

  applsci-13-08314




applsci-13-08314







Appl. Sci. 2023, 13(14), 8314; doi:10.3390/app13148314




Article



Wine Polyphenol Content during the Fermentation of Vitis vinifera CS Grapes and Its Relationship with the Presence of Minerals in the Resulting Wine



Pedro Estanislao Acuña-Avila 1, María Soledad Vasquez-Murrieta 2[image: Orcid], Stefani Cortés-Camargo 1, Mayuric Teresa Hernández-Botello 2, Oswaldo Ramos-Monroy 2 and Ma del Socorro López-Cortéz 2,*





1



Universidad Tecnológica de Zinacantepec, San Bartolo el Llano, Santa María del Monte, Zinacantepec 51361, Estado de México, Mexico






2



Instituto Politécnico Nacional, Escuela Nacional de Ciencias Biológicas, Prol. de Carpio y Plan de Ayala s/n, Col. Santo Tomás, Alcaldía Miguel Hidalgo, Ciudad de México 11340, Mexico









*



Correspondence: mdlopez@ipn.mx







Academic Editor: Monica Gallo



Received: 13 June 2023 / Revised: 4 July 2023 / Accepted: 15 July 2023 / Published: 18 July 2023



Abstract

:

The content of minerals and bioactive compounds in wine depends on various factors, among which are the origin of the grapes, their phenolic composition, and the winemaking process. This study monitored the physicochemical parameters, phenolic compound contents, and antioxidant capacity of the red grape Vitis vinifera L. “Cabernet Sauvignon” harvested in three Mexican vineyards during the first nine days of the fermentation process. The bioactive compounds and elemental composition (determined by inductively coupled plasma–optical emission spectrometry, ICP-OES) were correlated. The fermentation process decreased from 22 to 5 °Bx in all cases, while the acidity increased from 6.5 to 8 g of tartaric acid/L, decreasing the pH. The phenolic compounds extracted during the winemaking ranged from 1400 to 1600 gallic acid equivalent/L, while the antioxidant capacity was 9 mmol Trolox equivalent. The bioactive compounds identified by HPLC were resveratrol, piceid, catechin, and epicatechin. The presence of Na, Mg, and Fe was correlated with antioxidant capacity, while higher Mn, Pb, Zn, and Cu contents were related to the presence of resveratrol, piceid, and catechin in Cabernet Sauvignon wine. Thus, certain minerals present in the soil that were transferred to the V. vinifera grapes can influence the amount and type of bioactive compounds present in the wine. The phenolic content and, therefore, the organoleptic characteristics of the wine are related to the mineral composition of the vine-growing soil (origin).
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1. Introduction


Several studies have demonstrated the relationship between moderate red wine consumption and a lower prevalence of cardiovascular diseases and metabolic syndromes [1,2,3,4]. The impact of red wine consumption on human health is associated with factors such as lower consumption of sweetened beverages in Mediterranean countries [5], but its benefits are also attributed to the phenolic compounds in grapes. Red wine has the highest phenolic content and free-radical-scavenging capacity among other grape products and alcoholic beverages [6]. Red wine also has a natural balance between desirable flavors and bitter components, such as epicatechin, quercetin, rutin, procyanidins, anthocyanins, hydroxybenzoic acid, hydroxycinnamic acid, and resveratrol [7]. The presence of phenolic compounds in the vine and grapes protects plants from adverse environmental conditions, removes reactive oxygen species (ROS), and chelates heavy metals with hydroxyl (-OH) and carboxylic acid (-COOH) [8]. Furthermore, drought conditions are related to increased antioxidant activity [9], and the accumulation of phenols is an adaptive response to abiotic stress.



