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Abstract

:

The vineyard of Cyprus is comprised largely of native Vitis vinifera varieties, which are rather underexploited with regard to wine production to date. Although empirical observations concur that several of these varieties may possess a high potential for the production of quality wines, analytical data pertaining to their polyphenolic composition are scarce. This study was undertaken with the aim of providing a detailed picture of the evolution patterns of several important polyphenolic constituents during the last stages of ripening of Maratheftiko, which is one of the major native grape varieties. This study included monitoring of representative simple phenolics, flavonoids and anthocyanin pigments for two consecutive years, 2021 and 2022, to obtain a more integrated portrayal of changes occurring during the critical period prior to harvest. It was revealed that there was a very high difference in the content of almost all polyphenols considered for the harvests in 2021 and 2022. The grapes harvested in 2022 had a much higher content in catechin, but most importantly, the content in total anthocyanins was 3.91-fold higher in 2022 compared to 2021. On the other hand, trans-resveratrol was the only polyphenolic metabolite whose difference was rather marginal. In seeds, the predominant substance was catechin, which displayed pronounced fluctuations during the period examined. It was concluded that the contents of major polyphenolic metabolites in Maratheftiko grapes might exhibit large variations during the period prior to harvest, most possibly reflecting differences in the average temperature and rainfall. Thus, tight monitoring of technologically important constituents, e.g., anthocyanins, is recommended to ensure the harvest of grapes with optimal maturity.
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1. Introduction


Winemaking is a neuralgic sector of the agri-food economy for many countries around the globe, and a large number of Vitis vinifera varieties are currently used to produce a wide range of wines. Although the characteristics of wines may be fundamentally affected by the vinification technology implemented, the selection of grape variety is also of utmost importance in winemaking since it largely defines the style of the wine(s) produced, and the overall quality of the final product. Polyphenols are a prominent family of non-volatile compounds in grapes, exhibiting a high heterogeneity with regard to composition, which may include simple phenolics (mostly phenolic acids), flavonoids, tannins, anthocyanin pigments and stilbenes. Phenolic compounds play key roles in the sensorial properties of wines, affecting their flavor, color, astringency and bitterness [1,2]. Furthermore, polyphenols are the major bioactive substances of wines, to which a large spectrum of activities have been attributed, including antioxidant, anti-inflammatory, cardioprotective and chemopreventive properties [3,4].



From a technological point of view, knowledge on the polyphenolic composition is of paramount significance because the quality of wines is tightly correlated with the polyphenolic profile of the grapes used. Wine quality is profoundly influenced by the harvest time, which is dictated by the technological maturity of the grapes being harvested. Characterization of technological maturity is mainly based on the sugar content and the titratable acidity, but it also includes polyphenolic indices to ascertain the “phenolic maturity” of grapes. Phenolic maturity may be appraised by the total polyphenol and total anthocyanin contents, which are highly associated with the maturity stage of the grape berries and may significantly contribute to the decision regarding the harvest date [5]. The pigment (anthocyanin) profile and other major polyphenolic constituents, such as caftaric acid and catechin, may be good indicators of phenolic maturity, since their fluctuations in the skins and seeds may reflect important changes in the ripening process [6]. Furthermore, several major and minor polyphenolic phytochemicals have been used in discrimination studies, with outstanding outcomes [7,8,9].



The polyphenolic composition of grapes is not only influenced by genetic (varietal) factors but also by the location of the vineyard, environmental conditions, cultivation practices, as well as the growing season [10]. During ripening, grape berries may undergo pronounced modifications in composition, and the last stages (weeks) of maturation are particularly important because, during this period, the changes in polyphenolic pattern assume a critical role. Regarding anthocyanins, it is of undisputed importance to identify whether harvesting is to be performed at a point when the anthocyanin content has reached high levels to ensure the production of wines with intense and long-lasting color attributes, which is a key issue in barrel aging.



