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Abstract: Determining the optimum harvest time is a significant factor affecting the quality of the
grapes and the wine. Monitoring the evolution of grapes’ physicochemical properties and phenolic
maturity during ripening could be a valuable tool for determining the optimum harvest time. In
this study, the total phenolic content, antioxidant activity, flavonols, flavanols, anthocyanins and
resveratrol content were determined during the last weeks of ripening for the white cultivars Vilana
and Vidiano, as well as for the red cultivars Kotsifali and Mandilari (Vitis vinifera L.). According
to the results, an early harvest for the white cultivars and a late harvest for the red cultivars may
increase the total phenolics and trans-resveratrol content in grapes and wine. An early harvest would
be desirable to maintain high flavanols content and high levels of antioxidant activity in the grapes’
skin and seeds. Conversely, a late harvest for the red cultivars may be desirable to increase the total
flavonols and anthocyanin content in grapes and wines.

Keywords: phenolics; antioxidant activity; flavonols; flavanols; anthocyanins; trans-resveratrol;
skin; seeds

1. Introduction

Grapevine cultivation and winemaking have a long history in Greece, starting from
antiquity. Greece’s climate and most of its terroirs have always been among the most
suitable for viticulture, hosting several remarkable varieties. Today, the cultivation of
grapevines in Greece occupies over one million square meters [1], with a significant number
of local (over 200) and international grape cultivars [2]. Grape production is of great
economic international importance. Approximately 49.5% of world grape production is
used for winemaking, 37% is consumed as fresh fruit, 8.5% as dried fruit and 5% is used to
produce musts and juices [3].

Grapes contain sugars, organic acids, amino acids, proteins, phenolic and other com-
pounds, depending on various factors, with the most important being the grapevine
cultivar [4]. Phenolics are secondary metabolites related to the plant’s abiotic and biotic
stress [5]. They have plenty of plant functions, such as antimicrobial properties (phy-
toalexins), protection from UV, and become stimulators of rhizobium symbiosis and pollen
germination [6]. Plant phenolics are also widely known for their favourable properties and
antioxidant activity in the human body, since they are known to function as antimicrobials,
hypoglycaemics or antioxidants [6].

There has been great interest in researching phenolics in grapes, as well as in wine.
Grapes are among the fruits with the highest content of phenolic compounds [7]. The
phenolic profile of grapes depends on many factors, such as variety, maturity, genetic
variability, microclimate, environmental stress and agricultural practices applied in the
field [8,9]. About two-thirds of grape phenolics are located in the seeds, about one-third
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in the skin, and only a small percentage is found in the pulp [10,11]. However, phenolic
concentration varies depending on the stage of ripening [12–14]. Polyphenol oxidase (PPO)
activity is found to be correlated with the decrease in phenols [15]. This enzymatic activity
has stimulated interest as it is related to the oxidation of phenols and quality alteration,
mainly at the veraison stage when gene upregulation occurs [15,16].

Phenolics are separated into three groups: flavonoids [flavonols, flavanols (Flavan-3-ols),
anthocyanins, tannins], non-flavonoids (benzoic and cinnamic acids) and stilbenes [6,15].
Anthocyanins are among the most important phenolic compounds located in the skin. They
are extracted during winemaking and alcoholic fermentation into the wine. The most common
anthocyanin in grapes is malvidin-3-glucoside, the concentration of which depends on the
variety and abiotic factors during ripening [17]. Resveratrol is a natural stilbene in grapes
produced by the grapevine, found almost exclusively in the skin of grapes, in response to
several stress factors, such as injury, UV radiation and infections [18,19]. It has an exceptionally
positive reputation for its health-related properties, such as preventing cardiovascular diseases,
oxidative stress in neurodegenerative diseases and anticancer potency [20].

Phenolic maturity, which refers to the quantitative and qualitative evolution of the
phenolic components, is crucial for the quality of the grapes, the wine, and the health benefits
to the consumer [21,22]. Determining phenolic compounds during ripening may be the best
way by which to decide the correct harvesting time and obtain the best results [23,24].