All the biochemical reactions that occur during the growth of grapes and the different stages of the winemaking process are associated with innumerable factors. The origin of the grapes and the mineral composition of the cultivated soil are the main factors that influence the chemical composition of the fruits and their products. As evidence of the relationship between elemental composition and phenolic components, it has been reported that corn plants (Zea mays L.) increase their catechin and quercetin concentration when grown in soils with aluminum ions, while the betalain level of sugar beets (Beta vulgaris) increases under Cu and Ni stress [10]. Another important factor is the microbiology of the grape, which may be associated with factors such as the insects around the vineyard, which will affect the final quality of the wine [11]; this is just one aspect of the complex matrix involved in winemaking. According to sommeliers and others who work with wine, another important factor related to the taste of wines is the geographic location of the vineyard, which can give some wines “mineral, salty, or marine” flavors [12]. In this example, the saline stress induces a response in the fruit, translating into a higher bioactive compound content [13]. Moreover, higher amounts of antioxidant compounds have also been related to a bitter taste [14]. The wine produced in Baja California, Mexico, has a characteristic mineral flavor [15]. Furthermore, the type and quantity of bioactive compounds are attributed to two main factors: the initial phenolic components of the grapes and the winemaking process. In a previous study, correlations were found between the elemental composition (Sr, Mn, Si, and Pb) of the soil and the phenolic content of Cabernet Sauvignon red grapes [15]. Certain elements, such as zinc in some wines, help prevent diseases caused by viruses and bacteria in the environment. Zinc is important for immune health as it helps stop virus replication. It has been hypothesized that a combination of zinc and a zinc ionophore can reduce the risk of contracting a COVID-19 infection. Researchers have reported using hydroxychloroquine and zinc to prevent COVID-19, but other antioxidants present in wine, such as quercetin and resveratrol, could perform the same function [16,17].



Grapes from the Querétaro and Baja California states were chosen to make the wine and to perform the present study. The individual bioactive components were monitored quantitatively during the fermentation process. The elemental composition of the final product was determined. In addition, the correlation between the mineral composition and the bioactive content was obtained; the results were compared with commercial wines from the same regions and the same Cabernet Sauvignon (CS) grapes. A study of the winemaking residues was included because it has been reported that they contain considerable amounts of bioactive compounds, even after the vinification process; these materials could be used as functional food additives.



We hypothesize that, based on previously reported studies, the fermentation process of the grapes to obtain the wine causes changes in the chemical composition due to the process conditions, such as the time, temperature, type of grape, etc., which was expected with the present study using Mexican wines. Some minerals present in wine have a relationship with the type of bioactive compounds present in wines.




2. Materials and Methods


2.1. Collection of Cabernet Sauvignon (CS) Grapes and Wines


The grapes used for this work were obtained from a vineyard in the state of Querétaro (20°42′ N, 99°52′ W) and two vineyards in the state of Baja California (32°7′ N, 116°31′ W). All of the vineyards had a drip irrigation system, 1.2 m vine-to-vine separation, and 2.2 m row-to-row separation. All grapes were harvested in 2015 when winemakers decided that the grapes were ready for winemaking. The grape samples were identified as Querétaro (QRO), Baja California Valley (BC1), and Baja California Hill (BC2). Samples of 20 kg of grapes were obtained from each vineyard and kept frozen until analysis.




2.2. Winemaking Process


Laboratory-made wines were obtained using 5 kg of grapes in a winemaking process similar to that of López et al. [18]. The grapes were rinsed, mashed to produce a must, and fermented for 9 days. Then, following previous fermentation tests, it was determined that QRO had enough endogenous yeast to ferment in 9 days, while BC1 and BC2 lacked this yeast, so 0.25 g/kg of Saccharomyces cerevisiae Saf-Instant® (Lesaffre México, Toluca, Mexico) yeast was added to achieve fermentation in 9 days. The fermentation occurred under anaerobic conditions and darkness, at 22 °C in a 5 L glass container with an air trap and an outlet for CO2 for 9 days in triplicate for each vineyard sample. The container had a tube for sampling. Each day, 10 mL of the liquid phase was collected. Note: previous fermentation tests were carried out in which it was determined that the QRO sample had enough endogenous yeast to ferment in 9 days, while BC1 and BC2 lacked said yeast. Different doses of added yeast were tested in BC1 and BC2 samples, and it was determined that by using a dose of 0.25 g/Kg of Saccharomyces cerevisiae Saf-Instant® yeast, fermentation was achieved in 9 days.