The Cypriot vineyard embraces several native varieties, whose enological potential is rather unknown due to a lack of analytical data pertaining to both non-volatile and volatile profiles of the grapes grown there. The variety Maratheftiko, in particular, is a variety empirically acknowledged for its quality, but, to date, no studies have been performed to examine its ripening behavior and polyphenolic composition at harvest. The current investigation’s objective was to provide information on the course of polyphenol profile development during the last days of grape ripening over a two-year period. This was accomplished by separately assaying polyphenol evolution in the skins and seeds. To the best of the authors’ knowledge, this is the first study on the Maratheftiko variety ever performed and provides unprecedented information, which could be of high value to stakeholders, particularly to grape growers and winemakers.




2. Materials and Methods


2.1. Chemicals and Reagents


Folin–Ciocalteu reagent, catechin (>98%), trans-caffeic acid (≥98%), trans-resveratrol (>99%), cyanin chloride (≥90%), quercetin 3-O-glucuronide (≥95%) and rutin (quercetin 3-O-rutinoside) (>94%) were obtained from Sigma-Aldrich (Darmstadt, Germany). Anhydrous sodium carbonate (99%) was obtained from Penta (Praha, Czechia). Formic acid (99%) was obtained from Carlo Erba (Milan, Italy). All solvents used for chromatography were HPLC grade.




2.2. Vineyard Location and Sampling


Vitis vinifera cv. Maratheftiko grapes were collected from a non-irrigated vineyard located in the Limassol District (Omodos area), Cyprus (32.80° Ε, 34.86° Ν), at an altitude of 944 m, during the period from 12 September to 30 October in 2021 and 2022. According to the Cyprus Meteorological Station, this period in 2021 was characterized by temperatures of up to 26.5 °C, whereas the average temperature in 2022 was 29–30 °C. Furthermore, in 2021, during 16–31 October, the weather was unstable with increased frequency of sporadic rainfalls and thunderstorms. The vineyard has a total surface of 0.51 hectares, and it is planted exclusively with Maratheftiko. Sampling was accomplished by randomly collecting 200 berries from 200 different plants, from various sites of the vineyard and from various clusters and positions on the clusters (sun-exposed and shaded) to ensure a homogeneous gross sample as much as possible. Upon collection, the berries were randomly divided into two lots of 100 g and immediately frozen at −18 °C, until being analyzed.




2.3. Enological Analyses


The sugar content, titratable acidity (expressed as tartaric acid equivalents), and Folin–Ciocalteu index were determined according to the OIV International Oenological Codex.




2.4. Skin Extraction


Modification of a methodology previously described in [11] was used. A lot of 10 g of deseeded fresh red grapes was homogenized with 50 mL of the solvent (1% HCl in methanol) in an Ultra-Turrax T25 High-Speed Homogenizer (IKA Labortechnik, Staufen, Germany) at 5000 rounds/min, for 3 min, and then an additional volume of 50 mL of the solvent was added. The mixture was sonicated in an Elma S 100 (H) heated ultrasonic bath (Elma Schmidbauer GmbH, Singen, Germany) at a frequency of 37 Hz for 5 min (in pulse mode), and then it was extracted for 3 h under stirring. The liquid was collected, and the solid material was re-extracted with 50 mL of the solvent for 15 min. The liquid phases were combined, centrifuged at 4000 rpm for 5 min, filtered through paper, and evaporated to dryness in a rotary evaporator. The solid residue was reconstituted in 10 mL of deionized water, transferred to 2 mL Eppendorf tubes, and centrifuged at 10,000 rpm for 5 min. The supernatant was finally combined and filtered through a 0.45 μm PVDF syringe filter. An aliquot of 2.5 mL of this aqueous solution was loaded onto a Sep-Pak C18 cartridge, which was preconditioned with 2 mL of MeOH and 5 mL of water. The cartridge was washed with 5 mL of deionized water to remove sugars, and then successively with 5 mL of MeOH containing 1% formic acid and 5 mL of ethyl acetate to remove less polar compounds. The methanolic and ethyl acetate extracts were combined, evaporated to dryness in a rotary evaporator, and dissolved in a final volume of 5 mL of MeOH containing 1% formic acid.




