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Grapes (Vitis L.), one of the most important and old fruit crops in the world, are grown in a wide range of environments from
Australia to North America and from Japan to Chile. All grape growing countries use both international and local cultivars in
production to obtain fresh and dried fruits or wine. In Turkey, each region has their own local grape cultivars. Seven local cultivars
and one standard grape cultivar, grown in Coruh valley, were analyzed for morphological traits (bunch size, berry color, and berry
shape), biochemical characteristics (sugars, organic acids, vitamin C, phenolic compounds, total carotenoids, and flavonoids
content), and % inhibition level (antioxidant capacity). The grape cultivars differed from each other in the morphological and
biochemical traits. The grape berries contain predominantly nine main phenolic compounds, five organic acids, and two sugars.
Among phenolic compounds, chlorogenic acid, syringic acid, rutin, and quercetin were found to be dominant for most of the
cultivars between 2.365-5.112 mg/L, 0.923-2.147 mg/L, 0.856-1.711 mg/L, and 0.621-1.347 mg/L, respectively. The local cultivar
Kirmizi Istanbul had more chlorogenic acid than the other cultivars. The berries with darker skin color, specifically Kara Turfanda
and Nanebur, had higher % inhibition level (antioxidant capacity) than the brighter ones, which correspond also to the results of
flavonoid contents. Overall, the local genotypes were found promising due to favorable properties and could be recommended for
farmers and consumers.

1. Introduction

Turkey has rich flora due to diverse topography and geo-
morphology conditions. The country includes 3 out of the
world’s 34 biodiversity hotspots, namely, Caucasus, the
Mediterranean, and the Irano-Anatolian [1-4]. One of the
hotspots for plant biodiversity in the country is Coruh valley.

The Vitis genus is widely distributed in the world, and so
far, 80 Vitis species are identified [5]. The Vitis genus has two
subgenera:  Muscadinia and  Euvitis. = Muscadines
(V. rotundifolia Michx.) is native to America and cultivated
in the southeastern US [6, 7]. The Euvitis subgenus including

the most cultivated grapevines is divided into three groups:
the American group, the East Asia group, and the Eurasian
group. Most of the Vitis cultivars grown in the world belong
to V. vinifera within the Eurasian group. V. vinifera has two
subspecies (vinifera and sylvestris), and V. vinifera sylvestris
corresponds to the wild form of the vine, and vinifera, re-
ferring to the cultivated form [8, 9].

Turkey, located between Asia and Europe, is important for
grape cultivation. Viticulture has spread to almost all geo-
graphical regions in the country, and, in particular, local grape
cultivars were found along the ancient Silk Road [10, 11]. Old
civilizations belonging to different religious settlers in Anatolia
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played an important role in expanding grape cultivation in
Turkey [12, 13]. Many local grape cultivars found in Anatolia
and currently over 1000 grape local cultivars exist in the
country [3]. These local cultivars could be important in grape
breeding in Turkey due to their rich morphological variation
[10]. In addition, local cultivars are widely used in different
parts of country and make a significant economical contri-
bution [13]. More recently, local cultivars under pressure of
international well-known cultivars and international cultivars
began to replace domestic cultivars [14].

To avoid genetic erosion of local grapes, it is important to
characterize of them. This local germplasm could be im-
portant to obtain new grape cultivars with higher yield and
better berry characteristics [14-16].

The grape berries have been reported to be rich in
phenolic compounds, organic acids, and specific sugars,
which contribute to organoleptic properties [17, 18]. Berry
organoleptic properties of grapes are mostly determined by
organic acids and sugars and both influence flavor, taste,
color, and aroma of berries [19].

Grape cultivars can be characterized by morphological,
biochemical, and molecular markers [7, 20-22]. The eval-
uation of grape berry characteristics by morphological and
molecular markers supplements the biochemical classifica-
tion, and the preservation of local and less known grape
cultivars is an important task. The biochemical marker
technique is a powerful tool for the characterization in
particular diverse grape germplasm and has been widely
used in various analyses of grape cultivars and the identi-
fication of germplasm in different parts of the world [23, 24].

