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Abstract: A healthy lifestyle and environmental protection play a big role in today's modern society.
The production of organic wine, as with other organic commodities, is therefore increasingly
popular with consumers. The selling price of organic wine is higher than that of wine that is not
declared organic or BIO, so the question arises from consumers whether these wines contain more
bioactive compounds and substances beneficial to the body. From a general point of view, it is
known that grapevines contain a wide range of natural phenols and polyphenols. These substances
affect the sensory properties of wines, especially color, and taste. The most of phenolic substances
are found in red wines, slightly less in orange, and the lowest amounts are found in white wines.
However, the representation of individual substances and their ratios differ based on the varieties
and age of the wines. Therefore, this study aimed to compare the profile (chemical, physical and
sensory) of organic wines compared to wines made from non-organic grapes, which are grown in a
selected wine region - Kutna Hora. The analyzed wines were made from the same grape wine
cultivar in the Kutna Hora area. The following analyzes were performed on the wine samples: the
phenolic and antioxidant profile, the content of sulfites (free and total), alcohol, sugars, vitamins,
density determination, and also sensory evaluation. The present study showed exact differences
between samples of wines produced from the same cultivar, and same region, but declared as
organic wines and wines from conventional production. Although a higher amount of bioactive
substances is expected in wines from organic production, in most cases of presented analyzes, it did
not show a statistically significant difference in the sense of a higher amount in BIO wines, on the
contrary, in many cases the content of these substances was higher in wines from integrated
production.

Keywords: antioxidant capacity; integrated viticulture; organic viticulture; polyphenols; Pinot Noir;
Riesling; sacharides; sulfur dioxide; vitamins

1. Introduction

The production of wine belongs to Czech Republic historically, where white wines production
predominates over red wines. The production process of white wines is characterized by the
fermentation of musts from white varieties and the processing of wines is being carried out without
solid parts of the berries. The first step is grinding and crushing, which has a positive effect on the
quality of the wines. In addition, there is a separation of flakes, which negatively affect the taste of
wines. Maceration is only used for some varieties or depending on the ripeness of the grapes and
their condition [1].
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There are various ways of viticultural management. As other plant production, viticulture uses
conventional or biodynamic type. The goal of conventional agriculture is the largest harvest
regardless of the damage it causes to the environment. This farming makes extensive use of industrial
fertilizers, soil loosening and herbicides. The consequence is a reduction in the diversity and activity
of soil life, loss of humus, etc. Conventional production also negatively affects the vine seedlings
themselves, which thereby lose their defense capabilities [2]. Biodynamic viticulture is ecologic
production based on respect for the area of life and the area of forces. The plant should be treated as
a living thing, which for its prosperity needs not only substances, but also vital forces in the form
of organic fertilizers [3]. This method of farming is based on the belief that life on Earth, including
the growth, development, quality and resistance of plants, is influenced by cosmic forces - light, heat
and the force field of the Moon. This is manifested in practice by usage of the lunar calendar when
carrying out individual actions within the framework of cultivation and production [4]. Organic
products are becoming more and more popular with consumers in general thanks to a gentler way
of farming and less negative effects on the environment. Organic products, including BIO wine, are
also often considered by society to be of higher quality, which is, of course, reflected in the higher
price of these products. The issue of organic wines and their comparison with wines from different
productions has been a current topic for several years. Wine has attracted attention for its health
effects, as it is known to be a significant source of polyphenolic substances. There are a number of
studies that have shown the positive effect of regular wine consumption on human health. The so-
called "French paradox’, i.e. the lower incidence of cardiovascular diseases in people in France
despite the consumption of foods rich in saturated fat, is well known, which is often explained by the
regular consumption of red wines [5]. Up to thousands of components of wine have a number of
therapeutic effects on the human organism. However, the benefit of wine consumption is an
extremely complex topic, since it is, after all, alcoholic beverages. Therefore, it is important to ensure
that wine consumption is moderate. Most of the beneficial health effects are attributed to
polyphenols, which are contained in wine regardless of the alcohol content [6]. Based on in vitro and
in vivo studies, it has been found that daily consumption of a specific moderate amount of wine can
prevent various chronic diseases [7]. It is also stated in the professional literature that thanks to its
substances, wine is a suitable prevention against cancer, reduces the risk of senile dementia, improves
blood flow in the brain and supports digestion [8,9].

For the purposes of this study, wines originating from integrated and ecological (biodynamic)
production were analyzed, specifically made from the same grape vine cultivar from the Kutna Hora
wine region, and the wines were also from the same vintage. The selected wine region of Kutna Hora
is known for the fact that the first mentions of the cultivation of vines appeared already in Kosm's
Chronicle in 1001. These mentions refer to the winery in Malin near Kutna Hora (now a suburb of
Kutna Hora). In 1143, a Cistercian monastery was founded in Kutna Hora, which also led to the
creation of new vineyards in the area. These were vineyards in Neskaredice, Perstejnec, Kank, Sukov
and also vineyards under the Jesuit college. With the advent of the Thirty Years' War, there was a
radical decline and decrease in the number of vineyards. In 1910, they covered approximately 1
hectare. The renewal of the vineyards in this area in 1977 is due to Mr. Mucek, who in the following
years planted several hectares of vineyards consisting of the Tramin, Muller Thurgau, Pinot Noir and
Pinot Noir varieties. The area of vineyards was 4.64 hectares in 1984. Another boom in vineyards
came in 1993 with the founding of the Vitamina fruit growers cooperative. They planted another 2.38
hectares with Riesling, Moravian Muscat, Hibernal, Cabernet Moravia and table varieties. The
current total area of vineyards in Kutna Hora corresponds to 61.76 hectares. If we focus on organic
vineyards, the area of certified organic vineyards in Kutna Hora in 2022 was 44.96 hectares. There are
10.16 hectares in transition and 6.64 hectares are conventionally farmed [10,11].

