manifested by increases in
annual mean temperatures, increases in annual maximum and minimum temperatures, as well as
by the irregularity of precipitation. Weather extremes are also becoming more frequent,
accompanied by long periods of drought and sudden extreme rainfall and storms. If a long dry spell
is followed by heavy rainfall, the soil is unable to absorb the amount of water in such a short time,
so most of the volume runs off as surface runoff. This results in an increased incidence of flooding.
Increased surface runoff also promotes an increase in the intensity of water erosion on agricultural
land (Djebou, Singh, 2016).

At the beginning of the 20th century, annual rainfall was evenly distributed throughout the year.
Due to climate change, this regularity has gradually broken down, resulting in irregular alternation

of dry and wet periods throughout the year. This disruption is also reflected in the availability or
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unavailability of water throughout the year. When rainfall has come at regular intervals,
groundwater supplies have been replenished at the same time. However, now that rainfall is
irregular, of short duration and usually of high intensity, the soil is not able to absorb this volume
of water and therefore groundwater recharge is limited (Yawson et al, 2019).

This article is devoted to a comparison of changes in average annual precipitation in Slovakia. The
changes were assessed based on meteorological data on average annual precipitation for the

period 1901 to 2020. This period was divided into four thirty-year periods.

2. Material and methods

The comparison was made for the period 1901 to 2020. The period of 120 years has been divided
into four periods of thirty years each. These periods can be considered as climatic normal. Data on
mean annual precipitation for the climatic normal period 1901-1930 were obtained from the
publication Proceedings of the Hydrometeorological Institute in Bratislava by Samaj Ferdinand and
Valovi¢ Simon (1978). Data for the years 1931-1960 were taken from the publication Agroclimatic
Conditions of the Czechoslovak Socialist Republic (Kurpelova et al., 1975). For the period 1961-
1990 and 1991-2020, data on average precipitation totals were provided by the Slovak
Hydrometeorological Institute in Bratislava. The data were provided for 64 meteorological stations

evenly distributed over the territory of Slovakia (Figure 1).

Legend ,
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Figure 1 Location of 64 meteorological stations in Slovakia

18


https://doi.org/10.15414/2023.9788055226217

| Veda mladych 2023 DOI: https://doi.org/10.15414/2023.9788055226217

The collected data had to be prepared so that it could be used to create map outputs. These were
created using Esri's ArcGIS Pro software. This software is suitable for creating analyses where the
input data comes from meteorological, climatic, or hydrological measuring stations. Initially, it was
necessary to link the input data table to a point layer that contains the location data for each
weather station. After linking, we proceeded to interpolation. The latter was necessary to calculate
the missing data for the whole territory of Slovakia. For the interpolation, the Topo to Raster
function was selected, using which we generated raster layers with a resolution of 100 meters for
each period of observation. We classified these rasters into specified intervals of rainfall totals,
namely < 550 mm, 550-600 mm, 600-700 mm, 700-800 mm, 800-900 mm, 900-1000 mm, 1000-
1200 mm, and 1200-1600 mm. These classifications were determined based on a publication by
Kurpelova et al (1975). All the classified layers were then reclassified and transformed into vector
layers.

The next step was to remove areas above 800 m asl, as agricultural soils are already represented
in a negligible proportion at these elevations. We reclassified the Digital Model of Relief 3.5 (DMR
3.5) with a resolution of 100 m into two classes. The first was up to 800 m a. s. |. and the second
was above this altitude. We converted the resulting layer into vector form. Then, using the Clip
function, the areas with precipitation above 800 m a. s. I. were removed from the precipitation
vector layers.

The thus modified layers were assigned a color scale for each category using Symbology. We also
expressed the area of each interval in each 30-year period in an attribute table. The final stage was
to generate the map output using the Layout tab. The output was saved in JPEG format, with

a resolution of 450 dpi.

3. Results

To assess the changes in the average rainfall amounts for each period, these have been compiled
in clear maps. Also, to make them comparable, they have all been classified into the same intervals.

The resulting maps can be seen in Figures 2(a) to 2(d).
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Figure 2 Comparison of changes in precipitation totals for the period 1901 - 2020

For the whole period under study, higher precipitation totals occur at higher elevations in Slovakia.
While in the period 1901-1930, the northern parts of Orava, the Western Tatras and the

northeastern part of Slovakia experienced the highest rainfall totals in the interval from 1000 to
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1200 mm, at present these parts experience rainfall totals in the interval from 1200 to 1600 mm.
Over the years, the zonation of the individual intervals of rainfall heights has shifted from south to
north. The Danube and East Slovakian lowlands have been characterized by average rainfall values
of 700 mm or less for the entire 120 years.

