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Abstract

:

The phenolic composition and antioxidant activity of wine and fermented pomace (FP) from Cabernet Sauvignon grapes harvested at three ripening stages were evaluated using LC-MS/MS and spectrophotometric analyses. An investigation of grey mold’s (Botrytis cinerea) influence on wine phenolic content modulation was conducted as well. Finally, the influence of the plant’s ripening stage on the dynamics of the phenolic compounds extracted from wine and FP obtained from fully ripe grapes was evaluated. In this study, the content of catechin, epicatechin, quercetin, and p-coumaric, gallic, and syringic acids was analyzed. Wine and FP were obtained after extended maceration during the spontaneous and inoculated fermentation of fully ripe grapes. When comparing the wine and FP obtained from véraison, fully ripe, and overripe grapes, catechin was the most abundant in wine (40.13 ± 3.25 mg/L) and quercetin in FP (10.96 ± 0.14 mg/kg). A decrease in analyzed phenolic compounds was noticed in wine produced from grapes affected by Botrytis cinerea, and the highest depletion was found for quercetin. The use of a winemaking technique that involved differing maceration periods and inoculation using yeasts as well as spontaneous fermentation significantly modulated the phenolic content of derived wines and FP. The dynamics of the phenolic compounds extracted into wine, evaluated using a principal component analysis (PCA), highlighted contents of catechin and epicatechin. After a decrease in maceration, the PCA revealed a notable content of gallic and syringic acids, as well as quercetin, in samples of FP. This study offers a perspective for future research and the development of functional food with a high content of phenolic compounds originating from red grape products, such as wine and fermented pomace.
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1. Introduction


Grape quality is the key factor in wine production. During wine production, different classes of biologically active compounds are extracted from the solid parts of a grape and turned into wine via the vinification process [1]. Special attention should be attributed to the phenolic compounds whose content depends on grape quality and different reactions during the vinification process. Intermolecular reactions between anthocyanin and tannin may affect the phenolic profile of wine. Emphasizing the reactions between phenolic compounds and biomolecules (proteins and polysaccharides) that result in the formation of compounds with complex structures is also important. Phenolic compounds are subject to the reactions of polymerization, condensation, oxidation, and absorption by yeast cells during sedimentation [1]. It is important to emphasize that the ripening stage of the grapes in a vineyard and fungal infections significantly affect the phenolic content of wine [2,3].



To produce good quality wine, there is a need to investigate the technological properties of dominant grape varieties in Serbia. One of the most dominant grape varieties in Serbia is Cabernet Sauvignon, which can be used for the production of high-quality red wines. This grape variety is autochthonous in the Bordeaux region of France, but it is widespread in Europe and New World wine countries [4]. Almost 80% of the vineyards in the Balkan peninsula comprise red grape varieties, among which Cabernet Sauvignon is one of the most represented. One of the reasons for such a prevalence of Cabernet Sauvignon across the world is its ability to acclimate to different climate conditions, especially in regions with high annual temperature ranges [5].



During the ripening stage, compounds of great oenological importance, such as phenolic compounds and aroma precursors, accumulate in grape berries [6]. Aroma precursors are the key factor that influences a wine’s organoleptic characteristics, which are important for the consumer’s choice of appropriate wine [7]. During the ripening of berries, their sugar content rises while their concentration of acids decreases. Véraison is an essential stage of grape ripening, in that during this period, color, aromatic compounds, and minerals accumulate [8]. Red grape varieties start the accumulation of phenolic compounds during véraison [9]. A study conducted on different red grape varieties showed that the extraction of phenolic compounds from Cabernet Sauvignon is easier than from Monastrell grapes [10].



Except for during the ripening stage, grape quality depends on the plant’s diseases. Grey mold is one of the most serious diseases affecting grapes, for which Botrytis cinerea is responsible. Grape infection with this mold leads to the degradation of catechin, epicatechin, phenolic acids, and esters of tartaric and ferulic acids [11,12]. The odor and the color of red wines can change as a result of the presence of Botrytis cinerea, which, in the final stage, leads to unwanted aromas. It is important to highlight that, in grapes affected by Botrytis cinerea, the presence of the enzyme laccase leads to the quick oxidation of phenolic compounds [13]. The literature data indicate only a few studies that deal with the impact of Botrytis cinerea on the content of individual phenolic compounds.



Besides these factors, it is very important to point out appropriate winemaking protocols that include the use of different yeast strains and maceration times. These factors can influence, at the same time, the optimization of extraction yields and the preservation of the integrity of the extracted phenolic compounds in wine [14].



Several studies have aimed to understand the impact of grape maturity on the phenolic profile of grapes and wine [15,16,17], but the phenolic profile of fermented pomace (FP) is not clear enough yet. Fermented pomace is a significant source of the phenolic compounds that remain after wine production. The extraction of phenolic compounds from FP could be very useful in practical applications. Unfortunately, today, FP is usually considered a byproduct that has no further application. However, FP has practical applications in various areas of industry. For example, it can be used as a dietary supplement, food additive [18], and biomaterial [19]. In addition to its economic benefits, the usage of FP contributes to environmental protection. The literature includes studies related to the influence of maceration time on the phenolic content of wine [3,20,21], while the dynamic of phenolic compounds extracted from FP during prolonged maceration has not been studied. Among the procedures that have been applied during winemaking in the literature, the extraction of phenolic compounds from grape skin and seeds has been emphasized [22,23]. Prior studies have shown that catechin, epicatechin, and quercetin, as well as phenolic acids (gallic, syringic, and p-coumaric) were the most represented in wine [2,14,21,24,25] and fermented pomace [25,26,27].



Different ripening stages of grapes and the presence of grey mold can significantly affect the phenolic profile and antioxidant properties of wine. Winemaking techniques, which include spontaneous fermentation, also contribute to the higher content of phenolic compounds in wine compared to fermented pomace (FP). This study aimed to show technical and experimental findings related to the influences of different ripening stages, fungal infections, and dynamics of phenolic compound extraction on the phenolic profile and antioxidant properties of wine and FP. The analyzed wine and FP in this study were obtained after spontaneous and inoculated fermentation, during which a prolonged maceration has been applied.




2. Materials and Methods


2.1. Plant Material


Grapes used for this investigation originated from the Belgrade wine growing area, experimental vineyards of the Faculty of Agriculture, University of Belgrade (44°45′23.8″ N 20°34′57″ E). Phytosanitary, 100% healthy grapes were used for all experiments, except in an experiment in which grapes affected by grey mold were used (Botrytis cinerea). Grey-mold grapes were obtained from the Trišić winery vineyard located in the Belgrade wine growing area (44°58′43″ N 20°27′60″ E).




2.2. Chemicals and Reagents


All chemicals and reagents were analytical grade and were obtained from Sigma-Aldrich (Steinheim, Germany) and Fluka (Buch, Switzerland). The Oasis HLB bcc/200 µm SPE cartridges were obtained from Waters (Milford, MA, USA).