2.3. Determination of Physicochemical Parameters


During the winemaking process, samples were taken to observe changes in their physicochemical characteristics, such as °Bx using an Abbe refractometer Mod ZWAJ and titratable acidity using volumetric titration with 0.1 M NaOH and expressed as tartaric acid/L. The pH was measured with a glass electrode connected to a HANNA HI2221-01 potentiometer. All measurements were performed in triplicate.




2.4. Antioxidant Properties


Ethanolic extracts. Samples taken during fermentation were analyzed directly (no extraction was performed). The grape samples were extracted by taking 2 g of crushed grapes without breaking the seeds. The extracts were filtered with Whatman 40 paper. Because some methodologies for the extraction of phenolic compounds have been reported in the literature, the extraction tests were performed based on a 22 factorial design with a duplicate center point. The factors studied were stirring time and ethanol percentage, and the best extraction conditions were determined. The design matrix was stirring time (h) and % ethanol (2, 20; 4, 20; 2, 60; 4, 60).



Total phenolic content (TPC). The total phenolic content (TPC) was quantified according to the Folin–Ciocalteu method [19]. Briefly, 0.2 mL of the grape extract or wine sample, 0.2 mL of Folin–Ciocalteu reagent, and 4 mL of 0.7 M Na2CO3 were mixed for 5 min. After 30 min, the absorbance was read using a Thermo Scientific Orion AquaMate 7000 spectrophotometer at 750 nm using gallic acid as the standard. The results were reported as gallic acid equivalents (GAEs/L).



Antioxidant capacity. The antioxidant capacity was determined using 1,1-diphenyl-2-picryl hydrazyl (DPPH). In brief, 15 μL of the grape extract or wine sample was mixed with 4 mL of DPPH in ethanol (100 mM). The absorbance was measured with the same spectrophotometer at 515 nm using the Trolox reagent as a standard to report the Trolox equivalents per liter (TE)/L of the sample [20]. Commercial CS red wines from the same region were purchased and analyzed under the same parameters. Commercial wine from Baja California in 2011 was identified as CBC, and that from Querétaro in 2011 was called CQRO. The reagents used in all the determinations were HPLC-grade and obtained from Sigma-Aldrich, Saint Louis, MO, USA.




2.5. Quantification of Individual Phenolic Compounds


The ethanolic extracts of the grapes and wines were used to determine the individual phenolic compounds using an Agilent Technologies Infinity 1260 high-performance liquid chromatography (HPLC) system coupled to a detector with a diode arrangement. Data were gathered and recorded with OpenLab software. Analyses were performed at 30 °C using a Supelco C-18 column (5 μm particle size, 250–4.6 mm). The mobile phase consisted of a gradient from water (A) to acetonitrile (B), both mixed with 0.5% acetic acid (v/v) at a flow rate of 1 mL/min. The elution program used was based on Breksa et al. [21]. The sample injection and standard volume were 10 μL. The standards used in this study were (−)-epicatechin, and the equation of the standard curve was y = 6173.2x + 11,998; r2 = 0.991, (+)-catechin (y = 10,234x − 12,659, r2 0.9813), trans-resveratrol (y = 60,839x + 93,548; r2 = 0.9843), and piceid (y = 35,155x + 29,189; r2 0.9943). All the standards were HPLC-grade from Sigma-Aldrich.




2.6. Elemental Composition


The elemental compositions of the red wine samples were analyzed using 1 mL of each sample digested with 5 mL of concentrated HNO3, 2 mL of concentrated HCl, and 2 mL of 30% H2O2 in a reaction tube (Pressure Vessel HF 100 MW 3000). The samples were then heated in a Multiwave 3000 microwave system (Anton Paar, Markham, ON, Canada) from 0 to 600 W for 5 min and then maintained at 800 W for 20 min. Samples were adjusted to 25 mL with distilled water, and the elemental composition was determined using inductively coupled plasma–optical emission spectrometry (ICP-OES, PerkinElmer, Waltham, MA, USA) with a 21-standard mix (High-Purity Standards) as a reference. Measurements were performed in triplicate. Graphs were plotted using OriginPro.




