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Grapes are widely grown around the world thanks to their different uses and 
nutritional importance. The demand for grapes is changing day by day in line 
with consumer preferences. This situation reveals the importance of 
identifying and protecting autochthonous grape varieties. This study was 
carried out to evaluate the morphological and biochemical characteristics of a 
previously unexplored autochthonous grape (Vitis vinifera) population using 
multivariate analyses. Morphological and biochemical characteristics were 
evaluated using principal component analysis (PCA), correlation analysis 
and hierarchical clustering analysis based on Ward's method. In the study, 
bunch weight varied between 71.67 g and 554.17 g, berry weight varied 
between 1.54 g and 10.98 g, and the number of seeds in berries varied 
between 0.00 and 3.50. Among the biochemical properties, total antioxidant 
content varied between 10.12% and 91.75%, total phenolic content varied 
between 123.77 mg 100 g-1 and 664.58 mg 100 g-1, total flavonoid content 
varied between 16.48 mg 100 g-1 and 270.92 mg 100 g-1 and total anthocyanin 
content varied between 3.35 mg 100 g-1 and 74.42 mg 100 g-1. The coefficient 
of variation (CV) among the characteristics examined ranged from 5.16% to 
102.58%. As a result of PCA, the first two components explained 43.43% of 
the variation. The autochthonous grapes examined were divided into two 
main groups with different sub-clusters as a result of hierarchical clustering 
analysis. As a result of multivariate analysis, was detected significant 
variation among autochthonous grapes. The variations obtained show that 
the germplasm examined will be a valuable genetic resource for future grape 
breeding.
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1. Introduction

Türkiye has a special position in the world in terms of plant genetic resources. The Mediterranean and Near 
Eastern Centers which are the centers of plant diversity and origin defined by Vavilov (1951), intersect on 
Türkiye. Türkiye, located at the intersection of two different gene and diversity centers, is the gene center of 
grapes, as well as many fruit species (Sümbül et al., 2024). Türkiye, geographically located between 36º - 42° 
north latitude, is in the most suitable climate zone for viticulture in the world (Sabır, 2008). Türkiye is very 
rich in local grape genotypes resulting from natural hybridization, mutation and selection (Aradhya et al., 
2003). The genetic resources of Türkiye, one of the homelands of grapevine, are gradually disappearing as a 
result of adverse events such as global climate change, urbanization, low number of varieties used in trade, 
natural disasters and various stress factors. Breeders using grapevine genetic resources can develop new 
varieties that are resistant to various stress factors and have high quality. In addition, grapevine genetic 
resources provide a valuable resource to breeders in solving problems that may be encountered. As a result, 
collecting, identifying, and protecting local grape resources is important for the future of grape growing 
(Sümbül et al., 2024).

Grapevines differ from each other in terms of bunch and berry characteristics depending on the region 
where they are grown. In the characterization of grapevine genotypes, ampelographic methods based on 
morphological and pomological characteristics were first used. Ampelographic methods are widely used in 
the characterization of grapevine genotypes based on their phenotypic characteristics. Morphological 
characteristics increase diversity in terms of desired agricultural characteristics (Iezzoni and Pritts, 1991; 
Khadivi-Khub and Anjam, 2014).

Grape fruit, which is rich in vitamins and minerals, is also rich in phytochemicals with antioxidant 
properties. Phenolic compounds are the most important phytochemical group that is a powerful defense tool 
in the fight against free radicals for humans and show antioxidant properties (Yang and Xiao, 2013). Phenolic 
compounds, which are abundant in grape fruit, have anticancer, anti-inflammatory, anti-aging and 
antimicrobial effects (Xia et al., 2010) as well as protective and preventive properties against cancer, 
cardiovascular diseases, cataracts, diabetes, Alzheimer's and eye diseases (Yahia, 2017). Consumer 
preferences in grapes are generally in the direction of physical properties such as bunch size, berry size, berry 
colour and berry shape. However, with the discovery of the health effects of grapes, consumer preferences 
have changed towards products that are beneficial for health (Filimon et al., 2017). Consumer demand for 
products with rich biochemical content such as grapes has revealed that biochemical content is also an 
important criterion in the characterization of genotypes. As a result, biochemical properties have been used in 
many studies on the characterization of grapes (Eyduran et al., 2015; Küpe et al., 2020; Özden and Deveci, 
2023).

Grapes are one of the important commercial products of regions with temperate and tropical climates due 
to their high adaptability to different climatic and soil conditions, variety of usage areas and high nutritional 
value (Çelik, 2006). The global economic importance of the grapevine has led to a large proportion of clonally 
propagated genetic resources (Boz et al., 2011). The heterozygotic genetic structure of grapevines and the 
preservation of heterozygosity by clonal propagation can lead to the emergence of different types (Arroyo-
Garcia et al., 2006). Thanks to this diversity in grapes, there are still many undefined genotypes in the gene 
centres of grapes (Magris et al., 2021). In recent years, with the understanding of the importance of genetic 
resources, many studies have been carried out both in Türkiye (Eyduran et al., 2015; Keskin, 2017; Küpe et al., 
2020; Özden and Deveci, 2023; Güler and Karadeniz, 2023; Sümbül et al., 2023) and in the world (Khadivi-
Khub et al., 2014; Vafaee et al., 2017; Abiri et al., 2020) to define the morphological and biochemical contents 
of local grapes.

Leaf, bunch and berry characteristics and biochemical contents of grapes are widely used in characterization 
studies of grapevine genotypes. This study is the first study to identify autochthonous grapes (Vitis vinifera) in 
the Kelkit Basin, Türkiye. The aim of the study is to determine the morphological and biochemical diversity of 
the grapes in the region by multivariate analysis.
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2. Material and methods

2.1. Plant materials 

The material of the study consisted of 60 autochthonous grape (Vitis vinifera) genotypes. The leaf 
characteristics of grape genotypes were determined in healthy leaves above the middle part of the shoots. 
Grape fruit were collected on harvest date specific to the genotypes. Collected fruit and leaves were placed in 
labeled plastic transport containers and transported to the laboratory in ice boxes. Pomological analyzes were 
carried out on the fruits transported to the laboratory, and necessary measurements were carried out on the 
leaves. Samples were taken from the fruits for biochemical analysis and stored at -20°C until analysis. The 
names of the genotypes and some descriptive characteristics are given in Table 1. Descriptive information of 
the genotypes was selected from the "Descriptors for Grapevine (Vitis spp.)" (Anonymous, 1997) list of 
descriptives fit for purpose.
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Table 1. Some descriptive characteristics and local names of genotypes