2.3. Winemaking


2.3.1. Different Ripening Stages


For the first part of this research, the grape variety Cabernet Sauvignon was harvested in three different stages of ripening: véraison, fully ripe, and overripe. After grape crushing and de-stemming, K2S2O5 (10 g per 100 kg) was added to the grape must and Saccharomyces cerevisiae yeast strain in the amount of 20 g/hL (BDX, Lallemand, Montréal, QC,Canada) was inoculated. The grapes in the véraison stage were harvested during the last week of August 2020. Total sugar content was 19.8 °Brix and titratable acid content was 7.10 g/L, expressed as tartaric acid. Total sugar content was corrected up to 23.9 °Brix by adding 205 g of sugar (sucrose) calculated to the content of must. Sugar was added to achieve the same alcohol content as in wine produced from fully ripe grapes (for comparison reasons). Grapes at the fully ripe stage were harvested during the first week of October 2020. Total sugar content was 23.4 °Brix and titratable acid content was 6.5 g/L, expressed as tartaric acid. The harvest of overripe grapes was carried out 21 days after they had fully matured. The sugar content was 24.5 °Brix and titratable acidity was 4.20 g/L, expressed as tartaric acid. For all three aforementioned vinifications, maceration lasted for 21 days during alcoholic fermentation at a temperature of 25 ± 2 °C while using the “pigeage” system. The end of fermentation was determined when the total sugar content was decreased to 4 °Brix, measured by a refractometer. Obtained wine samples were bottled and stored until required for further analysis. Samples of FP from all three ripening stages were stored at −80 °C until required for further analysis.




2.3.2. Healthy Grapes vs. Grapes Affected by Botrytis cinerea


The second part of the experiment consisted of two vinifications. In the first, healthy grapes were used, while in the second, the ones affected by grey mold were used (Botrytis cinerea). The presence of Botrytis cinerea was evaluated by visual assessment. Healthy grapes and grapes affected by Botrytis cinerea were separately crushed, de-stemmed, and K2S2O5 was added in an amount 10 g per 100 kg. Both vinifications were inoculated by yeast strain Saccharomyces cerevisiae (BDX, Lallemand, Montréal, QC, Canada) in the amount of 20 g/hL. During the 14 days of maceration at a temperature of 25 ± 2 °C, grapes were mechanically punched down twice a day.




2.3.3. Different Vinifications and the Dynamics of Phenolic Compound Extraction


The third part of the experiment focused on wine production from fully ripe grapes during spontaneous and inoculated fermentation in which different maceration periods were applied. During alcoholic fermentation, maceration was carried out by vinifications at a temperature of 25 ± 2 °C where the grape must be mechanically punched down twice a day. Before alcoholic fermentation, the grape must be inoculated with yeast strain Saccharomyces cerevisiae and K2S2O5 (10 g of per 100 kg) was added. Three individual vinifications were inoculated with the following commercial yeasts: BDX (Lallemand, Montréal, QC, Canada), FX10 (Laffort, Bordeaux, France), and Qa23 (Lallemand, Montréal, QC, Canada). For each vinification, maceration lasted 0, 3, 5, 7, 14, and 21 days, respectively. After conducting spontaneous fermentation (SF without commercial yeast), where maceration time was the same as for the inoculated one (0, 3, 5, 7, 14, and 21 days) wine samples were also obtained. The control samples were those obtained on 0 days according to the technology of white wines (without maceration) for inoculated and spontaneous fermentation. From all four vinifications (three with inoculated yeast and SF), wine and separated FP were obtained and used for further analysis. Pomace (unfermented) obtained after grape crushing was used as a control for all four vinifications in which the content of phenolic compounds was analyzed. After a specified period of maceration, wine samples were separated from grape solids and stored in glass jars for stabilization. Wines were racked after one week, and bottled in 0.75 L glass bottles. Obtained wines were stored in a wine cellar at a temperature of 14 °C until required for analysis.





2.4. Sample Preparation


Wine sample preparation was conducted by solid phase extraction (SPE) with a slight modification of the method by [28], which was performed in the vacuum device SPE Vacuum Manifold Baker SPE12G (Fisher Scientific, Göteborg, Sweden) using Oasis HLB bcc/200 µm cartridges (Waters, Milford, MA, USA). The cartridge was conditioned with 5 mL of methanol, followed by 5 mL of distilled water. From each wine sample, 5 mL was loaded, then washed with 2 mL of distilled water, and eluted with 2 mL of methanol. Collected wine samples were used for LC-MS/MS analysis.



Fermented pomace samples were prepared using the following procedure. A 30 g FP sample was lyophilized. After performed lyophilization, the mass of obtained FP samples ranged from 7 g to 10 g. The lyophilization process was carried out using a laboratory freeze dryer Christ Alpha 2-4 LD plus (Osterode am Harz, Germany) for 72 h, at temperature −80 °C and pressure of 0.008 mbar. For further extraction, 2.5 g of each lyophilized sample was used. Extraction was carried out by methanol/water mixture (1:1) for 45 min in the water bath Bandelin SONOREX SUPER Ultrasonic bath RK 514 BH (Bandelin Electronic, Berlin, Germany). Evaporation of the obtained filtrates was conducted in a rotating vacuum evaporator IKA RV 10 basic (IKA Werke GmbH, Staufen, Germany) until dryness was achieved. The temperature during evaporation was up to 35 °C to preserve thermo labile phenolic compounds of the sample. The rotating speed of the vacuum evaporator was accommodated due to a decrease in filtrate volumes. Obtained dry extracts were weighted and dissolved in 12% ethanol (imitation-like wine). Fermented pomace samples were prepared for LC-MS/MS analysis by SPE, using the same procedure already described for the preparation of wine samples.




2.5. LC-MS/MS Analysis


The analysis was performed by using a liquid chromatograph Agilent 1290 Infinity II LC System (Agilent Technologies, Santa Clara, CA, USA) with a binary pump combined with a triple quadripole Agilent LCTQ 6495C Triple Quadrupole (Agilent Technologies, Santa Clara, CA, USA) in accordance with a slightly modified method [29]. The components are separated in the column Zorbax Rapid Resolution C18.50 × 4.6 mm, 1.8µm (Agilent Technologies, Santa Clara, CA, USA) in a system of 0.1% (v/v) formic acid in methanol (A) and 0.1% (v/v) formic acid in water (B). The following gradient was used: 0 min—95% B, 2 min—95% B, 10 min- 50% B, 12 min—30% B, and 20 min—10% B. During analysis, the column was kept at 40 °C, while the flow rate and injection volume were 0.40 mL/min and 2 µL, respectively. The MassHunter Optimizer software (Agilent Technologies, Santa Clara, CA, USA) was used to obtain optimized parameters for quantification of investigated components, including ionization mode, cone voltage, collision energy, and characteristic transitions MRM (multiple reaction monitoring), which are present in Table 1. Tested phenolic compounds were identified by comparison of their retention times (tR) and mass spectra (MRM modes) with relevant standards. All samples were measured in triplicate. Chromatograms of identified phenolic compounds are presented in Figure S1.




2.6. Determination of Titratable Acidity


The amount of 25 mL was titrated with 0.25 M NaOH aiming to estimate titratable acidity of wine [30]. The titration endpoint (pH 7.0 ± 0.5) was indicated by a pH meter.