Vilana and Vidiano (white cultivars) and Kotsifali and Mandilari (red cultivars) are
among the most valuable wine grape cultivars (Vitis vinifera L.) of Crete (Greece). They are
used to produce remarkable wines, provided they are properly cultivated and harvested at
the right time.

In this study, the total phenolic content, antioxidant activity, total flavanols and
flavonols, anthocyanins and resveratrol content were determined at different ripening
stages of the four grape cultivars (Vilana, Vidiano, Kotsifali and Mandilari) to provide an
insight into the evolution of their physicochemical properties and their phenolic maturity,
considered to be a valuable tool to determine the optimum harvest time.

2. Results and Discussion
2.1. Physical Properties of Grapes and must Characteristics

Berry weight and volume increased during the last weeks of ripening for Vidiano
and Mandilari, but not for Vilana and Kotsifali (Table 1). This is because the growth rate
of grapes decreases during the last weeks of ripening, while, depending on the cultivar,
berry volume may remain constant or even decrease due to water evaporation [25]. Skin
weight significantly increased in all cultivars, while the seed weight did not change for any
cultivar; it is known that berry seeds acquire their final size and weight before veraison [25].

It has been established that there is a correlation between CIE-Lab color parameters
and total anthocyanin content in grape skin [26]. Indeed, in this study, Pearson product-
moment correlation coefficient calculation between total anthocyanins (Oenin mg/g FW)
and color parameters (L*, C*, h) revealed a significantly strong negative correlation for
Lightness (r = −0.993, p < 0.001) and Chroma (r = −0.972, p < 0.001), and a significantly
strong positive correlation for Hue Angle (r = 0.991, p < 0.001).

Soluble solids (◦Bx) significantly increased towards ripening for all cultivars due to
sugar accumulation. However, total acidity remained constant in all cultivars, apart from
the Mandilari, in which total acidity significantly decreased during the last weeks before
harvest (Table 1).
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Table 1. Physical properties, berry color and must characteristics of Vilana, Vidiano, Kotsifali and
Mandilari cultivars during the last weeks before harvest.
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2 2.23 a 2.09 a 0.052 a 0.226 b 42.20 a 14.18 a 100.4 a 20.20 c 7.13 a 3.46 b

1 2.53 a 2.05 a 0.052 a 0.279 a 43.12 b 11.80 b 98.0 b 21.48 b 6.58 a 3.70 a

0 2.43 a 2.09 a 0.053 a 0.265 a 42.14 a 12.04 b 90.2 c 23.08 a 6.58 a 3.71 a

V
id

ia
no 2 1.88 b 1.75 b 0.047 a 0.280 b 41.47 a 15.04 a 105.2 b 19.28 b 7.32 a 3.42 c

1 2.21 a 1.89 ab 0.051 a 0.297 a 41.73 a 11.59 b 109.1 a 20.38 b 7.03 a 3.61 b

0 2.17 a 2.01 a 0.048 a 0.328 a 41.09 a 10.33 c 106.3 b 22.35 a 7.00 a 3.89 a

R
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li 3 2.14 a 2.00 a 0.047 a 0.229 b 26.89 b 4.01 a 338.4 a 18.85 b 6.50 a 3.58 b

2 2.43 a 2.25 a 0.052 a 0.295 a 28.34 a 3.50 b 343.5 a 20.05 b 7.01 a 3.52 b

1 2.37 a 2.25 a 0.047 a 0.278 a 25.58 c 2.32 c 346.9 a 23.28 a 5.81 a 3.67 b

0 2.41 a 2.17 a 0.049 a 0.316 a 26.22 bc 2.37 c 338.9 a 23.80 a 5.98 a 4.07 a

M
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ri 3 3.01 b 2.85 b 0.114 a 0.279 b 27.66 b 4.31 a 331.4 a 12.63 c 8.15 a 3.09 b

2 3.06 b 3.20 a 0.104 a 0.310 a 29.81 a 4.19 a 353.8 a 14.48 b 6.19 b 3.57 a

1 3.05 b 3.29 a 0.106 a 0.299 a 26.43 c 2.56 b 340.8 a 15.53 b 6.09 b 3.54 a

0 3.41 a 3.18 a 0.105 a 0.297 a 26.70 bc 2.47 b 326.3 a 16.90 a 4.89 c 3.61 a

Different letters indicate statistically significant differences among weeks, according to Duncan’s multiple range
test (p ≤ 0.05).