Genotype Code OIV 204 OIV 225 OIV 241 Genotype Code OIV 204 OIV 225 OIV 241

Kokulu U1 Medium Green-Yellow Seeded Karadeniz U31 Dense Blue-Black Seeded
Siyah üzüm 1 U2 Medium Dark red-Violet Seeded Müşkü U32 Dense Green-Yellow Seeded
Adıyaman U3 Very Loose Green-Yellow Seeded Beyaz üzüm 2 U33 Dense Green-Yellow Seeded
Mor üzüm 1 U4 Medium Dark red-Violet Seeded Mor üzüm 3 U34 Very Loose Dark red-Violet Seeded
Beyaz üzüm 1 U5 Loose Green-Yellow Seeded Ağ üzüm U35 Dense Green-Yellow Seeded
Alyanak U6 Medium Green-Yellow Seeded Çavuş 1 U36 Medium Green-Yellow Seeded
Cemin U7 Loose Dark red-Violet Seeded Müşküle U37 Medium Green-Yellow Seeded
İstanbul U8 Loose Green-Yellow Seeded Emcoğlu U38 Very Loose Green-Yellow Seeded
Gazova 1 U9 Dense Green-Yellow Seeded Dağ üzümü U39 Loose Dark red-Violet Seeded
Mor üzüm 2 U10 Medium Dark red-Violet Seeded Danagözü U40 Medium Green-Yellow Seeded
Uzun üzüm U11 Loose Green-Yellow Seeded Çavuş 2 U41 Medium Green-Yellow Seeded
Parmak üzümü U12 Loose Green-Yellow Seeded Çekirdeksiz 1 U42 Loose Red Seedless
Dökülen U13 Very Loose Green-Yellow Seeded Siyah çekirdeksiz U43 Loose Red-Grey Seedless
Kara üzüm 1 U14 Medium Blue-Black Seeded Tokat üzümü U44 Dense Green-Yellow Seeded
Gazova 2 U15 Dense Green-Yellow Seeded Mor üzüm 4 U45 Loose Red Seeded
Siyah üzüm 2 U16 Medium Blue-Black Seeded Bursa üzümü U46 Medium Green-Yellow Seeded
Sarı üzüm 1 U17 Medium Green-Yellow Seeded Sarı yanak U47 Medium Green-Yellow Seeded
Gazova 3 U18 Loose Green-Yellow Seeded Beyaz üzüm 3 U48 Loose Green-Yellow Seeded
Siyah gazova U19 Very Loose Blue-Black Seeded Güççük U49 Loose Green-Yellow Seeded
Şirelik U20 Loose Green-Yellow Seeded Kara Salkım U50 Very Dense Dark red-Violet Seeded
Pembe üzüm 1 U21 Loose Dark red-Violet Seeded Keribar U51 Dense Green-Yellow Seeded
Kara üzüm 2 U22 Medium Blue-Black Seeded Ak üzüm U52 Medium Green-Yellow Seeded
Pembe üzüm 2 U23 Loose Dark red-Violet Seeded Davut üzümü U53 Dense Green-Yellow Seeded
Dedem U24 Loose Green-Yellow Seeded Işıklar U54 Very Dense Green-Yellow Seeded
Sık üzüm U25 Very Dense Green-Yellow Seeded İri mor U55 Medium Dark red-Violet Seeded
Gevrek U26 Very Dense Green-Yellow Seeded Yeşil üzüm U56 Dense Green-Yellow Seeded
Siyah Gevrek U27 Dense Dark red-Violet Seeded Geçci U57 Very Dense Green-Yellow Seeded
Sarı üzüm 2 U28 Loose Green-Yellow Seeded Mor üzüm 5 U58 Medium Red Seeded
Keçi memesi U29 Medium Green-Yellow Seeded Uzun kara U59 Loose Dark red-Violet Seeded
Tatlı kara U30 Medium Blue-Black Seeded Çekirdeksiz 2 U60 Medium Green-Yellow Seedless

2.2. Morphological and physico-chemical characterization

Morphological characteristics consisted of mature leaf, bunch and berry characteristics. Leaf width, leaf 
length, main vein length and petiole length were measured with a ruler, while petiole thickness was 
measured with a digital caliper with a precision of 0.01 mm. The leaf area was calculated in cm2 in the Image J 
package program on the leaf images photographed from an equal distance. Bunch weight, berry weight and 
100 seed weight of the genotypes were determined with a precision balance with an accuracy of 0.01 g. Bunch 
width and bunch length were measured with a ruler, while berry width and berry length were measured 
with a digital caliper with a precision of 0.01 mm. The skin color of the berries was measured in terms of L*, 
a* and b* with a color measuring device (PCE-XXM 30, UK).
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Measurements were made bidirectionally from the middle parts of the berries. Chroma (Chroma = (a2+b2)1/2) 
and hue angle values (Hue angle = arctan(b/a)) were calculated using a* and b* values (McGuire, 1992). Fruit 
juice was obtained from 100 berries taken from the central parts of the bunches. From the obtained fruit juice, 
amount of total soluble solids (TSS) was determined in % Brix with a digital hand refractometer (PAL-1 
Atago, USA), pH level was determined with a pH meter, and titratable acidity (TA) was determined in 
tartaric acid according to the titration method with a pH meter (Hanna pH212; USA) (Cemeroğlu, 2007). 
Maturity index was determined by the ratio of TSS to TA.

2.3. Biochemical characterization

Extraction: For biochemical analyses, 100 berries taken from the central part of the bunches were 
homogenized using a blender. 1 g of the homogenized sample was weighed and homogenized by adding 10 
mL of 80% methanol. The samples were kept in the refrigerator (+4ºC) in the dark during a day. Then, the 
samples were shaken at 200 rpm for 30 min at room temperature and filtered with filter paper.

Total Phenolic Content: Total phenolic content was determined using Folin-Ciocalteu solution according to 
the method described by Slinkard and Singleton (1977). The absorbance of the resulting solution was read in a 
UV-Vis spectrophotometer (Shimadzu, Japan) at a wavelength of 765 nm. The values were calculated as mg 
gallic acid (GAE) 100 g-1 fresh weight (fw).

Total Flavonoid Content: Total flavonoid content was determined according to the method described by 
Karadeniz et al. (2005). The absorbance of the resulting solution was read in a UV-Vis spectrophotometer 
(Shimadzu, Japan) at a wavelength of 510 nm. The values were calculated as mg catechin (QE) 100 g-1 fw.

Total Anthocyanin Content: Total anthocyanin content was determined according to the pH-differential 
method described by Giusti et al. (1999). In this method, total monomeric anthocyanin content was 
determined at two different wavelengths (520 and 700 nm) and two different pH values (1.0 and 4.5). The 
values were calculated as mg malvidin 3-glycoside 100 g-1 fw.