2.5. Seed Extraction


A protocol reported in [12] was employed, with some modifications. The grape seeds after sampling were freeze dried, grounded, and defatted using 20 mL per g of n-hexane under stirring for 30 min. The liquid was filtered through paper, and the solid material was collected and extracted with 15 mL of ethyl acetate for 90 min under stirring, at 300 rpm. The liquid was then collected, and the solid material was re-extracted with 10 mL of the solvent by handshaking. The liquid phases were combined and centrifuged at 4000 rpm for 5 min, filtrated through paper, and evaporated to dryness in a rotary evaporator. The solid residue was reconstituted in 5 mL of MeOH containing 0.5% formic acid and filtered through a 0.45 μm PVDF syringe filter.




2.6. Chromatographic Analyses


Liquid chromatography–diode array–mass spectrometric (LC-DAD-MS) determinations were carried out to tentatively identify certain polyphenolic metabolites detected in the skin extracts. In particular, a previously reported methodology was implemented to identify trans-caftaric acid [13], using electrospray ionization in the negative mode. Likewise, another methodology was employed to identify major anthocyanin pigments, using electrospray ionization in the positive mode [14]. For quantitative analyses, the chromatographic equipment and settings deployed were those reported analytically in a previous study [15]. For catechin, trans-resveratrol, quercetin 3-O-glucuronide and rutin, quantification was accomplished with an external standard, using the calibrations curves established with the solutions with concentrations varying from 0 to 50 μg mL−1. trans-Caftaric acid was quantified as caffeic acid, while all anthocyanin pigments were quantified as cyanin chloride. In all cases, the calibration curves have a square correlation coefficient (R2) > 0.999. Standard solutions were prepared in HPLC-grade methanol shortly before the analyses.




2.7. Statistical Handling


For both skins and seeds, extractions were carried out on duplicate samples, and each extract was analyzed in triplicate. The values reported are the means ± standard deviations (sd) of the data sets (two lots sampled in the field) and the three repeated HPLC injections. Linear regressions (calibration curves) were established using SigmaPlot™ 12.5 (Systat Software Inc., San Jose, CA, USA). Distribution analyses, at least at a 95% significance level, were accomplished using JMP™ Pro 15 (SAS, Cary, NC, USA). All other statistical analyses were performed using Excel™ 16.0.





3. Results and Discussion


3.1. Sugar, Acidity and Total Polyphenol Indices


Figure 1A shows the evolution of sugar concentration during the last two weeks of Maratheftiko ripening over the two consecutive years of 2021 and 2022. At mid-September in 2021, where grape sampling was initiated, the sugar content did not exceed 190 g L−1. At harvesting (27/9), the sugar concentration mounted up to 226 g L−1. Likewise, in 2022, the sugar concentration was just below 190 g L−1 on the 13th of September, but at harvest (29/9), it rose up to 242 g L−1. This level increased by 6.6% compared to that attained in 2021.



With regard to acidity, there was a rather slow evolution in 2021 from the 12th to 21st of September, but a rapid decline was observed from the 21st until harvest (Figure 1B). Overall, the acidity level dropped from 8.9 to 6.0 g L−1, expressed as tartaric acid. In 2022, the changes recorded were less pronounced, and during the testing period, the acidity level dropped from 7.5 g L−1 at the beginning of sampling to 6.2 g L−1 at harvest.



