Chemometric characterization of Slovenian red wines 
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Abstract
Total phenolic (TPC), flavonoid (TFC) and tannin (TTC) contents, total SO2, total acids, pH, and reducing sugars were measured in twenty five Slovenian red wines from three key wine producing regions: Podravje, Posavje and Primorska. The results were chemometrically analysed and the wines were classified according to region of origin and wine variety. Principal component analysis proved that TPC, TFC and TTC contents were primarily responsible for variation in the wines. Additionally, linear discriminant analysis (LDA) was performed and resulted in the satisfactory classification of samples by both wine variety and region.
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1. Introduction
Slovenia is a small European country with a long history of wine production in three key wine regions: Podravje (Drava Valley) in the east, Primorska (Littoral) in the west and Posavje (Lower Sava Valley) just south of the center. In Slovenia there are more than 28,000 wineries making between 80 and 90 million litres annually, of which 25% is red wine. Most of the red wine is produced in Primorska from three well-known grape varieties, Refošk, Teran and Merlot. 
Wine is a complex matrix and its major components are water (81%), ethanol (between 11% and 15%) and sugars. Additionally it contains a wide range of organic and inorganic compounds, including polyphenols, different organic acids and nitrogenous compounds.1 The concentration levels of these compounds are influenced by several oenological factors such as origin, grape variety, winemaking practices, ageing and vintage. Their quantitative determination in wines is of considerable importance, since it is known that they are responsible for the wine’s taste (polyphenols), colour (anthocyanins), and for beneficial health effects including antioxidant and anti-inflammatory activities.2 Wine classification is a very important topic in order to detect possible frauds and to establish wine authenticity that is an important consideration in international markets.4 This process consists of building mathematical-statistical models based on quantitative and qualitative information about the natural constituents , like content of trace elements5, organic wine constituents such as volatile compounds6, sugars7, polyphenols8, anthocyanins9, etc. 
Slovenian wine legislation10 prescribes that all wines should be submitted to chemical and sensoric-organoleptic analysis before being released to the market. After wines pass the tests, they are assigned a quality level according to the Zaščiteno geografsko poreklo (ZGP) which is similar to the European Union's QWPSR system (Quality Wines Produced in Specified Regions.) 
In our previous paper11, Slovenian red wines were characterized according to the phenolic acids content, and classified according to grape variety and Slovenian wine region. In the present study, several more variables were taken into account; total polyphenol content (TPC), condensed tannins content (TTC), flavonoids content (TFC), total reducing sugars, total acids content and total SO2 content were determined in 25 Slovenian red wines. Additionally, the results obtained were used to build chemometric models for the classification of Slovenian red wines for different wine varieties from the three wine regions. 
2. Experimental
2.1. Chemicals and wine samples
Rutin, vanillin, gallic acid, Folin-Ciocalteu reagent and NaOH were supplied by Merck (Germany). Na2CO3, I2 and KI were purchased from Sigma-Aldrich (Germany). AlCl3 and H2SO4 were purchased from Fluka (USA) and methanol (MeOH) from JT Baker (Germany). CH3COONa and HCl were supplied by Carlo Erba (Italy), CuSO4 and KNaC4H4O6 were purchased from Kemika (Croatia). 
Twenty-five red wines from different Slovenian wineries and different varieties were purchased from local supermarkets. All the wine samples tested originated from four vintages (2011-2015). The wines were stored in a refrigerator at +4°C until analysed.
2.2.  Instrumentation
Spectrophotometric measurements were carried out using a Cary 100 Varian UV/VIS spectrophotometer (USA). All titration determinations were performed on a Mettler Toledo T50 automatic titration system, using a DGi111-SC glass electrode and DMi140-SC platinum ring electrode. All samples were analysed in triplicate.