The aim of the work was to compare chemical, physical and sensory profile of organic wines
with wines made from non-organic grapes from the Kutna Hora area. This work was focused
on determination of the phenolic, antioxidant and sensory profile of wine samples from integrated
and organic production and, thanks to these results, to confirm or refute the difference in values
based on the type of farming. Another goal was to compare the amount of sulfites of substances that
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are added to wines during production. The influence of management was also examined from the
point of view of the representation of individual vitamins, density values, alcohol and pH.

2. Materials and Methods

Wine samples from integrated and organic production were analyzed in this work (Table 1). All
samples came from the Kutnohorsk region and were of the same wine varieties and vintages. We
used samples of Rhine Riesling 2018 and Pinot Noir 2019, for which total polyphenols, antioxidant
capacity, amount of SOz, pH value, density and alcohol content were determined.

Table 1. Characteristics of analyzed wine samples.

Abbreviation The Name of the Wine Type of Production Production Area

RRZ Rhine Riesling 2018 integrated Kutna Hora
RR VS Rhine Riesling 2018 organic Kutna Hora
RMZ Pinot Noir 2019 integrated Kutna Hora
RM VS Pinot Noir 2019 organic Kutna Hora

2.1. Determination of Total Polyphenols Spectrophotometrically (UV/VIS)

Determination of the concentration of total polyphenols using the FC test using
the oxidation-reduction reaction mechanism and subsequent spectrophotometric measurement
at a wavelength of 765 nm [12].

2.2. Determination of Antioxidant Activity Using the ABTS Method

The antioxidant activity was determined based on the principle of comparing the antiradical
activity of the sample with the antiradical activity of the substance Trolox according to authors
Thaipong et al., 2006 [13]. Specifically, the quenching of the ABTSe+ radical by the antioxidant from
the sample was monitored using a spectrophotometer. The samples were prepared by putting 0.1 g
of the sample and 20 ml of ethanol into dark bottles, followed by 30 min of sample extraction using
ultrasound. Next, a reaction solution was prepared (12 - 16 hours before use): 10 ml of ABTS (2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) solution (0.0384 g in a 10 ml volumetric flask,
supplemented distilled H2O to the mark) + 10 ml of potassium peroxodisulfate solution (0.0662 g in
a 100 ml volumetric flask, supplemented to the mark with distilled H20). The reaction solution was
stored at room temperature andinthe dark. Before the actual absorbance using the
spectrophotometer, it was necessary to dilute the reaction solution so that its absorbance value was
0.7 at a wavelength of 735 nm after zeroing the spectrophotometer using ethanol. Before the
measurement, the necessary preparation of the sample was also carried out: pipette 1980 ul of the
diluted reaction solution + 20 pl of the extract into 10 ml test tubes, followed by incubation in the dark
for 5 minutes. Absorbance was measured at 735 nm. Calculation according to the formula:

(%) = [(Abs-ABTS-Abs-sample )/Abs-ABTS ]*100

(Abs-ABTS — absorbance of ABTS solution; Abs-sample - absorbance of the sample).

2.3. Determination of Antioxidant Activity by the DPPH Method

The principle of the method was to determine the antiradical activity based on the reaction of the
substance and the stable radical DPPH (2,2-diphenyl-1-picrylhydrazyl), where this radical is reduced,
which is observed using a spectrophotometer. The DPPH solution was prepared by adding 100 mL
of ethanol to 0.0039 g of DPPH. The method was performed according to Brand-Williams et al., 1995
[14]. First, a sample extract was prepared: 0.1 g sample + 20 ml ethanol — extraction using an
ultrasonic bath for 30 min, which was further processed: 3 ml extract + 1 ml 0.1 mM ethanol of DPPH
solution — shake and incubate in the dark for 30 min. It was also necessary to prepare a comparative


https://doi.org/10.20944/preprints202308.0147.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 August 2023 doi:10.20944/preprints202308.0147.v1

4

solution: 3 ml of ethanol + 1 ml of 0.1 mM DPPH — shake and incubate in the dark for 30 min.
Absorbance was measured at 517 nm, blank was ethanol. Calculation according to the formula:

DPPHscavening activity(%) = [(AbSDPPH - Abssample)/AbSDPPH] * 100

(Absprru — absorbance DPPH solution; Abssample — absorbance of sample)

2.4. Determination of Antioxidant Activity Using the FRAP Method

The determination of antioxidant activity by the FRAP method consists in determining the redox
properties of the substance based on the reduction of the Fe3+-TPTZ complex by antioxidants from
the sample and in the change in absorbance recorded with a spectrophotometer. To carry out the
method, it was necessary to prepare a working solution composed of 50 ml of acetic buffer + 5 ml of
TPTZ + 5 ml of FeCls — wrap in aluminum foil. A solution of TPTZ (2,4,6-Tripyridyl-S-triazine) was
prepared from 0.0312 g of TPTZ in a 10 ml volumetric flask — top up to the mark with diluted HCI
(1 ml HCI + 299 ml H20) — wrap in aluminum foil and for 8 minutes into the ultrasound bath. The
FeCls.6H20 solution was made FeCls.6H20: 0.032 g of FeCls into a 10 ml volumetric flask — top up to
the mark with distilled water — wrap in aluminum foil and place in an ultrasonic bath for 8 minutes.
The procedure of the method was carried out according to Behbahani et al., 2017. The first step of this
method is the preparation of the extract, where 0.1 g of sample + 20 ml of 75% methanol is placed in
a dark bottle — extraction in the dark using an ultrasonic bath for 30 minutes. It is also necessary to
prepare a blank sample in advance, again in a dark bottle, 960 ul H2O + 7.2 ml working solution —
incubation in the dark for 8 minutes. Next, preparation of the sample in a dark bottle, when 180 ul of
sample + 300 ul of H20 + 3.6 ml of working solution are mixed — incubation in the dark for 8 minutes.
Measure absorbance at 593 nm after zeroing the spectrophotometer using a blank. The used method
was determined according to the methodology Behbahani et al. (2017) [15].