2.7. Determination of Total Soluble Solids-Sugar Content


Sugar content (expressed in °Brix) was measured in fruit juice by using a re-refractometer PAL-87S (Atago, Tokyo, Japan)




2.8. Total Phenolic Content (TPC)


Total phenolic content (TPC) in wine and pomace samples was evaluated by the Folin–Ciocalteu (FC) method using gallic acid as a standard [30]. All samples were measured in triplicate.




2.9. Ferric Reducing Activity of Plasma (FRAP)


Determination of the antioxidant activity of wine samples and pomace extract was carried out using the method FRAP [31]. The results are expressed in mmol Fe2+/L for wine and mmol Fe2+/kg of FP. All samples were measured in triplicate.




2.10. Trolox Equivalent Antioxidant Capacity (TEAC)


The TEAC test is based on the reduction in the ABTS cation radical and was carried out in accordance with the procedure described by Re et al. [32] but with slight modifications. Antioxidant activity was calculated based on decreasing absorbance and expressed as mmol of Trolox equivalents per liter of wine or kg of fermented pomace (Trolox mmol/L or mmol/kg). All samples were measured in triplicate.




2.11. Statistical Analysis


Statistical analyses were conducted using SPSS Statistic V22.0 software (IBM, Chicago, IL, USA; 2014); one-way ANOVA (in the analysis of the phenolic profile of the wine and FP the factor was ripening stage of grape and in the analysis of the influence of Botrytis cinerea on the phenolic profile the factor was healthy condition (healthy grapes and grapes infected by grey mold)), two-way ANOVA (the factors were type of vinification and maceration time), with Tukey post hoc test for subgroup differences, and Principal Component Analysis (PCA). p-values lower than 0.05 were significant.





3. Results and Discussion


3.1. Phenolic Profile and Antioxidant Properties of Wine and FP Obtained from Grapes of Different Ripeness


Obtained wine and pomace samples from the grapes of three different ripening stages were used for the analysis of phenolic profiles and antioxidant properties.



One-way ANOVA was used to estimate the influence of different ripening stages on the content of phenolic compounds of wine and FP. A statistically significant difference (p ˂ 0.05) for the content of all analyzed phenolic compounds was found in wine and FP.



After performing the Tukey post hoc test, a significant difference between subgroups was confirmed. Statistically significant differences (p ˂ 0.05) were found in wine samples for all phenolic compounds, except for the content of syringic acid from fully ripe grapes (p = 0.275), and for p-coumaric acid content from véraison and fully ripe grapes (p = 0.372) (Table 2). Samples of FP showed statistically significant differences (p ˂ 0.05) for all phenolic compounds, except for gallic acid content from véraison as well as fully ripe grapes (p = 0.392), and p-coumaric acid content from véraison and overripe grapes (p = 0.99) (Table 3).



The highest content of phenolic compounds in wine samples was detected for catechin and epicatechin (Table 2). Observing results related to grape ripening stages, a high content of these two compounds was noticed in wine samples produced from the fully ripe and overripe grapes. The lowest content was found in wine from véraison stage grapes. Obtained results are in line with the literature data, which indicate higher content of these phenolic compounds in wine produced from ripe grapes [33]. The entire content of flavan-3-ols in this study (catechin and epicatechin) from grapes of the véraison stage is hard to extract into the wine. From this point of view, it is important to emphasize that alongside the influence of environmental conditions and maceration time, the ripening stage of the grape is directly linked to the phenolic profile of wine [34]. The content of epicatechin and catechin in FP (Table 3) was noted in significant amounts. Epicatechin and catechin are two of the most abundant phenolic compounds from grapes and wine, which are responsible for their anti-hyperlipidemic effect and the reduction in plasma cholesterol levels [35]. Overall, the higher content of catechin than that of epicatechin is in line with results from a study of pomace of Cabernet Sauvignon from Argentina [25]. A study of red grape skin conducted by Du et al. [36] showed that catechin was the most abundant flavanol detected during all ripening stages while epicatechin content was lower. The beneficial health effect of grape pomace emphasized its ability to prevent oxidative stress and inflammation of human tissues. The activity of grape pomace can be attributed to catechin, which is the major phenolic compound [37].



A notable amount of gallic and syringic acid was detected among hydroxybenzoic acid derivatives (Table 2). According to Muñoz-Bernal et al. [38], among the others, these two compounds were the principal phenolic acids in Cabernet Sauvignon wine. During the ripening of the grapes used in our experiment, the amount of gallic acid decreased. Our results are supported by a study in which the highest content of these compounds was obtained from grapes in the véraison stage [15]. The content of gallic acid in a wine produced from fully ripe grapes (Table 2) was significantly higher compared to data from our prior study of Cabernet Sauvignon wine [14]. On the other hand, it is important to highlight that a similar content of gallic acid was reported in the literature [39]. The health benefits of gallic acid include the ability to prevent oxidative stress by the reduction in reactive oxygen species and lipid peroxidation [40]. Unlike gallic acid, the content of syringic acid increased during the ripening of the grape (Table 2). These findings are consistent with the study by Özcan et al. [17], as well as the experiments of Cabernet Sauvignon from Chile where the content of syringic acid started to increase after the véraison stage and maintained the same trend during the ripening of the grape [16]. The content of syringic acid in FP was almost ten times higher than gallic acid (Table 3). As in our results, data from another study indicated that syringic acid was more abundant than gallic acid [27]. It is important to point out the capacity of syringic acid as an alternative for the treatment of ulcerative colitis [41]. As opposed to the obtained data (Table 3), gallic acid was not detected in Cabernet Sauvignon pomace [25].



The content of p-coumaric acid decreased during the ripening of the grape, which affected the content of this phenolic acid in wine (Table 2). Results from another study revealed a lower content compared to our obtained values [39]. On the contrary, results from our prior study reported a higher content of p-coumaric acid in wine produced from fully ripe grapes [14]. Among all phenolic compounds of FP, p-coumaric acid was detected in the lowest content (Table 3). This finding correlates with the study of Cabernet Sauvignon pomace, which found that p-coumaric acid was not detected [27]. Contrary to this, Nui et al. [42] reported that p-coumaric acid was the dominant compound of grape extracts while its content increased as grape development progressed. Phenolic acids, such as p-coumaric, which was isolated from a natural source, showed neuroprotective and antidepressant effects [43]. Quercetin content in wines was the lowest among all other quantified phenolic compounds (Table 2). Data from the literature showed higher contents of quercetin in Cabernet Sauvignon wine [25,39]. These findings are supported by the fact that variable flavonol content in the same grape variety depends on the interactions of different terroirs [44]. In contrast to wine, quercetin was one of the most abundant compounds detected in FP (Table 3). By observing the ripening stages, the highest amount of quercetin was detected in FP of fully ripe grapes. This finding is in line with the study of Lingua et al. [25], which emphasized that quercetin was the main flavonol of Cabernet Sauvignon grapes at their optimal ripening stage. Extracts of grape skin of different ripening stages showed an increase in quercetin content during grape ripening [36]. It is interesting to highlight that quercetin effectively reduced the progression of atherosclerosis by suppressing the oxidised LDL fraction of cholesterol and the p38 MAPK/p16 pathway [45].