Both the sugar content and acidity of grape berries undergo significant changes post-veraison, but near harvesting, a stabilizing tendency is usually observed. However, both indices may be subject to fluctuations as a response to climatic conditions and cultivation practices [16]. These fluctuations may impact wine quality to an important degree, affecting the final alcohol content and the overall sensorial properties. As shown in Figure 1A, Maratheftiko grapes displayed a rather significant difference in the sugar content between the 2021 and 2022 harvests, which highlights the influence of climatic conditions during the last stages of ripening. Considering the climatic conditions described in Section 2.2, the instability of the weather during the last 15 days of October, and possibly the lower average temperature recorded during that time, compared to 2022, might have contributed to the lower sugar and polyphenol accumulations. On the other hand, although there was also an important difference during ripening, the grapes had virtually the same acidity at harvest. This finding indicates that acidity at maturity may not be as profoundly affected as sugar content, and its fluctuations may lie within rather narrow limits.



For the year 2021, the evolution of total polyphenols during the study period varied from 29 (12/9) to up to 39 (19–21/9), but at harvest, it declined to 34 (Figure 1C). In 2022, total polyphenols reached a maximum of 51 at 16/9, and at harvest, there was a trivial decrease to 49. In a recent study on Italian and international varieties, the Folin–Ciocalteu index was found to vary from 6.8 to 16.3 [17]. Other authors reported levels up to 43.1 [18]. Based on these values, it would appear that Maratheftiko is a variety particularly rich in polyphenols; however, undisputedly, there was a very large difference in total polyphenol content at harvest between 2021 and 2022 (p < 0.05). Such a difference most likely reflected variations in climatic conditions that affected grape ripening since seasonal variations, such as drought and high temperatures, might significantly impact polyphenol accumulation at harvest [15].




3.2. Non-Anthocyanin Polyphenols


The examination of the evolution of polyphenolic composition included selected polyphenols from the major classes occurring in grapes, such as trans-caftaric acid (a major phenolic acid), catechin (a major flavanol), rutin and quercetin 3-O-glucuronide (major flavonols), and trans-resveratrol (a major stilbene) [19]. All these compounds were considered to provide a more integrated picture regarding polyphenolic metabolism in grapes during the last stages of ripening.



trans-Caftaric acid in the extracts examined was tentatively identified by its molecular ion at m/z = 311 (negative ionization mode) [13]. Its evolution in 2021 was characterized by an increase from 129.90 μg/100 g FW (12/9) to 374.10 μg/100 g FW after almost 10 days (21/9). Thereafter, a declining course was recorded, and the content at harvest was 183.58 μg/100 g FW (Figure 2).



In a similar manner, in the following year, trans-caftaric acid content rose from 400.07 μg/100 g FW (13/9) to 494.44 μg/100 g FW within 10 days and dropped to 327.02 μg/100 g FW at harvest. This finding manifested a very similar pattern of evolution in both years, but there was a very high difference in content, which, at harvest, was almost 56% (p < 0.05).



Previous studies indicated that hydroxycinnamates exhibit a gradual decline when it is closer to harvest [20]. However, it has been demonstrated that hydroxycinnamates, such as trans-caftaric acid, usually display a peak in their content prior to veraison, whereas as the berries ripen, they exhibit a stabilizing tendency [5]. This has been shown for five different Vitis genotypes during ripening [21]. The findings of other studies are in concurrence, with one study reporting trans-caftaric acid in Tannat grapes to reach a level of 620 μg/100 g FW ten days before harvest, and 690 μg/100 g FW at harvest [22]. However, more recent studies have indicated that there may be significant variations in hydroxycinnamate content in grapes near harvest [23].



The year-to-year variations in catechin were much more pronounced; its content at harvest was practically undetectable in 2021, but in 2022, its content was 329.86 μg/100 g FW. The evolution pattern seen for catechin was similar to that observed for trans-caftaric acid, which was also consistent with previous investigations that demonstrated catechin levels to be 550 μg/100 g FW around 10 days before harvest, but they dropped to 440 μg/100 g FW at harvest [22]. Furthermore, large year-to-year variations have been seen for other flavanol monomers (epicatechin and gallate derivatives), where a decline close to harvesting has also been recorded [23]. The results on V. vinifera cv. Merlot, Tannat and Syrah [24], and Hutai No 8 [25] were in accordance with such a pattern.



