

  fermentation-08-00401




fermentation-08-00401







Fermentation 2022, 8(8), 401; doi:10.3390/fermentation8080401




Article



Investigating the Relation between Skin Cell Wall Composition and Phenolic Extractability in Cabernet Sauvignon Wines



Cristina Medina-Plaza 1[image: Orcid], Haley Meade 2, Nick Dokoozlian 2, Ravi Ponangi 2, Tom Blair 2, David E. Block 1,3 and Anita Oberholster 1,*[image: Orcid]





1



Department of Viticulture and Enology, University of California, One Shields Avenue, Davis, CA 95616, USA






2



E&J Gallo Winery, 600 Yosemite Blvd, Modesto, CA 95354, USA






3



Department of Chemical Engineering, University of California, One Shields Avenue, Davis, CA 95616, USA









*



Correspondence: aoberholster@ucdavis.edu







Academic Editor: Ana Cristina Agulheiro Santos



Received: 8 July 2022 / Accepted: 16 August 2022 / Published: 18 August 2022



Abstract

:

In this study, phenolic extractability of Cabernet Sauvignon grapes from two California regions (Sonoma County and Central Coast) and its relation with skin cell wall composition was investigated. Phenolic grape composition, wine phenolic content as well as berry and pomace cell wall composition of three sites per region were determined. Grape cell wall material (CWM) composition, and thus pomace CWM composition, was impacted by the growing region. The process of fermentation modified CWM composition, solubilizing some of the compounds such as pectin and polysaccharides making pomace CWM composition from different sites more similar in the case of Sonoma County and more different for the samples grown in the Central Coast. Growing region had a significant impact on grape phenolics, particularly on flavan−3-ols and polymeric phenols, whereas polymeric pigments and anthocyanin contents were more similar among samples. Wines made from Sonoma County grapes showed higher anthocyanin and polymeric phenol content when compared to wines made from Central Coast grapes. Comparing wine to grape phenolic composition suggests a large difference in extractability based on region. Of all the CWM components analyzed, only lignin and the amount of cell wall isolated were found to have a significant impact on phenolic extractability.
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1. Introduction


Grape phenolics constitute a large range of diverse chemical structures. Among all the phenolics, anthocyanins and tannins are the most abundant and are located in the skins and the seeds [1,2,3]. After extraction, interactions between anthocyanins and tannins are fundamental for color stabilization and contribute to the aging potential of wines [4,5,6,7]. Wine phenolics are widely recognized as quality indicators, particularly in red wines due to their impact on color, mouthfeel and body [8,9,10].



Previous studies have shown that grape phenolic composition does not directly correlate with the final wine phenolic composition, although grape variety influences the content and extractability of phenolics. Romero-Cascales et al. [11] found that anthocyanin grape concentration and its extractability depended on the variety when comparing Monastrell, Cabernet Sauvignon, Syrah and Merlot. While Monastrell grapes contained the most anthocyanin, it was found to be the most difficult to extract. Cabernet Sauvignon and Syrah wines presented the highest wine color intensity, although their anthocyanin concentration in the grapes was lower than that found in Monastrell grapes. Therefore, the phenolic composition of the wine is mainly dependent on how easily extractable phenolic compounds are at harvest time [12,13,14].



Grape skin cell walls are a protective barrier for the extraction of phenolic compounds that consist mainly of polysaccharides, lipids, proteins and phenolics bound to the cell wall components [15,16,17]. Differences in cell wall composition could impact the extractability of phenolics and relate to the differences observed in skin degradation during fermentation [13,18,19,20]. During ripening, cell wall composition changes favor the release of phenolics; these changes include the depolymerization and solubilization of pectin and the loosening of the cellulose network [21,22,23]. At crushing, grape cell walls are physically broken helping the release of phenolic compounds into the grape must. Furthermore, the extraction of grape phenolics is linked to the diffusion and solubility of certain cell wall components into the fermenting must as well as the alcohol content and fermentation temperature [24,25,26]. Preceding studies have found that phenolic extractability is highly site specific [13,14]. Moreover, vintage has been found to have a significant effect on CWM composition [27,28], confirming that climate could have an impact on phenolic extractability.