However, only limited works have been published con-
cerning local grape cultivars analyzed using biochemical
markers in particular Northeastern Turkey. By determining
and evaluating the biochemical differences of local grape
cultivars grown in collection vineyard Yusufeli district located
in Northeastern Turkey, an attempt has been made to upgrade
the database of biochemical potential of individual local grape
cultivar, as it is reasonable to maintain genetic variability in
Turkey and, in doing so, also retain specific characteristics of
some older and less known historical grape cultivars.

2. Material and Methods

2.1. Plant Material. In this study, seven local grape cultivars
(Artvin, Beyaz Istanbul, Kirmizi Istanbul, Kara Turfanda,
Kutuk, Nanebur, and Razaki) and one standard national
cultivar (Razaki) were used to determine their morpho-
logical and biochemical characteristics. At the full matu-
ration stage, around three kg of bunches was harvested from
each cultivar in 2019. The grape samples were stored at
—-80°C until their laboratory biochemical analyses. As
morphological traits, average bunch size, berry color, berry
shape, and consumption type were determined immediately
after harvest [3].

2.2. Analysis of Phenolic Compounds. For phenolic com-
pound analysis, the HPLC method developed by Rodriguez-
Delgado et al. [25] was used. Firstly, samples were distilled
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with water in 1:1 ratio and centrifuged at 15000 rpm for
15min. The obtained supernatant was filtered (0.45um
millipore filters) and then injected to HPLC. DAD detector
was used for chromatographic separation (Agilent. USA),
and ODS column (HiChrom, USA) in Agilent 1100 (Agi-
lent) was used. As mobile phase, two solvents, namely,
Solvent A methanol-acidic acid-water (10:2:88) and Solvent
B methanol-acidic acid-water (90:2:8), were used. The
separation was conducted at 254 and 280 nm, and the flow
rate was determined as 1 mL/min, and the injection volume
was determined as 20 yL. The method of Sasmaz et al. [26]
was used for quantification of phenolic compounds.

2.3. Analysis of Organic Acids. The method of Bevilacqua and
Califano [27] was used for organic acid extraction. 5g of
berry samples was placed to centrifuge tubes and homog-
enized by adding 20ml 0.009 NH,SO, (Heidolph Silent
Crusher M, Germany). After that, it was mixed on the rotary
agitator (Heidolph Unimax 1010, Germany) for 1 hour and
centrifuged at 15000 rpm for 15 minutes. The aqueous part
was filtered with 0.45 ym membrane filter (Millipore Millex-
HV Hydrophilic PVDF, Millipore, USA) two times and,
finally, with SEP-PAK C,3 cartridge. HPLC device (Agilent
HPLC 1100 series G 1322 A, Germany) was used for organic
acid analysis with Aminex HPX - 87 H, 300 mm X 7.8 mm
column (Bio-Rad Laboratories, Richmond, CA, USA). DAD
detector in the system (Agilent, USA) was set at 214 and
280 nm wavelengths. Results are expressed as g/l

2.4. Analysis of Sugars. The method of Melgarejo et al. [28]
was used for analysis of sugars. For this, 5 g fruit sample was
homogenized and centrifuged at 12000 rpm for 2 min, after
which it is run in SEP-PAK C18 column. The extract was
preserved at —20°C until analysis. The filtered sugars from
the samples were determined using pBondapak-NH, col-
umn with 85% acetonitrile liquid phase in HPLC.

2.5. Analysis of Vitamin C (Ascorbic Acid). Five g of whole
fruits was placed to test tubes, and then 5ml 2.5%
M-phosphoric acid solution was poured on it. The mixture
was centrifuged at 6500 rpm for 10 min at 4°C. 0.5 ml was
taken, and 2.5% M-phosphoric solution was added until
reaching 10 ml. The mixture was filtered by 0.45 ym Teflon
filter and injected to HPLC. Ascorbic acid was detected by
the C18 column (Phenomenex Luna C18, 250 X 4.60 mm) in
the HPLC. Water was used as a mobile phase with 1 ml/min
flow rate and pH of 2.2 adjusted with H,SO,. The DAD
detector with 254 nm wavelength was used for the readings
[29].