One-way ANOVA analysis was applied to estimate the influence of different ripening stages on the antioxidant activity (evaluated by FRAP and TEAC methods) and TPC of wine and FP. By observing wine samples, one-way ANOVA showed a statistically significant difference (p ˂ 0.05) for values obtained in all three methods applied: FRAP (p = 0.046), TEAC (p = 0.023), and TPC (p = 0.032). Unlike in wine, the FP one-way ANOVA showed a statistically significant difference (p ˂ 0.05) for FRAP (p = 0.043) and TPC (p = 0.022) values, while for TEAC there was no significant difference (p = 0.370).



The Tukey post hoc test was used to evaluate significant differences between subgroups for FRAP, TEAC, and TPC values of wine and FP. Using the Tukey post hoc test, a statistically significant difference was shown (p ˂ 0.05) for TEAC values of wine produced from véraison grapes in comparison with the wine produced from grapes in other ripening stages. Values of TPC analyzed by the Tukey post hoc test showed a statistically significant difference (p ˂ 0.05) between wine produced from the grape of véraison and overripe stages. The Tukey post hoc test showed only a statistically significant difference (p = 0.019) for TPC values of FP obtained from véraison and fully ripe grapes.



In this study, it was noticed that TPC increased during the ripening of grapes, and the highest value was observed in wine produced from overripe grapes (Table 4). Literature data suggest that the maturity stage of grapes had a great influence on the TPC of wine [46]. During the ripening of grapes, the amount of phenolic compounds increases, but it could decline later during the grape development [47]. The continuously increasing TPC during different ripening stages could be explained by the fact that phenolic extractability increases during ripening [10]. Du et al. [36] evaluated the TPC of grape skin and noticed an increase with the advancement of maturity. In contrast to the results of wine samples, values for TPC in FP (Table 4) increased in the sample obtained from fully ripe grapes and then decreased in FP from overripe grapes. During the extraction, the balance of phenolic compounds between pomace and wine is established by adsorption–desorption processes, and when the highest content of TPC is reached, further extraction from the grape is not possible [48].



Besides TPC in wine and FP, the antioxidant activity of samples was determined by the FRAP and TEAC methods (Table 4). The antioxidant activity of wine measured by the FRAP method increased and the highest activity was observed in a wine produced from overripe grapes. Obtained results are consistent with the increase in TPC values of analyzed wine samples. The highest value for antioxidant activity measured by the TEAC method was observed in wine from fully ripe grapes. For the results related to FP, the highest values for both methods FRAP and TEAC were obtained for samples of fully ripe grapes. The highest value for TPC in FP of fully ripe grapes correlates well with the highest values for antioxidant activity measured by FRAP and TEAC methods in the same ripening stage. Data for the literature emphasized the same positive correlation between TPC and antioxidant activity [36,49]. The antioxidant activity of grape seeds and skin extracts investigated during the ripening of some red varieties showed different values. Higher FRAP values were noticed in the skins of ripe grapes, as opposed to the seeds whose FRAP values were higher in the véraison stage. Results for the TEAC method showed higher values at the véraison stage [50]. It is interesting to point out that TEAC values of FP of Cabernet Sauvignon at the optimal mature stage could be higher than the values in our results, which depend on the technology applied in wine production and the terroir [25]. Red grape skin extracts showed an increase in TEAC values during grape ripening [36]. High antioxidant activity evaluated by the same method was noticed for the fresh pulp of fully ripe grapes [51].




3.2. Influence of Botrytis cinerea on the Phenolic Profile of Wine


To show the influence of grey mold on the phenolic profile, wines were obtained from two vinifications: the healthy grapes and grapes affected by grey mold (Botrytis cinerea). The produced wines were analyzed by LC-MS/MS and the content of the phenolic compound was quantified (Table 5). One-way ANOVA was applied to estimate the influence of Botrytis cinerea on the content of phenolic compounds in wine. A statistically significant difference (p ˂ 0.05) in the content of phenolic compounds in wine produced from healthy grapes and grapes affected by Botrytis cinerea was shown for all compounds except for p-coumaric acid (p = 0.154) (Table 5). Grape skin is the main source of phenolic compounds, therefore direct contact of skin with Botrytis cinerea causes a decrease in its content [52]. Our results showed a lower content of phenolic compounds in wines produced from moldy grapes in comparison with the wines produced from healthy ones (Table 5), which is in line with the previously mentioned literature data. Produced wine from grapes affected by Botrytis cinerea showed a decreased concentration of catechin by 28.51% and epicatechin by 10.90% compared to wines from healthy grapes (Table 5). The destruction of catechin and epicatechin results in an organoleptic change in wine, which could significantly affect its quality [11]. The enzyme laccase is responsible for the destruction of phenolic compounds and its activity persists even during the winemaking process [13,53]. Phenolic compounds of FP, obtained from grapes affected by Botrytis cinerea, are quickly susceptible to the enzymatic activity of laccase. To adequately preserve FP for further analysis, we needed to apply shock freezing, which was not available during the work in the field. When observing quantified phenolic compounds in these two vinifications, it is important to highlight that gallic acid and quercetin proved to be good substrates for the enzymatic activity of laccase. It can be explained by the fact that those compounds contain at least two hydroxyl groups in the phenolic ring on the meta and para positions, which leads to its rapid oxidation by laccase [13]. Quercertin is presented in the glycoside form in the grape (quercertin monoglycoside), which is the most stable form of this phenolic compound. During the alcoholic fermentation, which involves the activity of Saccharomyces cerevisiae and non-Saccharomyces cerevisiae yeast strains, glycolytic enzymes cleave the glycoside bonds. As a result of this action, an unstable aglycone of quercetin is obtained. This form of quercetin is more susceptible to oxidation and co-pigmentation, which could explain the high depletion in the content of this phenolic compound in wine and FP obtained from grapes affected by the grey mold [54]. Data from a previous study indicate that the enzymatic activity of fungal laccase with phenolic compounds from wine showed the highest oxygen consumption for gallic acid (89%) and a little bit lower for quercetin (82%) [55]. Its data support our results, which indicate lower content of gallic acid and quercetin in wine produced from the moldy grape. The presence of these two compounds is significant due to their beneficial health effect. Gallic acid showed the ability to prevent health problems related to vascular tissues caused by atherosclerosis [56]. The cardioprotective effect of red wine is derived from the presence of phenolic compounds, particularly quercetin, which showed the ability to regulate lipoprotein metabolism [57]. Our results are in line with a study that indicates that p-coumaric acid showed the lowest interaction during the enzymatic reaction with laccase [13]. Data from a previous study indicate that p-coumaric acid could be used for the treatment of uncontrolled inflammation of the digestive tract [41].




3.3. Dynamic of Phenolic Compounds Extraction during Inoculated and Spontaneous Fermentations


To estimate the influence of different kinds of yeast used during fermentation, different vinifications, and different maceration times (expressed in days) on the content of phenolic compounds in wine and FP, a two-way ANOVA analysis was applied. Four different vinifications were observed (BDX, FX, Qa, and SF), and in each of them, the same six maceration periods were observed. The content of phenolic compounds was separately observed in wine and FP.