2.5. Determination of Polyphenols by the HPLC Method

The samples are dosed into the mobile phase, in our case substance A (water + 1% phosphoric
acid) and B (acetonitrile) in the proportions (80% A and 20% B for 20 minutes, 70% A and 30% B for
20-25 minutes and 60% A and 40% B for 25-40 minutes). The mobile phase carries the individual
components of the sample onto an Agilent ZORBAX Eclipse Plus column (4.6 x 250 mm, 5 um), where
analytes are separated according to their physicochemical properties. This is followed by the
detection of the analytes in the flow cell of the diode array detector (DAD) at a wavelength of 340 nm,
the result of which is the so-called Chromatogram [16].

2.6. Determination of Phenolics by the UHPLC-MS/MS Method

Determination of phenolics using a Nexera X2 UHPLC ultra high performance liquid
chromatograph with MS-8050 tandem mass spectrometry using a quadrupole detector and an
electrospray ionization (ESI) source. The column was an Acquity BEH C18 (100 x 2.1 mm, 1.7 um)
protected by a pre-column. The column temperature was 40 °C. The dispensed sample volume was
2 ul and the column flow rate was 0.4 ml per minute. The mobile phase consisted of substances A
(formic acid with a concentration of 15 mmol.I'* and pH 3) and B (acetonitrile).

Gradient elution conditions: 0 min 5% B; 0.7 min 5% B; 2 min 15% B; 4.5 min 30% B; 6 min 30%
B; 7.5 min 70% B; 7.6 min 100% B; 8.2 min 5% B; 12 min 5% B. Mass spectrometry conditions: capillary
voltage 3 kV, interface voltage 4 kV, interface temperature 300 °C, DL 250 °C, heating and drying gas
flow 10 L.min-1, fogging gas flow 3 1. min-1, heatblock temperature 400 °C. Individual phenolics were
identified based on different retention times, MRM transitions and their relative intensities with
authentic standards. Data processing was carried out using the MSD ChemStation E 02.02.1431
software [17].
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2.7. Determination of Vitamins by the UHPLC-MS/MS Method

Determination of vitamins using a Shimadzu Nexera X2 UHPLC ultra high performance liquid
chromatograph with MS-8050 tandem mass spectrometry using a quadrupole detector and an
electrospray ionization (ESI) source. The column was an Acquity BEH C18 (50 x 2.1 mm, 1.7 um)
protected by a pre-column. The column temperature was 40 °C. The dispensed sample volume was
2 ul and the column flow rate was 0.4 ml per minute. The mobile phase consisted of substance A
(formic acid with a concentration of 15 mmol.l-1 and pH 3) and B (methanol). Gradient elution
conditions for water-soluble vitamins: 0 min 2% B; 3 min 15% B; 4 min 65% B; 4.5 min 65% B; 5 min
2% B; 8 min 2% B. Gradient elution conditions for fat-soluble vitamins: 0 min 40% B; 2 min 100% B;
4.5 min 100%B; 4.6 min 40% B; 7 min 40% B. Conditions for mass spectrometry: capillary voltage 3
kV, voltage at the interface 4 kV, interface temperature 300 °C, DL 250 °C, heating and drying gas
flow 10 l.min-1, fogging gas flow 3 1 .min-1, heatblock temperature 400 °C. Data processing was
performed using the MSD ChemStation E 02.02.1431 software [18].

2.8. Sacharides Determination Using HPLC-ELSD Method

Carbohydrates were separated using a KNAUER liquid chromatograph on a Rezex RCM
monosaccharide Ca + column (300 x 7.8 mm, 8 um) heated to 80°C and protected by a pre-column (50
x 7.8 mm) with the same stationary phase. The mobile phase was Mili-Q water with a flow rate of 0.6
ml.min. The sample volume was 10 pl and the analysis took 17 minutes. Detection was carried out
with the help of ELSD under the following conditions: gas flow 2 Lmin and detector temperature
80°C. Measurements were performed in triplicate and chromatograms were evaluated using the
Clarity program (version 6.1). Individual saccharide species were identified based on retention times
of standards and subsequently determined using external calibration equations [19].

2.9. Determination of pH Using a Combined Glass Electrode pH Meter

This method consists in determining the activity of oxonium cations in the sample by
potentiometric measurement. Standardized calibration solutions of pH 4 and pH 7 were used. The
procedure of the method was simple: rinse the electrode with distilled water and dry, then calibrate
the pH meter using solutions of known pH (rinse with distilled water and dry between solutions)
and measure the pH of individual samples.

2.10. Determination of Sulfur Dioxide Using an IODOLYSER

Sulfur dioxide (its free form and total) was determined by an Iodolyser device, which performs
automatic titration. The sample for the determination of free SO2 was prepared before the
measurement: 25 ml of wine in a 50 ml measuring beaker + 5 ml of 1/3 H2SOu. The sample intended
for measuring total SO2 was prepared with 10 ml of wine in a 50 ml measuring beaker + 2 ml of
NaOH 2N — wait 5 minutes and then add 20 ml of 1/10 H2SOs. The instrument automatically
performs the titration with constant stirring.

2.11. Determination of Alcohol Content by Ebuloscope

This method is based on the fact that individual liquids have different boiling temperatures.
Wine has a lower boiling point than distilled water, and the more alcohol a sample contains, the
earlier boiling occurs. An ebuloscope was used in our study to measure the alcohol content. A
calibration solution (78.13 ml of ethanol + distilled water in a 500 ml volumetric flask) was required
for the measurement, thanks to which the instrument was calibrated. Only then could the individual
wine samples be measured one by one [20].

