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A number of new vinery production regions, especially in the southern parts of Poland, have appeared 
in the last ten-odd years. This study was aimed at completing the chemical characterisation of wine 
produced from ten Polish grape cultivars planted near Krakow. The wine was analysed to determine 
organic acid concentrations, total polyphenols and extract content, antioxidant activity, alcohol content, 
total acidity and pH. Moreover, a sensory analysis was performed on the wine. Significant differences 
were recorded between red and white wine. The total acidity expressed as tartaric acid, and tartaric and 
malic acid concentrations, were significantly higher in white and red wines, whereas antioxidant activity 
and phenolic content were significantly higher in the red wines. Similarities and relationships between 
various parameters and specific wine brands were further examined with cluster analysis. Our results 
show that, under Polish climatic conditions, it is possible to produce wine with quality comparable to 
wine from established wine denomination regions. Selected wine brands showed high antioxidant 
activity (FRAP – ferric reducing antioxidant power) and a high level of polyphenols. This study also 
provides confirmation that wines from colder climates frequently reveal unique and desirable properties.

INTRODUCTION
Wine as a beverage has been known for over 8 000 years 
(Pellechia, 2006). From the beginning of Polish state history, 
specifically following the official birth of the country in 966, 
wine was frequently used as an important element of the 
Christian culture. Once Christianity was adopted, the first 
wines were imported from Hungary, France, Italy and Crete. 
However, they were very expensive and the vineyards owned 
by Christian monasteries soon became the main source of 
wine in Poland. The first vineyards were established in the 
vicinity of Kraków, then Poland’s capital (Kosmaczewska, 
2008). Further significant cultural development took place 
within Polish territory in the 14th and 15th century, which was 
followed by a peak in wine production. Later, in parallel to 
the political muddle and civil wars of the Middle Ages, wine 
production declined to a practically non-existent level until 
the end of 20th century. This period was also associated with 
climatic changes in Europe, such as the Little Ice Age from 
1350 to 1850, which caused grapes to freeze and led to their 
irreversible damage (Estreicher, 2004; Yiou et al., 2012). In 
addition, the policy of the three states that partitioned Poland 
(1772 to 1918) did not favour winegrowing or winemaking. 
After World War II, i.e. over the period of communism in 
Poland (1945 to 1989), good quality wine was considered 
an exclusive product, thus its production was not allowed. 
It was not until 1989 that the situation changed. The 

economic development of Poland and growing interest in 
studying oenology, associated with a wide appreciation of 
the beneficial effects of grapes and wine on human health, 
supported by the observed climate warming, have opened 
new opportunities for growing and producing good quality 
wine.

Nowadays, we see a real renaissance of Vitis sp. 
cultivation. Approximately 200 000 new vines are planted 
annually (Lisek, 2002). New vinery production regions 
have appeared in the warmer regions of Poland. It is a well-
known fact that severe environmental factors, making the 
plant stressed, stimulate the production and accumulation 
of secondary metabolites (Myśliwiec, 2009). Therefore, 
wine produced in colder climatic zones often reveal unique 
properties. As the climatic conditions in Poland are still 
too severe for Vitis vinifera vines, most of the planted 
vineyards are composed of crosses between V. vinifera and 
native North America species (French hybrids), with higher 
resistance to cold and pests (Winkler et al., 1974). For wine 
produced from such cultivars, both the taste and chemical 
compound content are different when compared with V. 
vinifera varieties. 

Apart from the cultivar type, the chemical composition 
of grapes depends mainly on the geographic location, soil 
type, environmental and climatic conditions, plant diseases, 
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and vintage (Mulero et al., 2011). Organic acids and 
phenolic compounds are among the major components of 
grape berries. 

Organic acids play an important role in the winemaking 
process. They determine not only the organoleptic qualities of 
the wine, such as taste, aroma and colour, but also the physical 
and biochemical properties, as well as the microbial stability 
of the wine (Volschenk et al., 2006). Moreover, organic acids 
have an influence on human health and may play a protective 
role against various diseases due to their antioxidant activity 
(Silva et al., 2004). The organic acid composition of wine 
depends on the profile of such compounds in the grapes used 
in wine production, as well as on the winemaking and ageing 
process (Jackson, 2008). The major grape acids are tartaric 
and malic acid. The tartaric acid content in grapes gradually 
increases with ripening, whereas the malic acid content tends 
to decrease (Saito & Kasai, 1968; Garrido-Delgado et al., 
2009). Citric acid is less abundant in grapes, but similarly to 
malic acid it is easily degraded by lactic bacteria. Lactic acid 
is formed mainly in the process of malolactic fermentation 
by lactic acid bacteria, or it can be synthesised by yeast 
(Volschenk et al., 2006). Acetic acid can be produced by 
bacteria, namely acetic bacteria, but small amounts are 
also formed during fermentation. Succinic acid is the major 
acid produced by yeast during sugar fermentation (Garrido-
Delgado et al., 2009). 