The period 1961-1990 is a cold period, and our research has also confirmed a decrease in the
average value of precipitation compared to other periods. Compared to the years 1901-1930, this
decrease was 59 mm on average, which is a decrease of 8 %. Compared to the present, this
decrease is 41 mm, or 6 %.

Paradoxically, when we compare the average values of rainfall totals for the period 1901 - 1930
and 1991 - 2020, we observe a decrease in the present rainfall amount compared to the past

(Figure 3).
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Figure 3 Average precipitation totals

However, an increasing trend can be seen here, so an increase in average values is also expected
for the future. On the contrary, the maximum and minimum precipitation totals are higher in the

present, whereas they reached lower values in the past (Figure 4).
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Figure 4 Maximum and minimum mean annual precipitation

4. Discussion

In 2018, Pecho et al. (2018), as part of their research for the Slovak Hydrometeorological Institute
in Bratislava, addressed the increasing amount of precipitation in Slovakia. In their research, they
used data from precipitation gauge stations in Slovakia for the period 1951-2018. The result of the
comparison was that extreme rainfall events with short duration and high intensity have become
more frequent in recent decades. Quiet and moderate rainfalls are less frequent. Extreme rainfall
often exceeds the capacity of the effective absorption of the soil to hold such large and impactful
volumes of water. They further state that since the 1950s, short-term rainfall intensity over Europe
has increased by between 4 and 7 %, which is already a high increase. The main cause is increasing
global air and surface temperatures, which cause higher evaporation intensities, and increasing
water vapor content in the air. A 1 °C warming of the troposphere leads to a 7 % increase in the
amount of water vapor in the atmosphere. Even if suitable conditions occur in the atmosphere, an
increase in precipitation amounts of 20-50% on average can be expected in some areas compared

to the past (Pecho et al., 2018).
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In 2018, Pecho, Markovi¢ and Fasko analyzed the maximum 2-day precipitation totals in the
territory of Slovakia for the period 1951-2017. They pointed out that due to climate change and
increasing air temperature, the water vapor content in the atmosphere has been increasing
exponentially over the long term. This fact can be physically justified and is also empirically
supported. A change in the atmospheric circulation combined with a long-term increase in air
temperature may also be reflected in Slovakia by a change in the distribution of precipitation over
the year. In addition, the proportion of storm downpours, total annual and seasonal rainfall may
be affected. Furthermore, the intensity of extreme precipitation events increases. Their results
show an increase in the frequency of extreme precipitation events, especially in southern Slovakia.
They further state that within the cold half of the year, they observed a significant decrease in the
50- and 100-year values of 2-day rainfall totals in some areas. The rest of the area usually showed
statistically insignificant increases in these values within the warm half-year (Pecho, Markovic, and
Fasko, 2018).

As part of the long-term analysis of precipitation totals in Slovakia in 2021, meteorological data
from 48 climate stations in Slovakia were analyzed. The data were collected for different periods
of time, ranging from 34 to 119 years. During the analysis, the authors focused on the average
annual precipitation totals, the occurrence of extreme precipitation totals (> 60 mm / day) and the
number of days without precipitation. The results show that the average annual rainfall does not
change substantially but is more unevenly distributed over the year than in the past. The number
of extreme precipitation events is also increasing, with daily rainfall exceeding 60 mm. In some
areas, there has been a decrease in days without precipitation compared to the past (Repel et al.,
2021).

The course of precipitation amounts for the years 1981 - 2013 in the territory of Slovakia was
analyzed in a study conducted in 2017. The authors considered data on rainfall totals from 487 rain
gauge stations in Slovakia. The results show that for the 33 years under study, rainfall totals in the
study area have not changed significantly and no large deviations have been recorded.

Furthermore, the assumption that the monthly distribution of precipitation is changing was
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confirmed and more changes in this distribution are expected in the future. Most stations show an
increasing trend of July precipitation activities, while a decreasing trend of precipitation totals is

recorded in the month of December (Zelefidkova et al., 2017).