2.12. Determination of Density Pycnometrically

The density of the wine was determined according to the methodology by Cepeda and Villaran
[21] based on a defined calculation:
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(a - mass of the pycnometer with the wine sample at 20°C; b - mass of an empty pycnometer; Mo -
mass of water in pycnometer

2.13. A Sensory Analysis

The samples of wines - RR Z, RR VS, RM Z, RM VS, ORANZ and ONAK were sensory evaluated
by a group of 6 amateur evaluators. The wines were evaluated for color, aroma and taste using the
most widely used 100-point scale.

2.14. Statistics

We statistically evaluated the analysis values using the IBM SPSS Statistics Substriction program
using the oneway ANOVA method. We entered the averages of values from multiple measurements
into the program, and subsequently evaluated the homogeneity of variances according to the
LEVENE test value. If the value was less than 0.05, we used the Games-Howell test, and if the value
was greater than 0.05, we used the Tukey test. The final values of individual analyzes are expressed
in the tables as mean + standard deviation.

3. Results and Discussion

3.1. Determination of Antioxidant Activity and Total Polyphenols Spectrophotometrically

The antioxidant capacity of wine samples was determined by ABTS, DPPH and FRAP methods.
ABTS analysis revealed the values of the antioxidant capacity of the wines ranging from 2.53 + 0.04
to 5.59 + 0.06% (Table 2). The lowest determined value was for the sample RR VS from organic
production, on the contrary, the highest for the sample RM Z from integrated production. In the case
of determination of antioxidant capacity by the DPPH method, statistically significant differences
were recorded in samples of both red and white varieties. Again, lower values were measured in the
organic samples, and the order coincides with the results determined by the ABTS method. The
values obtained by the FRAP method range from 20.62 + 0.22 to 34.22 + 0.20 umol/g. Higher values
for red wines were also recorded by Jamroz and Bettowski [22] or Lino et al. [23].

Table 2. Spectrophotometric determination of the antioxidant capacity and total polyphenols.

Sample
Analyte Method
RR Z RR VS RM Z RM VS
ABTS (%) 2.82+0.184 2.53 +0.044 5.59 + 0.06¢ 4.10+0.242
2
E
o
3
£ DPPH (%) 41.63 £ 0.78f 29.12 £ 0.28¢ 87.94 + 0.464 80.50 + 0.102
3
=
S
g FRAP

21.60 + 0.88¢ 20.62 +(0.22¢ 34.22 +0.20v 29.59 +0.162
(umol/g)
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UV/VIS mg/g 0.54 +0.002 0.40 £ 0.00¢ 1.73 + 0.05° 1.28 +0.024

Total
Polyphenols
(Gallic acid)

Explanations: Lowercase letters (a, b, ¢, d, e, f) in superscript indicate statistically significant difference (p <0.05).

Several studies have been devoted to the relationship of the amount of total polyphenols with
the value of antioxidant capacity. From the results we obtained (Table 2), it is evident that the order
of the individual samples corresponds to the order of the samples in the determination of total
polyphenols. From this it can be concluded, that the higher amount of total polyphenols means the
higher the value of the antioxidant capacity, which was also reached by Ghiselli et al. [24]. Another
study that reports the influence of different flavonoids, but also the synergistic or antagonistic effect
of different groups of polyphenols, comes from the collective of authors Di Majo et al. [25]. The high
degree of correlation between antioxidant capacity and the total amount of polyphenols, flavonoids
and flavan-3-ols is also confirmed by Minussi et al. [26], further Li et al. [27], or Meng et al. [28].

The possible effect between the type of agricultural management and the amount of all
polyphenols in the samples was investigated. The total polyphenols results (represented by gallic
acid) are shown in Table 2. We observe a statistically significant difference between all of them.
Values range from 0.40 to 1.73 + 0.05 mg/g. A higher amount of gallic acid was measured by this
method in wine samples from integrated production. The highest value of 1.73 + 0.05 (mg/g) was
recorded for the RM Z sample and the lowest 0.40 + 0 (mg/g) for the organic sample RR VS. The
amount of polyphenols in red wine samples is multiple. This fact also corresponds to the studies of
Haseeb et al. [29], Markoski et al. [30] and Li et al. [27], who report up to 10 times higher quantity due
to the fermentation of red wines in the presence of skins and other parts of the berries. Tinttunen and
Lehtonem [31] also compared the values of total polyphenols in organic and normal wines within the
framework of the study. They analyzed 9 wine samples and in most cases there were more total
polyphenols in normal wines without a BIO (organic) declaration.

3.2. Phenolic Profile by HPLC

The phenolic profile was also determined using the HPLC method (Figures 1-4). It is clear from
the obtained results that a significantly higher amount of polyphenols was recorded in the RR Z
sample from integrated production (Figure 1), which also corresponds to the results obtained in the
determination of total polyphenols. In the case of red wine samples, a higher amount is also
noticeable in integrated production, i.e. in the RM Z sample (Figure 3). The similar representation
and number of peaks in both red and white wine samples confirms the theory of the influence of the
variety on the phenolic profile, which is in line with, for example Paskvanka et al. ( [32], Shadidi and
Naczk [33], Merkyté et al. [34].

DAD1 C, Sig=210,8 Ref=360,100 (dani2020 2021-03-02 08-40-41\019-P1-A-07-RRZ.D)
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Figure 1. Phenolic profile of RR Z sample.
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Figure 2. Phenolic profile of RR VS sample.
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Figure 3. Phenolic profile of RM Z sample.
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Figure 4. Phenolic profile of RM VS sample.