Statistical analysis showed that the content of phenolic compounds in wine indicates that there were no interactions (p = 0.993) between different kinds of yeasts used in fermentation and different maceration periods. On the contrary different maceration periods showed statistically significant differences (p = 0.000) on the content of phenolic compounds. Different vinifications applied for wine production did not show significant differences in the content of phenolic compounds (p = 0.626).



After statistical analysis was carried out for the content of phenolic compounds in FP, it was shown that there were no interactions between different kinds of yeasts used in fermentation and different maceration periods (p = 0.843). Maceration time was statistically significant for the content of phenolic compounds in FP (p = 0.012). Unlike in wine, different kinds of yeasts in FP used in fermentation showed significant differences (p = 0.04).



PCA statistical analysis with varimax rotation was carried out to show a trend of the dynamics of phenolic compound extraction in wine and FP during different vinifications and maceration periods. The contents of six phenolic compounds from wine and FP (catechin, epicatechin, quercetin, gallic, p-coumaric, and syringic acids) obtained during four different vinifications and maceration periods were analyzed with PCA.



After confirmation of statistical parameters (Kaiser–Meyer–Olkin criterion = 0.611; Bartlett’s test of sphericity p < 0.05), PCA analysis of wine was carried out (Figure 1). It was possible to identify the two main components. The first component described catechin, epicatechin, and gallic acid better, while the second one described quercetin, syringic, and p-coumaric acids better (Figure S2). The same component also described catechin and epicatechin since these two compounds are epimers. It is interesting to emphasize the correlation between the results of the two-way ANOVA and the PCA. In comparison with controls in all four fermentations, content of phenolic compounds described by the second component increased up to the 7th day of maceration while the first component remained unchanged (Figure 1; Table 6). Our results are in agreement with a study that detected syringic acid in wine from the Cabernet Sauvignon variety after 9 days of maceration [58]. In comparison with the findings from our study, a much lower content of p-coumaric acid was found by Alencar et al. [24] and Kocabey et al. [21] after grape maceration, which had lasted 15 and 30 days, respectively. According to Baleiras-Couto et al. [59], gallic acid in grapes must be in low amounts at the beginning of fermentation, but its content increases throughout fermentation. It is important to emphasize that gallic and p-coumaric acids show good bioaccessibility through the digestive system and their metabolites may reach the colon where they could express beneficial health effects [60]. On the 14th and 21st day of maceration, content of phenolic compounds described by the first component increased, while the second component remained unchanged (Figure 1; Table 6). Data from the literature suggest that maximum amounts of catechin and epicatechin were found at the end of prolonged maceration [3,21]. Likewise, Artem et al. [61] reported that catechin content increased up to the 8th day of maceration, after which concentration almost doubled during the additional eight days of maceration. The studies conducted on cell cultures and experimental rats pointed out that epicatechin and catechin showed the ability to promote vascular health and prevent kidney damage [62,63]. Contrary to our results, it was found by Ivanova-Petropulos et al. [58] that the amount of gallic acid increased during maceration, which lasted up to 9 days.



Application of various pure wine yeast cultures showed different glycolytic activity, which results in the liberation of different extents of aglycones of phenolic compounds. During the process of sedimentation at the end of the fermentation process, different absorption abilities of yeasts and maceration times affect the content of specific phenolic compounds. It is possible to highlight the occurrence of precipitation of phenolic compounds on the surfaces of yeast cells as well as FP [64]. Differences regarding the absorption of phenolic compounds during the application of various yeasts appear due to different structures of cell walls. The reason for the different structures is the composition of polar groups on the surface of the cell wall. Those polar groups can increase or decrease the absorption of phenolic compounds on yeast cell walls [65]. Among all four vinifications, the highest variability in the dynamics of the phenolic compound extraction, described by the first component, was observed for the BDX vinification. A significant increase in the content of phenolic compounds, described by the second component, was observed for the FX vinification up to the 5th day, while compounds described by the first component increased between the 7th and 14th days (Figure 1). The Qa vinification showed a slower increase in both components compared to the FX vinification. The highest value for the second component was obtained on the 7th day of spontaneous fermentation (SF), which significantly contributed to an increase in quercetin. In Figure 1, different vinifications obtained for the 14th and 21st days of maceration were located on the right side of the y-axis. It correlates with the results of two-way ANOVA, which indicated a significant difference between values obtained on the 21st and before the 14th day of maceration. Vinifications in which maceration lasted for 14 days are located near the center of the PCA diagram (Figure 1). Such a position on the diagram is due to the significant difference between values of the 14th day and the beginning of maceration, which is in line with the two-way ANOVA. Our findings are consistent with Oliva et al. [66] who stated that shorter maceration times led to significantly lower phenolic content in comparison with the prolonged maceration applied for red wine production.



After confirmation of statistical parameters (Kaiser–Meyer–Olkin criterion = 0.593; Bartlett’s test of sphericity p < 0.05), a PCA analysis of FP was carried out (Figure 2). Two main components were highlighted. The first component best described catechin, epicatechin, and p-coumaric acid, while the second one best described quercetin, syringic, and gallic acids (Figure S3). Like in wine, the first component described catechin and epicatechin, while the second component described two compounds of the same group (hydroxybenzoic acid derivatives-syringic and p-coumaric acids).



By observing Figure 2, it is possible to emphasize that the dynamics of phenolic compound extraction during different vinifications showed a similar trend of change in all vinifications, except for Qa. Specific changes in Qa vinification were observed during the 3rd, 5th, and 7th days of maceration (Figure 2). Compounds described by the first component were increased, and the highest value was achieved on the 5th day (Figure 2; Table 7). Unlike our results, data from another study showed that p-coumaric acid was not detected in an FP of the same grape variety [27]. Qa vinification showed a sudden increase in catechin and epicatechin contents up to the 5th day while it decreased on the 7th day of maceration. Two other studies indicated that catechin and epicatechin were the most dominant compounds in Cabernet Sauvignon grape pomace [67,68].



A study of grape pomace obtained after 11 days of maceration highlighted a high abundance of catechin and epicatechin, as well as syringic acid [26]. Phenolic compounds of red grape pomace showed the ability to improve insulin responses during the meal, which is important for the prevention of chronic non-communicable diseases [69]. During the 14th and 21st days of maceration, its content was stabilized. The correlation between results obtained by the two-way ANOVA and PCA indicates a significant influence of Qa yeast on the dynamics of the phenolic compound extraction from FP, especially on the 5th day of maceration. Observing these results, it is possible to highlight clusters of the same maceration periods of different vinifications during which component two increased while component one stagnated (Figure 2). Such a trend indicated an increase in quercetin, syringic, and gallic acids (Table 7). The presence of syringic and gallic acids in FP of Cabernet Sauvignon was also confirmed in another study [27]. These two compounds also express significant beneficial health effects. It is especially possible to highlight the neuroprotective activity of syringic acid and its potential ability in the prevention of Alzheimer’s disease [70]. By observing the dynamic of quercetin extraction, obtained results are in line with a study that showed a higher content of quercetin in FP, which had macerated, in comparison with pomace, which was not macerated [71]. Among the different grape varieties that were analyzed, de la Cerda Carrasco et al. [67] reported that Cabernet Sauvignon showed the highest content of flavonols from pomace extracts. Values of catechin and epicatechin only mildly increased on the 5th day of maceration in SF and FX vinifications, while during other days, a significant change was not observed.