Beside organic acids, phenolic compounds are also 
important with regard to the colour, sensory attributes and 
antioxidant properties of wine. The main polyphenolic 
components have been classified into several classes, namely 
hydroxycinnamic and hydroxybenzoic acids, anthocyanins, 
flavonols, flavanols, stilbenes and tannins. Wine phenolic 
composition depends on the grapes from which they are 
partly extracted, and on the vinification conditions (Aznar 
et al., 2011).

The work presented here was aimed at evaluating the 
concentrations of organic acids, total polyphenols and 
extract content, antioxidant activity, alcohol content, total 

acidity, pH and sensory characteristics of red and white 
wines produced from different grape cultivars grown in 
Southern Poland. 

MATERIALS AND METHODS
Chemicals
Deionised water at 18 MΩcm was obtained from the Milli-
RO and -Q water purification system. Acetic acid, 36% 
hydrochloric acid, caproic acid and 1 g/L of ferric chloride 
(FeCl3) were purchased from Fluka (Steinheim, Germany); 
triphenyltiazine (TPTZ)-2,4,6-tris (2pyridyl)-1,3,5-triazine 
and gallic acid were purchased from Sigma-Aldrich Chemie 
GmbH (Steinheim, Germany), Folin-Ciocalteu reagent 
from Fluka (Steinheim, Germany), malic acid and succinic 
acid from Lancaster (Morecambe, England), M-HEC from 
HERCULES (Prague, Czech Republic), β-alanine from 
LACHEMA (Brno, Czech Republic), L-histidine from Serva 
(Heidelberg, Germany), and sodium carbonate (Na2CO3), 
tartaric acid and 80% lactic acid from POCh (Gliwice, 
Poland). All the chemicals were of analytical purity. 

Grapes
Grapes were harvested in the ‘Garlicki Lamus’ vineyard 
located at the Experimental Research Station Garlica 
Murowana, near Krakow. The cultivars used for this 
experiment are listed in Table 1. Three batches, each 
containing 100 kg of grapes, were used to produce the wine. 

Winemaking
Red wines
Once the grapes had been destemmed and crushed (Griffo 
DMCSI crusher, GRIFO Macchine Enologiche, Italy), 
potassium metabisulphite (14 g/100 kg of grapes) was added. 
All the musts were inoculated with dry active yeast (30 g/hL 
Saccharomyces cerevisiae, Lalvin RA 17; Lalvin, Canada). 
The fermentation, at a temperature of 22 to 24°C, lasted 10 
days. At devatting, free-run juice was obtained and the marc 
was pressed with a stainless steel manual press. In all cases, 

TABLE 1
Grape cultivars used in this experiment (in alphabetical order).
Name Synonyms Derivation Origin Grape colour
Aurora Seibel 5279 Seibel 788 × Seibel 29 France white 
Bianca E.Cs.40, 

Egri Csillagok 40 , 
Bianka

Seyve Villard 12375 × Bouvier Hungary white 

Jutrzenka - Seyve Villard 12-375 × Pinot Blanc Poland white 
Muskat Odesskij - Muskat Sinij Ranij × Seyve Villard 20-366 Ukraine white 
Seyval Blanc Seyve Villard  5-276 Seibel 4995 × Seibel 4986 France white 
Sibera Gm 6495-3 Saperawi siewiernyj × Foster White

 Seedling × Prachtraube 
Germany white 

Leon Millot Kuhlmann  
194-2

MgT101-14 × Goldriesling France red 

Marechal Foch Kuhlmann 188-2 MgT101-14 × Goldriesling France red 
Regent Geilweilerhof  

67-198-3
Sylvaner × Müller
Thurgau × Chambourcin

Germany red 

Rondo Gm 6494-5  Saperawi Siewiernyj × Saint Laurent Germany red 
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free-run juices and press juices were mixed. The wines 
were kept in stainless steel tanks where fermentation was 
completed until racking. At the end of alcoholic fermentation, 
dioxide additions (50 mg SO2/L) were introduced to inhibit 
malolactic fermentation. Once racked, the wines were kept 
in 25 L glass containers under argon and closed with corks 
until analysis.