The amount of polyphenols can be influenced by the variety, and also by the region in which the
grapes were grown. This is also confirmed by Pasvanka et al. [32]. Not only variety and region, but
also other external factors such as climatic conditions, production process factors or storage
conditions play an important role (Gutiérrez-Escobar et al. [35], Lino et al.[23], Sanchez Arribas et al.

9.

3.3. Determination of Phenolic Substances by the UHPLC-MS/MS Method

Table 3 shows the obtained results of the quantification of individual phenolic substances.
Significantly higher values of syringic acid were measured in red wine samples using the UHPLC-
MS/MS method. No statistically significant difference was noted between samples of white and red
varieties. Nevertheless, slightly higher values were found for samples from integrated production.
Statistically insignificant, but slightly lower values for organic production were also measured in the
study by Dutra et al. [36].

A statistically significantly higher amount of 2,3-dihydroxybenzoic acid was found in samples
from organic production. The determination of the amount of phenolic acids was also dealt with by
Kalkan et al. [37], who analyzed 14 samples of red and white wines. The values of 2,3-
dihydroxybenzoic acid ranged widely from 0.029 mg/1 to 5.89 mg/l. Similar values were recorded by
Kilinc and Kalkan ( [38] in a study of Turkish commercial wines.

Gallic acid is considered to be the dominant phenolic acid in wines regardless of vintage and
region [39]. The differences in the amount of this acid in the samples of white wines (Rhine Riesling)
were statistically insignificant. The amount of gallic acid was also determined by Kumasta et al. [40]
in several Riesling samples from different regions. Their study showed that the amount of gallic acid
ranged from 430 + 0.15 g/l to 5 170 + 1.19 ug/l. The study by Kumsta et al. [40] confirmed the effect
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of growing area on the amount of phenolic acids, including gallic acid. Significantly higher values
were recorded for red wine samples, which corresponds to the results of Minussi et al. [41]. A higher
value of 3 372.99 + 25.80 ng/l was measured in the RM Z sample from integrated production.

Table 3. Quantification of phenolic substances by UHPLC-MS/MS.

Sample
Analyte (ug/l)
RRZ RR VS RM Z RM VS
Syringic acid 77.80+6..682  65.46+2.872 1386.91 +15.75> 1375.27 +40.18>
2,3-dihydroxybenzoic
acid 49716 +0.572  651.19+20.92>  291.81 +1.34¢ 775.48 + 0.60¢
Gallic acid 616.13£3.33=  638.69+6.65° 3372.99 +25.80> 2121.39 + 14.95¢
4-hydroxybenzoic acid 89.96 +4.38¢  107.31+2.72%  41.15+2.51¢ 96.50 + 3.60%
Chlorogenic acid 48.06 +0.762 17.62 £1.11v 1.82 +0.20¢ 0.30 +0.044
Caffeic acid 71431 £11.18 29514 +16.48> 95254 +6.57¢  755.61 +£17.71a
Vanillic acid 195.86 +£15.03% 174.29 +27.73» 1280.79 + 86.08> 1689.74 +111.60¢
p-Coumaric acid 34243 +6.572 7356 +139%  266.31 +10.21¢ 205.35+7.194
Ferulic acid 130.21+4.272  63.18 £0.93b 91.27 + 8.89¢ 68.25 +2.98b
Salicylic acid 89.91 + 5.382 68.66 + 5.38P 26.85 +1.02¢ 58.27 +1.054
Quercetin 0.09 +0.012 0.02 +0.01> 3.37 +0.104 0.13 +£0.142
Naringenin 1.82 £0.042 1.67 +0.06° 3.12+0.11° 5.49 + 0.06¢
Catechin 1221.88 + 61.542 1325.81 + 180.542 35402.57 + 34.13P 1713336
+ 458.74¢
Naringin 0.13 +0.032 0.11 +0.012® 0.22+0.112 0.90 +0.16°
Myricetin 3.34 +0.342 2.15+0.122 108.31 +2.19» 171.10 £ 2.10¢
Hesperidin 0.54 +0.052 0.26 + 0.03be 0.28 +0.03be 0.40 + 0.042

Explanations: Lowercase letters (a, b, ¢, d, e, f) in superscript indicate statistically significant difference (p <0.05).

Higher amounts of 4-hydroxybenzoic acid (p-hydroxybenzoic acid) were measured especially
in samples from organic production. However, in white varieties both in the case of BIO production
and in the case of integrated, higher amounts of p-hydroxybenzoic acid were observed. The content
of this acid is influenced by the year, but the region also has a significant influence according to the
study by Kumsta et al. [40]. The amount and occurrence of this acid varies among some studies. For
example, in the analyzes of the study by Franquet-Griell et al. [42], this acid was not detected in
Spanish wine samples. In Kumsta et al. [40], the values of this acid in Riesling samples ranged from
300 = 0.05 pg/l to 1,180 + 0.15 pg/l, and similar amounts were also measured in Italian wine samples
[41].

The highest value of chlorogenic acid, 48.06 + 0.76 pg/l, was determined in the sample RR Z
from integrated production. In the group of red wines, this value was again higher for integrated
production than for organic, but these amounts were considerably lower compared to white wines.
There have been studies in which this acid was not detected in wine samples at all [43,44]. Amounts
greater than 2 mg/l may indicate adulteration with apple juice [45].

Samples from integrated production contain a statistically significantly higher amount of caffeic
acid than organic samples. The values of RR Z and RR VS were compared with the values of Rieslings
from the study by Kumsta et al. [40] and the values were significantly lower. Minussi et al. [41]
analyzed several Italian wines and the amount of caffeic acid in the samples ranged from 500 ug/1 to
5000 ug/l.
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A significantly higher amount of vanillic acid was found in samples of RM Z and RM VS red
wines. In the case of white varieties, no statistically significant difference was noted. The wide range
of values of this acid also corresponds to the studies of Minussi et al. and Kiling and Kalkan [38,41].
The amount of vanillic acid was also determined in Ryzlink samples from different regions of the
Czech Republic by Kumsta et al. ( [40], whose values ranged from 70 + 0.02 ug/L to 850 + 0.45 ug/1
and 70 + 0.03 pg/l to 1030 + 0.43 ug/l.