5. Conclusion

The focus of this paper was to assess the change in the amount of rainfall over the period under
review. The period 1901-2020 was selected for comparison. Meteorological data were taken from
64 meteorological stations evenly distributed over the territory of Slovakia. The results show that
the average amount of precipitation on the territory of Slovakia has not changed significantly over
the last 120 years. When comparing precipitation totals for the period 1901-1930 and 1991-2020,
it was found that the average value is currently a few millimeters lower than in the past, but an
increasing trend is expected for the future. Also, when comparing the same time periods, an
increase in maximum and minimum rainfall values was noted in the present compared to the past.
Here too, an increase is projected for the future.

Our findings are also supported by the results of other research aimed at assessing the changes in
average precipitation heights in Slovakia. Based on these results, we can assume that more
significant differences in the monthly distribution of precipitation are expected in the future.

Higher precipitation extremes are also expected.
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Abstract

In our experiment, we compared meteorological conditions during 2 consecutive vintages and the
static and dynamic methods of must clarification. We applied white wine varieties 'Riesling Italico’
and 'Pinot Grigio' from the vintages 2019 and 2020. In dynamic clarification variants by flotation,
we applied air oxygen and oenological additives enzyme, gelatine, and polyvinylpolypyrrolidone.
In the static clarification, we used bentonite without the use of antioxidant. In the control variant,
we used static clarification method with sulphur dioxide as an antioxidant. The main monitored
parameter was the total polyphenol content in the white wine, which we determined
spectrophotometrically. The highest content of polyphenols we observed in the control variant of
the 'Riesling Italico' variety of the 2019 vintage, namely 379.75 mg/l. In the same vintage, the
average total phenolic content in control variant of 'Pinot Grigio' was 245.00 mg/l. In 2020 we
measured higher total phenolic content in wine in most of samples. In control variant of 'Riesling
Italico' variety we measured total phenolic content 286.00 mg/l and in control variant of 'Pinot
Grigio' 249.33 mg/I. Dynamic clarification has no statistically demonstrable effect on the total
phenolic content in wine. The hypothesis that different meteorological conditions during vintages

influence on total phenolic content was confirmed. In dynamic methods of must clarification with
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the addition of polyvinylpolypyrrolidone at a dose of 10 g/hl would not significantly reduce the
total phenolic content in wine.

Keywords: Grape, Wine, Flotation, Meteorological conditions, Phenolic compounds

1. Introduction

Phenolic compounds are a large family of thousands of naturally occurring bioactives that are
renowned for their proven health effects (Hornedo-Ortega et al., 2020). Both red and white wine
contain complex chemicals called phenolic compounds. They are present in white wines in smaller
concentrations than in red wines, but they are nevertheless crucial to the color, antioxidant
capacity, and sensory qualities of the wine (Clarke et al., 2022). Phenolics are highly unstable
compounds that are essential substrates for oxidation in wine (Pokryvkova et al., 2020; Anli &
Cavuldak, 2012). Their concentration is particularly high in grape seeds. The content of polyphenols
in the fruit of fruit species is varietal specific. Blue grapevine varieties have a higher content of
polyphenolic compounds compared to white varieties (Sochorova et al., 2020; Sochor et al., 2014).
In comparison to other grape cultivars, several grape cultivars had significantly different phenolic
compound profiles (Zhang et al., 2014). The growing conditions of the grapevine and the
technology of wine production significantly influence the phenolic content of wine (Singleton,
1988). The reaction of phenolics with oxygen leads to oxidative browning. Oxidation of phenolic
substances causes the formation of a variety of volatile compounds significantly affecting the
aromatic profile of wine (Catarino et al, 2014). Iron is an essential element for the reaction of
oxygen with polyphenols (Danilewicz, 2013). Wines with lower phenolic content are less prone to
oxidation. The polyphenols with the highest antioxidant capacity in wine are quercetin and tannin.
Resveratrol shows the weakest reducing effects (Pulido et al., 2000). In addition to polyphenols,

there are many different compounds in wine that have an oxygenating capacity.