2.7. Phenolic Compound Contents of Fermentation Process Residues


The residues obtained from the vinification process were studied by evaluating their phenolic compound contents and antioxidant activity using a microwave oven for the extraction. Casazza et al. [22] used extraction times between 15 and 90 min and found slight increases in the phenolic compound contents. In this work, shorter times were used to prevent rapid increases in high temperatures from degrading the compounds present. Moreover, the experiments were designed using a commercial microwave to determine the influence of time and power to extract the phenolic compounds from the residues. The experiment design was conducted with times from 10 to 30 s with powers of 100 to 300 W using 3 g of residues macerated in 15 mL of acidified 70% ethanol.




2.8. Statistics Analysis


The statistical analysis of the data was carried out using the Minitab 16.1.0 2010 program. The data were reported as mean ± standard deviation of an average of six repetitions. One-way analysis of variance (ANOVA) was performed using Tukey’s method, using 95% confidence to determine significant differences in the comparison of results. Principal component analysis (PCA) was performed to identify correlations among all the studied variables of the nine triplicate samples of wine [23]. Principal component analysis (PCA) is a statistical technique that seeks to synthesize information by reducing the number of variables that explain a phenomenon without this reduction causing a significant loss in information. The main components or factors are a linear combination of the original variables and meeting the condition of being independent of each other, that is, each one of the components will explain the variability of a certain number of the original variables, and the variability that it is not capable of explaining will be explained by the next main factor and so on.





3. Results and Discussion


3.1. Physicochemical Properties


The physicochemical changes during the fermentation of the musts prepared using red CS grapes from three vineyards (QRO, BC1, and BC2) are shown in Figure 1. In general, a decrease in °Bx, an increase in acidity, and a slight decrease in pH were observed. These changes are due to the native yeast present in the grapes, which consumed glucose and caused the decreased °Bx of the red grapes by producing alcohol and CO2, as well as small quantities of lactic acid, succinic acid, and acetic acid [24]. The increase in acidic species explains the small decrease in pH compared to the initial must. Similar results have been reported by [18], who observed increased acidity from 6.8 to 8 g of tartaric acid/L using CS grapes. The changes in the physicochemical characteristics of all the samples were similar and not significantly different (p > 0.05).



The alcohol content of the samples at the end of the fermentation was also determined; the values obtained were as follows: QRO, 12.5; BC1, 13.3; BC2, 13.5; CQRO, 13; and CBC, 13.5 °GL. These values are in the common range of wines, which is from 11.2 to 14.6° G.L. [25]; this indicates that the fermented product obtained in the laboratory had the physicochemical characteristics to be considered wine.




3.2. Ethanolic Extracts


The results of the factorial design are shown in the Pareto chart given in Figure 2a. It shows the degree to which each factor affects the quantification of phenols on Fisher’s F scale. The effect of B (% ethanol) is significant (p < 0.05). These results reinforce the importance of the presence of ethanol to solubilize the phenolic compounds. Without it, both the phenol content and the antioxidant capacity decreased. To determine the best extraction conditions for the phenolic content, a response surface analysis was performed using higher concentrations of ethanol (Figure 2b). The best results occurred for 70% ethanol and 3 h of shaking.




3.3. Antioxidant Properties


Total phenolic content. The total phenolic contents of the must fermentation of CS red grapes from the QRO, BC1, and BC2 vineyards are shown in Figure 3a, where an increase in the phenolic compounds in the must can be observed throughout the fermentation process. The phenolic content of the QRO samples increased from 500 to 2000 mg GAE/L over 7 days but decreased to 1600 mg GAE/L on the last day of the fermentation process. The decrease in this value is due to the fact that the maximum level of phenolic compounds initiates the polymerization degradation processes; in addition, after a certain amount of contact time between the skin of the grape and the wine, there is no increase in the concentration of phenolic compounds [26].



The phenolic content of BC1 increased from 800 to 1300 mg GAE/L and that of BC2 increased from 900 to 1600 mg GAE/L during the must fermentation. There is no evidence that a longer contact time could increase their concentration in the wine. The TPC during the must fermentation in this study is comparable to those reported in other CS wines, in the range of 900 and 2000 mg GAE/L [26,27].