2.3.  Analytical methods
2.3.1. Total polyphenols content (TPC)
Total polyphenol content (TPC) was determined according to the slightly modified standard spectrophotometric method described by Dewanto et al. 12 The TPC was expressed as grams of gallic acid equivalents per litre (g GAE L-1). 
2.3.2. Total flavonoids content (TFC)
Similar to TPC the total flavonoids content (TFC) was measured spectrometric at 415 nm against a blank using UV-VIS spectrophotometer.12 The TFC was expressed as grams of ruin per litre (g RUT L-1). 
2.3.3. Total condensed tannins content (TTC)
Condensed tannins were determined according to the methods described by Sun et al.13 The absorbance was measured at 500 nm against methanol as blank. The TTC was expressed as grams of catechin per litre (mg CAT L-1). 
2.3.4. Chemical parameters determined using an automatic titration system 
For all other chemical parameters a Mettle Toledo T50 automatic titration system was used. Total SO2 was determined according to the M564 method, total acids content to the M561 method, reducing sugars to the M566/567 methods, and M568 and pH to the M390 method.14
2.4.  Statistical analysis
Microsoft Excel was used for the data preparation and result outputs. Statistical data treatment was performed using SPSS Statistics version 22.
3. Results and discussion
The results of all analyses performed on selected Slovenian red wines are listed in the supplementary material (Table 1).  The TPC determined by the Folin-Ciocalteu method ranged from 1.24 to 4.01 g GAE L-1. These values are in general accordance with results determined for Croatian, Italian, Slovakian, Austrian and Romanian red wines.15-20 In the literature, relatively little information about TFC in red wines was found.20,21 When we compared our results with literature data we found that Slovenian red wines are a very rich source of flavonoids; by applying colorimetric method using rutin as a standard, TFC was determined in the range of 0.05 to 0.38 g RUT L-1. TTCs were determined in the concentration range of 0.37-1.92 g CAT L-1, where the lowest average TTC was determined in the Modra Frankinja variety. These results are in accordance with those of other authors.22 The highest concentration was determined in the Modri Pinot variety from the Primorska wine region. For comparison, red wines from Romania can contain 0.63-2.34 g of tannins L-1 (as catechin equivalents).20 
Wines can be classified according to sugar content as dry (up to 9 g L-1), semi-dry (up to 12 g L-1), semi-sweet (up to 50 g L-1) and sweet (above 50 g L-1).10 From these categories we concluded that all of the wines tested belong to the group of dry wines, as they contain from 2 to 8 g L-1 of reducing sugars, in accordance with the bottle declarations. The total acid content in red wines can be from 3.5 to 10 g L-1 10, and all our results are in this range. According to the literature10, total SO2 must not exceed 160 mg L-1 for a wine with reducing sugars content below 5 g L-1, and not exceed 210 mg L-1 for red wines with reducing sugars content above 5 g L-1. Increased contents of total SO2 were found in just two samples, marked as RW22 and RW25, of the Modri Pinot and Modra Frankinja varieties, respectively. pH values were not significantly different from wine to wine, as they were in the range of 3.37 to 3.98 and are comparable with results reported by other authors.23
3.1. Statistical analysis
Exploratory data analysis was performed using the SPSS program. In the first step of the statistical evaluation, the Kolmogorov-Smirnov test (with a significance level of 0.05) was used. This test reveals whether the original data set is normally distributed (TPC, TFC, TTC, reducing sugars, total SO2, total acids content and pH) or not. If not, the data was transformed to obtain normal distribution. In this way the prepared data were used for further analyses. 

3.3.1. Principal component analysis (PCA) 
The parametric Pearson correlation test (with significance levels 0.01 and 0.05) was used to determine any inter-relation between two variables. Statistically significant positive correlations at the confidence level 0.01 were found between the following parameters:  TPC and TFC (0.721), TPC and TTC (0.897), TPC and reducing sugars (0.617) and TTC and reducing sugars (0.580). Positive correlations at the confidence level 0.05 were found between TFC and TTC (0.494) and between TFC and reducing sugars (0.489). Negative correlation at the confidence level of 0.05 was found between pH and total acids (-0.401): higher acid contents lead to lower pH values. 