Total Antioxidant Content: Total antioxidant content was determined according to the DPPH (1.1-diphenyl-
2-picryl-hydrazyl) antioxidant activity method described by Brand-Williams et al. (1995). The absorbance 
values of the samples were determined in a UV-Vis spectrophotometer (Shimadzu, Japan) at a wavelength of 
517 nm and the values were calculated according to the control and expressed as % inhibition.

2.4. Statistical analysis

In order to evaluate morphological and biochemical characteristics, minimum, maximum and mean values 
and CV showing the variation between the data were calculated. Analyzes based on morphological and 
biochemical characteristics were carried out in the JMP Pro 17.0 (SAS Institute Inc., Cary, NC, USA) statistical 
package program. PCA was used to determine the degree of influence of the examined characteristics and the 
relationship between the genotypes, hierarchical clustering analysis was used to group the examined 
characteristics and genotypes and correlation analysis based on Ward's method was used to determine the 
relationship between the examined characteristics.

3. Results and discussion 

3.1. Morphological and Biochemical Analysis

Bunch and berry characteristics of grapevines are generally preferred in variety identification studies because 
they provide variety-specific information. Among the genotypes examined, bunch frequency was generally 
classified as loose and medium. In terms of berry skin color, more than half of the genotypes (37 genotypes) 
have green-yellow skin color. While three of the genotypes were seedlessness, the presence of seeds was 
detected in the other genotypes (57 genotypes) (Table 1).  Grape genotypes examined within the scope of the 
study are generally in the table grape class. However, there are also grape genotypes with potential for wine 
grapes (U9, U15, U25, U26, U27, U31, U32, U33, U35, U44, U50, U51, U53, U54, U56, U57). In table grapes, 
berry skin color (Vafee et al., 2017; Somogyi et al., 2020) and seedlessness (Reisch et al., 2012) are important 
criteria affecting consumer preferences.
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Berry skin color, berry size and bunch shape are important quality criteria for table grapes (Harindra 
Champa, 2015). While large-berry and loose bunches are preferred for table grapes, medium and small-berry 
and dense bunches are preferred for wine grapes (Melo et al., 2015).

Statistical information on the morphological and biochemical characteristics of grape genotypes are 
presented in Table 2. Wide variations have been observed among the characteristics examined. The 
coefficient of variation showing the change of the properties was determined at the lowest pH value (CV: 
5.16%) and the highest a* value (CV: 102.58%). In addition, CV value of 19 of the 28 characteristics analyzed 
was found more than 20%. Characteristics with a CV value of more than 20% show more significant 
differences between genotypes and these characteristics can be used to distinguish genotypes.  As a matter of 
fact, characteristics with high CV values have a wider selection range, while characteristics with low CV 
values are more stable among genotypes (Khadivi-Khub and Etemadi-Khah, 2015). In studies on 
morphological characteristics of grapes, CV varied between 0.00 % and 258.46 % (Khadivi-Khub et al., 2014; 
Vafaee et al., 2017; Akhram et al., 2019; Abiri et al., 2020; Güler and Karadeniz, 2023).
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Table 2. Descriptive statistics of morphological and biochemical characteristics of genotypes

No Traits Abbreviation Unit Min. Max. Mean SD CV (%)
1 Leaf Width LW cm 9.15 16.45 12.33 1.67 13.54
2 Main Vein Length MVL cm 6.80 13.33 9.75 1.54 15.76
3 Leaf Length LL cm 8.87 17.38 13.15 1.93 14.70
4 Leaf Area LA cm2 51.38 220.30 109.41 30.56 27.93
5 Petiole Length PL cm 3.72 9.90 6.05 1.37 22.71
6 Petiole Thickness PT mm 1.34 2.83 1.89 0.28 14.62
7 Number of Lobes NL Number 3.00 11.00 5.15 1.16 22.56
8 Bunch Weight BW g 71.67 554.17 238.23 111.09 46.63
9 Bunch Width BWi cm 7.18 15.83 10.69 2.04 19.08
10 Bunch Length BL cm 8.53 24.82 17.32 3.53 20.38
11 Berry Weight BrW g 1.54 10.98 3.78 1.74 45.97
12 Berry Width BrWi mm 12.31 24.63 16.82 2.31 13.74
13 Berry Length BrL mm 13.13 28.45 18.40 3.66 19.91
14 100 Seed Weight SW g 0.00 9.65 6.13 1.93 31.46
15 Number of Seed NS Number 0.00 3.50 2.30 0.76 32.97
16 L* L Code 23.85 50.80 37.66 10.15 26.96
17 a* a Code -19.39 96.56 23.81 24.42 102.58
18 b* b Code 4.26 39.39 19.25 11.95 62.08
19 C* C Code 17.89 96.85 37.68 15.78 41.88
20 Hue* H Code 3.57 125.85 46.08 35.50 77.03
21 TSS TSS % 12.80 20.30 15.53 1.88 12.11
22 pH Ph Code 3.03 4.02 3.44 0.18 5.16
23 TA TA mg/L 0.33 1.47 0.76 0.22 28.68
24 TSS/TA TSS/TA Code 10.74 51.31 22.34 7.55 33.79
25 Total Antioxidant TAnt % 10.12 91.75 40.13 17.77 44.28
26 Total Phenolic TP mg GAE 100 g-1 123.77 664.58 359.08 104.80 29.19
27 Total Flavonoid TF mg QE 100 g-1 16.48 270.92 81.52 50.83 62.35
28 Total Anthocyanin TAnth mg malvidin 3-glycoside 100 g-1 3.35 74.42 23.29 21.71 93.21