4. Conclusions


The present study, which investigated the effect of the ripening stage and phytosanitary state of grapes, as well as winemaking techniques, showed significantly different impacts on the phenolic profiles and antioxidant properties of wine and FP. The fully ripe grapes were found to be the most suitable for the production of wine with optimal content of selected phenolic compounds after 21 days of maceration, while it was also confirmed for the same samples of FP. Grapes with Botrytis cinerea affect the content of selected phenolic compounds in wine, as compared to a wine produced from healthy grapes. Among selected compounds, the highest depletion in the phenolic profile was noticed for quercetin, while the lowest was for p-coumaric acid. The winemaking technique, which involved prolonged maceration (21 days) and inoculation by yeasts, as well as spontaneous fermentation, significantly modulates the phenolic content of derived wines. The dynamics of phenolic compounds extracted from wine produced from fully ripe grapes helped to find the most suitable winemaking conditions for the highest content of the analyzed phenolic compounds. Furthermore, obtained samples of FP showed a rich source of these compounds, especially after a short maceration time. This study offers a perspective for future research, the development of a functional food, and different dosage forms of dietary supplements. Food enrichment, with a high content of phenolic compounds, originating from red grape products, such as wine and FP, is significant for the production of foods with added value.
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Figure 1. Distribution of different vinifications and maceration times according to the content of phenolic compounds in wine (Ctrl-control; 3, 5, 7, 14, 21-days of maceration; BDX, FX, Qa, SF (spontaneous fermentation without commercial yeast)—a type of vinification). 
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Figure 2. Distribution of different vinifications and maceration times according to the content of phenolic compounds in FP (Ctrl-control; 3, 5, 7, 14, 21-days of maceration; BDX, FX, Qa, SF (spontaneous fermentation without commercial yeast)—a type of vinification). 
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Table 1. The conditions for identification and quantification of phenolic compounds.
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	Phenolic Compound
	Molecular

Formula
	Molecular Mass

(g/mol)
	ESI

Mode
	MRM

Transition
	Cone

Voltage (V)
	Collision

Energy (V)
	tR (min)





	Gallic acid
	C7H6O5
	170
	-
	169→125
	166
	10
	3.90



	Catechin
	C15H14O6
	290
	-
	289→245
	166
	10
	9.90



	Epicatechin
	C15H14O6
	290
	-
	289→245
	166
	10
	11.52



	Syringic acid
	C9H10O5
	198
	-
	197→182
	166
	7
	11.60



	p-Coumaric acid
	C9H8O3
	164
	-
	163→119
	166
	9
	12.70



	Quercetin
	C15H10O7
	302
	-
	301→151
	166
	15
	15.60







ESI—electrospray ionization; MRM—multiple reaction monitoring; and tR—retention time.
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Table 2. Content of phenolic compound in wine (mean ± SD).
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Content (mg/L)

	
ANOVA




	
Phenolic

Compound

	
Véraison

	
Fully Ripe

	
Overripe

	
F

	
p-Value






	
Gallic acid

	
5.18 ± 0.20 a

	
4.22 ± 0.40 b

	
1.59 ± 0.15

	
139.73

	
0.000 *




	
Catechin

	
1.55 ± 0.10 a

	
40.13 ± 3.25 b

	
19.23 ± 1.40

	
267.841

	
0.000 *




	
Epicatechin

	
0.73 ± 0.05 a

	
22.29 ± 1.50 b

	
12.35 ± 0.50

	
418.778

	
0.000 *




	
Syringic acid

	
5.57 ± 0.40 a

	
7.55 ± 0.50

	
8.26 ± 0.60

	
22.715

	
0.002 *




	
p-Coumaric acid

	
4.19 ± 0.35 b

	
3.88 ± 0.20 b

	
2.33 ± 0.20

	
44.135

	
0.000 *




	
Quercetin

	
0.09 ± 0.01 a

	
0.78 ± 0.02 b

	
0.00

	
3277.8

	
0.000 *








* Denotes the level of significance of 0.05; a—significantly different from fully and overripe (Tukey post hoc test, p ˂ 0.05); b—significantly different from overripe (Tukey post hoc test, p ˂ 0.05).
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Table 3. Content of phenolic compound in FP (mean ± SD).
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Content (mg/kg)

	
ANOVA




	
Phenolic

Compound

	
Véraison

	
Fully Ripe

	
Overripe

	
F

	
p-Value






	
Gallic acid

	
0.86 ± 0.04 b

	
0.82 ± 0.04 b

	
0.67 ± 0.02

	
25.083

	
0.001 *




	
Catechin

	
4.92 ± 0.15 a

	
6.73 ± 0.11 b

	
3.30 ± 0.09

	
620.564

	
0.000 *




	
Epicatechin

	
2.70 ± 0.05 a

	
3.37 ± 0.10 b

	
1.76 ± 0.04

	
417.511

	
0.000 *




	
Syringic acid

	
5.68 ± 0.10 a

	
8.53 ± 0.15 b

	
10.29 ± 0.25

	
512.719

	
0.000 *




	
p-Coumaric acid

	
0.04 ± 0.004 c

	
0.05 ± 0.002 b

	
0.04 ± 0.002

	
12.500

	
0.007 *




	
Quercetin

	
7.44 ± 0.10 a

	
10.96 ± 0.14 b

	
5.61 ± 0.15

	
440.549

	
0.000 *








* Denotes the level of significance of 0.05; a—significantly different from fully and overripe (Tukey post hoc test, p ˂ 0.05); b—significantly different from overripe (Tukey post hoc test, p ˂ 0.05); c—significantly different from full ripe (Tukey post hoc test, p ˂ 0.05).
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Table 4. TPC and antioxidant properties of wine and FP were obtained from grapes of three different ripening stages.
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Ripening Stage

	
Wine

	
FP




	
FRAP

(mmol Fe2+/L)

	
TEAC

(mmol TE/L)

	
TPC

(mg/L)

	
FRAP

(mmol Fe2+/KG)

	
TEAC

(mmol TE/KG)

	
TPC (mg/KG)






	
Véraison

	
19.50 ± 4.25 a

	
8.74 ± 2.62

	
1000.0 ± 190.0 b

	
16.22 ± 4.82

	
14.93 ± 3.62

	
1320.9 ± 290.0 c




	
Fully ripe

	
20.10 ± 4.02

	
16.0 ± 3.20

	
1525.0 ± 210.0

	
26.31 ± 5.21

	
15.90 ± 3.18

	
2260.4 ± 325.0




	
Overripe

	
28.50 ± 2.85

	
15.34 ± 1.51

	
1550.0 ± 235.0

	
16.61 ± 1.58

	
12.43 ± 1.11

	
1629.5 ± 275.0








a—Significantly different from fully ripe and overripe (Tukey post hoc test); b—significantly different from overripe (Tukey post hoc test); c—significantly different from full ripe (Tukey post hoc test).
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Table 5. A phenolic compound in wine produced from grapes affected by Botrytis cinerea and healthy grapes (mean ± SD).
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Content (mg/L)