As it emerged from the comparative evaluation among the cultivars at harvest time,
Mandilari had significantly larger berries and seeds than the other cultivars (Figure 1).
Vidiano had heavier skin than Mandilari and Vilana, which had lighter skin than all
cultivars. White cultivars (Vilana and Vidiano) had similar sugars (about 23 ◦Bx) and
total acidity at harvest time. Regarding the red cultivars, Kotsifali showed significantly
higher sugars than most cultivars. However, Mandilari had significantly lower sugars
(only 16.9 ◦Bx) and total acidity than other cultivars. This inability to mature is well known
for Mandilari [27] due to the grapevines’ high yield, especially when the vineyard is at a
high altitude. This is the main reason why the Mandilari is traditionally co-vinificated with
Kotsifali (20% and 80%, respectively), providing the PDO (Protected Designation of Origin)
“Peza” and “Archanes” wines in Crete.

2.2. Phenolic and Antioxidants in Skin and Seeds at Harvest Time

At harvest time, the red cultivars (Kotsifali and Mandilari) had significantly more
total phenolics than the white cultivars (Vilana and Vidiano) in both skin and seeds,
with no differences between the red or the white cultivars (Tables 2 and 3). Similar total
phenolic content has been recently found in Kotsifali and Mandilari skin and seeds by
Biniari et al. [28]. Antioxidant activity of the skin was similar among all the cultivars at
harvest time (Table 2). However, regarding the seeds, Vidiano had higher antioxidant
activity than Vilana and Kotsifali, which had significantly less antioxidant activity than
most other cultivars. Between red cultivars, Mandilari seeds had significantly higher
antioxidant activity (Table 3). As expected, the skin of the red cultivars had significantly
more anthocyanins than the white cultivars [29]. Vidiano had higher skin content of
flavanols than Vilana and higher seed content than all the other cultivars. Kotsifali skin
had higher flavonols content than Vilana and Vidiano, while Vilana seeds had the highest
flavonols content and Vidiano seeds had the least (Tables 2 and 3). Mandilari skin had
higher trans-resveratrol content than all the other cultivars, followed by Kotsifali. Several
factors affect resveratrol content, such as the cultivar, abiotic and biotic factors, particularly
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stress factors (injuries, UV irradiation, infections, etc.). However, it has not been associated
with the color of the cultivar, although red wines have a higher amount of resveratrol due
to the maceration taking place in the vinification process [30–32]. Still, in the present study,
the white cultivars had significantly lower trans-resveratrol content in their skin than the
red cultivars (Table 2).

Plants 2022, 11, 3547 4 of 14 
 

 

 

Figure 1. Physicochemical characteristics of Vilana, Vidiano, Kotsifali and Mandilari cultivars on 

harvest day. The error bars represent the standard errors of the means. Different letters indicate 

statistically significant differences among cultivars, according to Duncan’s multiple range test (p ≤ 

0.05). 