Wine terroir is a concept that includes three broad categories: natural, human and historical factors [27]. This concept has been closely associated with food products, including wine, and implies a link between wine characteristics and its origin. Soil and climate are the main elements included in the first category [28,29] and it would be logical to assume that grape origin will impact the composition of the grape, and the resulting wine and marc after pressing [14]. Understanding the composition of the marc after pressing could give winemakers a better insight into the reason why phenolics are not being extracted.



The aim of this research study was to investigate the relation between grape cell wall composition and phenolic extractability of Cabernet Sauvignon grapes grown in two different California regions (Central Coast and Sonoma County). The study included the analysis of phenolic grape composition, wine phenolic content as well as berry and pomace skin cell wall composition of three sites per region.




2. Materials and Methods


2.1. Reagents


Bovine albumin standard solution (2.0 mg/mL) and Coomassie protein assay reagent were purchased from Thermo scientific (Waltham, MA, USA). Malvidin-3-O-glucoside (95%) was purchased from Extrasynthese (Genay, France). Acetone (reagent grade), acetonitrile (HPLC grade), methanol (reagent grade), hydrochloric acid (37%, reagent grade), trifluoroacetic acid (HPLC grade), sulfuric acid (96% reagent grade), diethyl ether (ACS reagent, 99%), phenol (reagent grade), L-ascorbic acid (molecular biology grade), HEPES buffer, potassium bitartrate (99%), Folin–Ciocalteu reagent, sodium carbonate, (+)-catechin hydrate (98%), 3-phenylphenol (85%), sodium tetraborate (99%) and D-galacturonic acid (97%) were purchased from Sigma Aldrich (St. Louis, MO, USA). Phosphoric acid (88%) (HPLC grade) and sodium hydroxide (ACS grade) were purchased from Fisher Scientific (Pittsburgh, PA, USA). Koptec brand ethanol (95%) was purchased from Decon Laboratories, Inc. (King of Prussia, PA, USA). Deionized water was prepared in-house to a final purity of 18.2 MΩ.




2.2. Grape and Pomace Samples


Cabernet Sauvignon (FPS Clone 8) was hand harvested at commercial maturity (24–26 °Brix) from two different California regions (Sonoma County and Central Coast) in 2018. Three different sites per region were harvested in order to obtain a representative sample. Nitrogen, fertilization, irrigation regimes and leaf removal were performed appropriately based on the growing region. Thus, each vineyard site was treated individually according to its needs. All the vineyards were mature, ranging in age between 6 and 26 years. Vineyard location and coding of the samples is defined in Table 1 as well as grape basic chemical analysis at harvest (°Brix, pH and titratable acidity).




2.3. Winemaking


Grapes were destemmed and crushed. Fermentation vessels were filled to a final volume of 40 L in duplicate for each individual site. Initial juice panels, °Brix, titratable acidity measured as tartaric acid equivalents, pH, malic acid concentration and yeast assimilable nitrogen, were performed on the grapes prior to crushing (Table S1). Additions were made to each vessel to adjust yeast assimilable nitrogen (YAN) to 300 mg/L using diammonium phosphate, pH to 3.7 using tartaric acid and sulfur dioxide to 60 mg/L using potassium metabisulfite. Fermentation vessels were brought to 29 °C prior to inoculation with Saccharomyces cerevisiae strain D254 (Lallemand Lalvin, Santa Rosa, CA) while cap management conditions were set to one tank volume pump-over twice a day. Fermentations were pressed off skins after 7 days and allowed to finish in temperature-controlled vessels held at 25 °C. Once dry, the wines were cold-settled at 4 °C, racked off lees into storage tanks and given a 60 mg/L sulfur dioxide addition using potassium metabisulfite. Wines were rough filtered via plate and frame unit using FibraFix AF 100 depth filter sheets (Filtrox, St. Gallen, Switzerland). Prior to bottling, wines were adjusted to free sulfur dioxide of 35 mg/L using potassium metabisulfite. Wines were sterile filtered using in-line ALpHA MF0.8-1F6RS and SteriLUX VMH0.4-1F6RS filters (Meissner, Camarillo, CA, USA), then bottled under screw cap. Final wine chemical composition can be found in Table S2.