Antioxidant capacity. The antioxidant capacity of the musts during the fermentation process is shown in Figure 3b. During the first 24 h, the antioxidant capacity was almost 0, but it increased to approximately 4 to 5 mmol TE on the second day. However, it was unstable until the fifth day, when the antioxidant capacity increased to between 9 and 10.5 mmol TE until the end of the test. This behavior has been described by [28]; at the beginning of the fermentation process, the phenolic acids of the grape pulp have no antioxidant capacity, but as the process continues, anthocyanins and flavonoids, such as catechin and epicatechin, can be extracted. These compounds contribute 50% to 60% of the antioxidant capacity. Other authors have reported a range from 6 to 12 mmol TE/L for commercial CS red wines [28,29].




3.4. Storage Time of Laboratory-Made Wine


Filtered and pasteurized laboratory-made wines were stored for a month in darkness at 12 °C. Although the aging time of commercial wines differs from those produced in this work, a comparison of the bioactive compounds present in each sample was made. Figure 3c,d show the total phenolic compounds and antioxidant capacity, respectively, of the laboratory-made wines (QRO, BC1, and BC2) and the commercial CS red wines (CQRO and CBC). The laboratory-made Querétaro wine did not show changes in TPC after one month of storage; however, its antioxidant capacity was reduced after this time. Laboratory-made wines showed a significant difference (p < 0.05) from the commercial wines, which presented higher values. This difference can be explained by the harvest year, the storage time, and the process conditions [30]. Some winemakers consider the mixture of grapes from different vineyards to equilibrate acidity and taste. However, there was no significant difference (p > 0.05) in the antioxidant capacity or total phenolic compounds among the commercial wines from the different zones studied. The BC2 wine had the highest phenolic content and antioxidant capacity. According to our previous work [15], this geographic region is associated with higher Cu, Fe, Al, and Mg contents in grapes, as well as higher soil electrical conductivity and Fe content. Thus, these characteristics are related to higher phenolic compound contents and antioxidant activity in the wines produced here. Nonetheless, in grapes, many factors during the winemaking process can increase the phenolic content, such as the relationship between peel and pulp, pH, and the presence of yeast favoring the extraction of phenolics from the peel of the grape into the wine [18].




3.5. Individual Bioactive Compounds


The phenolic compounds quantified by HPLC in the laboratory-made wines (QRO, BC1, and BC2) and commercial wines (CQRO and CBC) are shown in Table 1. Catechin, epicatechin, piceid, and resveratrol were quantified for each wine sample. Catechin and epicatechin were the most abundant phenolic compounds, and piceid was found at a higher concentration than resveratrol in the red wine samples. The laboratory-made QRO wine had the highest concentrations of catechin and resveratrol. The laboratory-made wine samples had higher epicatechin concentrations but lower piceid concentrations than the commercial wine samples. Conversely, the commercial wine samples had lower epicatechin concentrations but higher piceid concentrations than the laboratory-made wines. Meanwhile, due to condensation and polymerization of catechin and epicatechin during aging in wood barrels, the amounts of catechin and epicatechin decreased, and piceid and resveratrol increased in the commercial wines [31]. Plants produce an amazing diversity of secondary metabolites, like phenolic compounds. They are the most stable products in the plant kingdom. The synthesis and concentration of the accumulated phenolics depend on many internal and external factors, such as plant physiology, age, development stage, climate, and the type of pathogen attack [32].




3.6. Elemental Composition of Red Wine


To explore the correlation between the bioactive compounds of the wines and their mineral contents, their elemental composition was determined. The results are shown in Table 2; the three wine samples contain different amounts of minerals.



This variability is similar in grapes and soils from the same vineyards, as reported by Acuña et al. [15]. Kment et al. [33], have reported the same findings when comparing soils and wines: these variations were due to the fabrication process, the bottling and storage conditions, and the heterogeneity of some elements [34]. In our study, the most abundant element was K, with an average content above 10,000 mg/L. A high K content is common in almost all fruits. In wine, tartaric acid forms potassium bitartrate, one of the most abundant components in wine [35], which stabilizes the color of red wine [35]. In contrast, the K content reported is ten times higher than that reported by Kment et al. [33], Gonzalez and Peña [35], and Czibulya et al. [36]. According to winemaking experts, wines from the USA, Mexico, Argentina, and Australia contain more K, Na, and Cl, than wines of other regions, and this is related to seawater. The Cl ion content of European wines is approximately 0.69 mM, while in Australia and America, it averages approximately 3.78 mM [37].