2.2. Phenolic and Antioxidants in Skin and Seeds at Harvest Time 

At harvest time, the red cultivars (Kotsifali and Mandilari) had significantly more 

total phenolics than the white cultivars (Vilana and Vidiano) in both skin and seeds, with 

no differences between the red or the white cultivars (Tables 2 and 3). Similar total phe-

nolic content has been recently found in Kotsifali and Mandilari skin and seeds by Biniari 

et al. [28]. Antioxidant activity of the skin was similar among all the cultivars at harvest 

time (Table 2). However, regarding the seeds, Vidiano had higher antioxidant activity 

than Vilana and Kotsifali, which had significantly less antioxidant activity than most other 

cultivars. Between red cultivars, Mandilari seeds had significantly higher antioxidant ac-

tivity (Table 3). As expected, the skin of the red cultivars had significantly more anthocy-

anins than the white cultivars [29]. Vidiano had higher skin content of flavanols than Vi-

lana and higher seed content than all the other cultivars. Kotsifali skin had higher flavo-

nols content than Vilana and Vidiano, while Vilana seeds had the highest flavonols con-

tent and Vidiano seeds had the least (Tables 2 and 3). Mandilari skin had higher trans-

resveratrol content than all the other cultivars, followed by Kotsifali. Several factors affect 

resveratrol content, such as the cultivar, abiotic and biotic factors, particularly stress fac-

tors (injuries, UV irradiation, infections, etc.). However, it has not been associated with 

the color of the cultivar, although red wines have a higher amount of resveratrol due to 

Figure 1. Physicochemical characteristics of Vilana, Vidiano, Kotsifali and Mandilari cultivars on
harvest day. The error bars represent the standard errors of the means. Different letters indicate statis-
tically significant differences among cultivars, according to Duncan’s multiple range test (p ≤ 0.05).

Table 2. Phenolic content, antioxidant activity, anthocyanins, total flavanols, total flavonols and trans-
resveratrol content in the skin of Vilana, Vidiano, Kotsifali and Mandilari cultivars on harvest day.

Cultivar
Total Phenolics

(Gallic Acid
mg/g FW)

Antioxidant
Activity (Trolox

mmol/g FW)

Total
Anthocyanins

(Oenin mg/g FW)

Total Flavanols
(Catechin
mg/g FW)

Total Flavonols
(Quercetin
mg/g FW)

trans-
Resveratrol
(µg/g FW)

Vilana 3.26 b 60.17 a 0.148 b 0.640 b 0.496 b 17.24 c

Vidiano 3.19 b 60.55 a 0.150 b 1.187 a 0.474 b 18.31 c

Kotsifali 6.41 a 61.84 a 5.324 a 0.995 ab 1.030 a 36.58 b

Mandilari 6.75 a 60.63 a 4.645 a 1.069 ab 0.804 ab 59.08 a

Different letters indicate statistically significant differences among cultivars, according to Duncan’s multiple range
test (p ≤ 0.05).
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Table 3. Phenolic content, antioxidant activity, total flavanols and total flavonols content in seeds of
Vilana, Vidiano, Kotsifali and Mandilari cultivars on harvest day.

Cultivar Total Phenolics
(Gallic Acid mg/g FW)

Antioxidant Activity
(Trolox mmol/g FW)

Total Flavanols
Catechin mg/g FW)

Total Flavonols
(Quercetin mg/g FW)

Vilana 32.30 b 100.78 bc 11.20 c 0.897 a

Vidiano 32.26 b 107.29 a 16.47 a 0.648 c

Kotsifali 39.37 a 98.24 c 11.18 c 0.750 b

Mandilari 44.53 a 104.49 ab 13.76 b 0.749 b

Different letters indicate statistically significant differences among cultivars, according to Duncan’s multiple range
test (p ≤ 0.05).