2.4. Cell Wall Material Isolation


Cell wall material (CWM) was isolated from grape skins and pomace as 70% alcohol insoluble residue (AIR) following the method developed by De Vries et al. [30]. Shortly, grape or pomace skin (10 g) was suspended in 15 mL of boiling water (5 min) and then homogenized. The homogenate was extracted with 96% ethanol (ratio 1:2 w/v) for 30 min at 40 °C. AIRs were separated by filtration on paper (Whatman™ 1001–125 Grade 1 Qualitative Filter Paper, 97 Diameter: 12.5 cm, Pore Size: 11 μm) and sequentially extracted with 70% ethanol (40 °C, 30 min) until the Dubois test [31] indicated no sugars in the 70% ethanol phase.




2.5. Cell Wall Material Characterization


2.5.1. Carbohydrate Composition


Non-cellulosic content was determined colorimetrically using the phenol-sulfuric method [31] after digestion of one gram of CWM with 1 M sulfuric acid for 2.5 h at 100 °C. Soluble sugars were extracted with 40 mM HEPPES buffer for 1 h at room temperature [32] and determined by means of the phenol-sulfuric assay (TSS) [31]. Cellulose was determined as glucose according to Lurie et al. [33] using the phenol-sulfuric method for its spectrophotometric determination [31]. Lignin was analyzed gravimetrically as acid-insoluble residue [34].




2.5.2. Uronic Acid Analysis


Pectin content was determined as uronic acids by the colorimetric 3,5-dimethylphenol assay after the digestion of CWM in sulfuric acid [35]. Pure galacturonic acid was used as the reference standard (Sigma Aldrich, St. Louis, MO, USA). Uronic acid content was expressed as mg anhydrous galacturonic acid/g CWM.




2.5.3. Phenolic Content


Phenolic content was determined after extraction with 1 M NaOH (100 °C, 10 min) using the colorimetric Folin-Ciocalteu assay described by Singleton and Rossi [36]. Pure gallic acid was used as the reference standard (Sigma Aldrich, St Louis, MO, USA). Phenolic content was expressed as mg gallic acid/g CWM.




2.5.4. Lipid Analysis


CWM lipids were determined gravimetrically by extraction overnight with diethyl ether (35 °C) using a Soxhlet apparatus [37].




2.5.5. Protein Analysis


The protein content of CWM was determined after digestion of the sample with 1 M NaOH (10 min, 100 °C) followed by the colorimetric method described by Bradford [38]. Bovine serum albumin (BSA) solution was used as the standard to calibrate the analysis (0 to 2000 µg/mL). Protein content was expressed as mg BSA/g CWM.





2.6. Phenolic Analysis


Ten berries were grounded (IKA T18 digital ultra-turrax) and extracted in triplicate with acidified methanol (0.1% HCl) at 4 °C, until the solvent was visually colorless, in a ratio of 1:10 w/v. Methanolic extracts were sequentially pooled and combined. The final extracts were concentrated under vacuum at 34 °C to a final volume of 10 mL and stored at −20 °C until analyzed. The residue was extracted with 70% acetone overnight in a w/v ratio of 1:10 in order to extract the more hydrophobic phenolics. Extracts were concentrated under vacuum to a final volume of 5 mL and stored at −20 °C until analyzed. To determined phenolic composition of the samples (grapes and wines), an Agilent 1260 Infinity HPLC (Agilent Technologies, Santa Clara, CA, USA) equipped with a diode array detector was used. Shortly, mobile phase A (water containing 1.5% phosphoric acid v/v) and mobile phase B (80% acetonitrile and 20% mobile phase A) were used in a gradient of separation previously published by Peng et al. [39]. Twenty µL of sample was injected in a PLRP-S 100 Å 3 µm 150 × 4.6 mm column using a flow rate of 1 mL/min. Flavan-3-ols (catechin, epicatechin, gallocatechin and epigallocatechin), anthocyanin (glucosylated, acetyled glucosides and p-coumaroylated glucosides), polymeric pigments and polymeric phenols were quantified. Polymeric phenols and pigments were determined as the unresolved peak at the end of chromatograms at 280 nm and 520 nm, respectively. (+)-catechin, and malvidin-3-O-glucoside were quantified using calibration curves produced with authentic standards with limits of quantification of 0.50 and 0.30 mg/L, respectively. Flavan-3-ols and tannins were quantified as catechin equivalents, and all anthocyanins and pigmented polymers were quantified as malvidin-3-O-glucoside equivalents. Instrument control and data analysis were performed using Agilent ChemStation (Rev. B.04.03, Agilent Technologies, Santa Clara, CA, USA) software.