With reference to the two flavonols considered, rutin and quercetin 3-O-glucuronide, the pattern of evolution was identical for both compounds and for both years of study. However, in this case as well, the grapes harvested in 2022 were far richer compared to those from the 2021 harvest. More specifically, the rutin content at harvest in 2021 was 211.38 μg/100 g FW, whereas the corresponding level in 2022 was 441.86 μg/100 g. Likewise, the content of quercetin 3-O-glucuronide at harvest in 2021 was 832.75 μg/100 g FW, and in 2022, it was 2594.42 μg/100 g FW. Based on the data available in the literature, flavonol evolution does not display any specific pattern during ripening. In an examination of five different grape genotypes, myricetin 3-O-glucoside increased more than 5-fold, but for quercetin 3-O-glucoside and quercetin 3-O-glucuronide, the results were rather contradictory, with important differences seen among the varieties tested [21]. Likewise, for grapes from various V. vinifera varieties, it was observed that although myricetin 3-O-glucuronide might exhibit a significant increase when closer to harvesting, quercetin 3-O-glucuronide might show a gradual decline [26]. The outcome from another study on V. vinifera cv. Nebbiolo also concurred with such a behavior [27]. By contrast, other investigations on V. vinifera cv. Tannat showed that there was a constant increase for several flavonols during the last stages of ripening [22,25]. On the other hand, for Merlot, Tannat and Syrah grapes, a decline was seen for flavonols from veraison to maturity [24].



As opposed to the aforementioned metabolites, trans-resveratrol displayed a diversified pattern, and its evolution during ripening in 2021 and 2022 exhibited no large differences. In 2021, the content of this stilbenic compound was 58.83 μg/100 g FW at the beginning of the study period, and at harvest, the level dropped to 48.49 μg/100 g FW. In 2022, trans-resveratrol evolution closely paralleled that of 2021, declining from 69.23 μg/100 g FW at the beginning of the study to 51.32 μg/100 g FW at harvest. It has been shown that trans-resveratrol drops significantly during ripening, but stabilizing tendencies are observed close to harvest [28]. Yet, contradictory results have also been reported, showing a significant increase in trans-resveratrol from veraison to harvest [24,29]. On the other hand, more recent studies have demonstrated that, although trans-resveratrol content may decline toward harvesting, there may be an important increase in trans-resveratrol 3-O-glucoside [25].




3.3. Anthocyanin Pigments


The tentative identification of the major anthocyanin pigments detected in the skin extracts was based on their mass spectra. More specifically, cyanidin 3-O-glucoside gave a molecular ion at m/z = 449, and a diagnostic fragment at m/z = 287 (aglycone). Likewise, petunidin 3-O-glucoside gave corresponding ions at m/z = 479 and 301, malvinidin 3-O-glucoside gave m/z = 493 and 315, and malvinidin 3-O-glucoside p-coumarate gave m/z = 639 and 331 [13]. Paeonidin 3-O-glucoside gave m/z = 463 and 301 [30].



The monitoring of anthocyanin evolution during ripening of Maratheftiko grapes revealed significantly diversified evolution patterns (Figure 3). In general, the pigment profile shows an image typical of those previously reported for several red V. vinifera varieties [31], but pronounced differences were found between the 2021 and 2022 harvests. Additionally, for the year 2022, higher standard deviation values were determined, a fact that might be ascribed mostly to sample variability and the characteristics of the analytical method employed. The predominant anthocyanin was malvidin 3-O-glucoside, followed by its p-coumarate derivative, paeonidin 3-O-glucoside, petunidin 3-O-glucoside, delphinidin 3-O-glucoside, and cyanidin 3-O-glucoside. Important differences were observed for all anthocyanins considered at harvest between the two years of study (Table 1).