2.3. Evolution of Total Phenolic in Skin and Seeds during Ripening

The evolution of total phenolics followed corresponding patterns between skin and
seeds in all cultivars. The skin of white cultivars had smaller amounts of total phenolics than
the red cultivars, while the seeds of all cultivars had significantly higher concentrations
of total phenolics than the skins (Figure 2). This is in accordance with similar studies
referring to higher phenolic content in red than in white grapes, and in the seeds than in
the skins [33,34]. The red cultivars, Kotsifali and Mandilari, showed an increase in the total
phenolics during ripening, reaching 6.41 and 6.75 mg g−1 FW of skin (GAE), as well as
39.37 and 45.53 mg g−1 FW of seeds (GAE), respectively. No increase in total phenolics was
observed in the white varieties, but, instead, a decrease was observed in the skin and seeds
of Vidiano. The increased rate of red cultivars could be attributed to the biosynthesis of
anthocyanins during ripening [29,34]. According to the results, an early harvest for the
white cultivars and a late harvest for the red cultivars may result in an increase in the
content of total phenolics in wine.
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Figure 2. Skin and seeds total phenolics of Vilana, Vidiano, Kotsifali and Mandilari cultivars during
ripening. The error bars represent the standard errors of the means. Different letters indicate
statistically significant differences among weeks, according to Duncan’s multiple range test (p ≤ 0.05).

2.4. Evolution of Antioxidant Activity in Skin and Seeds during Ripening

Antioxidant activity has been associated in the past with the content of phenolic
substances. However it depends, to a large extent, on quantitative differences in phenolic
compounds [35], as well as the content of various other antioxidant substances, such
as Vitamin C [36] and carotenoids [37], which decrease during ripening. In this study,
antioxidant activity (AA) significantly decreased during the last weeks before harvest in
a similar manner for all cultivars, in both skin and seeds. The decrease in antioxidant
activity in the skin was initially limited, while it rapidly increased at ripening, reaching
the same level of antioxidant activity for all cultivars at harvest time (Table 2). The same
pattern was observed in seeds for white varieties. However, the red cultivars presented
a gradual reduction towards ripening (Figure 3). This is in accordance with previous
studies [38,39], referring to a reduction of antioxidant activity of grapes during different
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stages of maturation until harvest. Therefore, this study shows that an early harvest for all
cultivars studied would be desirable to maintain high levels of antioxidants.
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Figure 3. Skin and seed antioxidant activity of Vilana, Vidiano, Kotsifali and Mandilari cultivars
during ripening. The error bars represent the standard errors of the means. Different letters indicate
statistically significant differences among weeks, according to Duncan’s multiple range test (p ≤ 0.05).

2.5. Evolution of Anthocyanins in Skin during Ripening

It has been established that anthocyanin content in the skin significantly depends on
the cultivar [40], but it is also affected by abiotic factors, and the results are different from
time to time [41]. That fact creates a significant variation in anthocyanin concentration
between studies. In our study, the total anthocyanin content of Kotsifali and Mandilari
significantly increased towards the last weeks of ripening (Figure 4). A similar increase in
the anthocyanin content of Kotsifali and Mandilari cultivars during ripening was also found
by Lanaridis and Bena-Tzourou [42]. However, although Mandilari usually has a higher
content of anthocyanins compared to Kotsifali [42,43], in our study, similar anthocyanin
content was found between these two red cultivars at harvest time (Table 2). The limited
increase of anthocyanins in Mandilari could be attributed to the low sugar content at
harvest time. It is known that sugars enhance anthocyanin production in grape skin cells
and the expression of enzymes of the phenylpropanoid pathway [41,44]. As expected,
anthocyanin content in the skin of white cultivars was at low levels, while no change was
observed during the ripening period.
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ripening. The error bars represent the standard errors of the means. Different letters indicate
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2.6. Evolution of Total Flavanols (Flavan-3-ols) in Skin and Seeds during Ripening

Total flavanols significantly decreased during the last weeks before harvest, in both
skin and seeds, in all cultivars except Vidiano, which had the most flavanols at harvest time
(Figure 5, Tables 2 and 3). Mandilari maintained a high amount of total flavanols until the
last week before harvest, when a significant reduction was observed. A similar reduction
pattern was observed in all cultivars for both skin and seeds. However, a significantly
higher flavanol content was found in the seeds than in the skin. It is known that the primary
source of flavanols in grapes is the seeds, as well as the skin, but to a lesser extent [45,46].
Therefore, according to the results, an early harvest shortly before maturation would be
desirable to maintain high flavanol content in grape skin and seeds.
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Figure 5. Skin and seed total flavanols content (mg CE g−1 FW) of Vilana, Vidiano, Kotsifali and
Mandilari cultivars during ripening. The error bars represent the standard errors of the means.
Different letters indicate statistically significant differences among weeks, according to Duncan’s
multiple range test (p ≤ 0.05).