2.7. Statistical Analysis


XLSTAT (2019.3.2, Addinsoft, New York, NY, USA) was used for all statistical analysis; analysis of variance (ANOVA), Tukey’s test as comparison procedure, multifactor analysis (MFA) and principal component analysis (PCA).





3. Results and Discussion


3.1. Cell Wall Material Composition


The percentage of CWM isolated (IM) from grape and pomace is presented in Figure 1. The percentage of CWM in grape skins is approximately 50% when compared to the pomace CWM isolation. Similar results, where winemaking by-products presented larger amounts of AIR, have been previously reported for other red cultivars such as Syrah, Monastrell, Merlot and Tempranillo [14,34,40]. This can be explained by the severe degradation that cell walls undergo during winemaking as well as dehydration after pressing. Regarding Cabernet Sauvignon, the difference in AIRs between pomace and grape skins has been reported to be between 2.3- and 4.5-fold depending on the origin [14,34]. In our case, samples coming from the Central Coast exhibited, in general, a larger amount of AIRs when compared to the Sonoma County region, although differences between regions were not significant. Previous studies do not state whether or not their samples were the same clone; this could also explain the small differences found in the current study when compared to previous works.



For all the individual components of the CWM analyzed, significant differences were found between pomace and grape skin cell wall composition for each site analyzed. Pectin was determined as uronic acid and, as it can be observed in Figure 2a, pectin content in the grape skins was consistently significantly larger than those in the pomace. This could be related to the partial solubilization of the pectin during winemaking, decreasing its content in the pomace [14,34]. Also, large variability among the different sites within each region can be observed. Similar results were found regarding soluble polysaccharides (Figure 2b) which were significantly reduced from grape to pomace due to soluble polysaccharide extraction during fermentation. The removal of these soluble compounds from the CWM of the grapes during fermentation is one of the factors that led to an increase in the percentage of CWM isolated from the pomace. Lignin is a complex polymer that helps with the rigidity of the cell wall, and it is very resistant to degradation [41]. Due to the latter property, it remains intact after fermentation leading to a slight increase in the amount per gram of CWM found in the pomace potentially due to the removal of the soluble components (Figure 2c). Proteins in the CWM have been described as structural constituents forming a net, reinforcing the cell wall during berry ripening [21]. The majority of the cell wall proteins are cross-linked into the polysaccharide network making them not easily extractable [42]. Proteins, similar to lignin, exhibited an increase, although to a greater extent (Figure 2d). Comparable results were found for cellulose, non-cellulosic glucose and polyphenols located in the CWM where very small differences were found between the grape skin CWM and the pomace CWM, suggesting little to no extraction during fermentation.



In order to study the similarity between regions and sites regarding CWM composition, a PCA was performed. Figure 3a shows the biplot of grape skin CWM (PC1 vs. PC2) that explains 78.59% of the variability. Sonoma County (S) samples present larger differences in grape skin CWM composition among sites than Central Coast (C), particularly S1 as it appears more separate from the rest. On the other hand, Figure 3b shows the biplot of pomace CWM where PC1 and PC2 explain 66.75% of the variance. As it can be observed, Sonoma County (S) samples appear much closer together than those from the Central Coast (C). It is generally accepted that during fermentation some components of the cell wall get dissolved into the fermenting must and removed from the skins [25,43,44,45] as supported by the CWM composition analysis of the pomace in comparison with the grapes for each site in this study (Figure 2). The similarity in the CWM of Sonoma County grape pomace could be due to the fact that the solubilization and transfer of soluble components to the fermenting must reduced the differences among sites. However, the same process made Central Coast (C) pomace CWM more different suggesting larger differences in insoluble composition of the CWM. Despite the separation among sites, both regions can be clearly distinguished with no overlapping between samples suggesting a large impact of the growing region on the CWM composition.