Before applying PCA modelling, Grubb’s test was applied in order to detect outliers. Outliers were detected in datasets of TFC, reducing sugars, pH and total SO2, and were discarded from the PCA analysis. For the obtained Factor Analysis results, for the creation of a PCA model based on wine regions only three statistical important variables were taken into account: TPC, TFC and TTC. As can be seen in the plot of scores in Figure 1, PC1 is well discriminated between Primorska (group 1) and Podravje (group 2) wines. The wines from the Posavje region (group 3) were positioned in the middle; some samples were dispersed into group 2. The first two PCs explained 96% of the total variance between wine regions of the samples analysed. The highest percentage of phenolic compounds (TPC, TFC and TTC) were found in wine samples from the Primorska region (Figure 1).
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Figure 1. PCA bi-plot in the plane PC2 vs. PC1. The objects are labelled by Slovenian wine regions. The first principal component (PC1) explained 78% of the variation between the samples, and the second (PC2) explained 18% of the variation. PC1 and PC2 values separate samples according to TPC and TFC, respectively.
3.3.2. Linear discriminant analysis (LDA)
For LDA classification of samples from the three wine regions, the next parameters selected were TFC, TTC and reducing sugars. The graphical output of classification is shown in Figure 2. The classification rates for the categories mentioned were acceptably good; overall correct classification ratio was 80% for the training set and almost 70% for the validation set. 
LDA was also used to categorize wine samples for the Cabernet, Refošk, Modra Frankinja and Modri Pinot varieties employing optimally selected variables: TFC, TTC and total acids content; the results are presented in Figure 3. Classification ratio was 90% for the training set, and 80% for the validation set. Using the afore-mentioned descriptors, the Refošk variety is distinguished from the other classes, and formed a group in the positive part of DF 1. This analysis showed a strong similarity between wine varieties Modri Pinot and Modra Frankinja, and together they form a group in the negative part of DF 1. The similarity between these two varieties, according to some other parameters, was also shown.24 LDA analysis resulted in apt classification of samples according to both regions and varieties.
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Figure 2. Graphic output of LDA in the plane of the first two discriminant functions. Classification according to Slovenian wine regions.
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Figure 3. Graphic output of LDA in the plane of the first two discriminant functions. Classification according to varieties. 



4. Conclusions
This paper is one of a few studies on systematic chemical characterization of the most well-known Slovenian red wines. The results showed that Slovenian red wines are very rich source of health beneficial compounds, especially flavonoids. The results obtained were chemometrically processed, and wines classified according to region and grape variety. The analysis demonstrates the usefulness of variable selection and also suggests the application of a developed model for wine classification according to several parameters such as vintage, winemaking practices and alcohol content. It can also be used as a model for the routine classification and quality control of imported wines. 
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Povzetek 
Vsebnost skupnih fenolov (TPC), flavonoidov (TFC) in taninov (TTC), kakor tudi skupni SO2, skupne kisline, pH, reducirajoči sladkorji so bili določeni v petindvajsetih slovenskih rdečih vinih iz treh ključnih vinorodnih pokrajin: Podravja, Posavja in Primorske. Vsi pridobljeni rezultati so bili znotraj sprejemljivega območja skladno s slovenskim zakonom o kvaliteti vin. Rezultati so bili kemometrično ovrednoteni, vina pa razvrščena glede na vinorodne dežele in sorte grozdja.  Metoda glavnih osi je pokazala, da so vsebnosti TPC, TFC in TTC v prvi vrsti odgovorne za razliko med vini. Z rezultati linearne diskriminantne analize pa smo ugotovili, da so analizirani parametri odvisni tako od sorte vina kot tudi od pokrajine oziroma vinorodnega območja.
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