Overall, the total anthocyanin content determined in the grapes of the 2022 harvest was 3.91 times higher than that found in the grapes of the 2021 harvest (p < 0.05). This fact pointed to very high year-to-year variation in both the profile and the total content of anthocyanins. Such a phenomenon, also manifested for the other groups of polyphenols considered in this study, was anticipated, given that anthocyanin content depends greatly on agronomical and environmental factors [32]. The two major pigments, malvidin 3-O-glucoside and its p-coumarate derivative, displayed almost identical evolution pattern (Figure 3, which might be explained by their biosynthetic relevance. On the other hand, the content of malvidin 3-O-glucoside at harvest in 2022 was 4.1-fold higher than that in 2021 (p < 0.05). Similarly, the content of its p-coumarate derivative at harvest in 2022 was 3.2-fold higher than that in 2021. For delphinidin, cyanidin and paeonidin 3-O-glucoside, the difference was even higher (4.8-, 4.7- and 4.3-fold, respectively) (p < 0.05), while the lowest difference was found for petunidin 3-O-glucoside (2.4-fold).



The content of the major anthocyanin metabolite, malvidin 3-O-glucoside, at harvest in 2022, was 52.14 mg/100 FW. This value falls within the values reported for some Greek native V. vinifera varieties, which vary from 37.90 to 89.30 mg/100 FW [32]. For those varieties, the overall anthocyanin content was reported to be from 42.30 to 155.40 mg/100 FW, while in another study, the overall anthocyanin content was found to be about 20–80 mg/100 FW, for Merlot, Tannat and Syrah grapes [24]. Thus, the overall content of 88.29 mg/100 FW found for Maratheftiko in 2022 might suggest that it is a variety with a rather high anthocyanin potential.



As stated previously, although anthocyanin profile is typical for individual V. vinifera varieties, cultivation and microclimatic conditions may profoundly affect anthocyanin content at harvest. Various factors, such as light exposure, water regime and temperature, may delay, enhance or hasten ripening, thus impacting anthocyanin biosynthesis [16]. Considering the climatic conditions described in Section 2.2, it could be argued that the variations found for anthocyanins could reflect differences in both the average temperature and rainfalls during the study period in 2021 and 2022. Thus, it could be asserted that the relatively lower temperatures and higher rainfalls in 2021 might have hindered anthocyanin biosynthesis and decreased their content in berries due to the higher water uptake. The evolution pattern of individual anthocyanins might also be notably diversified during ripening, as shown for various V. vinifera varieties [21,33,34], while intense fluctuations, such as those traced for some anthocyanins during the last stages of ripening (Figure 3), might also occur [35,36].




3.4. Seed Polyphenols


The only polyphenol that was virtually detected in seeds was catechin (Figure 4). This finding is in line with previous findings, which show that, in a number of V. vinifera varieties, catechin is by far the predominant seed polyphenol [12], although in some other varieties, relatively high content of epicatechin may also occur [37]. It should also be noted that no significant differences have been observed for the catechin content of seeds from red and white varieties [12]. Therefore, this compound was considered to trace the changes in seed composition during the study period.



In 2021, the catechin content on 12/9 was 121.09 mg/100 g FW, and at harvest, it dropped to 52.81 mg/100 g FW. On the contrary, in 2022, the catechin content on 13/9 was 299.21 mg/100 g FW, and at harvest, it reached a level of 446.18 mg/100 g FW (Figure 5). The difference in content at harvest is in line with the contents of all other polyphenols in skins (p < 0.05), highlighting once again the exceptional polyphenolic richness of the grapes harvested in 2022, compared to those harvested in 2021.