The environment has a big impact on the phenolic compounds in grapes and wines. The terroir

conditions were found to be highly well reflected by phenolic substances (Lampif and Pavlousek,
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2013). Phenolics are significant chemical elements found in wine that serve as indicators of quality
and authenticity (Merkyté et al., 2020). White and rosé wines have lower phenolic content and
antioxidant capacity than those of red wines (Banc et al., 2020). Develop and change of phenolic
compounds throughout time are influenced by factors like pH, aging processes, oxygen levels, and
temperature (Seabrook, 2019). Phenolic compounds are recognized to contribute to astringency,
oiliness, hotness, viscosity, and bitterness in white wines; however, their effects are determined
by the overall structure of the wine (Gawel et al., 2014). The major grape polyphenols include
flavan-3-ols, flavonols, proanthocyanidins and anthocyanins from flavonoid family and stilbenes
and phenolic acids from non-flavonoid family (Cheynier et al.,, 2010). Catechins and
proanthocyanidins, which are hydroxycinnamic tartaric acid esters, are the main phenolic
components in white grape musts (Hornedo-Ortega et al.,, 2020). Polyphenolic composition in
grapes are highly affected by the varietal or genetic differences, environmental conditions and
pathogen attacks. One of the most important factors are as well as the viticulture practices and
the winemaking process (Hornedo-Ortega et al., 2020; Downey et al., 2006; Pinnasseau et al.,
2017). The amounts of phenolics during the winemaking process can also be influenced by certain
technological processes, such as the addition of sulphur dioxide (SO2) and ascorbic acid before
crushing the grapes, yeast strain utilization, maceration, alcoholic fermentation, oxidation, or
adsorption (Saucier, 2010). Phenolic compounds are connected to astringency and bitterness in
flavour (Hornedo-Ortega et al., 2020). These flavour qualities are common in red wines, although
bitterness and astringency are not desirable in white wines. Total phenolic content should be on

low level in white wines.

2. Material and methods
2.1 Localities
Location I: Nitra wine-growing area, Nitra wine-growing district, Nitra wine-growing region

Location II: Nitra wine-growing area, RadoSina wine-growing district, Oponice wine-growing region
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2.2 Varieties
2.2.1 Riesling Italico (RI)

Rl is widely grown variety both in central and eastern Europe. This variety is suitable for producing
various wine quality categories. The wines made have a milder scent profile and are light and
neutral in character. This grape variety is renowned in our latitudes for its stronger acidity, which
it maintains even under warmer temperature cultivation conditions. Grapes of Rl variety came

from a vineyard in Nitra wine-growing village. The vineyard was eleven years old.

2.2.2 Pinot Grigio (PG)

PG is the result of a budding mutation of Pinot Noir. Western and central Europe are the primary
growing regions of PG. In addition to being processed under the higher protected designation of
origin category of wines, PG is particularly well suited for the development of attribute wines.
Golden yellow in colour, the wine of this varietal has a sweet honey bouquet with tones of orange.
It's appropriate for archiving. Grapes of PG variety came from a vineyard in Oponice wine-growing

village. The vineyard was twenty years old.

2.3 Grape processing and fermentation

We poured grapes into an electric crusher destemmer, where the grape stems were separated
from the must and berries. Maceration of the mash, which lasted 1 hour, took place in a closed
tank with a capacity of 350 |. Then we conducted the pressing by hydraulic wine press, using
a maximum pressing pressure of 0,1 MPa. After pressing, the total volume of must was
homogenised and divided into pre-prepared stainless-steel tanks in which the desilting process
took place. According to the variants, we applied oenological additives. We used the same tank for
the dynamic clarification and fermentation process. In the case of static clarification, after desilting

we pumped a must into prepared stainless steel fermentation tanks. For fermentation, we used
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pure cultures of the wine yeast Saccharomyces cerevisiae. The temperature of the fermentation
medium was in the range of 18 - 20°C. The fermentation process took 6-11 days depending on the

variety and vintage.

2.4 Identification of Variants

Variant I: Use of dynamic clarification (flotation system) and enzymatic substances without the use

of sulphur dioxide (Rl 1, PG 1).

Variant Il: Use of dynamic clarification (flotation system) and polyvinylpolypyrrolidone (PVPP)

without the use of sulphur dioxide (RI 2, PG 2).

Variant lll: Use of dynamic clarification (flotation system) and flotation gelatine, without the use of

sulphur dioxide (RI 3, PG 3).

Variant IV: Use of static clarification and must bentonite without application of sulphur dioxide (RI

4, PG 4).

Control: Use of static clarification and must bentonite with the addition of 25 mg/I sulphur dioxide

(RI5, PG 5).

Harvest 2019: we harvested a grape of the Rl variety on October 15 at a sugar content of 20 kg/hL

and PG variety we harvested on 23 October at a sugar content of 22.5 kg/hL.