As a result of the study, leaf characteristics (leaf width, leaf length, main vein length, leaf area, petiole length 
and petiole thickness) showed wide variations among genotypes. Among leaf characteristics, the largest CV 
was determined in leaf area (27.93%), petiole length (22.71%) and number of lobes (22.56%). Leaf width varied 
between 9.15 cm and 16.45 cm, main vein length varied between 6.80 cm and 13.33 cm, leaf length varied 
between 8.87 cm and 17.38 cm, leaf area varied between 51.38 cm2 and 220.30 cm2, petiole length varied 
between 3.72 cm and 9.90 cm, and petiole thickness varied between 1.34 cm and 2.83 cm. Leaf characteristics 
of the genotypes in the study coincide with the research findings of Sümbül et al. (2023). Leaf lobe numbers of 
genotypes varied between 3 and 11. Although the number of lobes of the leaves varied according to 
genotypes, our study findings were found compatible with the literature (Vafaee et al., 2017; Abiri et al., 
2020). Leaf characteristics, which provide objective information about genotypes, are of great importance in 
grapevine genotypes identification studies (Santiago et al., 2007).
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Among the bunch and berry characteristics, the highest CV was found in bunch weight (46.93%) and berry 
weight (45.97%). These characteristics were followed by number of seeds (CV= 32.97%) and 100 seed weight 
(CV= 31.46%).  While the bunch weights of the genotypes varied between 71.67 and 554.17 g, the average 
bunch weight was determined as 238.33 g. The bunch width varied between 7.18 and 15.83 cm, and the bunch 
length varied between 8.53 and 24.82 cm. Among the genotypes, berry weights varied between 1.54 and 10.98 
g, berry widths varied between 12.31 and 24.63 mm, and berry lengths varied between 13.13 and 28.45 mm. 
According to the literature, the bunch and berry weights of grapes vary according to genotypes and growing 
regions. The bunch and berry weights obtained as a result of the study are similar to the previous studies. 
Bunch weights of grapes were reported to vary between 62.75 - 214.99 g (Vafee et al., 2017) and 33.65 - 890.70 
g (Razi et al., 2019) in a study conducted in Iran, 71.00 - 872.00 g (El Oualkadi and Hajjaj, 2019) in a study 
conducted in Morocco, 77.70 - 583.55 g (Akhram et al., 2019) in a study conducted in Pakistan and 195.60 - 
272.70 g (Habib et al., 2020) in a study conducted in Tunisia. In studies conducted in different regions of 
Türkiye, bunch weight varied between 60.57 and 876.38 g (Keskin, 2017; Serhat et al., 2017; Özden and Deveci, 
2023; Sümbül et al., 2023; Güler and Karadeniz, 2023). It has been stated that the berry weight of grapes varies 
between 1.50 and 5.94 g by Khadivi-Khub et al. (2014), between 0.64 and 3.74 g by Vafee et al. (2017), 
betweeen 0.64 and 3.47 g by Razi et al. (2019) and between 2.35 and 4.97 g by Habib et al. (2020). In the studies 
conducted in Türkiye, berry weights of grapes were determined between 3.10 - 5.40 g by Keskin (2017), 
between 1.20 - 6.70 g by Serhat et al. (2017), between 1.53 - 7.44 g by Sümbül et al. (2023) and between 1.29 - 
9.48 g by Güler and Karadeniz (2023).

Seed characteristics are a frequently used distinguishing feature in the identification of diversity of grape 
genotypes (Benito et al., 2017). In the study, number of seeds per berry and 100 seed weight showed great 
variation among genotypes. The number of seeds per berry varied between 0.00 and 3.50, while the 100 seed 
weight varied between 0.00 and 9.65 g. The number of seeds per berry in grapes was reported to vary 
between 0.00 and 4.00 by Khadivi-Khub et al. (2014), between 0.00 and 3.00 by Vafaee et al. (2017), between 
0.00 and 4.00 by Abiri et al. (2020) and between 0.88 and 5.50 by Güler and Karadeniz (2023). The seedlessness 
of varieties is a desirable characteristic in table grape growing. This situation was revealed in a study on grape 
production projection (Sümbül and Yıldız, 2022).

The skin color values of berries showed wide variations among genotypes. Among the color values, a* value 
had the highest CV (CV= 102.58%), while L* value had the lowest CV (CV= 26.96%). The average L*, a*, b*, C 
and Hue color values were determined as 37.66, 23.81, 19.25, 37.68, 46.08, respectively. Although berry skin 
color in grapes is specific to genotypes, berry skin color intensity is affected by factors such as the location, 
sunlight utilization and training method of grapes. There may be color differences even in bunches on the 
same grapevine (Kılıç et al., 2011). Differences in berry skin color of the grapes are important in determining 
harvest dates and consumer preferences (Vafaee et al., 2017; Somogyi et al., 2020).

Among the fruit must characteristics of the genotypes (TSS, pH, TA and TSS/TA), the highest CV was found 
in TSS/TA (33.70%).  Among the genotypes, TSS varied between 12.80% and 20.30%, pH varied between 3.03 
and 4.02, TA varied between 0.33 and 1.47, and TSS/TA varied between 10.74 and 51.31. The must 
characteristics of grapes depend on genetics but are also affected by climate and environmental conditions. 
TSS in grapes was reported between 15.00 and 25.40 in Iran (Khadivi-Khub et al., 2014) and between 17.00 
and 21.03 in Tunisia (Habib et al., 2020). In studies conducted in Türkiye, TSS of grapes was reported between 
7.83 - 26.39 in Bolu (Güler and Karadeniz, 2023) and between 14.00 - 24.13 in Kayseri (Sümbül et al., 2023). In 
order to ensure unity on the maturity criterion in grapes, the International Organization of Vine and Wine 
(OIV) has reported that TSS will be considered ripe between 12.5 and 16 °Brix (OIV, 2008). In addition, 
according to the Turkish Standards Institute Table Grape Standard, it is stated that the TSS value of table 
grapes should be at least 13% for seeded varieties and at least 14% for seedless varieties (Polat, 2016). In this 
regard, the genotypes within the scope of the study are generally suitable for table consumption.

Grapes are known as a natural and rich source of antioxidants due to their phenolic compound and 
anothcyanin contents. Among the biochemical properties examined in the study, the highest CV was detected 
in the total anthocyanin content (93.21%) and the lowest CV was detected in the total phenolic content 
(29.19%).
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In the genotypes, total antioxidants varied between 10.12% and 91.75%, total phenolics varied between 
123.77 and 664.58 mg GAE 100 g-1, total flavonoids varied between 16.48 and 270.92 mg QE 100 g-1 and total 
anthocyanins varied between 3.35 and 74.42 mg malvidin 3-glycoside 100 g-1. In studies conducted on grapes, 
it has been reported that total phenolics vary between 237.12 and 4680.00 mg GAE kg-1 (Revilla et al., 2010; 
Aydın, 2015; Oktay, 2022; Özden and Deveci, 2023), total flavonoids vary between 96.26 and 1440.00 mg QE 
kg-1 (Aydın, 2015; Soltekin, 2019; Küpe et al., 2021; Oktay, 2022; Özden and Deveci, 2023) total antioxidants 
vary between %19.79 and %81.46 (Özden and Özden, 2014; Soltekin, 2019; Balbaba and Bağcı, 2021; Küpe et 
al., 2021), and total anthocyanin vary between 24.00 and 1914.00 mg kg-1 (Crupi et al., 2012; Gervasi et al., 
2016; Özden and Deveci, 2023). It is known that genotypic effects, climatic conditions, growing conditions, 
soil structure and harvest and post-harvest storage conditions are effective on the biochemical content of 
fruits (Yahia, 2017). Recently, it has been claimed that the biochemical contents of grapes can be used in 
studies on the identification of grape genotypes (Laurentiu and Popa, 2018). In addition, it is thought that 
determining the biochemical content of grapes may be important in the introduction and consumption of new 
varieties (Özden and Deveci, 2023).