The order of abundance for these elements from most to least was K > Ca > Mg > Na > Fe > Mn in Czech viticulture regions [32]. In the present work, the order was K > Na > Ca > Mg > Fe > Zn > Mn; Na is abundant in Mexican wines, and it is responsible for the mineral taste in red wine [38]. The K and Na contents were higher for BC1, BC2, and CBC than for QRO and CQRO. This trend reflects the higher K and Na contents in Mexican wines, especially in Baja California. In general, the mineral contents in the wines analyzed in this work were higher than those studied by Kment et al. [33]. Therefore, the elemental composition of the wines is determined mainly by the soil in which the vine is grown.




3.7. Principal Component Analysis (PCA)


The PCA to correlate the physicochemical properties, phenolic contents, and elemental compositions of the laboratory-made wines (QRO, BC1, and BC2) and commercial red wines (CQRO and CBC) is shown in Figure 4. The PCA is presented as two axes corresponding to the highest sources of variability, known as the principal components (PC1 and PC2), which correlate variables and characteristics. Dark lines indicate the relationships between the variables and the principal components and among the variables; red points represent sample information and are distributed across the PCA plot. The overlapping dark lines indicate that the variables are related, such as the phenolic content, Na, and the antioxidant activity (in the blue circle); if the variables trend in opposite directions, they have an inverse correlation, such as alcohol and resveratrol content. Finally, if the lines are perpendicular, there is no correlation between variables. The two principal components explain only 55% of the data variation and are sufficient to identify the wine zone.



Some variables, such as resveratrol, potassium, alcohol, and TPC, had the longest lines, which indicates that these variables are associated with the wine zone. An unexpected correlation occurred between the antioxidant activity and the sodium content, which is highly associated with a mineral taste and the geographic localization of the vineyard. However, there was no evidence that the phenolic compounds are related to sodium content, except for a slight connection to the piceid content. Otherwise, heavy metals such as Pb, Mn, and Zn positively correlated with the resveratrol content. A previous study [15] observed that Sr, Mn, and Pb correlated with all of the phenolic compounds and with the antioxidant activity of grapes from QRO. In the corresponding soil, the concentration of Pb was the highest. Mg and Fe were abundant in the grapes and soils from BC1 and BC2. Some metals found in the soils and grapes were also present in the wines, such as Pb for the QRO samples, and there was a slight correlation between Mn and Fe in the BC1 and BC2 wines. Most of the metals had no significant effect in the PCA because the elemental composition of the laboratory-made and commercial red wines was strongly dispersed. In addition to the relationships obtained between the bioactive compounds and minerals in the wine, the presence of resveratrol and zinc in the wines is significant. These are two readily available nutraceuticals known to enhance the immuno-inflammatory response of the body to viral infection (antiviral activity via antioxidants) [17].




3.8. Content of Phenolic Compounds in Residues of the Fermentation Process


After the fermentation process, between 250 and 350 g of residue per kg of grape used was generated. This significant amount of residue is important from a nutraceutical point of view due to its high content of phenolic compounds [25,39]. The content of phenolic compounds in a mixture of the residues obtained using the method in this work was quantified, and an average of 2771 mg EAG/100 g on a dry basis was determined. In order to save time, the experiment design was performed using a commercial microwave to determine the influence of time and power on the extraction of phenolic compounds from grape residues. Casazza et al. [22] used extraction times between 15 and 90 min and reported slightly increased phenolic compound contents. In the present work, much shorter times were used to prevent large increases in temperature from degrading the compounds present. The design was enacted with times between 10 and 30 s and powers from 100 to 300 W on 3 g of residues macerated in 15 mL of 70% acidified ethanol. The results obtained are presented in Table 3.



The highest recovery percentage was 65% when extraction was performed at 300 W for 30 s. The time factor was significant (p < 0.05); that is, in 30 s, a greater quantity of phenols was recovered than in 10 s of extraction, regardless of the microwave power used (Figure 5). Li et al. [39] reported that phenolic compounds can be extracted from grape seeds using microwaves in 4.6 min, obtaining compounds that are normally determined in a 24 h maceration, and they reported that time is a significant factor in phenol extraction, while potency is not a significant factor.