The values of p-coumaric acid measured in samples of wines from integrated and BIO
production range from 18.23 + 0.94 ug/l to 342.43 + 6.57 ug/l, and higher amounts were recorded in
both red and white samples from production integrated. Compared to the studies of Kumsta et al.
([40], but also Minussi et al. [41] all values are significantly lower.

In all samples, ferulic acid was recorded and its amount ranged from 63.18 + 0.93 ug/1 to 130.21
+4.27 pg/l. The order of the individual samples based on the content of this acid corresponds to the
order of the samples in the determination of p-coumaric acid, and even in this case these values are
lower than the values obtained in the analyzes by Kumsta et al. [40].

The highest amount of salicylic acid, 89.91 + 5.38 ug/l, was found in the RR Z sample, and the
lowest 26.85 + 1.02 ug/l in the RM Z sample. Minussi et al. [41] determined salicylic acid in 7 samples
of Italian wines and the resulting amount ranged from 200 pg/l to 1,000 ug/l. Pavlovic et al. [46]
analyzed 12 wine samples and the salicylic acid content in this case ranged from 350 + 0.02 g/l to
1,400 +0.01 pg/l. In a study by Nikfardjam et al. [47], this acid was not detected in some samples, and
in others it reached values of a maximum of 310 pg/1.

Quercetin was present in minimal amounts in the samples. Only in samples RM Z was its
amount higher. In a study by Nikfardjam et al. [48] quercetin was not detected in any of 6 samples of
German white wines. This flavonoid is found primarily in the skin of the berries, which explains the
higher values in red wine due to fermentation with the skins.

The amount of naringenin in the samples ranged from 1.67 + 0.06 ug/l to 5.49 + 0.06 ug/l. No
statistically significant difference was recorded between white wines. In red wines a higher amount
was measured in the RM VS sample from organic production. The amount of naringenin was also
determined by Sergazy et al. [49] within the analysis of two red varieties, and their results ranged
from 10 pg/1 to 90 ug/l.

The amounts of catechin in the samples are different. The highest value of 35 402.57 + 34.13 ug/1
was measured in the sample of red wine from integrated production. No statistically significant
difference was noted between the white wine samples. In an analysis of individual polyphenols by
Nikfardjam et al. [48] catechin was not detected in some samples, in others it reached values of up to
6,000 pg/l (6 mg/l). Kupsa et al. [50] confirmed the effect of the region on the catechin content in
Riesling wine samples. Sergazy et al. [49] compared the amount of polyphenols of two red varieties.
Values ranged from 9.7 mg/1 to 68.8 mg/1.

The amounts of naringin are very small in all wine samples. Naringin is most abundant in citrus
fruits and is responsible for the bitter taste [51].

Regarding the amount of myricetin, we do not observe a statistically significant difference
between the white wine samples. The values of red wines correspond to the values reached by
Sergazy et al. [49]. Simonetti et al. [52] determined the amount of polyphenols in 10 samples of red
wines and 3 samples of white wines. Even in their case, a higher myricetin content was recorded in
red wines.

Hesperidin is the main flavonoid in oranges and lemons [53]. The content of this flavanone is
minimal in the determined samples.

3.4. Vitamins Determination by the UHPLC-MS/MS Method

Within the determination of vitamin C, no statistically significant difference was noted between
red and white wine samples. The results found also correspond to the studies of Moreno and Peidan
[54]. Vitamin C is present in grapes at around 50 mg/l and its amount decreases during the production
process, specifically during fermentation [43]. Vitamin C enters the wine from preparations
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containing ascorbic acid, which are used during production to prevent unwanted oxidation and
browning of the wine, while the European limit for added ascorbic acid is 150 mgy/1.

It turned out that the amount of vitamin B1 is different for the individual tested samples. A
statistically significant difference was found between the samples of white wines, on the contrary,
the difference in the amount of thiamine in the samples of red wines is statistically insignificant.
According to Schanderl [55], the amount is higher in wines from red varieties due to the higher
presence of this vitamin in skins and seeds. However, Michlovsky [56] states the same amount of this
vitamin in red and white wines, corresponding to 60 ug/l. In grapes, thiamine is most often found in
the amount of 0.1 - 1 mg/1 [57] and this amount decreases radically during fermentation and the final
value corresponds to 3% to 5% of the original amount [58].

The highest amount of riboflavin (vitamin B2) was contained in the RR Z sample from integrated
production, namely 129.44 + 2.50 pg/l. In the case of the white variety, a higher amount was recorded
in the integrated production, in the case of the red variety in the BIO sample RM VS. Ribérau-Gayon
et al. [43] mention an amount of 8 — 133 pg/l for white wines, which our values correspond to, but for
red wines a value in the range of 0.47 — 1.9 pg/l. Other sources report amounts of up to 100 pg/l in
white wines and significantly lower in red wines [56]. B2 found in wines is primarily a yeast product
[59]. In higher amounts, riboflavin can be the cause of aromatic defects in wines. White and rosé
wines tend to be more sensitive to this defect, so yeast with a lower production of riboflavin is often
used, or the amount is reduced using preparations [60].

Table 4. Quantity of selected vitamins.