3.2. Phenolic Composition of Grapes and Wines


Phenolic composition was determined in the wine and after exhaustive extraction of the grapes by means of RP-HPLC-DAD. Phenolic composition in the grape skins presented some impact of the growing region, although not as significant as CWM composition. As it can be observed on Table 2, only polymeric phenols and flavan-3-ols were found significantly different between regions. Grape samples from the Central Coast contained significantly more polymeric phenols and flavan-3-ols compared to those from Sonoma County, potentially due to the differences in climate between regions. The growing degree days for the 2018 season were calculated using the closest weather station for each site. On average, the growing degree days calculated were 1926 for the Central Coast and 1695 for the Sonoma County. It has been found that these compounds increase when grapes are exposed to heat or to a warmer weather [46,47,48]. These observed temperature differences could explain the differences between regions on flavan-3-ols and polymeric phenols. Regarding anthocyanin content, the average difference between regions was minimal due to larger variance within each region, particularly in the Sonoma County. Both regions contained sites with high and low anthocyanin content, although differences were not significant for Central Coast grape samples. No regional impact was observed for the individual anthocyanin profiles. Polymeric pigment differences were not significant among sites of the same region nor between regions, potentially due to their low concentration. The variation in grape phenolic composition between growing regions is likely due to differences in climate and soil [49,50,51]. Moreover, differences found among growing sites within the same region was potentially due to mesoclimate impact and location of the vineyards, although most of the differences were not significant.



Analyzing wine phenolic composition, we found that polymeric pigment contents were very similar among the different wines. This is the only type of phenolic group that did not show significant differences due to origin (site) (Table 2). Those made from grapes cultivated in the Sonoma County contained more anthocyanins and polymer phenols while wines made from grapes originating from the Central Coast contained less of both phenolic groups. Opposite trends were found regarding flavan-3-ols with the wines made from Central Coast grapes containing significantly higher concentration compared to those made from Sonoma County grapes.



When comparing grape with wine phenolic composition, it is clear that phenolic extractability depended on the specific site for the samples analyzed. Extractability of the different phenolic classes was calculated as shown in Equation (1). Raw data for must weight and volume after pressing for each fermentation can be found in Table S3. Grapes from the Sonoma County showed a larger percentage of extractability than those cultivated in the Central Coast, with the exception of anthocyanins for which one of the sites from the Central Coast showed the largest percentage of extractability (Table 3). This specific site (C2) showed the lowest concentration of lignin, making the cell wall less resistant and easier to physically break during the winemaking process (crushing). Extractability was found significantly different between regions for all the phenolics analyzed except for anthocyanins. The large value of C2 makes the Central Coast grape anthocyanin content average similar to that from the Sonoma County, eliminating significant differences.


   % Extractability =     Wine   phenolics   ×       Wine  volume     Mass  grapes         Grape   phenolics         ×   100   



(1)








3.3. Correlation between CWM Composition and Wine Phenolics


Despite the fact that the starting grape composition was different between regions and, in some cases among sites, extractability data suggest the presence of an inherent effect to the region. PCA was applied to the correlation matrix constructed from the extraction percentages of the different phenolics analyzed, soluble solid content, Brix and CWM composition (i.e., insoluble material, lipids, protein, total polyphenolic content, cellulose, non-cellulosic glucose, uronic acid and lignin) of each site. Figure 4 shows the biplot of the PCA analysis. The first principal component explains 45.92% of the variability in the data and the second describes 26.58%. Some separation due to region can be found based on the first principal component. Lignin and total insoluble material (IM) had the strongest negative correlation with all the phenolics extracted. A higher content in lignin increases cell wall resistance and rigidity, which could explain the negative correlation with phenolic extraction. IM has been previously reported by Hernandez-Hierro et al. [52,53] as one of the variables with the largest negative impact on phenolic extractability (anthocyanin, flavan-3-ols and flavonols). Sugar related parameters (Brix and TSS) show no or negative impact on the extraction of phenolics. Phenolic extractability increases during ripening, mainly due to the degradation of the CWM. Brix is a method to determine the maturity of the grapes; however, it can be impacted by multiple external factors such as heat waves (dehydration) and rain (rehydration). Sugar parameters are not directly correlated with phenolic extractability as the latter is mainly influenced by CWM composition and its changes overtime are due to hang time and not sugar accumulation.