	
ANOVA




	
Phenolic

Compound

	
Healthy Grape

	
Grape Affected by

Botrytis cinerea

	
F

	
p-Value






	
Gallic acid

	
2.80 ± 0.10 a

	
2.00 ± 0.05

	
153.6

	
0.000 *




	
Catechin

	
23.71 ± 0.50 a

	
16.95 ± 0.33

	
381.98

	
0.000 *




	
Epicatechin

	
10.46 ± 0.20 a

	
9.32 ± 0.20

	
48.735

	
0.002 *




	
Syringic acid

	
3.73 ± 0.15 a

	
8.43 ± 0.40

	
363.123

	
0.000 *




	
p-Coumaric acid

	
2.32 ± 0.10

	
2.19 ± 0.08

	
3.091

	
0.154




	
Quercetin

	
24.75 ± 0.50 a

	
0.47 ± 0.02

	
7062.920

	
0.000 *








* Denotes the level of significance of 0.05; a—significantly different from grape affected by Botrytis cinerea.
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Table 6. Dynamic phenolic compounds extracted from wine obtained by different vinifications.






Table 6. Dynamic phenolic compounds extracted from wine obtained by different vinifications.





	
Wine (mg/L)




	
Type of

Vinification

	
Maceration Time

	
Gallic Acid

	
Syringic Acid

	
p-Coumaric Acid

	
Catechin

	
Epicatechin

	
Quercetin






	
SF

	
0 (control)

	
0.09 ± 0.02

	
0.96 ± 0.20

	
0.73 ± 0.21

	
0.32 ± 0.09

	
0.03 ± 0.004

	
0.01 ± 0.001




	
3

	
0.16 ± 0.04

	
7.23 ± 1.98 a

	
1.28 ± 0.38

	
0.73 ± 0.21

	
0.08 ± 0.02

	
0.38 ± 0.07




	
5

	
1.02 ± 0.19

	
8.11 ± 1.55 a

	
5.31 ± 1.59 a,b

	
3.20 ± 0.96

	
0.59 ± 0.11

	
0.32 ± 0.06




	
7

	
2.04 ± 0.31 a,b

	
7.21 ± 1.70 a

	
6.30 ± 1.89 a,b

	
8.63 ± 2.00

	
1.68 ± 0.50

	
2.35 ± 0.47 a,b,c




	
14

	
1.82 ± 0.24 a,b

	
5.43 ± 1.62 a

	
4.03 ± 1.20

	
25.39 ± 5.61 a,b,c,d

	
11.53 ± 2.90 a,b,c,d

	
0.98 ± 0.20 a,b,c,d




	
21

	
3.44 ± 0.80 a,b,c,d,e

	
6.58 ± 1.97 a

	
5.07 ± 1.52 a,b

	
29.72 ± 6.00 a,b,c,d

	
16.72 ± 4.01 a,b,c,d

	
0.46 ± 0.09 d




	
BDX

	
0 (control)

	
0.57 ± 0.11

	
2.70 ± 0.35

	
0.97 ± 0.20

	
0.32 ± 0.07

	
0.06 ± 0.01

	
0.00




	
3

	
0.81 ± 0.16

	
8.78 ± 1.99 a

	
2.35 ± 0.40

	
0.03 ± 0.001

	
0.00

	
0.00




	
5

	
1.32 ± 0.30

	
6.28 ± 1.70

	
5.56 ± 1.60 a,b

	
1.29 ± 0.30

	
0.26 ± 0.02

	
0.21 ± 0.04




	
7

	
2.42 ± 0.70 a,b

	
7.50 ± 1.70 a

	
0.20 ± 0.04 c

	
5.58 ± 1.40

	
1.50 ± 0.20

	
0.53 ± 0.10 a,b,c




	
14

	
2.42 ± 0.72 a,b

	
7.74 ± 1.55 a

	
5.54 ± 1.55 a,b,d

	
19.35 ± 4.02 a,b,c,d

	
7.60 ± 1.54 a,b,c,d

	
0.57 ± 0.12 a,b,c




	
21

	
4.22 ± 0.90 a,b,c,d,e

	
7.55 ± 2.01 a

	
3.88 ± 0.80 a,d

	
40.13 ± 5.50 a,b,c,d,e

	
22.29 ± 4.00 a,b,c,d,e

	
0.78 ± 0.20 a,b,c




	
FX10

	
0 (control)

	
0.11 ± 0.01

	
2.16 ± 0.40

	
1.05 ± 0.20

	
0.06 ± 0.01

	
0.01 ± 0.0001

	
0.02 ± 0.003




	
3

	
1.02 ± 0.18 a

	
8.03 ± 1.80 a

	
4.74 ± 0.75 a

	
5.76 ± 1.45

	
0.79 ± 0.15

	
0.28 ± 0.04




	
5

	
1.49 ± 0.30 a

	
7.36 ± 1.55 a

	
10.90 ± 1.02 a,b

	
5.38 ± 1.40

	
1.29 ± 0.10

	
0.72 ± 0.21 a,b




	
7

	
1.77 ± 0.24 a,b

	
6.52 ± 1.70 a

	
8.01 ± 1.80 a

	
4.22 ± 0.80

	
0.89 ± 0.16

	
1.19 ± 0.20 a,b,c




	
14

	
2.60 ± 0.25 a,b,c,d

	
7.48 ± 1.50 a

	
7.82 ± 1.50 a

	
17.10 ± 3.20 a,b,c,d

	
7.43 ± 1.40 a,b,c,d

	
0.99 ± 0.11 a,b




	
21

	
2.68 ± 0.25 a,b,c,d

	
6.77 ± 1.40 a

	
6.47 ± 1.60 a,c

	
29.14 ± 6.20 a,b,c,d,e

	
13.67 ± 3.10 a,b,c,d,e

	
0.54 ± 0.10 a,d,e




	
Qa23

	
0 (control)