Harvest 2020: we harvested Rl grapes on 22 October at a sugar content of 21 kg/hL and PG grapes

we on 23 October at a sugar content of 23 kg/hL.

As soon as the grapes were harvested, they were processed, crushed, and pressed. We pumped
the pressed and homogenized must into pre-prepared 15-litre tanks. Then, we filled the tanks with

the auxiliary oenological excipients designed for clarification.

Variant I: (a) RI 1, (b) PG 1 - Flotation enzyme at a dose of 1,5 g/hl

|21


https://doi.org/10.15414/2023.9788055226217

| Veda mladych 2023 DOI: https://doi.org/10.15414/2023.9788055226217

Variant II: (a) RI 2 (b) PG 2 - f. Polyvinylpolypyrrolidone at a dose of 10 g/hl
Option lI: (a) RI 3 (b) PG 3 - f. Gelatine at a dose of 10 g/hl
Variant IV 4: (a) Rl 4 (b) PG 4 - Bentonite at a dose of 50 g/hl

Control: (a) RI 5, (b) PG 5 - Bentonite at a dose of 50 g/hl + 40 mg/| free SO»

2.5 Method of Total Phenolic Content (TPC) Determination

The modified Folin-Ciocalteu method was used for TPC. Gallic acid was used as the reference
material (3,4,5-trihydroxybenzoic acid monohydrate, 99%; Alfa Aesar Thermo Fisher (Kandel)
GmbH, Germany), and a stock solution was created by dilution with demineralized water. TPC was
converted into a gallic acid equivalent after constructing a calibration curve. (GAE). Wine samples
were injected into 50 ml flasks. 2.5 ml of the Folin-Ciocalteu reagent (p.a. purity, Centralchem,
Slovakia) were combined with 5 ml of Na,COs (p.a. 99%; Centralchem, Slovakia); this was diluted

with deionized water to a 20% solution (Lachman et al., 2003).

2.6 Description of the Experiment

We established 3 replicates in each variant, in a volume of 10 litres of wine.

2.7 Statistical Analysis

To the statistical analysis, we used the Tukey test (least significant difference test, P<0.05).
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3 Results and discussion

3.1 Weather conditions

DOI: https://doi.org/10.15414/2023.9788055226217

Table 1 Temperature and precipitation in 2019 and 2020 in Nitra, Slovakia

Year 2019 Year 2020
Dt [°C] | Precipit % of Dt [°C] | Precipit % of
Month t [°C] (normal ation normal t [°C] (normal ation normal
51-00) [mm] (51-00) 51-00) [mm] (51-00)
l. -2.3 -0.9 49.7 171 -0.2 1.2 8 26
Il. 3.2 2.7 21.8 72 5.2 4.7 36 119
Il. 8.1 3.3 15.6 49 6.6 1.8 64 202
V. 9.4 -1.0 21.4 51 11.3 0.9 5 13
V. 9.3 -5.9 134.8 241 13.8 -1.4 39 69
VL. 18.7 0.4 29.0 44 19.2 0.9 81 123
VII. 21.9 1.9 21.0 35 20.8 0.8 22 37
VIII. 22.3 2.6 83.7 154 22.1 2.4 73 135
IX. 16.2 0.7 60.3 140 16.9 1.4 92 214
X. 12.0 1.8 15.0 37 11.0 0.8 140 341
XI. 8.4 3.8 88.8 170 4.8 0.2 14 26
XIl. 3.3 2.8 45.1 104 3.4 29 41 95
Year 10.9 1.0 586.2 107 11.2 1.3 614 112

(SHMU, 2021) Note: t - average month temperature, Dt — temperature deviation from normal

Weather conditions in year 2019 and 2020 we presented in Table 1. The average annual
temperature in 2020 was 0.3 °C higher than in 2019. The average annual precipitation in 2020 was
27.8 mm higher than in 2019.
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The warmest month in 2019 was August with average monthly temperature 22.3 °C. The coldest
month in vegetation season 2019 (April - October) was May with the monthly temperature 9.3 °C
and anomaly -5.9 °C in comparison to normal (1951 - 2000). The highest monthly precipitation was

in May. The lowest precipitation was in October, during the grape ripening.

The warmest month in 2020 was August. Average temperature in this month was 22.1 °C. The
coldest month in vegetation season 2020 was October with average monthly temperature 11.0 °C.