2.7. Evolution of Total Flavonols in Skin and Seeds during Ripening

Regarding the total flavonols of skin, only Kotsifali showed a significant increase
towards ripening, reaching 1.03 mg QE g−1 skin (FW), while no variation was observed in
the other cultivars (Figure 6). Interestingly, seed flavonols decreased in the second week
of sampling, and then an upward trend was observed. Despite the statistically significant
changes during the last weeks of ripening, total flavonols of seeds remained virtually
unchanged. However, there appears to be a tendency for flavonols in skin and seeds
to increase during ripening, especially in the red cultivars. This is in agreement with
previous studies, reporting an increase in flavonols in other red cultivars during grape
ripening [47,48].
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2.8. Evolution of Trans-Resveratrol in the Skin during Ripening

A different pattern of trans-resveratrol variation was observed between the white and
the red cultivars. During the last weeks of ripening, trans-resveratrol decreased in white
cultivars, while in red cultivars, it increased (Figure 7). Vilana and Vidiano had significantly
lower trans-resveratrol content at harvest time than the red cultivars, while between red
cultivars, Mandilari had significantly higher trans-resveratrol content (Table 2). Resveratrol
accumulation in grapes is known to be directly linked to several stress factors [30]. However,
in this study, where all cultivars were grown in the same conditions, there seemed to be a
correlation with the degree of ripeness, but also depending on the cultivar [49]. Moreover,
as mentioned above, the white cultivars had significantly lower trans-resveratrol content in
their skin than the red cultivars. Therefore, as the results show, resveratrol concentration in
the white cultivars studied benefits from an early harvest and, in the red cultivars, from a
late harvest.
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(p ≤ 0.05).

3. Materials and Methods
3.1. Sample Preparation

The study was carried out in a 25-year-old vineyard in Heraklion Prefecture, Crete
(Greece), at around 500 m altitude. The grapevines of the four cultivars studied (Vilana,
Vidiano, Kotsifali and Mandilari) were all grafted onto 1103P rootstock and planted, in the
same vineyard, at 1.30 m on the lines and 2.40 m between the lines.

Sampling was simultaneously started for all four cultivars and were performed once a
week. Three samplings were conducted for white cultivars and four for the red cultivars
until harvest. The harvest time was determined, according to the usual practice, based on
the potential alcoholic strength of wines. Skins and seeds were carefully removed from
grapes, washed with distilled water and dried on absorbent paper. One gram of fresh
skin or seeds was smashed and extracted with 10 mL of acidified methanol (MeOH:HCl
99:1), by shaking on a mechanical shaker at 4 ◦C in the dark for 24 h. After extraction,
the extracts were filtered with syringe filters of 0.45 µm (Puradisk, Whatman, Maidstone,
United Kingdom) and kept at −18 ◦C until analysis. Four sample replicates were analyzed
for each of the four cultivars for each sampling. All analyses were carried out in triplicate.

3.2. Physical Properties of Grapes and must Characteristics

For each sampling and each cultivar, the weight and the volume of the berries were
measured, as well as the weight of the skin and the seeds (average of 100 berries). Color
parameters [Lightness (L*), Chroma (C*) and Hue Angle (h)] of the berries were evaluated
using the CIE-Lab color system [50], with a Minolta Chroma Meter (Konica Minolta CR-400,
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Tokyo, Japan). Sugars (◦Bx) of the grape must were measured using a digital refractometer
(Atago, Tokyo, Japan). Titratable acidity (g H2Ta L−1) was determined by titration with
NaOH (0,1 M), and pH was measured using a HI2020 pH meter (Hanna, Woonsocket,
RI, USA).