White wines
Potassium metabisulphite (4g to 100 kg of grapes) was added 
prior to crushing. Short maceration was applied only for 
Jutrzenka (3 to 4 h, 4°C). Juices were obtained with a vertical 
hydraulic press (Cabbia D/70, Italy). All the musts were 
inoculated with dry active yeast (20 g/hL Saccharomyces 
cerevisiae, strain D 576; Begerow, Germany). The 
fermentation temperature ranged between 20 and 22°C. The 
wines were kept in stainless steel tanks (Lavinox, Slovenia) 
until fermentation was completed. Afterwards the wines 
were kept in 25 L glass containers under argon and closed 
with corks until analysis.

Sample preparation 
Each sample of the investigated wine was centrifuged at 
3 000 rpm for 15 min and diluted with deionised water. Each 
measurement of the subsequent parameters was repeated 
three times and the result was expressed as the mean value 
± SD.

Determination of organic acids 
Isotachophoretic separation was performed with the 
Electrophoretic Analyser EA 202M (Villa Labeco, Spisska 
Nova Ves, Slovakia) with conductivity detection. The system 
was equipped with a sample valve of 30 µm fixed volume, 
a pre-separation (90 mm x 0.9 mm I.D.) and an analytical 
capillary (160 mm x 0.3 mm I.D.). The leading electrolyte 
was hydrochloric acid solution (10 mM), including 0.2% 
methylhydroxyethylcellulose (M-HEC) adjusted with 
β-alanine to pH 3.5. The terminating electrolyte contained 
5 mM of caproic acid and 5 mM of histidine. 

Determination of total phenolics 
The total phenolic compounds (TPC) of the wine samples 
were assessed by means of the Follin-Ciocalteu reagent 
method. A slightly modified analytical procedure, reported 
earlier (Paśko et al., 2009), was performed. An amount of 
540 µL of deionised water was mixed with 60 µL of sample, 
60 µL of 7% (w/w) Na2CO3 and 30 µL of Follin-Ciocalteu 
solution. The mixture of water and the reagents was used 
as a blank. The absorbance was measured with a Synergy 
2 Multi-Mode Microplate reader spectrophotometer from 
BioTek Instruments at 725 nm. The total phenol content was 
determined using the standard gallic acid (GA) calibration 
curve (0.05 to 0.30 g/L GA). The final results were expressed 
as GA equivalents.

Determination of extract in wine 
A refractometric method was used for extract determination. 
A drop of each wine was applied to the refractometer (Atago 
PR 100). 

Determination of FRAP activity 
The FRAP assay was performed according to Benzie’s 
method (Benzie & Strain, 1996), with modifications as 
described by Paśko et al. (2009). The method is based on 
the sample-reducing power measurement with the Fe(III) 
tripyridyltriazine complex. FRAP analysis was performed 
at 37°C and a pH of 3.6. Ferric tripyridyltriazine (Fe(III)-
TPTZ) complex reduction of the blue-coloured ferrous 
tripyridyltriazine (Fe(II)-TPTZ) was monitored by measuring 
the absorption change at 593 nm using a Synergy 2 Multi-
Mode Microplate reader spectrophotometer from BioTek 
Instruments. Absorbance was proportional to the antioxidant 
capacity of the antioxidants in the samples, determined after 
30 min. The standard curve was linear within the range 0.25 
to 1.50 mmol/L FeSO4 ·H2O. The final results are given as 
mmol Fe2+/L.

Total acidity 
The determination of total acidity was carried out by means 
of the OIV-MA-AS313-01: R2009 method described in 
the Compendium of International Methods of Analysis 
(Organisation Internationale de la Vigne et du Vin, “OIV”). 

Analysis of pH 
The acidity of specific samples was determined with an 
Elmetron CP-505 pH meter (Elmetron Sp.j, Zabrze, Poland). 