2.6. Analysis of Total Carotenoids. Carotenoids were
extracted by the method described by Sass-Kiss et al. [30].
Briefly, about 5g of homogenized grape berry samples was
weighted and placed in 100 mL flask and extracted in dark
with 50 mL n-hexane:acetone:ethanol (2:1:1). After stirring
for 30 min, the upper phase was recovered. 10 mL of n-
hexane was added for a second extract. The mixture of the
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two n-hexane phases was used for the determination of total
carotenoids by spectrophotometry at 420 nm. Concentra-
tions of carotenoids are estimated by reference to the cal-
ibration curve using f-carotene as standard, and the results
are expressed as ug/g of fresh weight (ug/g FW).

2.7. Analysis of Total Flavonoids. Total flavonoids were
measured by a colorimetric assay developed by Kim et al.
[31] with modifications. Briefly, 0.5mL of test samples’
solution in methanol (5 mg/100 mL) was mixed with 2 mL of
distilled water and 150yl of sodium nitrate. After 6 min,
150 pl of 10% aluminum chloride and 2 mL of 1 M sodium
hydroxide were added and left at room temperature for
15 min. Absorbance of the mixtures was measured at 510 nm
(UV-Visible Ultraspec 2000 spectrophotometer, England),
and total flavonoid contents were expressed as catechin
equivalents (mg CE/g FW).

2.8. DPPH Free Radical Scavenging Activity. The radical
scavenging activity of grape extracts was measured by the
DPPH assay. This activity was measured according to the
previously described method of Anastasiadi et al. [32]. Briefly,
100 uM solution of DPPH was prepared in methanol, and
2.7 mL of this solution was added to 0.3 mL of the grape extract
solution in methanol at the same concentration (0.1 mg/mL).
After 10 min, the absorbance was measured at 517 nm. The
radical scavenging activity was calculated as a percentage of
DPPH discoloration using the following equation:

Ay — A
DPPH radical scavenging % = K%) X 100], (D)
0

where A, is the absorbance of the DPPH solution and A, is
the absorbance of the sample.

2.9. Statistical Analysis. In the statistical evaluations, Win-
dows SPSS 20 was used, and the differences between the
means were evaluated by subjecting to ANOVA variance
analysis and determined with Duncan multiple comparison
test (p < 0.005).

3. Results and Discussion

3.1. Morphological Traits. The results of morphological
characteristics of eight autochthonous grape cultivars are
shown in Table 1. The local cultivars exhibited a great di-
versity of bunch size, berry color, and berry shape.

Beyaz Istanbul and Kirmizi Istanbul cultivars had the
biggest bunch size; Artvin and Kara Turfanda cultivars had
medium bunch size; and Kutuk, Nanebur, and Razaki had
small bunch size. Because the Beyaz Istanbul and Kirmizi
Istanbul cultivars had longer bunches compared to the other
cultivars, they could be considered better for cultivation.
This is an important characteristic since berries have the
opportunity for expansion, thereby increasing in size and
weight. Short bunches tend to have compacted berries,
which reduce berry expansion, thereby leading to smaller/

narrow berries as exhibited by Sauvignon Blanc and Chenin
Blanc.

Four cultivars had the brightest skin color (green-yellow
berry color): Artvin, Beyaz Istanbul, Kutuk, and Tokat, and
Kirmizi Istanbul cultivar had rose skin color. Kara Turfanda
and Nanebur (blue-black) had the darkest skin color, and
Razaki (blue-dark red) had berry skin color. The majority of
studied cultivars was found suitable for table consumption.
As Kuria et al. [7] found, the red rose berry skin color, green-
yellow color, and blue-black color are as a result of different
composition and amount of phenolic compounds within the
grape skin. Grape skin color is influenced by the presence of
anthocyanin; therefore, it could affect the quality of juice,
wine, and also the market value of table grapes [33].