Analyzed vitamin Sample
(ug/D RRZ RR VS RMZ RM VS
C 367.37 £71.200  439.38 £ 14.422c 395.31 +38.50= 418.59 +10.97
B1 25.92 +1.24a 6.75 +0.25° 15.00 + 0.42¢ 13.94 +0.33¢
B2 129.44 +2.500  39.49+0.95>  43.49+136c  69.82+1.104
B3 1432.62 +121.402 999.06 + 69.47°b 1877.03 +101.17¢ 980.81 + 31.132
B5 596.21 +19.772 46493 +9.99> 1159.07 +53.16c 933.60 + 46.814
B6 13.15 + 0.522 — 0.59 £0.11° 2.00 +0.14¢

Explanations: Lowercase letters (a, b, ¢, d, e, f) in superscript indicate statistically significant difference (p <0.05).
A dash (-) indicates that the value was not identified.

As part of the comparison of the results for vitamin B3 content, no statistically significant
difference was noted between the white wine samples. The amount of niacin in the sample RR VS
was 999.06 + 69.47 ug/l and in RR Z from integrated production 1432.62 + 121.40 ug/l. The differences
between the results regarding the red varieties were statistically significant, with a higher value
measured for the RM Z sample, namely 1877.03 + 101.17 ug/1. In the course of fermentation, niacin in
musts is consumed by yeast, its amount decreases, and after its depletion, it is regenerated by yeast.
The resulting amount is in the range of 1000 — 2000 pg/l, and this amount tends to be higher in red
wines [56].

A higher amount of pantothenic acid (vitamin B5) was found in samples of red varieties. The
highest amount of 1159.07 + 53.16 g/l was measured in the RM Z sample from integrated production,
the lowest amount of 464.93 + 9.99 ug/l in RR VS from organic production. Hagen et al. [61] reported
in their study that grapes contained an average of 8.5 and 6.8 mg/L pantothenic acid in red and white
cultivars, however, a large decrease in pantothenic acid content in wine was observed in must during
fermentation processes. The vitamin content decreases during fermentation due to consumption by
the yeast, but it can also be synthesized by them. The resulting amount in wines corresponds to an
average of 1,000 ug/l. During storage, this value decreases [56].

Vitamin B6 value was not identified for RR VS sample. The most of this vitamin was measured
in the RR Z sample from the integrated production, namely 13.15 + 0.52 pg/l. The amount in the
grapes is usually higher, but during fermentation there is a significant reduction in this value.
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Between 50 and 90% of the B6 from the grapes passes into the must, and the resulting amount in the
wines represents 40% of this amount in white wines and 60% in red wines [58].

3.5. Determination of Carbohydrates Using HPLC-ELSD Method

Saccharose is the most important transport sugar in the grape vine. Saccharose is contained both
in the berries of the vine, where it is enzymatically split into glucose and fructose, but in small
quantities it is also found in musts. During fermentation it is easily hydrolyzed to D-glucose and D-
fructose, and it should no longer be present in wines [1,56]. Saccharose was not identified in our
samples (Table 5). It shows to the no addition of saccharose in the production process [62].

Glucose is one of the residual sugars in wines, based on the amount of which wines are classified
into 4 categories. In the fermentation process, glucose is preferentially fermented, so its amount in
wines tends to be lower than the amount of fructose [56]. In the RR Z, RM Z and RM VS samples, the
glucose content was not proven, which may explain the minimal amount of residual sugar in these
wines.

The highest amount of fructose was recorded in the RR Z sample from ingested production. The
preferential fermentation of glucose [63] is confirmed by the zero value of glucose in the sample RR
Z from integrated production, in which the highest fructose value of 8.05 + 0.44 g/l was measured.
Both samples of the red variety are representatives of dry wines, which is also confirmed by low
fructose values.

Table 5. Quantity of selected types of carbohydrates.

Analyzed carbohydrate Sample
(g/D RRZ RR VS RM Z RM VS
Saccharose - - - -
Glucose - 0.72+0.112 - -
Fructose 8.05 + 0.44a 421+0.53c 041+0.06> 1.49 +0.330d

Explanations: A dash (-) indicates that the value was not identified. Lowercase letters (a, b, ¢, d) in superscript
indicate statistically significant difference (p <0.05). There is no statistically significant difference in the data of
saccharose.

3.6. Determination of Wine pH

The pH values of the samples range from 3.35 + 0.01 to 3.83 + 0.02 (Table 6). A higher pH is
observed in samples from integrated production. Keith R. Martin and Kristen K. Rasmussen (2011)
[64] conducted a study on pH of 15 samples of wines from conventional and organic production, in
which no statistically significant difference was noted between the samples, while for most samples
the values were slightly higher for conventional production.

Table 6. Wine pH.

Sample pH
RRZ 3.41 £0.012
RR VS 3.35+0.01°
RM Z 3.83 £0.02¢

RM VS 3.70 +0.024

Explanations: Lowercase letters (a, b, ¢, d, e, f) in superscript indicate statistically significant difference (p <0.05).

3.7. Sulfur Dioxide

From a technological point of view, sulfur dioxide has fundamental importance, as it ensures
the physiological-chemical and biological stability of wine. On the one hand, with antioxidant effects,
that it binds molecular oxygen and thereby chemical and enzymatic oxidation. But also a part of the
quality of the wine based on its anti-aldehyde effect, when sulfur dioxide binds acetaldehyde, thus
spoiling the aroma of the wine. In wine, sulfur dioxide occurs in various forms [65]. Sulfur dioxide
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can be present in the wine as free (HSOs- or SO2) or linked to carbonyl and unsaturated compounds
and phenols [66]. In our study, the free and bound form of sulfur dioxide was determined during the
wine analysis (Table 7).

Table 7. Sulfur dioxide (free form and total) content.

Analyte Sample
(mg/1) RRZ RR VS RMZ RM VS
SO: free 16.45 +0.07 5.60 +1.56 11.70 £ 0.57 12.65 +0.92

Total SO: 134.25 + 0.642 50.15 + 2.9Qbc 29.90 + (0.28P 41.25+0.78¢

Explanations: Lowercase letters (a, b, c) in superscript indicate statistically significant difference (p <0.05). There

is no statistically significant difference in the data of SO2 free.