Alcoholic strength
Measurement of the distillate alcoholic strength was 
performed with a pycnometer according to the OIV-
MA-AS312-01A method (Method A2/1978 – Resolution 
377/2009), described in the Compendium of International 
Methods of Analysis (Organisation Internationale de la 
Vigne et du Vin, n.d.). 

Sensory analysis
A sensory evaluation was performed by a certified assessor 
in compliance with the WSET SAT (Systematic Approach to 
Tasting) 2012 standards. 

Statistical analysis 
The statistical analysis was performed by means of a non-
parametric Mann-Whitney U test. The level of significance 
was set at p < 0.05. Correlations between parameters were 
evaluated by calculating Spearman correlation coefficients. 
The similarities and relationships between various 
parameters and the specific objects (wine brands) were 
examined by Ward’s method of clustering and Euclidean 
distance. In order to eliminate the influence of original units, 
all parameters were standardised before cluster analysis 
by subtracting the mean value and dividing it by standard 
deviation to obtain mean value equal to zero and standard 
deviation equal to one.

The results of the cluster analysis are shown as 
dendrograms. All calculations were performed using 
Statistica 10 software (StatSoft, Inc., Tulsa, USA).
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RESULTS 
The composition of the analysed wines and the results of the 
sensory analysis are presented in Tables 2 and 3, respectively.

Organic acids
Electrophoresis made it possible to separate and identify five 
organic acids in the wine samples, namely tartaric, malic, 
lactic, succinic and acetic acid.

The tartaric acid content varied from 224 ± 5 to 705 ± 
8 mg/L and from 458 ± 4 to 1528 ± 6 mg/L for the red and 
white wine respectively (Fig. 1). The highest tartaric acid 
concentration for white wine was determined in Sibera wine, 
whereas for the red wine group it was in Maréchal Foch 
wine. The lowest amounts were observed in Aurora and Leon 
Millot. The difference in tartaric acid concentration in the 
red and white wine was statistically significant (p = 0.033).

The malic acid concentration in the majority of the 
examined white wines was significantly higher than in the 
red wine (p = 0.02; Fig. 2). The highest amount of malic acid 
was observed in Rondo (779 ± 1 mg/L) as far as the red wine 
was concerned, whereas for the white wine it was in Seyval 
Blanc (1 315 ± 5 mg/L). The lowest malic acid content was 
determined in Jutrzenka white wine (524 ± 3 mg/L) and 
Regent red wine (65 ± 4 mg/L).

The lactic acid concentration in the red wine varied 
considerably, from the 498 ± 5 mg/L observed in Rondo 
to 3  541 ± 13 mg/L in Maréchal Foch. In general, the 
concentrations of this acid were lower for white than for red 
wine, and varied from 346 ± 3 mg/L to 742 ± 7 mg/L for 
Jutrzenka and Aurora, although the difference between these 
two groups of wine was insignificant. 

The concentrations of succinic acid in the analysed 
samples fell within a narrower range compared to the other 
organic acids. The determined range for the red and the white 
wine was 369 ± 3 mg/L to 561 ± 7 mg/L and 328 ± 4 mg/L 
to 609 ± 5 mg/L, respectively. There were no significant 
differences between the succinic acid concentrations in the 
red and white wine. The highest succinic acid concentration 
for red wine was found in Maréchal Foch, while the lowest 
was in Leon Millot. Within the white wine group, its highest 
level was observed in Sibera, while the lowest was in 
Jutrzenka.

The concentrations of acetic acid in the white wine (248 
± 2 to 343 ± 1 mg/L) were in most cases lower than in the 
red wine (285 ± 3 to 812 ± 1 mg/L), but the difference was 
not significant. The highest concentrations were found in 
red Maréchal Foch and white Aurora, while the lowest were 
found in red Rondo and white Jutrzenka.

FRAP and total phenolic content
Antioxidant activity and phenolic content were significantly 
higher (both: p = 0.011) for red wine when compared with 
the white wine (Figs 3 and 4). Moreover, the statistical 
analysis revealed a highly positive correlation between the 
content of total phenols and antioxidant activity (R = 0.936, 
p < 0.05). Among the red wines, Regent was the wine with 
the highest antioxidant activity and phenol concentration, 
whereas the lowest values were noted for Leon Millot. In 
the white wine group, Jutrzenka was observed to have the 
highest antioxidant potential and polyphenolic content, Si
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while Seyval Blanc had the lowest.