Artvin, Kirmizi Istanbul, Kutuk, and Razaki cultivars are
characterized by oval berry shape, Beyaz Istanbul and
Nanebur had ellipsoid berry shape, and Kara Turfanda and
Tokat had round berry shape. All the cultivars had uniform
size of berries to make these local cultivars suitable for
commercialization. Salimov et al. [22] state that berry
uniformity is among the most important factors that in-
fluence the trade appearance of grapes.

3.2. Phenolic Compounds. The content of major and minor
phenolic compounds of autochthonous grape cultivars is
shown in Tables 2 and 3. There were statistically significant
differences (p < 0.05) among grape cultivars for both major
and minor phenolic compounds, except ferulic acid amount
(Table 2).

Chlorogenic acid and syringic acid from the phenolic
acids group and rutin and quercetin from flavonoids were
found to be in higher amount than others in eight analyzed
grape cultivars (Table 2). Among them, chlorogenic acid was
the most abundant with the concentration interval
2.365-5.112 mg/L, while Kirmizi Istanbul and Artvin had the
highest values, and Nanebur the lowest one, approximately
twice the difference between cultivars. The second most
abundant  phenolic compound is syringic acid
(0.923-2.147 mg/L), which had the highest value for cv.
Nanebur and Artvin had the lowest value for cv. Kara
Turfanda had more than twice the difference between cul-
tivars. Rutin and quercetin content were in the range of
0.856-1.711 mg/L and 0.621-1.347 mg/L, respectively. Better
cultivars with higher content of these two components were
found to be Nanebur and Tokat.

Grape is one of the well-known horticulture plants that
include many phenolic compounds. Phenolic compounds of
grape berries are the third most abundant group, after sugars
and organic acids [3]. Other studies [3, 34, 35] also indicated
that grape berries belonging to different cultivars contain
mostly chlorogenic acid, rutin, quercetin, syringic acid, p-
coumaric acid, and catechin. Phenolic compounds are well
known to contribute not only to organoleptic quality as
color, astringency, and bitterness, but also to health benefits
of berries. They can be used as biochemical markers for
authenticity of local cultivars as well [3].

As indicated in Table 3, to the minor components belong
the catechin, o-coumaric acid, gallic acid, vanillic acid, and
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TaBLE 1: Some important morphological characteristics of grape cultivars.

Cultivar Bunch size Berry color Berry shape Consumption type

Artvin Medium Green-yellow Ovate Table

Beyaz Istanbul High Green-yellow Ellipsoid Juice

Kirmizi Istanbul High Rose Ovate Table

Kara Turfanda Medium Blue-black Round Table

Kutuk Low Green-yellow Ovate Table

Nanebur Low Blue-black Ellipsoid Table

Tokat High Green-yellow Round Table

Razaki Low Blue-dark red Ovate Table
TaBLE 2: Major phenolic compounds in berries of grape cultivars (mg/1).

Cultivar Chlorogenic acid Syringic acid Rutin Quercetin

Artvin 4.667 +0.27b 1.665 + 0.09b 1.244 +0.06bc 0.887 +0.02de

Beyaz Istanbul 2.967 +0.21e 1.404 +0.11bc 1.115 +0.05¢ 1.210+0.03b

Kirmizi Istanbul 5.112+0.18a 1210 +0.07¢ 0.856 +0.06d 1011 +0.02¢

Kara Turfanda 3.549 +0.23de 0.923+0.12d 0.967 +0.02cd 0.904 +0.03d

Kutuk 3.661 +0.14d 1.256 +0.05bc 1.532 +0.03ab 0.621+0.01g

Nanebur 2.365+0.10f 2.147+0.09 1.711 +0.04a 1.188 + 0.04bc

Tokat 3.823+0.10cd 1.369 +0.07bc 1.056 + 0.04cd 1.347 +0.04a

Razaki 4119+0.13¢ 0.986 +0.10cd 1.424 +0.07b 0.774 +0.03f

Different letters in the same column indicate statistically significant differences (p <0.05).

TaBLE 3: Minor phenolic compounds in berries of grape cultivars (mg/1).