No statistically significant difference was noted between the free SO2 values. The amount of free
sulfur dioxide in wines should not exceed 50 mg/l, which corresponds to the lowest amount that a
person can detect in wine. EU and US Directives require food manufacturers to indicate sulfur
dioxide content, if it is higher than 10 mg/l at a concentration, because it is potentially toxic to the
human body [67]. Sulfur dioxide can cause an asthma attack, allergic reactions of various types in
hypersensitive people, or dermatological problems [68].

Small amounts of sulfites occur naturally in wines, but most are added to wine for the purpose
of preservation or to prevent oxidation and unwanted browning. European legislation sets limits for
individual wines based on color, residual sugar content and the type of farm the wine comes from.
A higher amount is allowed for white wines and for wines with a higher residual sugar content. All
measured values listed in the table of legislative requirements, and in all cases the limit value is not
even close. Tinttunen and Lehtonen [31] also compared SO: content in a study of 9 samples
representing normal and organic production. In most of their samples, a higher amount was recorded
for wines from normal production. However, in the case of the red variety, as in our case, a higher
amount was produced organically.

3.8. Alcohol Content

The ethanol content of the selected wine samples (values obtained using the ebuloscope) ranges
from 12.81 + 0.01% to 14.75 + 0.06%, which corresponds to the label values (Table 8). As reported by
Dutra et al. [36], wines from organic production often have a lower amount of alcohol, which is also
observed in this case. The higher amount of alcohol in wines from integrated production could have
been influenced by the higher sugar content of the grapes, the later harvest or the different length of
fermentation.

Table 8. Alcohol content.

Sample Alcohol (%)
RRZ 13.55 +0.042
RR VS 12.84 £ 0.07v
RMZ 14.75 + 0.06¢
RM VS 12.81 +0.01>

Explanations: Lowercase letters (a, b, c) in superscript indicate statistically significant difference (p <0.05).

3.9. Determination of Density Pycnometrically

No statistically significant difference was observed between the densities of the tested wine
samples (Table 9). The density of red wines, including the Pinot Noir variety, was determined by
Giosana et al. (2011) [69] and the resulting sample values ranged from 0.981 + 0.001 to 0.986 + 0.001.
With a higher amount of alcohol, the density decreases, which was also confirmed for red wine
samples.
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Table 9. Determination of density pycnometrically.

Sample Density (g.cm?)
RRZ 0.993 +0.001
RR VS 0.991 +0.001
RM Z 0.989 +0.001

RM VS 0.992 +0.001

Explanations: There is no statistically significant difference in the data.

3.10. Sensory Analysis

The Table 10 shows the sums of sensory evaluation points of individual samples. In evaluators
No. 1, 2 and 4, we see a preference for samples from integrated production, on the other hand,
evaluator No. 6 preferred BIO samples. The average values in the last row of the Table 10 show a
minimal difference between the white wine samples and a significantly higher number of points for
the red RM Z sample from integrated production. Sensory analysis of wines from integrated, BIO
and biodynamic production was also carried out by Fritz et al. [70], who came to the conclusion that
wines from biodynamic farming have a statistically significantly higher intensity of aroma. In other
properties such as freshness, fruitiness, bitterness and acidity, no statistically significant difference
between individual samples was recordeds.

Table 10. Results of the sensory evaluation.

Evaluator Sample
RRZ RR VS RMZ RM VS
1 96 78 87 68
2 74 92 64 55
3 88 79 84 78
4 87 79 84 72
5 83 83 88 91
6 64 84 82 86
X 82 82.5 81.5 75

4. Conclusions

Wines originating from biodynamic and integrated production were analyzed for phenolic
profile. A statistically significant difference between the values of total polyphenols prevailed
between all samples and higher amounts were measured in both samples from the integrated
production. These results were also confirmed by the HPLC method. Analysis of individual phenolic
substances also shows a statistically significant difference in some species. For most of the determined
substances, higher values were found in integrated production, in some cases the differences between
samples from organic and integrated were not statistically significant. Only for 2,3-dihydroxybenzoic
acid and 4-hydroxybenzoic acid a higher amount was recorded in the white and red wine samples in
organic quality.

The results of the antioxidant capacity analyses obtained by the ABTS and FRAP methods were
in agreement. When comparing white wine samples, no statistically significant difference was noted.
A higher antioxidant capacity within red wines was measured in the RM Z sample from integrated
production. The DPPH method also confirmed the higher activity of the sample from the integrated
production of the red variety. However, in contrast to ABTS and FRAP, there was also a statistically
significant difference between the white wine samples, with a higher value being determined for the
RR Z sample from integrated production.

The sensory analysis of the wines did not reveal defects affecting the quality of the wines. The
results show that some evaluators preferred wine samples from organic production only, while
others, on the contrary, from integrated production. Most labeled organic wines as lighter and less
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alcoholic, which is also confirmed by the alcohol values that were given on the label or obtained by
measuring with an ebuloscope.

It is known that organic wines have a minimum content of sulfites. A lower amount for organic
wines was confirmed for white wines, in the case of reds, the RM Z sample from integrated
production contained less total SO2.

The analysis of phenolic substances in wines using the HPLC method confirmed the influence
of processing technology - red wines achieved higher values than white wines.

Most of the analyzes carried out as part of this work did not confirm the studies of some experts
and the claim that organic wines contain more bioactive body beneficial substances. The same
conclusions were reached by many other experts who devoted themselves to comparing different
types of farming. Integrated production is a kind of intermediate stage between conventional and
ecological production. Minimal or no differences between samples can thus indicate a high degree of
careful management in integrated winemaking.
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