	
0.04 ± 0.01

	
0.34 ± 0.05

	
0.00

	
0.00

	
0.00

	
0.00




	
3

	
0.21 ± 0.03

	
7.26 ± 1.80 a

	
0.87 ± 0.17

	
0.00

	
0.00

	
0.05 ± 0.002




	
5

	
1.65 ± 0.15 a,b

	
8.15 ± 1.90 a

	
7.61 ± 1.40 a,b

	
1.11 ± 0.25

	
0.31 ± 0.05

	
0.34 ± 0.04 a,b




	
7

	
1.63 ± 0.20 a,b

	
6.40 ± 1.20 a

	
6.14 ± 1.40 a,b

	
6.33 ± 1.05 a,b,c

	
1.72 ± 0.25 a,b

	
1.24 ± 0.20 a,b,c




	
14

	
3.70 ± 0.70 a,b,c,d

	
8.80 ± 1.90 a

	
0.00 c,d

	
1.03 ± 0.30 d

	
0.34 ± 0.04

	
0.02 ± 0.001 c,d




	
21

	
3.16 ± 0.60 a,b,c,d

	
6.47 ± 1.40 a

	
5.98 ± 1.45 a,b,e

	
23.63 ± 3.20 a,b,c,d,e

	
13.64 ± 1.25 a,b,c,d,e

	
0.85 ± 0.15 a,b,c,d,e








a—Significantly different content of detected compounds from content detected on control (Tukey post hoc test p ˂ 0.05); b—significantly different content of detected compounds from content 3rd, day of maceration (Tukey post hoc test p ˂ 0.05); c—significantly different content of detected compounds from content detected on 5th day of maceration (Tukey post hoc test p ˂ 0.05); d—significantly different content of detected compounds from content detected on 7th, of maceration (Tukey post hoc test p ˂ 0.05); e—significantly different content of detected compounds from content detected on 14th day of maceration (Tukey post hoc test p ˂ 0.05).
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Table 7. Dynamic phenolic compounds extraction from FP obtained by different vinifications.
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Fermented Pomace (mg/KG)




	
Type of

Vinification

	
Maceration Time

	
Gallic

Acid

	
Syringic Acid

	
p-Coumaric Acid

	
Catechin

	
Epicatechin

	
Quercetin






	
SF

	
0 (control) *

	
0.53 ± 0.05

	
2.11 ± 0.32

	
0.00

	
2.98 ± 0.40

	
2.13 ± 0.30

	
0.77 ± 0.20




	
3

	
0.49 ± 0.04

	
3.14 ± 0.40

	
0.05 ± 0.01 a

	
1.41 ± 0.14

	
0.84 ± 0.15

	
1.70 ± 0.25




	
5

	
0.69 ± 0.12

	
3.90 ± 0.30

	
0.06 ± 0.01 a

	
8.61 ± 1.90 a,b

	
4.48 ± 0.80 a,b

	
6.53 ± 1.80 a,b




	
7

	
0.67 ± 0.10

	
4.47 ± 0.90

	
0.05 ± 0.01 a

	
4.62 ± 0.90 b,c

	
1.84 ± 0.25 c

	
9.16 ± 2.05 a,b




	
14

	
0.84 ± 0.15 a,b

	
7.40 ± 1.40 a,b,c,d

	
0.05 ± 0.011 a

	
5.06 ± 1.00 b,c

	
2.26 ± 0.60 b,c

	
9.99 ± 2.00 a,b




	
21

	
0.98 ± 0.15 a,b,d

	
9.12 ± 1.90 a,b,c,d

	
0.06 ± 0.02 a

	
4.51 ± 0.50 b,c

	
2.20 ± 0.50 b,c

	
10.40 ± 1.95 a,b




	
BDX

	
3

	
0.55 ± 0.05

	
3.28 ± 0.40

	
0.05 ± 0.01 a

	
5.06 ± 1.50

	
2.78 ± 0.40

	
2.62 ± 0.40




	
5

	
0.62 ± 0.18

	
4.77 ± 0.80

	
0.05 ± 0.01 a

	
6.83 ± 1.70

	
2.92 ± 0.80

	
7.41 ± 1.70 a,b




	
7

	
0.73 ± 0.14

	
6.03 ± 1.70 a

	
0.04 ± 0.005 a

	
4.43 ± 0.80

	
1.70 ± 0.30

	
7.07 ± 1.50 a,b




	
14

	
0.73 ± 0.15

	
6.63 ± 1.50 a

	
0.04 ± 0.01 a

	
4.27 ± 0.90

	
1.92 ± 0.30

	
10.46 ± 1.99 a,b




	
21

	
0.82 ± 0.20

	
8.53 ± 2.10 a,b,c

	
0.05 ± 0.01 a

	
6.73 ± 1.00

	
3.37 ± 0.40 d,e

	
10.96 ± 1.40 a,b,d




	
FX

	
3

	
0.58 ± 0.05

	
3.24 ± 0.25

	
0.06 ± 0.01 a

	
2.37 ± 0.69

	
1.01 ± 0.25

	
3.00 ± 0.75




	
5

	
0.57 ± 0.11

	
4.62 ± 0.40 a

	
0.04 ± 0.002 a

	
7.83 ± 1.23 a,b

	
3.42 ± 0.90 a,b

	
3.54 ± 0.57




	
7

	
0.59 ± 0.12

	
5.25 ± 0.60 a,b

	
0.04 ± 0.001 a

	
4.45 ± 0.90 c

	
1.95 ± 0.42 c

	
9.64 ± 1.63 a,b,c




	
14

	
0.68 ± 0.09

	
6.16 ± 0.50 a,b

	
0.05 ± 0.01 a

	
2.37 ± 0.80 c

	
1.06 ± 0.20 c

	
10.23 ± 2.04 a,b,c




	
21

	
0.72 ± 0.22

	
9.26 ± 1.32 a,b,c,d,e

	
0.06 ± 0.02 a

	
3.61 ± 1.34 c

	
1.94 ± 0.20 c

	
12.17 ± 2.13 a,b,c




	
Qa

	
3

	
0.73 ± 0.15

	
4.83 ± 0.60

	
0.08 ± 0.02 a

	
10.59 ± 2.14 a

	
5.95 ± 0.87 a

	
3.83 ± 0.30 a




	
5

	
1.00 ± 0.12 a

	
6.83 ± 0.55 a

	
0.09 ± 0.02 a

	
28.30 ± 3.58 a,b

	
15.08 ± 2.13 a,b

	
10.31 ± 1.09 a,b




	
7

	
0.88 ± 0.16

	
6.56 ± 0.83 a

	
0.06 ± 0.01 a

	
17.42 ± 2.19 a,b,c

	
7.79 ± 1.54 a,c

	
11.30 ± 1.11 a,b




	
14

	
0.75 ± 0.14

	
10.45 ± 2.01 a,b

	
0.05 ± 0.002 a,c

	
3.70 ± 0.78 b,c,d

	
2.05 ± 0.36 b,c,d

	
10.59 ± 0.90 a,b




	
21

	
0.66 ± 0.16

	
10.24 ± 2.63 a,b

	
0.06 ± 0.01 a

	
4.21 ± 0.69 b,c,d

	
2.70 ± 0.30 b,c,d

	
10.99 ± 1.45 a,b








* Control is same for all four vinifications; a—significantly different content of detected compounds from content detected on control (Tukey post hoc test p ˂ 0.05); b—significantly different content of detected compounds from content 3rd, day of maceration (Tukey post hoc test p ˂ 0.05); c—significantly different content of detected compounds from content detected on 5th day of maceration (Tukey post hoc test p ˂ 0.05); d—significantly different content of detected compounds from content detected on 7th, of maceration (Tukey post hoc test p ˂ 0.05); e—significantly different content of detected compounds from content detected on 14th day of maceration (Tukey post hoc test p ˂ 0.05).
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