Cultivar Catechin 0-Coumaric acid Gallic acid Vanillic acid Ferulic acid
Artvin 0.566 +0.02cd 0.711 £0.02a 0.190 +0.01c 0.240 +£0.01a 0.081 +0.01NS
Beyaz Istanbul 0.911 £0.05ab 0.774 +£0.03a 0.213 £ 0.01bc 0.144 +£0.02b 0.046 £0.01
Kirmizi Istanbul 0.403 +0.03d 0.678 + 0.03ab 0.355 + 0.02ab 0.215+0.01ab 0.054 £0.01
Kara Turfanda 0.580 +0.02¢ 0.456 + 0.02cd 0.387 +£0.02a 0.112+0.02b 0.072+£0.01
Kutuk 0.783 £ 0.02b 0.380+0.01c 0.288 +0.01b 0.203 + 0.01ab 0.045+£0.01
Nanebur 0.646 + 0.03bc 0.540 + 0.03ab 0.240 + 0.01bc 0.186 +0.01ab 0.025+0.01
Tokat 0.966 + 0.05a 0.572 £ 0.03ab 0.225+0.01bc 0.135+0.01b 0.062 £0.01
Razaki 0.835 + 0.04ab 0.590 + 0.02b 0.303 +0.02ab 0.177 +£0.02ab 0.036+0.01

Different letters in the same column indicate statistically significant differences (p <0.05).

ferulic acid. Among them, the contents of catechin and o-
coumaric acid were higher for most of the analyzed cultivars
than the amount of the other minor phenolic compounds.
Catechin and o-coumaric acid concentration of eight grape
cultivars varied from 0.403 to 0.966 mg/L and from 0.380 to
0.774 mg/L, respectively. Better cultivars with higher content
of these components were found to be Beyaz Istanbul and
Tokat cultivars. For gallic acid and vanillic acid of grape
cultivars, their content was from 0.190 (cv. Artvin) to
0.387mg/L and 0.112 (cv. Kara Turfanda) to 0.240 mg/L,
respectively. The ferulic acid content was the lowest and
ranged from 0.025mg/L (cv. Nanebur) to 0.081 mg/L,
respectively.

3.3. Organic Acids. The content of individual organic acids
of eight grape cultivars is shown in Table 4. The genotypes
contain tartaric acid, malic acid, succinic acid, citric acid,
and fumaric acid in its berries. Cultivars statistically differ
from each other in terms of individual organic acid content
(p<0.05).

The amount of organic acids in our study was in this
descending order: tartaric acid > malic acid > citric acid-
> succinic acid > fumaric acid. Previous studies [36, 37] also
indicated that tartaric and malic acid represent more than
80% of all organic acids found in grapes. Tartaric and malic
acid contents were in the range of 2.114-5.114g/L and
1.320-3.540 g/L, respectively. Cultivars with high content of
these acids were Kara Turfanda and Kutuk; the lowest acids
were assessed for Artvin cultivar. Citric, succinic, and
fumaric acid contents of grape cultivars were found to be in
the ranges 0.210-0.844g/L, 0.260-0.607g/L, and
0.015-0.083 g/L, respectively.

Previous studies revealed that grape cultivars, sampled
from different parts of the world, are rich for tartaric acid,
followed by malic acid [3, 38-40]. Sabir et al. [39] reported
tartaric acid content of five Turkey grape cultivars in the
range 3.8-5.2g/L, malic acid in the range 2.8-3.6 g/L, and
citric acid in the range 0.200-0.400 g/L indicating similar-
ities with our study. Guler and Candemir [41] reported that
24 grape cultivar juices had tartaric acid between 0.53 and
13.16 g/100 g and malic acid in the range 1.21-43.96 g/100 g.
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TaBLE 4: Organic acid content in berries of grape cultivars (g/1).