Previous research noted a large impact due to vintage on phenolic extractability. Garrido-Banuelos et al. [20] explored the impact of vintage on cell wall polysaccharide composition and phenolic extractability of Shiraz concluding that vintage had a strong and significant effect on grape phenolic and grape skin cell wall composition and, therefore, wine composition. They concluded that its impact was larger than any of the other variables studied and confirms the impact of seasonal variation.



Due to the influence of vintage on CWM and phenolic composition, a multi-year study is needed to confirm that the impact of certain components of CWM (particularly lignin and IM) on phenolic extractability is constant, irrespective of vintage.





4. Conclusions


This study showed the influence of CWM composition on phenolic extractability as well as the CWM modification during fermentation. The content of CWM soluble components (pectin and soluble polysaccharides) decreased in the CWM pomace compared to grapes whereas the rest of the components stayed almost intact. Grape flavan-3-ols and polymeric phenols were found significantly different between regions whereas wine composition differences were significant for all the phenolics analyzed other than polymeric pigments. Polymeric pigments were potentially similar due to low concentrations as a result of the young age of the wines at the time of analyses as well as the use of the same cultivar.



Phenolic extractability was found significantly impacted by region pointing out the synergistic effect of phenolics and CWM composition on phenolic extractability. PCA correlating grape and CWM composition with phenolic extractability showed that the amount of IM and lignin has a strong negative impact on phenolic extractability.



Nonetheless, the impact of vintage should be evaluated to confirm that these findings are constant and independent of vintage. Moreover, as lignin and IM can be related to thickness and rigidity of the skin, a comprehensive study of these variables would be helpful to extrapolate our findings to other grape varieties.
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Figure 1. Percentage of CWM isolated from grape and pomace skins. S-Sonoma County, C-Central Coast. Numbers 1, 2, 3 indicate different sites within the same region (n = 3). Different letters mean significant differences (Tukey’s test, p < 0.05). 
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Figure 2. Box plot of (a) Uronic acid, (b) Soluble polysaccharides, (c) Lignin, (d) Protein in grape skin and pomace CWM from two different California regions (n = 3). Significant differences between regions (p < 0.05) are marked with a star. Significant differences between pomace and grape skin are marked with a triangle. 
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Figure 3. PCA biplot of CWM composition. (a) Grape skin, (b) Pomace skin. S-Sonoma County, C-Central Coast. Numbers 1, 2, 3 indicate different sites within the same region. IM-Isolated Material, TSS-Total Soluble Sugars, TPC-Total Polyphenolic Content. 
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Figure 4. PCA biplot of extraction percentages of the different phenolics analyzed, soluble solid content, Brix and CWM composition. S-Sonoma County, C-Central Coast, whereas 1, 2, 3 indicate different sites within the same region. IM-Isolated Material, TSS-Total Soluble Sugars, TPC-Total Polyphenolic Content. 
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Table 1. Vineyard coordinates, sample codes, harvest date and basic chemical analysis for all the grapes analyzed. C-Central Coast, S-Sonoma County. Numbers 1, 2, 3 refer to sites within the same region. TA refers to titratable acidity expressed in g/L of tartaric acid.
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Region

	
Code

	
Latitude

	
Longitude

	
Harvest Date

	
°Brix

	
pH

	
TA (g/L)






	
Sonoma County

	
S1

	
38.75926

	
−122.991

	
10/13/2018

	
23.65

	
3.93

	
3.90




	
S2

	
38.76359

	
−122.977

	
10/13/2018

	
26.85

	
3.71

	
4.00




	
S3

	
38.64369

	
−122.917

	
10/19/2018

	
25.35

	
3.75

	
4.50




	
Central Coast

	
C1

	
35.73251

	
−120.652

	
10/25/2018

	
26.60

	
3.86

	
3.50




	
C2

	
35.87655

	
−120.908

	
10/26/2018

	
25.55

	
3.95

	
3.30




	
C3

	
35.57229

	
−120.601

	
10/30/2018

	
22.90

	
3.63

	
4.40








Pomace was collected after pressing, deseeded and stored at −20 °C until further analysis.
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Table 2. Grape and wine phenolic composition.
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Berry Composition (mg/g Berry)