Extract content 
Extract levels in both types of wine were similar. In the 
white wine it ranged from 9.50 ± 0.14% for Seyval Blanc to 
12.85 ± 0.10% for Jutrzenka. The respective values for the 
red wine were 9.55 ± 0.10% in Maréchal Foch and 12.10 ± 
0.15% in Rondo. 

Total acidity as tartaric acid 
Total acidity was found to be significantly higher in the white 
than in the red wine (p = 0.04; Fig. 5). It varied from 2.94 
± 0.03 g/L (Muscat Odesskij) to 3.96 ± 0.04 g/L (Seyval 
Blanc), and from 2.76 ± 0.01 g/L (Leon Millot) to 3.07 ± 
0.06 g/L (Rondo) for the white wine and red wine groups,  
respectively.

Acidity as pH
In comparison to the red wine, the white wine displayed 
significantly lower pH (p = 0.01; Fig. 6). The pH ranged 
from 3.14 ± 0.04 (Sibera) to 3.33 ± 0.01 (Aurora) and from 
3.43 ± 0.01 (Rondo) to 3.61 ± 0.01 (Maréchal Foch) for the 
white and red wine, respectively.

Extract/acidity ratio 
This parameter was higher for the red wine, although the 
difference was not significant. For the red wine it ranged from 
3.24 ± 0.02 °B/g/L (Maréchal Foch) to 3.98 ± 0.03 °B/g/L 
(Leon Millot), while for the white wine it ranged from 2.40 
± 0.03 °B/g/L (Seyval Blanc) to 3.54 ± 0.02 °B/g/L (Bianca).

Cluster analysis of the studied wine brands revealed 
three clusters (Fig. 7). Cluster 1 included all the white 
wines with the exception of Jutrzenka. Cluster 2 consisted 
of Regent and Maréchal Foch, both red wines, with clearly 
distinct values for parameters, such as the highest levels of 
FRAP, polyphenols, acetic acid and lactic acid, whereas the 
levels of malic acid were the lowest. Cluster 3 contained 
the two remaining red wines and the Jutrzenka white wine, 
which had a similar biochemical profile. Cluster analysis also 
revealed some similarities in parameters (Fig. 8). The most 
highly correlated parameters were (1) total acidity, tartaric 
acid, malic acid and succinic acid; (2) FRAP, polyphenols 
and pH and (3) lactic acid and acetic acid. 

Alcohol strength
The difference between the alcohol strength of the red and 
white wine was insignificant. In the white wine the alcohol 
level ranged from 11.58 ± 0.56% (Muskat Odesskij) to 13.42 
± 0.13% (Seyval Blanc). The values for the red wine were 
from 11.14 ± 0.49% in Regent to 15.06 ± 0.81% in Leon 
Millot.

DISCUSSION
At present, chemical analysis is not commonly performed 
on Polish wines. This could be contributed equally to widely 
dispersed wine producers and to the scarce opportunities to 
conduct specialised measurements in field conditions.

We were among the very first researchers to present 
chemical analysis results for Polish wine produced from 
various grape cultivars planted near Kraków. The results 

FIGURE 1
Concentration of tartaric acid in white and red wines.
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FIGURE 2
Concentration of malic acid in white and red wines.

Figure 2.
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FIGURE 3
Antioxidant activity of white and red wines.

Figure 3. 
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obtained in most cases showed significant differences 
between red and white wine, which is consistent with the 
results of other authors (Shellie, 2007; Stratil et al., 2008; 
Leja et al., 2011). It was also confirmed by the cluster 
analysis, as all the white wines (apart from Jutrzenka) 
were classified in a separate cluster. Jutrzenka happened to 
be classified in the red wine group (with Rondo and Leon 
Millot), which could be as a result of similar proportions of 
berry skin (rind, exocarp) to pulp (mesocarp) (Lisek, 2010). 
Similar concentrations of polyphenols, succinic acid, malic 
acid and extract was observed in all three wines. 

The other examined white wines were much richer 
in selected organic acids (succinic, malic and tartaric) in 
comparison to the red wines. This was also confirmed by the 
total acidity and pH analysis. The total acidity was lower, 
while the pH was higher in the red than in the white wine. 