3.3. Total Phenolic Content

Total phenolic content was determined using the Folin-Ciocalteu’s method [51]. A
sample of 50 µL was combined with 2 mL of Na2CO3 (2% w/v). After 2 min, 0.1 mL
Folin-Ciocalteu reagent was added, and the mixture was left for 30 min in the dark. The
absorbance of the mixture was determined at 765 nm using a Shimadzu UV-1800 Spec-
trophotometer (Shimadzu, Tokyo, Japan) with water as a blank. The concentration of total
phenolic content was estimated from a calibration curve constructed by plotting known
solutions of gallic acid (0.0625–1 mg mL−1) against A765 (R2 = 0.9999). Results were
expressed as mg g−1 gallic acid equivalents (GAE) on a fresh weight basis (FW).

3.4. Total Anthocyanin Content

The color of red grapes results from the accumulation of anthocyanins, which are
usually only localized in the skin of the berry [29]. The total anthocyanin content was
determined according to a modified method by Poudel et al. [52]. An aliquot of skin extracts,
suitably diluted as appropriate to have an absorbance between 0.3 and 0.7, was read at
537 nm using a Shimadzu UV-1800 Spectrophotometer (Shimadzu, Tokyo, Japan). The total
anthocyanin content was estimated from a calibration curve constructed by plotting known
solutions of Oenin chloride (Extrasynthese, Genay, France) (0.03125–0.5 mg mL−1) against
A537 (R2 = 1). Results were expressed as mg g−1 oenin equivalents (OE) on a fresh weight
basis (FW).

3.5. Total Flavanols (Flavan-3-ols)

The total flavanol content was estimated, according to Arnous et al. [53], using the
p-dimethylaminocinnamaldehyde (DMACA) method. A portion of 0.2 mL of skin or seed
extract, diluted 1:100 with MeOH, was placed in a test tube and 1 mL of DMACA solution
(0.1% in acidified methanol) was added. The mixture was vortexed and allowed to react at
room temperature for 10 min. The absorbance at 640 nm was measured against a blank
solution without DMACA. The concentration of total flavanol content was estimated from
a calibration curve constructed by plotting known dilutions of catechin (0.5–16 mg L−1)
against A640 (R2 = 1). Results were expressed as mg g−1 catechin equivalents (CE) on a
fresh weight basis (FW).

3.6. Total Flavonols

The total flavonol content was estimated according to a modified method by Poudel,
Tamura, Kataoka and Mochioka [52]. A portion of 0.25 mL of skin or seed extracts diluted
(1:10) with 10% ethanol was placed in a test tube and 0.25 mL 0.1% HCl in 95% ethanol (v/v)
and 4.55 mL 2% HCl (v/v) were added. The mixture was vortexed and allowed to react at
room temperature for 15 min before reading the absorbance at 360 nm using a Shimadzu
UV-1800 Spectrophotometer (Shimadzu, Tokyo, Japan). The concentration of total flavonol
content was estimated from a calibration curve constructed by plotting known solutions of
quercetin (0.0625–1 mg mL−1) against A360 (R2 = 0.9998). Results were expressed as mg
g−1 quercetin equivalents (QE) on a fresh weight basis (FW).

3.7. Antioxidant Activity

The total antioxidant activity was determined according to the DPPH (2,2-diphenyl-L-
picrylhydrazyl) radical scavenging spectrophotometric method [52]. An aliquot of 25 µL
of diluted (1:10) sample was mixed with 975 µL DPPH solution (60 µM in MeOH). The
mixture was vortexed, and the absorbance was read at 515 nm, using methanol as a blank,
at t = 0 and after 30 min stored in the dark. The total antioxidant activity was estimated
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from a calibration curve constructed by plotting known solutions of Trolox against A515
(R2 = 0.9999). Results were expressed as mmol g−1 Trolox equivalent antioxidant capacity
(TEAC) on a fresh weight basis (FW).