Cultivar Tartaric Malic Citric Succinic Fumaric
Artvin 2.114+0.07f 1.320 £ 0.05e 0.844 +0.05a 0.545 +0.03ab 0.024 + 0.01™
Beyaz Istanbul 3.886+0.10c 2.155+0.05cd 0.775 + 0.04ab 0.532 + 0.05ab 0.018 £0.01
Kirmizi Istanbul 2.960 +0.08e 1.720 £ 0.02d 0.715 +0.04b 0.368 + 0.03ab 0.045 +£0.01
Kara Turfanda 5114+0.11a 2.330+0.03¢ 0.255 +0.03de 0.260 + 0.04b 0.083 £0.02
Kutuk 4.120 + 0.04bc 3.540 +£0.04a 0.330 +0.04d 0.300 + 0.05b 0.035+0.02
Nanebur 2.870+£0.03e 1.402 + 0.04de 0.650 +0.03¢ 0.505 + 0.03ab 0.015+0.01
Tokat 3.450 + 0.04d 2.115+0.05cd 0.805+0.05a 0.607 £0.03a 0.030+0.01
Razaki 4.450 + 0.06b 2.956 +0.03b 0.210 £ 0.03e 0.308 + 0.02ab 0.042 £0.02

Different letters in the same column indicate statistically significant differences (p <0.05).

Soyer et al. [42] investigated organic acid composition in
grapes and grape juices of 11 different grape Turkey varieties,
and for tartaric, malic, and citric acids, reported values were
4.98-7.48 g/1, 1.43-3.40 g/L, and 30-164 mg/L, respectively,
which is close to our values. Lima et al. [43] found, in five
new Brazilian grape cultivars (V. labrusca L.), that the
amount of tartaric and malic acids was in the ranges
4.60-6.32g/L and 2.12-4.15g/L, respectively. In another
study, Coelho et al. [44] reported tartaric acid in the range
4.02-5.38 g/L.

3.4. Vitamin C and Sugars. Data related to ascorbic acid
(vitamin C) and individual sugar (glucose, fructose, and
sucrose) concentrations of eight grape cultivars are pre-
sented in Table 5.

As shown in Table 5, there were statistically significant
differences for ascorbic acid amounts among cultivars at
p<0.05 level. The grape cultivars in this study exhibited
ascorbic acid concentrations between 15.17 and (Kirmizi
Istanbul) and 30.18 mg/100 g (Nanebur). This indicates that
vitamin C was quite variable among the used autochthonous
grape cultivars. A similar variation of vitamin C among
autochthonous grape cultivars grown in eastern Anatolia has
been reported by Eyduran et al. [3], with the content being
between 11.21 and 33.55 mg/100 g. Algerian varieties studied
by Derradj-Benmeziane et al. [45] were reported in vitamin
C in the range of 12.33 (cv. Victoria) to 30.80 mg/100 ml (cv.
Gros Noir). In the USA grape cultivars, vitamin C content
varied between 27.7 and 40.0 mg/100 ml [46]. The results of
the above studies are in good agreement with our findings.
Preharvest circumstances such as climatic conditions,
farming practices, and maturity at harvest and postharvest
conditions such as storage strongly influence vitamin C
content in horticulture crops. Species, cultivars, genotypes,
accessions, etc. are also responsible for the wide variation of
vitamin C content in horticulture crops [47].

Glucose and fructose contents were found quite variable
among grape cultivars, and there were statistically significant
differences, while sucrose content indicated non-statisti-
cally-significant differences among cultivars (Table 5).
Considering all cultivars, the glucose content was found to
be higher than the fructose concentration, and these sugars
were predominant. Sucrose was indicated in a much lower
amount in the analyzed grape samples.

The glucose amount of the cultivars was in the
descending order Nanebur (14.17 g/100 g)