It was observed that the catechin content, but also the content of other related compounds, such as epicatechin and some catechin gallates, decreased during ripening, with a stabilizing tendency during the last days prior to harvest. This was the case for various V. vinifera varieties, including Plavac Mali and Trnjak [38], Cabernet Sauvignon [39], Graciano [40] and Vranac [41]. Considering the results presented in Figure 5 it could be argued that no large fluctuations were seen during the study period, and for both years, the catechin content lied within rather narrow limits. However, the large difference found in the catechin content at harvest between 2021 and 2022 (p < 0.05) is an issue of importance, because in red vinification, seeds there are major flavanol contributors, which may affect wine composition and organoleptic characteristics to a significant extent. The level of 446.18 mg/100 g FW is significantly higher than 164.50 mg/100 g FW found for Merlot [37] and 112 mg/100 g FW determined for Vranac [41], yet considerably lower than 1289.20 mg/100 g FW found for Plavak Mali [38] and 1200 mg/100 g FW found for Graciano [40]. Nevertheless, Maratheftiko seeds may be considered as being relatively rich in catechin, considering that the average value of catechin content determined in a large number of Greek varieties is 190.01 mg/100 g FW [12].





4. Conclusions


Maratheftiko is considered one of the most important wine grape varieties in Cyprus, yet its polyphenolic composition has never been investigated. In this study, a two-year examination was presented, pertaining to the monitoring of major polyphenolic metabolites during the period prior to harvest. Very large differences in the polyphenolic contents were found between the years 2021 and 2022, which is an indication that agronomic practices and microclimatic conditions may greatly affect grape composition. The largest differences were found for catechin, but also for the six major anthocyanin pigments, which contents were significantly higher in the grapes harvested in 2022. A similar phenomenon was also observed for the catechin content of seeds. Furthermore, it was pointed out that during a period of approximately two weeks before harvest, some major polyphenolic metabolites, e.g., anthocyanins, displayed intense fluctuations. Presumably, such variations could reflect differences in the average temperature and rainfall during berry maturation. Indeed, temperature was lower and rainfall was more frequent in 2021 during the study period, supporting the hypothesis that increased polyphenol and pigment contents in grape berries are influenced by higher temperatures and lower rainfalls. It is recommended that there must be a detailed monitoring of polyphenolic metabolites over the last few days prior to harvest to ensure the collection of grapes with optimal polyphenolic composition.
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Figure 1. Evolution of sugar content (A), acidity (B) and Folin–Ciocalteu index (C) of Maratheftiko grapes during the last two weeks of ripening over two consecutive years. Acidity is expressed as tartaric acid equivalents (TAE). The error bars representing standard deviation (sd) are omitted due to the low values (sd < 1%). 
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Figure 2. Evolution of major non-anthocyanin polyphenols in Maratheftiko grapes during the last two weeks of ripening over two consecutive years. The content is expressed as μg per 100 g of fresh berry weight (FW). The error bars represent standard deviation. 
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Figure 3. Evolution of major anthocyanin pigments in Maratheftiko grapes during the last two weeks of ripening over two consecutive years. The content is expressed as μg per 100 g of fresh berry weight (FW). The error bars represent standard deviation. 
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Figure 4. HPLC trace of Maratheftiko grape seed extract obtained from seeds collected at harvest in 2022. The trace was recorded at 270 nm. 
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Figure 5. Evolution of catechin content in seeds of Maratheftiko grapes during the last stages of ripening in two consecutive years. The content is expressed as mg of catechin per 100 g of fresh berry weight. The error bars represent standard deviation. 
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Table 1. Profile of anthocyanin pigments in the skin of Maratheftiko grapes at harvest over two consecutive years.
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Pigment

	
Content at Harvest (μg/100 g FW)




	

	
2021

	
2022






	
Delphinidin 3-O-glucoside

	
440.25

	
2126.31




	
Cyanidin 3-O-glucoside

	
158.23

	
739.56




	
Petunidin 3-O-glucoside

	
728.02 ± 70.20

	
3451.00 ± 300.02




	
Paeonidin 3-O-glucoside

	
2046.28 ± 198.56

	
8861.09 ± 760.44




	
Malvidin 3-O-glucoside

	
12,750.12 ± 1186.50

	
52,140.11 ± 5002.62




	
Malvidin 3-O-glucoside p-coumarate

	
6480.03 ± 652.47

	
21,011.77 ± 1987.50




	
Sum

	
22,602.91

	
88,293.84
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