4. Conclusions


The physicochemical and antioxidant characteristics of wine samples were used to distinguish wines from two different regions, despite variations in the vineyard age and the climate conditions, which may alter the elemental compositions of the wines. There was a large difference between the elemental composition and the physicochemical characteristics of the laboratory-made and commercial red wines analyzed in this study due to the storage time and origin. Correlations between the Mg, Na, and Fe contents in the wines and the TPC and antioxidant capacity were obtained. The Pb, Zn, Mn, and Cu contents were correlated with resveratrol, piceid, and epicatechin. With the results obtained in this work, some elements, such as Mg, Na, Fe, Pb, Zn, Mn, and Cu, could be related to the bioactivity of red grapes and CS wines. Although studies of this type of relationship between mineral and bioactive elements in wine have already been reported, this study supports the fact that the mineral flavor attributed to wines produced in Baja California (Mexico) can be attributed to the elements in the soil where the wine grape is grown. The principal component analysis allowed for identifying the wine region of origin, either Querétaro or Baja California. In this case, some variables, such as the content of resveratrol, potassium, alcohol, and gallic acid equivalents, could be variables more associated with the origin of these wines. In addition to bioactive compounds, certain minerals, such as zinc and Cu, may also be present in the residues of wine processing; thus, these residues could be used to obtain an extract with functional properties. Microwave extraction allows the recovery of phenolic compounds from residues of the fermentation process of wine with advantageous short times and low temperatures, which does not affect the bioactive content.
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Figure 1. Physicochemical changes during fermentation of Cabernet Sauvignon grapes harvested in Queretaro (QRO) and Baja California (BC1 and BC2). (a) °Brix, (b) pH, and (c) acidity expressed as g of tartaric acid/L. Each point is the average of n = 3. 
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Figure 2. (a) Pareto chart to determine the main effect on Fisher’s F scale. A: time, B: % ethanol, and AB: time–ethanol. If F > Ftables (dotted line), there was a significant effect. (b) Response surface to quantify phenols. 
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Figure 3. (a) Total phenolic content (TPC) expressed as mg of gallic acid equivalent per liter. (b) Antioxidant capacity (AC) as mmol of Trolox equivalent during fermentation of Cabernet Sauvignon grapes harvested in Queretaro (QRO) and Baja California (BC1 and BC2). Each point is the average of n = 3. (c,d) Graph of boxes of the content of phenolic compounds and antioxidant activity respectively in lab-made red wine from different regions (one month of storage) and commercial wines (CBC and CQRO). 






Figure 3. (a) Total phenolic content (TPC) expressed as mg of gallic acid equivalent per liter. (b) Antioxidant capacity (AC) as mmol of Trolox equivalent during fermentation of Cabernet Sauvignon grapes harvested in Queretaro (QRO) and Baja California (BC1 and BC2). Each point is the average of n = 3. (c,d) Graph of boxes of the content of phenolic compounds and antioxidant activity respectively in lab-made red wine from different regions (one month of storage) and commercial wines (CBC and CQRO).



[image: Applsci 13 08314 g003]







[image: Applsci 13 08314 g004 550] 





Figure 4. Principal component analysis (PCA) for correlation among the physicochemical, phenolic, and elemental composition of lab-made red wines from Queretaro (QRO) and Baja California (BC1 and BC2) and commercial Cabernet Sauvignon red wines (CQRO and CBC). Red diamond represents: the BC samples are located on the right and the QRO samples on the left side of the plot. 






Figure 4. Principal component analysis (PCA) for correlation among the physicochemical, phenolic, and elemental composition of lab-made red wines from Queretaro (QRO) and Baja California (BC1 and BC2) and commercial Cabernet Sauvignon red wines (CQRO and CBC). Red diamond represents: the BC samples are located on the right and the QRO samples on the left side of the plot.