3.8. Resveratrol Content

Resveratrol analysis was performed using the Reversed-phase High-Performance
Liquid Chromatography method [54]. The HPLC system consisted of an Agilent 1200
Degasser (G1379B), an Agilent 1200 Bin Pump (G1312A), an Agilent 1200 Autosampler
(G1329A), an Agilent 1200 Thermostatted Column Compartment (G1316A) and an Agilent
1200 Diode Array Detector (G1315D) (Agilent, Santa Clara, CA, USA). Before analysis,
skin and seed extracts were filtered with syringe filters of 0.45 µm (Puradisk, Whatman,
Maidstone, United Kingdom). The samples were separated using an Agilent Zorbax Eclipse
XDB-C18 column (150 mm × 4.6 mm, 5 µm). The mobile phase consisted of methanol
(HPLC grade), the column temperature was set at 35 ◦C, the injection volume was 20 µL,
and the flow rate was 1 mL min−1. The detection of resveratrol was performed at 306 nm.
The run time for samples was 10 min, with resveratrol being detected at about 2.3 min.
Several standard solutions from 1.25 to 40 mg L−1 were used to construct a calibration
curve (R2 = 1). Results were expressed as mg g−1 on a fresh weight basis (FW).

3.9. Statistical Analysis

One-way ANOVA, Duncan’s Multiple Range Test, and Pearson product-moment
correlation coefficient calculation were performed using the Statistical Programme for
Society Sciences (IBM SPSS Statistics, version 19).

4. Conclusions

Determining the optimum harvest time is a significant factor affecting the quality of
the grapes and the wine. In addition to defining the technological ripening of the grapes,
determining phenolic compounds during ripening may be the best way to decide the
correct harvesting time and obtain the best results. Phenolic maturity is crucial for the
quality of the grapes, the wine, and the health benefits to the consumer [20]. As emerged
from the present study, total phenolic content, antioxidant activity, flavonols, flavanols,
anthocyanins and resveratrol content varies during ripening, especially near harvest.

In the present study, the evolution of total phenolics followed corresponding patterns
between skin and seeds in all cultivars. The red cultivars, Kotsifali and Mandilari, increased
the total phenolics during ripening. No increase in total phenolics was observed in the
white varieties, but, instead, a decrease was observed in the skin and seeds of Vidiano.
According to the results, an early harvest for the white cultivars and a late harvest for the
red cultivars may increase the content of total phenolics in grapes and wine.

Antioxidant activity significantly decreased during the last weeks before harvest, for
all cultivars, in both skin and seeds, especially in the last week before harvest. Therefore,
it appears that an early harvest, for all of the cultivars studied, is desirable to maintain
high levels of antioxidants, provided, of course, that technological maturity has also
been achieved.

Regarding anthocyanin content, as expected, the skin of the red cultivars had signif-
icantly more anthocyanins, with an upward trend, than the white cultivars, which had
even less than the seeds. A late harvest of the red cultivars may be desirable to increase
anthocyanin content in wines. However, it is not a factor that should be considered in
white cultivars.

Total flavanols significantly decreased during the last weeks before harvest, in both
skin and seeds, in all cultivars except Vidiano. Indeed, a significant reduction was observed
in the last week before harvest. Therefore, an early harvest shortly before maturation would
be desirable to maintain high flavanols content in the grapes’ skin and seeds.
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Regarding total flavonols in grape skin and seeds, there seems to be a tendency to
increase during the last weeks of ripening, especially in the red varieties. Thus, a late
harvest could potentially benefit the total flavonols content for the red cultivars studied.

Finally, during the last weeks of ripening, trans-resveratrol content decreased in white
cultivars, while in red cultivars it increased. Indeed, white cultivars had significantly
lower trans-resveratrol content at harvest time than red cultivars. Resveratrol content in
the grapes’ skin seems to be correlated with the degree of ripeness, with white varieties
benefiting from an early harvest and red varieties from a late harvest.

The results of this study demonstrate the importance of monitoring the evolution of
grape physicochemical properties and phenolic maturity during ripening to determine the
optimum harvest time.
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