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Abstract

Fruits present safe and healthy nutrition in the human diet. They are rich sources of certain macro and
micronutrients. Environmental factors such as temperature, rainfall, sunshine, wind, soil and many other growing
conditions effects chemical composition of the berries. The present study was conducted to investigate 24 grape
cultivars from the Mid-Black Sea zone in terms of berry mineral composition. Analysis was performed according
to official methods procedure and the contents of Phosphorus (P), Calcium (Ca), Magnesium (Mg), Manganese
(Mn), Iron (Fe), Copper (Cu), Zinc (Zn), Boron (B) and Selenium (Se) were determined by ICP-OES (Inductively
Coupled Plasma Optical Emission Spectroscopy) and Potassium (K) was measured by AAS (Atomic absorption
spectroscopy). The results indicated that the mineral composition of grapes differ according to genotype.

Keywords: Grape, mineral nutrients, Vitis vinifera L., cultivar

Orta Karadeniz Gecit Kusaginda Yetisen Bazi Yerli Uziim Cesitlerinin
Mineral Madde Kompozisyonu

Oz: Meyveler, besin maddelerince zengin giivenli ve saglikli beslenme kaynaklaridir. Basta, sicaklik, yagis,
giines, riizgar, toprak gibi ekolojik faktorler ve diger bir¢ok yetistirme kosullari gibi cevresel faktorler,
meyvelerin kimyasal bilesimini etkilemektedir. Bu c¢alismada Orta Karadeniz Kusagi’nda yetisen 24 iiziim
¢esidinin tane mineral madde kompozisyonu belirlenmistir. Calismada, Fosfor (P), Kalsiyum (Ca), Magnezyum
(Mg), Bakir (Cu), Mangan (Mn), Demir (Fe), Cinko (Zn), Bor (B) ve Selenyum (Se) ICP-OES (indiiktif Olarak
Eslesmis Plazma Optik Emisyon Spektrometresi), Potasyum (K) ise AAS (Atomik Absorpsiyon Spektroskopisi)
cihazlari ile belirlenmistir. Sonuglar, ayn1 kosullarda yetistirilen {iziim gesitlerine ait tane mineral bilesiminin
genotiplerde degistigini gostermistir.

Anahtar kelimeler: Uziim, mineral madde, Vitis vinifera L., ¢esit

trace mineral element contents of food in terms
of balanced nutrition.

1. Introduction
Balanced nutrition is intake of nutrients

adequately and on time for human health. Despite
technology and advances in the level of life,
nowadays, balanced nutrition has been still
popular and one of the most issues that
inadequacy in its practice in the world. Therefore,
it is very important to determine the basic and
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Fruits are source of minerals that are
potentially useful for human health. Grape is one
of featured fruit that helps the growth of bones
and teeth with having the mineral substances and
providing appropriate pH value for blood.
Winkler et al. (1974) reported that 100 g fresh
grape contains 0-70 ppm B, 40-250 ppm Ca, 0-3
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ppm Cu, 0-30 ppm Fe, 100-250 ppm Mg, 0-51
ppm Mn, 1500-2500 ppm K, 200-500 ppm P, and
0-200 ppm Na.

Minerals are taken from the soil by the
grapevine and transferred to the leaves and
indirectly to the berries. The amounts are within
certain limits and depend on grape cultivar,
maturity, soil type, fertilization and climatic
conditions (Martins et al. 2012). In general,
amount of minerals is lower in arid climatic

2. Materials and Methods

Materials

24 local grape varieties grown in the Mid-
Black Sea region were used in this study. 16 of
the cultivars have white skin (Beyaz Tilki
Kuyrugu, Boduroglu, Cilk, Cavus Aktas, Cavus
Misket, Cavus, Citlik, Hac1 Vel’, Hirsiz Kesmez,
Hosan, Kus Uziimii, Patlak Uziim, Siredenlik1,
Siredenlik, Topsire and Tursuluk) and 8 of these
(Koémiiscicigi, Kargayiiregi, Siyah Uziim,
Kirmiz1 Uziim, Fenerid, Kara Uziim, Kizil Uziim
and Renkli Uziim) have black skin color. The
maturities of the cultivars were between July 20
and September 25. The cultivars were grown on
their own roots and trained with traditionally
goble-shaped. Irrigation was unavailable in
vineyard. Vines were planted at 1.20 m x 1.20 m
(vine x row) spacing. Only the spraying with
sulfur and copper were used against to powdery
mildew and downy mildew diseases.