[image: Applsci 13 08314 g004]







[image: Applsci 13 08314 g005 550] 





Figure 5. Pareto diagram, where A: time, B: power, AB: time–power interaction (the x-axis represents Fisher’s F value, and the red dotted line is the error limit allowed when α = 0.05). 
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Table 1. Individual phenolic compounds in grape and red wine samples.
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Sample

	
Grape (in 100 g dw)

	
Wine (mg/L)




	

	
Catechin

(mg) *

	
Epicatechin

(mg) *

	
Piceid

(µg) *

	
Resveratrol

(µg) *

	
Catechin

*

	
Epicatechin

	
Piceid *

	
Resveratrol *






	
QRO

	
9.3 ± 1

	
3.7 ± 2.8

	
178 ± 23

	
64 ± 17

	
71 ± 12

	
49 ± 15

	
1.7 ± 0.5

	
0.6 ± 0.15




	
BC1

	
7.3 ± 1

	
0.4 ± 0.4

	
29 ± 8

	
1 ± 1

	
40 ± 6

	
46 ± 12

	
0.4 ± 0.2

	
0.18 ± 0.1




	
BC2

	
8.4 ± 0.8

	
0.4 ± 0.2

	
43 ± 15

	
8 ± 8

	
56 ± 18

	
58 ± 14

	
1 ± 0.4

	
0.25 ± 0.1




	
CQRO

	
-

	
-

	
-

	
-

	
37 ± 1.2

	
2.5 ± 0.4

	
4 ± 0.2

	
0.4 ± 0.3




	
CBC

	
-

	
-

	
-

	
-

	
46 ± 3

	
24 ± 1.6

	
6.1 ± 0.5

	
0.1 ± 0.05








Average ± standard deviation. (n = 9, except commercial samples where n = 3). * indicates a significant difference (p < 0.05) between the QRO, VAL, and COL samples.
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Table 2. Elemental composition of red wines in mg/L.
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	Element
	QRO
	BC1
	BC2
	CQRO
	CBC
	Kment et al. (2005) [33]





	Al
	30
	34
	31
	1.55
	19
	0.56



	B *
	2.33
	4.66
	3.13
	3.23
	5.96
	---



	Ba
	8.82
	134.6
	26.45
	n/d
	n/d
	0.086



	Ca
	130
	124
	152
	109
	149
	108



	Co *
	1.3
	0.2
	n/d
	n/d
	0.05
	0.002



	Cr
	1.48
	2.1
	0.91
	0.8
	0.8
	0.058



	Cu
	1.52
	0.75
	0.81
	0.6
	1.6
	0.448



	Fe
	26
	17
	13
	9.17
	8.3
	2.64



	K *
	11,679
	15,596
	14,133
	9337
	13,145
	1126



	Mg
	120
	103
	118
	115
	135
	75.4



	Mn
	1.55
	1.06
	0.96
	0.95
	0.96
	0.92



	Na *
	1232
	938
	1228
	859
	2129
	14.7



	Ni
	0.76
	0.95
	0.47
	1.13
	0.45
	0.026



	Pb *
	0.2
	n/d
	n/d
	1
	n/d
	1.2



	Si *
	10
	16
	14
	18
	228
	---



	Sr
	10
	14
	15
	10
	11
	0.4



	Ti
	0.65
	0.32
	1.35
	n/d
	n/d
	---



	Tl
	0.16
	0.29
	0.2
	0.26
	0.36
	0.0002



	Zn *
	1.6
	0.85
	0.56
	0.7
	2.2
	0.401







Average value (n < 9). * means significant difference (p < 0.05). Lab-made wines were obtained with Cabernet Sauvignon grapes from Queretaro (QRO) and Baja California (BC1 and BC2), and CQRO and CBC are the commercial wines. n/d: no detected.
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Table 3. Recovery of phenolic compounds by short microwave extraction.
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	Exp.
	Power (W)
	Time (s)
	% Recovery *





	1
	100
	10
	39



	2
	100
	10
	42



	3
	300
	10
	51



	4
	300
	10
	50.8



	5
	100
	30
	58.8



	6
	100
	30
	54.8



	7
	300
	30
	65



	8
	300
	30
	53



	9
	200
	20
	54



	10
	200
	20
	43







* Percentage recovery of phenolic compounds.
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