3.2. Principal Component Analysis (PCA)

PCA is widely used to explain the degree of influence of the studied characteristics or patterns of variation 
among genotypes. The first three basic components provide significant savings in time in the characterization 
of genotypes (Iezzoni and Pritts, 1991). Within the scope of the study, PCA of 28 characteristics was 
performed. In order to reveal the components explaining the largest variation as a result of PCA, components 
with eigenvalues greater than 1 were evaluated. As a result of the analysis, there are 7 components with 
eigenvalues greater than 1. These 7 components explain 83.09% of the total variation. However, the first three 
principal components explained 57.06% of the total variation. PCA1 explained 23.43% of the variation, PCA2 
explained 20.00% of the variation, and PCA3 explained 13.63% of the variation. While our findings are similar 
to the study results of Khadivi-Khub et al. (2014) (PCA3 53.98%), they were found higher than the results of 
Vafaee et al. (2017) and Abiri et al. (2020) (PCA3 32.41%, PCA3 25.82%, respectively). According to the PCA, 
the contribution of each characteristic to the principal components varied. L* and b* values from berry skin 
color values, total antioxidant content, total flavonoid content and total anthocyanin content from 
biochemical properties, bunch weight from bunch properties showed the highest effect on PC1. Leaf 
characteristics (leaf width, leaf length, leaf area, leaf main vein length, petiole thickness and petiole length) 
showed the highest correlation with PC2, while bunch weight, berry width, berry length, berry weight and 
100 seed weight and TSS showed the highest correlation with PC3 (Table 3; Figure 1).
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Figure 1. Biplot graph of the first two principal components in the investigated grape genotypes
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Table 3. Principal component analysis and contribution rates of the investigated characteristics