The highest monthly precipitation was in October. The lowest precipitation was in April.

3.2 Total phenolic content - Riesling Italico

In Table 2 we present total phenolic content of the Rl wine. In 2019, we did not observe any
statistically significant differences between the total phenolic contents in the variants of the
dynamic clarification procedure for Rl wine. In the control variant utilizing sulphur dioxide, we
discovered the highest concentration of phenolic compounds. There is a statistically significant

difference between the control variation and the other studied variants.

In 2020, we found that the variant with the enzyme addition had the greatest phenolic
concentration among the dynamic clarification variants of Rl wine. The static clarification variant
with bentonite addition had the highest concentration of phenolic compounds of all the studied
variants. There is no statistical evidence to prove the difference between the variation using PVPP
and gelatine. There is statistical evidence to support the differences between the other studied

variants.

Rihak et al. (2022) claims that oenological additives can lead to lower content of phenols in wine
in the contrast to the control variant. In 2019 measurements, we detected lower content of total

phenolic content in variants using oenological additives.
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Table 2 Total phenolic content [mg GAE/I] — Riesling Italico

Variant Average sd min max cv

19RI1 239.25b 8.86 232.25 251.75 4.54
19RI2 245.25b 9.88 236.25 259.00 4.93
19RI3 247.17b 4.25 2415 251.75 211
19RI 4 260.58b 1.66 258.25 262.00 0.78
19 RI5 379.75a 5.93 372.25 386.75 1.91
20RI'1 302.58b 2.12 300.50 305.50 0.86
20RI2 254.83d 3.17 250.50 258.00 1.52
20RI3 251.33d 5.32 245.75 258.50 2.59
20RI 4 327.42a 5.11 321.00 333.50 1.91
20RI5 286.00c 6.62 279.25 295.00 2.84

Note: 19 —year 2019, 20 — year 2020, Rl — Riesling Italico, SD — standard deviation, Min — minimum, Max — maximum,
CV — coefficient of variation, GAE/| - gallic acid equivalent per liter; a, b, ¢, d means rows with different letter are

statistically different (Tukey test, p <0.05).

In 2020, all examined variants of Rl wines had higher total phenolic content excepting variant of
static clarification using SO,. Our results confirm the influence of vintage on total phenolic content
in Rl wine. This finding is consistent with the results of Lee et al. (2009). They prove a vintage

influence on selected phenolic compounds in two consecutive vintages. Authors found a reason of
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higher phenolic content in lower precipitation and more sun-exposed time. In 2020, we found
higher precipitation and higher total phenolic content in wines. Our findings differ from the results

of Lee et al. (2009).

3.3 Total phenolic content - Pinot Grigio

Table 3 Total phenolic content [mg GAE/I] — Pinot Grigio

Variant Average sd min max cv

19PG1 197.17b 5.44 192.25 204.75 3.38
19 PG 2 196.58b 1.76 194.25 198.50 1.10
19PG3 194.33b 6.68 189.00 203.75 4.21
19PG 4 245.58a 8.15 238.50 257.00 4.06
19 PG5 245.00a 6.75 239.50 254.50 3.37
20PG1 257.25c 6.60 251.50 266.50 3.14
20PG 2 296.00a 3.09 293.00 300.25 1.28
20PG3 273.83b 2.97 271.25 278.00 1.33
20PG 4 238.42d 1.12 237.00 239.75 0.58
20PG5 249.33cd 2.57 246.00 252.25 1.26

Note: 19 —year 2019, 20 — year 2020, PG — Pinot Grigio, SD — standard deviation, Min — minimum, Max — maximum,
CV - coefficient of variation, GAE/| - gallic acid equivalent per litre; a, b, ¢, d means rows with different letter are

statistically different (Tukey test, p <0.05).
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In Table 3 we show total phenolic content of the PG wine. In 2019 variants of the dynamic
clarification, we did not discover any statistically significant differences in the phenolic content of
the samples. In comparison to the dynamic clarification variants, the static clarification variants

included statistically significantly higher total phenolic content.

In 2020, we discovered that the variant with PVPP addition had the greatest phenolic content
among the dynamic clarifying variants of PG wine. There is no statistically significant difference
between the version with enzyme application and the control variant. There is no statistically
significant difference between the static clarification variants. There are statistically significant

differences between the dynamic clarification variants.

In 2020, all examined variants of PG wines had higher total phenolic content excepting variant of
static clarification method 