> Razaki > Kirmizi Istanbul > Kutuk > Beyaz Istanbul > Kara
Turfanda > Tokat > Artvin (7.10g/100g), respectively. Kir-
mizi Istanbul cultivar had the highest fructose content
(8.44g/100 g), followed by Razaki and Nanebur, which in-
dicate that these three cultivars are the sweetest (glucose and
fructose content) compared to the analyzed cultivars. Tokat
and Artvin cultivars belong to the least sweet. The sucrose
content was detected in low values; they varied from 0.47 to
0.95g/100 g. Eyduran et al. [3] reported glucose and fructose
concentrations in the ranges of 9.51-16.47 g/100 g and 8.03
to 15.55g/100 g, respectively, among nine local grape cul-
tivars in eastern Anatolia, which are slightly higher than
those in our cultivars. Sabir et al. [39] reported glucose and
fructose content in the ranges 8.64-10.70g/100g and
8.04-9.41g/100g, respectively, among grape cultivars in
Turkey. Rusjan and Korosec-Koruza [38] evaluated glucose
and fructose content in grape berries in the ranges
5.09-8.99g/100g and 5.48-8.39g/100g, respectively.
Munoz-Robredo et al. [48] reported that three table grape
cultivars (V. vinifera L.) grown in Chile had fructose, glu-
cose, and sucrose in the ranges 7.74-8.74g/100g,
8.03-8.70g/100g, and 0.73-0.90g/100g, respectively.
Coelho et al. [44] reported fructose and glucose in the ranges
7.29-9.29 g/L and 8.66-10.80 g/L, respectively, in juices of
grape cultivars grown in Brazil. Our findings are related with
the above reported results for glucose and fructose.

3.5. Total Carotenoids and Total Flavonoids. Table 6 shows
total carotenoid and flavonoid contents of searched eight
white and red grape cultivars and indicated statistically
significant differences among them for both searched pa-
rameters at p <0.05 level.

Considering the carotenoid data, higher values were ob-
tained for white skin colored cultivars compared to red ones.
For Tokat cultivar, the highest value was determined (18.60 ug/
g), followed by cv. Kutuk and Artvin, while the lowest value was
observed in cv. Nanebur (9.88 ug/g), respectively (Table 6).
There were few studies reporting total carotenoid content of
white and red grapes. Derradj-Benmeziane et al. [45] reported
total carotenoid content in Algerian grapes, where they de-
tected values between 5.99 and 16.11 ug/g. They also confirmed
that white skin colored cultivars had higher total carotenoids
content than red ones. As our experimental vineyard, climatic,
soil, and cultivation conditions and treatments were similar to
theirs, the differences among cultivars, therefore, could be
explained by their genetic background. Giovanelli and Brenna
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TaBLE 5: Vitamin C and sugars in berries of local grape cultivars.

Cultivar Vitamin C (mg/100 g) Glucose (g/100 g) Fructose (g/100 g) Sucrose (g/100 g)
Artvin 26.33 + 1.04ab 7.10 £0.19¢ 5.82+0.10cd 0.83 +0.03"S
Beyaz Istanbul 20.60+0.93¢ 9.35+0.23d 6.30 + 0.12bc 0.95+0.04
Kirmizi Istanbul 15.17 £0.81d 11.10+0.25¢ 8.44+0.12a 0.55+0.02
Kara Turfanda 25.02 +1.14b 8.85+0.15de 6.60 +0.09bc 0.74 +0.03
Kutuk 19.18 £ 0.55¢cd 10.30+0.17cd 6.16 +£0.08c 0.80+0.04
Nanebur 30.18+0.1.17a 14.17 £0.19a 7.04+0.10b 0.47 +£0.00
Tokat 22.45 +0.88ab 7.56 + 0.14de 4.89 +0.06d 0.64+£0.01
Razaki 27.44 + 0.94ab 12.85+0.20b 7.10+0.11b 0.70+0.03
Different letters in the same column indicate statistically significant differences (p <0.05).

TaBLE 6: Total carotenoids, total flavonoids, and % inhibition level of grape cultivars.
Cultivar Total carotenoid (ug/g FW) Total flavonoid (mg CE/g FW) DPPH (%)
Artvin 16.33+0.31c 0.61 +0.03de 64.45 + 1.45¢
Beyaz Istanbul 14.89+0.25d 0.53 +0.03de 66.70 £ 1.65de
Kirmizi Istanbul 12.14 +0.16¢ 0.88 +0.02¢ 72.14+1.80c
Kara Turfanda 10.56 +0.10f 1.44+0.05ab 78.83+2.13b
Kutuk 17.56+0.27b 0.66+0.02d 69.33+1.52cd
Nanebur 9.88+0.13¢g 1.56 + 0.06a 81.46 +2.37a
Tokat 18.60+0.37a 0.78 +0.02 cd 68.86+1.06d
Razaki 10.94 +0.10f 1.25+0.04b 76.30 + 1.10bc

Different letters in the same column indicate statistically significant differences (p <0.05).