Traits PCA 1 % Cont PCA 2 % Cont PCA 3 % Cont PCA 4 PCA 5 PCA 6 PCA 7

LW 0.11 1.29 0.33 10.89 -0.19 3.47 0.08 0.09 -0.12 0.10

MVL 0.14 1.82 0.31 9.45 -0.18 3.29 0.15 0.07 0.01 -0.05

LL 0.14 2.03 0.33 11.07 -0.18 3.26 0.12 0.10 0.01 -0.03

LA 0.14 1.97 0.33 10.97 -0.22 4.91 0.06 0.00 -0.02 -0.06

PL 0.14 2.05 0.26 6.81 -0.09 0.87 0.08 0.14 -0.20 -0.08

PT 0.11 1.29 0.33 10.95 -0.15 2.40 0.03 -0.05 -0.01 -0.05

NL -0.05 0.22 0.16 2.56 0.07 0.44 0.17 0.05 0.03 0.08

BW 0.25 6.32 0.10 1.03 0.26 6.71 -0.02 -0.03 0.26 -0.21

BWi 0.15 2.22 0.14 2.06 0.23 5.18 -0.03 -0.07 0.42 -0.18

BL 0.23 5.08 0.06 0.34 0.17 2.87 0.00 0.04 0.41 0.13

BrW 0.24 5.55 0.05 0.25 0.37 13.35 0.00 0.04 -0.14 -0.06

BrWi 0.22 4.79 0.09 0.87 0.38 14.55 0.04 0.05 -0.11 0.01

BrL 0.22 4.75 0.05 0.30 0.32 10.54 -0.12 -0.05 -0.11 -0.08

SW -0.03 0.07 0.04 0.16 0.28 8.06 0.33 0.06 -0.32 0.16

NS -0.03 0.07 -0.06 0.39 0.11 1.30 0.35 0.19 -0.27 0.17

L 0.28 8.00 -0.18 3.34 -0.07 0.54 0.26 -0.04 0.08 0.15

a -0.17 3.03 0.24 6.00 0.18 3.11 -0.23 0.10 0.04 0.36

b 0.26 6.69 -0.19 3.65 -0.12 1.39 0.26 -0.05 0.11 0.17

C -0.08 0.62 0.18 3.14 0.11 1.24 -0.13 0.07 0.17 0.68

H 0.22 4.83 -0.23 5.38 -0.14 2.07 0.26 -0.08 0.07 0.05

TSS 0.02 0.04 -0.07 0.48 -0.26 6.64 -0.14 0.32 0.29 0.13

Ph 0.17 2.85 -0.17 2.87 0.01 0.00 -0.22 0.33 -0.20 0.07

TA -0.21 4.39 0.15 2.33 0.03 0.07 0.14 -0.41 0.06 0.15

TSS/TA 0.20 4.14 -0.11 1.10 -0.06 0.36 -0.18 0.51 0.00 -0.03

TAnt -0.28 7.84 -0.01 0.00 0.12 1.47 0.26 0.28 0.13 -0.09

TP -0.21 4.25 0.03 0.09 0.11 1.30 0.31 0.23 0.29 -0.13

TF -0.27 7.56 0.01 0.00 0.07 0.42 0.26 0.29 0.15 -0.13

TAnth -0.25 6.23 0.19 3.52 0.04 0.19 -0.19 0.11 -0.09 -0.28

Eigenvalue 6.56 5.60 3.82 2.59 1.99 1.56 1.13

Variance 23.43 20.00 13.63 9.27 7.12 5.59 4.05

Cumulative Variance 23.43 43.43 57.06 66.33 73.45 79.04 83.09

* Cont: Contribution

3.3 Heatmap analysis and hierarchical clustering analysis

As a result of heatmap and hierarchical clustering analysis, genotypes were divided into two main groups 
(Figure 2). Each group was again divided into two subgroups within itself. In group A, U5, U36, U41 and U40 
genotypes constitute the A2 subgroup, while the A1 subgroup is divided into two subgroups within itself. 
Group B is divided into two subgroups. These subgroups were again divided into two subgroups. Group A 
consists of genotypes with white skin color, while group B generally consists of genotypes with colored skin 
color. However, subgroups B1-2 and B2-1 consisted of genotypes with both white and colored skins. The 
genotypes of A1/1 subgroup in A1 group have high values of LW, MVL, LL, BWi, BL, L*, b*, Hue and TSS 
characteristics, while the genotypes of A1/2 subgroup have high values of L*, b*, Hue and TSS characteristics. 
BW, BL, BrW, BrW, BrWi, BrL, L* and SW traits of genotypes in A2 group had high values. Genotypes in B1 
group showed high values for LW, LA, MVL, LL, PT, PL, BW, BWi, A*, Chroma and TAnth content 
characteristics, while genotypes in B2 group showed high values for TAnth, NS, TAnt and TF characteristics. 
Heatmap analysis can classify genotypes based on morphological characteristics. As a matter of fact, heatmap 
analysis has been used to group genotypes in many studies (Gündeşli et al., 2023; Yaman et al., 2023; Say et 
al., 2024). Identification of highly distinctive characteristics is important for the morphological 
characterization of genotypes. Because the correct selection of morphological characteristics that distinguish 
genotypes saves both time and cost. These characteristics are important for grapes where homonym and 
synonyms states are observed and have a wide variety richness.
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This study is the first study to describe the diversity of autochthonous grapes in the Kelkit Basin of Türkiye. 
The results of the study showed that there were significant differences between individuals in terms of 
morphological and biochemical characteristics. These differences are valuable genetic resources for the 
development of new grape varieties suitable for various usage purposes. While U5, U36, U40, U41 genotypes 
stand out with their cluster and berry characteristics, U42, U43 and U60 genotypes stand out with their 
seedless characteristics. These genotypes are candidates for becoming varieties. U34, U30, U21, U39, U19 
genotypes stand out with their biochemical contents. The inclusion of these genotypes in breeding programs 
may enable the development of high-quality grape varieties. In addition, multifaceted statistical approaches 
were used to evaluate the diversity among autochthonous grapes in the region. Multivariate statistical 
approaches have divided individuals into different groups. As a result of the study, it was concluded that 
multivariate statistical approaches are a useful method that can be used in evaluating inter-individual 
variability.
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Figure 2. Heatmap analysis and hierarchical clustering of investigated grape genotypes based on morphological and biochemical 
characteristics

Turk J Food Agric Sci / 6(2): 160-172 (2024)



Sümbül and Yıldız

169

Compliance with Ethical Standards

Conflict of interest 

The authors declare that they have no conflict of interest.

Authors’ contributions

Ahmet SÜMBÜL: Methodology, Investigation, Conceptualization, Validation, Data curation, Formal 
analysis, Writing - original draft, Visualization. Ercan YILDIZ: Methodology, Conceptualization, Validation, 
Review and editing.

Ethical approval 

Not applicable.

Funding 

This study was supported by the Erciyes University Scientific Research Projects Unit with a grant number of 
FDK-2021-11060.

Data availability

Not applicable.

Consent for publication

Not applicable.

Acknowledgment

The authors would like to thank the Scientific Research Unit (Project number FDK-2021-11060) of Erciyes 
University for the financial support. We would like to thank Prof. Dr. Ali SABIR for his support during the 
planning phase of the study.

References

Abiri, K., Rezaei, M., Tahanian, H., Heidari, P. & Khadivi, A. (2020). Morphological and pomological variability of a grape (Vitis 
vinifera L.) germplasm collection. Scientia Horticulturae, 266:109285. http://dx.doi.org/10.1016/j.scienta.2020.109285

Akram, M.T., Khan Qadri, R.W., Jaskani, M.J. & Awan, F.S. (2019). Ampelographic and genetic characterization of grapes 
genotypes collected from Potohar region of Pakistan. Pakistan Journal of Agricultural Sciences, 56(3), 595-605.

Aradhya, M.K., Dangl, G.S., Prins, B.H., Boursiquot, J.M., Walker, M.A., Meredith, C.P. & Simon, C.J. (2003). Genetic structure 
and differentiation in cultivated grape, Vitis vinifera L. Genetics Research, 81(3), 179-192.
http://dx.doi.org/10.1017/S0016672303006177

Aydın, M. (2015). The determination of some chemical contents in different maturation period grape varieties gown in 
Amasya. Master’s Thesis, Gaziosmanpaşa University, Institute of Science, Tokat.

Balbaba, N., & Bağcı, S. (2021). Besni Üzüm Çeşidinin Salkım, Tane ve Bazı Fitokimyasal Özelliklerinin İncelenmesi. 
Kahramanmaraş Sütçü İmam Üniversitesi Tarım ve Doğa Dergisi, 24(4), 784-794.

Benito, A., Muñoz-Organero, G., De Andrés, M.T., Ocete, R., García-Muñoz, S., López, M.A. & Cabello, F. (2017). Ex situ 
ampelographical characterisation of wild Vitis vinifera from fifty-one Spanish populations. Australian Journal of Grape 
and Wine Research, 23(1):143–152.

Boz, Y., Bakir, M., Cerlikkol, B. P., Kazan, K., Yilmaz, F., Cakir, B. & Aslantas, S. (2011). Genetic characterization of grape (Vitis 
vinifera L.) germplasm from Southeast Anatolia by SSR markers. Vitis, 50:99–106.

Brands-Williams, W., Cuvelier, M.E. & Berset, C.L.W.T. (1995). Use of a free radical method to evaluate antioxidant activity. 
LWT-Food science and Technology, 28(1), 25-30. http://dx.doi.org/10.1016/S0023-6438(95)80008-5

Cemeroglu, B. (2007). Food analysis. Food Technology Society Publication, 34, 168-171.

Çelik, H. (2006). Üzüm Çeşit Kataloğu, Sun Fidan AŞ Mesleki Kitaplar Serisi: 3, 165s.

Turk J Food Agric Sci / 6(2): 160-172 (2024)



Sümbül and Yıldız

170

Champa, W.H. (2015). Pre and postharvest practices for quality improvement of table grapes (Vitis vinifera L.). Journal of the 
National Science Foundation of Sri Lanka, 43(1), 3-9. http://dx.doi.org/10.4038/jnsfsr.v43i1.7921

Crupi, P., Coletta, A., Anna Milella, R., Perniola, R., Gasparro, M., Genghi, R. & Antonacci, D. (2012). HPLC‐DAD‐ESI‐MS Analysis
of flavonoid compounds in 5 seedless table grapes grown in Apulian Region. Journal of Food Science, 77(2),174-181.
http://dx.doi.org/10.1111/j.1750-3841.2011.02555.x

Davis, P.H. (1971). Distribution patterns in Anatolia with particular reference to endemism.

El Oualkadi, A. & Hajjaj, B. (2019). Characterization of grape berries of same local varieties in Morocco. International Journal 
of Environment, Agriculture and Biotechnology, 5(6), 1690-1694.