The differences mentioned above can result from 
discrepancies in winemaking procedures. For the red wines, 
malolactic fermentation was carried out during vinification. 
As a result, the red wine showed significantly lower 
concentrations of malic acids and higher concentrations 
of succinic and lactic acid. This, in turn, resulted in lower 
acidity and higher pH when compared to the white wine. For 
both the red and white wine, the total acidity appeared too 
low for cool-climate wine. Still, it should be noted that the 
sun exposure and the sum of active temperature in the year 
the grapes were harvested were exceptionally high.

Results reported by other authors show relatively large 
differences for these parameters within groups of red or 
white wine (Shellie, 2007; Willershausen et al., 2009; Tarko 
et al., 2010), although the mean values of the total acidity of 
white wine are usually higher than for red wine. Moreover, 
the study carried out on Polish wine by Tarko et al. (2010) 
yielded similar results to our work. For Jutrzenka and Seyval 
Blanc, both white wines, a higher total acidity calculated as 
tartaric acid was found than in any other wine, although our 
results were slightly lower than those reported by Tarko et al. 
(2010). The differences may be attributed to the difference 
in vintage and winemaking procedure. On the other hand, 
the results obtained in the current research are similar to the 
observations of other authors concerning the total acidity 
of different grape cultivars (Ribéreau-Gayon, 2006; Tarko 
et al., 2008). 

Another useful parameter is the extract/acidity ratio. 
Here, the result for white Seyval Blanc was the lowest (2.40 
± 0.03 °B/g/L) and the wine was the most sour in taste. The 
highest total extract/acidity ratio was observed for Bianca 
(3.54 ± 0.02 °B/g/L). In general, the investigated red wine 
displayed a higher, although statistically insignificant, total 
extract/acidity ratio in comparison to the white wine.

It would be unusual to expect very strict concordance 
between the results obtained by us and by other authors 
(Kordiš-Krapež et al., 2001), as many variable conditions, 
such as climate, grape and soil chemical composition, 
vineyard location, vintage, agro-technical methods, as well 
as different winemaking procedures with regard to isolation, 
maceration, fermentation, etc., play their share in the quality 
of the final product, which can even differ from batch to 
batch.

Nonetheless, our results confirmed trends observed 

FIGURE 4
Total phenolic content in white and red wines.Figure 4.
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FIGURE 5
Total acidity expressed as tartaric acid in white and red 

wines.
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FIGURE 6
Acidity as pH in white and red wines.
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for different grape cultivars. Specifically, the biggest 
differences were observed in antioxidant parameters, as 
the concentration of polyphenols and antioxidant activity 
(FRAP) was observed to be four to five times higher in the 
red than in the white wine, which is in line with the findings 
of other authors (Ribéreau-Gayon et al., 2000; Katalinic et 
al. 2004; Mitić et al., 2010; Tarko et al., 2010). Similarly, 
a significant correlation was confirmed between polyphenol 
level and antioxidant activity. Such observations can be 
explained by the fact that, at the initial production stage 
of white wine, the grapes are deprived of skin and seeds, 
which are used for further fermentation (Darias-Martín et 
al., 2000; Waterhouse, 2002), whereas red wine undergoes 
a maceration process and only then are the many antioxidant 
compounds present in the skin and seeds transferred to the 

solution to be fermented (Pastrana-Bonilla et al., 2003; 
Szajdek & Borowska, 2004). Finally, red wines become 
richer in nearly all antioxidant compounds in comparison 
to white wines. Among the wines in this study, the ones 
produced from Jutrzenka grapes showed concentrations 
of polyphenols and antioxidant activity close to the levels 
characteristic for red wine. It is important to highlight that 
wine production from the Jutrzenka grape does not require 
any agro-chemical pre-treatment, and thus it can be classified 
as ecological manufacturing. 

CONCLUSIONS
The results obtained show that wines produced under 
Polish conditions are of a quality comparable to wine from 
recognised, traditional wine denomination regions. The 

FIGURE 7
Branching-tree diagram for different wine brands.
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Figure 7.

FIGURE 8
Branching-tree diagram for different parameters.
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results can also prove useful for further improvements in 
wine production. Some of the wines, particularly red Regent 
and white Jutrzenka, displayed high antioxidant activity 
(FRAP) and polyphenol levels. Specific organic acids and 
total acidity, as well as FRAP, polyphenols and pH, formed 
cluster of highly correlated parameters. 
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