[49] determined among wine grape cultivars carotenoid
concentration in the range of 1.1-9.1 ug/g dw (dry weight).
Kamffer et al. [50] found out that the amount of carotenoid is
cultivar-dependent and could be influenced by climatic con-
ditions, maturation stage, and used methods. Lee et al. [51]
reported that soil with a low water holding capacity may have
led to an increase in the carotenoid concentrations. In white
grapes, chlorophylls and carotenoids play important roles in
berry color and environmental interactions (e.g., radiative
stresses). Generally, carotenoids have two main complemen-
tary and indispensable functions in the photosynthetic pathway
of higher plants: light harvesting and photo-protection [52].
The total content of flavonoids for eight grape cultivars
varied from 0.53 mg CE/g to 1.56 mg CE/g in the descending
order: Nanebur > Kara Turfanda > Razaki > Kirmizi
Istanbul > Tokat > Kutuk > Artvin > Beyaz Istanbul. The red
skin colored cultivars with blue-black and blue-dark red
berry color (Nanebur, Kara Turfanda, Razaki) had higher
flavonoid content than white ones (Table 6). In Algeria,
Derradj-Benmeziane et al. [45] determined total flavonoids
content from 0.40 to 1.09 mg CE/g, and similarly to our
study, they also detected that red skin colored cultivars had
higher total flavonoid content than white ones. Nile et al.
[53] found total flavonoids content in grape cultivars grown
in South Korea to be between 0.20 and 0.46 mg/g fw. They
reported that high flavonoid content was related mainly to
flavonol kaempferol. Bulgarian researchers [54] evaluated
white and red grape cultivars with total flavonoids content
between 0.37 and 0.77 mg CE/g, which indicate little lower
values than those of our results. Mitic et al. [55] reported
total flavonoids contents among seven grape cultivars in
Serbia, which were in the range 0.60-1.46 mg CE/g, indi-
cating good agreement with our results. The amount of
flavonoids in grape berries is quite variable and influenced

by genetic background of used material, collection period,
climatic conditions, training systems, agricultural practices,
berry parts, and used methods [53].

3.6. Percent Inhibition Level (Antioxidant Capacity).
Percent inhibition level, the effect of free radical scavenging
for all samples measured by DPPH test, is shown in Table 6.
The results indicate statistically important differences among
used cultivars (p < 0.05).

% inhibition level of grape cultivars varied from 64.45%
to 81.46% in this ascending order: Artvin> Beyaz
Istanbul > Tokat > Kutuk > Kirmizi Istanbul > Razaki > Kara
Turfanda > Nanebur. These results correspond to the results
of flavonoid contents. Furthermore, it was observed that the
berries with darker color (blue-black), specifically Kara
Turfanda and Nanebur, had higher free radical scavenging
ability than brighter ones.

Nile et al. [53] reported a wide variation of results for free
radical scavenging ability among grape cultivars belonging
to V. vinifera, V. labrusca, and V. hybrid, between 35.4% and
84.5%. According to previously published results, the an-
tioxidant activity of grapes is caused mainly by phenolics,
particularly flavonoids [45, 53]. The results presented here
thus provide valuable data of total flavonoid content, and %
inhibition level of several locally important grape cultivars.

4. Conclusion

In the present study, some important morphological traits
and biochemical characteristics of eight local grape cultivars
grown in Coruh valley in Turkey were determined. The study
revealed considerable genetic diversity observed for both
morphological traits and biochemical components due to
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complex background of cultivars, indicating that local grape
cultivars are valuable plant material. It was observed that the
berries with darker skin color (blue-black), specifically Kara
Turfanda and Nanebur, had higher free radical scavenging
ability than the brighter (green-yellow) ones, which corre-
spond also to the results of flavonoid contents. The bio-
chemical markers were able to differentiate between local
grape cultivars, and the information obtained here will be
useful for collection, conservation, and usage in various
grape breeding programs.
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