Eyduran, S.P., Akin, M., Ercisli, S., Eyduran, E. & Maghradze, D. (2015). Sugars, organic acids, and phenolic compounds of 
ancient grape cultivars (Vitis vinifera L.) from Igdir province of Eastern Turkey. Biological Research, 48, 1-8.
http://dx.doi.org/10.1186/0717-6287-48-2

Filimon, R.V., Filimon, R.M., Nechita, A., Băetu, M.M., Rotaru, L., Arion, C. & Patraş, A. (2017). Assessment of quality 
characteristics of new Vitis vinifera L. cultivars for temperate climate vineyards. Acta Agriculturae Scandinavica, Section 
B—Soil & Plant Science, 67(5), 405-415.

Gervasi, T., Oliveri, F., Gottuso, V., Squadrito, M., Bartolomeo, G., Cicero, N. & Dugo, G. (2016). Nero d’Avola and Perricone 
cultivars: Determination of polyphenols, flavonoids and anthocyanins in grapes and wines. Natural Product Research, 
30(20), 2329-2337. http://dx.doi.org/10.1080/14786419.2016.1174229

Giusti, M.M., Rodríguez-Saona, L.E. & Wrolstad, R.E. (1999). Molar absorptivity and color characteristics of acylated and non-
acylated pelargonidin-based anthocyanins. Journal of Agricultural and Food Chemistry, 47(11), 4631-4637.
http://dx.doi.org/10.1021/jf981271k

Güler, E. & Karadeniz, T. (2023). Discrimination of an untouched autochthonous grapevine (Vitis vinifera L.) population by 
morphological markers and multivariate analyses. Erwerbs-Obstbau, 65(6), 2075-2084. http://dx.doi.org/10.1007/s10341-
023-00926-4

Gündeşli, M.A., Uğur, R. & Yaman, M. (2023). The effects of altitude on fruit characteristics, nutrient chemicals, and 
biochemical properties of walnut fruits (Juglans regia L.). Horticulturae, 9(10), 1086.
http://dx.doi.org/10.3390/horticulturae9101086

Habib, A., Ben Maachia, S., Sahli, A. & Harbi Ben Slimane, M. (2020). Berry quality of principal grapevines in the Oasis of El 
Jerid, Tunisia. Journal of Horticulture and Postharvest Research, 3(1), 141-150.

Iezzoni, A.F. & Pritts, M.P. (1991). Applications of principal component analysis to horticultural research. HortScience, 26(4), 
334-338. http://dx.doi.org/10.21273/HORTSCI.26.4.334

Karadeniz, F., Burdurlu, H.S., Koca, N. & Soyer, Y. (2005). Antioxidant activity of selected fruits and vegetables grown in 
Turkey. Turkish Journal of Agriculture and Forestry, 29(4), 297-303.

Karaer, F. & Kilinç, M. (2001). The flora of Kelkit valley. Turkish Journal of Botany, 25(4), 195-238.

Keskin, N. (2017). Elazığ ilinde yetiştirilen bazı yerli üzüm çeşitlerinde verim ve kalite özellikleri arasındaki ilişkilerin 
belirlenmesi. Türkiye Teknoloji ve Uygulamalı Bilimler Dergisi, 1(1), 25-30.

Khadivi-Khub, A. (2014). Genetic divergence in seedling trees of Persian walnut for morphological characters in Markazi 
province from Iran. Brazilian journal of Botany, 37(3), 273-281. http://dx.doi.org/10.1007/s40415-014-0080-3

Khadivi-Khub, A. & Anjam, K. (2014). Morphological characterization of Prunus scoparia using multivariate analysis. Plant 
Systematics and Evolution, 300, 1361-1372. http://dx.doi.org/10.1007/s00606-013-0967-7

Khadivi-Khub, A., Salimpour, A. & Rasouli, M. (2014). Analysis of grape germplasm from Iran based on fruit characteristics. 
Brazilian Journal of Botany, 37, 105-113. http://dx.doi.org/10.1007/s40415-014-0054-5

Khadivi-Khub, A. & Etemadi-Khah, A. (2015). Phenotypic diversity and relationships between morphological traits in selected 
almond (Prunus amygdalus) germplasm. Agroforestry Systems, 89, 205-216. http://dx.doi.org/10.1007/s10457-014-9754-x

Kılıç, M.F., Doğan, A., Kazankaya, A. & Uyak, C. (2011). Gevaş (Van)’da yetiştirilen üzüm çeşitlerinin ampelografik özelliklerinin 
belirlenmesi üzerine bir araştırma. Journal of the Institute of Science and Technology , 1(1), 23-31.

Kılıç, O.M. (2015). Ecological risk assessment of Kelkit basin. Doctoral Thesis, Gaziosmanpaşa University, Institute of Science, 
Tokat.

Turk J Food Agric Sci / 6(2): 160-172 (2024)



Sümbül and Yıldız

171

Kupe, M., Ercisli, S. & Ben Ayed, R. (2020). Morphological and biochemical diversity among autochthonous grape cultivars. 
Erwerbs-Obstbau 62, 1-7. http://dx.doi.org/10.1007/s10341-020-00482-1

Kupe, M., Ercisli, S., Karatas, N., Skrovankova, S., Mlcek, J., Ondrasova, M. & Snopek, L. (2021). Some important food quality 
traits of Autochthonous grape cultivars. Journal of Food Quality, 2021(1), 9918529. http://dx.doi.org/10.1155/2021/9918529

Magris, G., Jurman, I., Fornasiero, A., Paparelli, E., Schwope, R., Marroni, F. & Morgante, M. (2021). The genomes of 204 Vitis 
vinifera accessions reveal the origin of European wine grapes. Nature Communications, 12(1), 7240.
http://dx.doi.org/10.1038/s41467-021-27487-y

McGuire, R.G. (1992). Reporting of objective color measurements. HortScience, 27(12), 1254-1255.
http://dx.doi.org/10.21273/HORTSCI.27.12.1254

Melo, M.S., Schultz, H.R., Volschenk, C.G. & Hunter, J.J. (2015). Berry size variation of Vitis vinifera L. cv. Syrah: Morphological 
dimensions, berry composition and wine quality. South African Journal of Enology and Viticulture, 36(1), 1-10.
http://dx.doi.org/10.21548/36-1-931

Norman, P.E., Tongoona, P. & Shanahan, P.E. (2011). Determination of interrelationships among agr-morphological traits of 
yams (Discorea spp.) using correlation and factor analyses. Journal of Applied Bioscience, 45, 3059-3070.

OIV, (1997). Descriptors for Grapevine (Vitis spp.). International Plant Genetic Resources Institute, Rome.

OIV, (2008) OIV Standart on minimum maturity requirements for table grapes. 

Oktay, A. (2022). Determination of some phytochemical contents of local and standard grape varieties widely grown in the 
province of Diyarbakır. Doctoral Thesis, Harran University, Institute of Science, Şanlıurfa.