	
Wine Composition (mg/L Wine)




	
Region

	
Code

	
Flavan-3-ol *

	
Anthocyanin

	
Polymeric Pigment

	
Polymeric Phenol *

	
Flavan-3-ol *

	
Anthocyanin *

	
Polymeric Pigment

	
Polymeric

Phenol *






	
Sonoma

	
S1

	
0.10 ± 0.01 a

	
0.89 ± 0.04 b

	
0.03 ± 0.008 a

	
3.19 ± 0.73 a

	
70.24 ± 0.91 a

	
460.92 ± 42.50 a

	
18.14 ± 1.627 a

	
310.31 ± 45.35 a




	
S2

	
0.12 ± 0.01 a

	
1.12 ± 0.16 a

	
0.04 ± 0.002 a

	
3.11 ± 0.06 a

	
73.12 ± 3.22 a

	
510.25 ± 17.58 a

	
19.71 ± 2.25 a

	
313.58 ± 13.51 a




	
S3

	
0.11 ± 0.02 a

	
1.23 ± 0.09 a

	
0.03 ± 0.007 a

	
3.43 ± 0.60 a

	
61.38 ± 0.11 b

	
525.99 ± 16.86 a

	
19.59 ± 0.74 a

	
342.97 ± 11.96 a




	
C. Coast

	
C1

	
0.19 ± 0.03 a

	
1.15 ± 0.02 a

	
0.04 ± 0.002 a

	
4.01 ± 0.20 ab

	
75.90 ± 0.35 a

	
422.14 ± 7.37 b

	
18.38 ± 2.02 a

	
217.73 ± 28.14 a




	
C2

	
0.14 ± 0.01 a

	
0.71 ± 0.07 b

	
0.03 ± 0.003 a

	
3.15 ± 0.49 b

	
73.79 ± 5.83 a

	
472.91 ± 0.87 a

	
17.47 ± 3.20 a

	
272.93 ± 35.47 a




	
C3

	
0.20 ± 0.04 a

	
1.21 ± 0.12 a

	
0.03 ± 0.005 a

	
4.31 ± 0.58 a

	
71.44 ± 1.43 a

	
417.00 ± 11.63 b

	
16.50 ± 1.95 a

	
245.62 ± 31.44 a








Statistical differences within vineyards from the same region are expressed as letters. Different letters mean significant differences (Tukey’s test, p < 0.05). * Means significant differences between region averages. S-Sonoma County, C-Central Coast. Numbers 1, 2, 3 indicate different sites within the same region (n = 3).
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Table 3. Percentage extractability of different phenolic classes as calculated for all the samples analyzed.
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	% Extractability
	Flavan-3-ols *
	Anthocyanin
	Polymeric Pigments *
	Polymeric Phenols *





	S1
	50.88 ± 5.10 a
	36.14 ± 1.84 b
	42.90 ± 2.58 a
	6.83 ± 0.41 a



	S2
	49.89 ± 4.50 a
	30.61 ± 1.82 bc
	39.48 ± 2.39 abc
	7.37 ± 0.43 a



	S3
	38.74 ± 4.20 b
	30.77 ± 1.94 bc
	40.38 ± 2.71 ab
	7.18 ± 0.38 a



	C1
	29.78 ± 2.34 b
	26.76 ± 0.56 cd
	33.54 ± 1.96 c
	3.97 ± 0.21 c



	C2
	30.76 ± 2.14 b
	43.35 ± 3.89 a
	34.46 ± 2.15 bc
	5.62 ± 0.37 b



	C3
	33.04 ± 2.96 b
	22.69 ± 1.08 d
	33.71 ± 2.09 c
	3.78 ± 0.26 c







Statistical differences within vineyards from the same region are expressed as letters. Different letters mean significant differences (Tukey’s test, p < 0.05). * Means significant differences between region averages. S-Sonoma County, C-Central Coast. Numbers 1, 2, 3 indicate different sites within the same region.
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