Ozden, M. & Deveci, Y. (2023). Morphological, quality characteristics, and antioxidant activity of grapes from heritage 
germplasm grown in Central Anatolia, Turkey. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 51(1), 12635-12635.
http://dx.doi.org/10.15835/nbha51112635

Özden, M. & Özden, A.N. (2014). Farklı renkteki meyvelerin toplam antosiyanin, toplam fenolik kapsamlarıyla toplam 
antioksidan kapasitelerinin karşılaştırılması. Gıda Teknolojileri Elektronik Dergisi, 9(2), 1-12.

Palade, L.M. & Popa, M.E. (2018). Polyphenol fingerprinting approaches in wine traceability and authenticity: Assessment and 
implications of red wines. Beverages, 4(4), 75. http://dx.doi.org/10.3390/beverages4040075

Polat, A. (2016). Determination of some phytochemical profiles of grape varieties which are grown in Sanliurfa province. 
Doctoral Thesis, Harran University, Institute of Science, Şanlıurfa.

Razi, M., Darvishzadeh, R., Amiri, M.E., Doulati-Banehd, H. & Martínez-Gómez, P. (2019). Molecular characterization of a 
diverse Iranian table grapevine germplasm using REMAP markers: population structure, linkage disequilibrium and 
association mapping of berry yield and quality traits. Biologia, 74, 173-185. http://dx.doi.org/10.2478/s11756-018-0158-7

Reisch, B.I., Owens, C.L. & Cousins, P.S. (2012). Grape. Fruit Breeding, 225-262. http://dx.doi.org/10.1007/978-1-4419-0763-9_7

Revilla, E., Carrasco, D., Benito, A. & Arroyo-García, R. (2010). Anthocyanin composition of several wild grape accessions. 
American Journal of Enology and Viticulture, 61(4), 536-543. http://dx.doi.org/10.5344/ajev.2010.09134

Sabir, A. (2008). Ampelographic and molecular characterization of some grape cultivars and rootstocks. Doctoral Thesis, 
Çukurova University, Institute of Science, Adana.

Santiago, J.L., Boso, S., Gago, P., Alonso-Villaverde, V. & Martínez, M.C. (2007). Molecular and ampelographic 
characterisation of Vitis vinifera L." Albarino"," Savagnin Blanc" and" Caíño Blanco" shows that they are different 
cultivars. Spanish Journal of Agricultural Research, 5(3), 333-340. http://dx.doi.org/10.5424/sjar/2007053-253

Say, A., Sümbül, A., Dirim, E., Yaman, M. & Yildiz, E. (2024). Unravelling the Genetic Diversity of Oleaster (Elaeagnus 
angustifolia L.) with Multivariate Analysis. Applied Fruit Science, 66(2), 719-730. http://dx.doi.org/10.1007/s10341-024-
01043-6

Serhat, M.İ., Eyduran, S. & Aslantaş, R. (2017). Determination of Ampelographic Characters of Native Grape Accessions 
Grown in Iğdır Province. Yuzuncu Yıl University Journal of Agricultural Sciences, 27(4), 634-645.

Slinkard, K. & Singleton, V.L. (1977). Total phenol analysis: automation and comparison with manual methods. American 
Journal of Enology and Viticulture, 28(1), 49-55. http://dx.doi.org/10.5344/ajev.1977.28.1.49

Soltekin, R.O. (2019). Effects of water stress on vine growth, yield and grape quality of some table grape varieties. Doctoral 
Thesis, Ege University, Institute of Science, İzmir.

Turk J Food Agric Sci / 6(2): 160-172 (2024)



Sümbül and Yıldız

172

Somogyi, E., Lazar, J., Bodor, P. & Kaszab, T. (2021). Colour of grapevine (Vitis vinifera L.) accessions influenced by the length 
of cold storage•: Grapevine berry colour measurement. Progress in Agricultural Engineering Sciences, 16(S2), 109-116.
http://dx.doi.org/10.1556/446.2020.20013

Sümbül, A. & Yıldız, E. (2022). Türkiye’de yetiştiriciliği yapılan sofralık, kurutmalık ve şaraplık üzümlerin üretim 
projeksiyonu. Erciyes Tarım ve Hayvan Bilimleri Dergisi, 5(1), 17-22. http://dx.doi.org/10.55257/ethabd.1095080

Sümbül, A., Yildiz, E. & Nadeem, M.A. (2023). Elucidating the genetic variations among Turkish grape varieties using 
morphological and molecular markers. Genetic Resources and Crop Evolution, 70(5), 1349-1361.
http://dx.doi.org/10.1007/s10722-022-01503-6

Sümbül, A., Yildiz, E., Sabir, A. & Nadeem, M.A. (2024). Investigation of genetic diversity among autochthonous grape 
cultivars grown in Türkiye using molecular primers. Genetic Resources and Crop Evolution, https://doi.org/10.1007/s10722-
024-01861-3

Vavilov, N.I. (1951). The origin, variation, immunity and breeding of cultivated plants. LWW, 72(6), 482.

Vafaee, Y., Ghaderi, N. & Khadivi, A. (2017). Morphological variation and marker-fruit trait associations in a collection of 
grape (Vitis vinifera L.). Scientia Horticulturae, 225, 771-782. http://dx.doi.org/10.1016/j.scienta.2017.08.007

Xia, E.Q., Deng, G.F., Guo, Y.J. & Li, H.B. (2010). Biological activities of polyphenols from grapes. International Journal of 
Molecular Sciences, 11(2), 622-646. http://dx.doi.org/10.3390/ijms11020622

Yahia, E.M. (Ed.). (2017). Fruit and vegetable phytochemicals: Chemistry and human health, 2 Volumes. John Wiley & Sons.

Yaman, M., Balta, M.F., Karakaya, O., Kaya, T., Necas, T., Yildiz, E. & Dirim, E. (2023). Assessment of fatty acid composition, 
bioactive compounds, and mineral composition in hazelnut genetic resources: Implications for nutritional value and 
breeding programs. Horticulturae, 9(9), 1008. http://dx.doi.org/10.3390/horticulturae9091008

Yang, J. & Xiao, Y.Y. (2013). Grape phytochemicals and associated health benefits. Critical Reviews In Food Science and 
Nutrition, 53(11), 1202-1225. http://dx.doi.org/10.1080/10408398.2012.692408

Turk J Food Agric Sci / 6(2): 160-172 (2024)


	Slayt 63
	Slayt 64
	Slayt 65
	Slayt 66
	Slayt 67
	Slayt 68
	Slayt 69
	Slayt 70
	Slayt 71
	Slayt 72
	Slayt 73
	Slayt 74
	Slayt 75