Method

Taking of grape samples

When total soluble solids (TSS) was 19.0-
23.0%, ten vines representing the cultivars were
identified and 3 clusters were harvested from
each vine. The clusters were carried in ice
containers to the laboratory Then they stored at -
20 °C until mineral content analyses.

Mineral content analysis

The berries were washed with tap water and
wiped. Then they were placed in paper bag and
dried at 65 °C in oven and then ground by
grinding machine (lka, Germany) (Kacar and Inal
2008; Cavusoglu 2018). 200 mg of the grinded
sample was weighed and placed in an incinerator
with 100 ml. Then 2 ml of 67% nitric acid and 8

conditions and dry years. The quantities of
minerals are influenced by soil conditions; in
addition, some pesticides that used against plant
diseases and atmospheric conditions also affect
mineral content. In this study, mineral content of
some native grape varieties grown in the Mid-
Black Sea, which is very important region in
terms of ecology and grapevine genetic sources
in our country, was determined.

ml of H,O, were added. When clear and colorless
solution was  obtained; the amounts of
Phosphorus (P), Calcium (Ca), Magnesium (Mg),
Manganese (Mn), Iron (Fe), Copper (Cu), Zinc
(Zn), Boron (B) and Selenium (Se) were
determined in the extracts with external standards
of ICP-OES (Inductively coupled plasma—
optical emission spectrometry) device; while
Potassium (K) content was determined with AAS
(Atomic absorption spectroscopy).

Statistical Analysis

The data was obtained from Randomized Plot
Design with 3 (three) replication. Analysis of
means (ANOM) was performed to determine the
variability among the cultivars. Decision limits in
the figures were calculated according to ANOM
test (Nelson et al. 2005). By considering all traits
together, hierarchical cluster analysis was carried
out to identify the similarities among the
cultivars. In the cluster analysis, Single linkage
and Euclidean distance methods were used for
linkage and distance methods, respectively. The
statistical significance level was considered as
5% and MINITAB (ver: 17) statistical package
program was used for all statistical computations.

3. Results and Discussion

Mineral content of the grape berries has been
evaluated as quality criteria for the final product.
In the study, mineral contents of the rootstocks on
their roots were examined independently of the
selective effect of them.

Within this framework, mineral content of 24
grape cultivars was presented comparatively in
Table 1. P content of grape cultivars ranged from
421.82 mg/kg (‘Hirsiz Kesmez’) to 154.85 mg/kg
(‘Komiiscicigi’). For the P, the overall mean of
cultivars was 230 mg/kg and 95% confidence
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interval were between 207.1 and 252.8 mg/kg.  Uziim’, ‘Cavus Misket’ and ‘Karga yiiregi’ were
According to these results, the means of ‘Hirsiz  lower than 207.1 mg/kg. The differences for the
Kesmez’, ‘Cilk’, ‘Kirmiz1 Uziim’ and ‘Cithk’  cultivars that located in out of lower and upper
cultivars were higher than 252.8 mg/kg, whilethe  limits of 95% confidence interval were
means of ‘Komiscicigi’, ‘Tursuluk’, ‘Kara statistically significant (Fig 1).
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Figure 1. P content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hac1 Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kazil Uziim, 16: Kémiiscicigi, 17: Kus Uziimii, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire, 24: Tursuluk]

Sekil 1. Cesitlerin P icerigi (ANOM grafiginde; merkezdeki ¢izgi genel ortalamay, iistteki ¢izgi Ust karar
cizgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk,
4: Cavus, 5: Cavus Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Haci Veli 10: Hwrsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kug
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: T opsire,
24: Tursuluk]
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Figure 2. K content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hac1 Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kus Uziimil, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire , 24: Tursuluk]

Sekil 2. Cesitlerin K icerigi (ANOM grafiginde; merkezdeki ¢izgi genel ortalamayn, iistteki ¢izgi Ust karar
cizgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk,
4: Cavus, 5: Cavus Aktas, 6: Cavus Misket, 7: Cithk, 8: Fenerid, 9: Haci Veli 10: Hirsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiigcicigi, 17: Kus
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: Topsire,
24: Tursuluk]
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Table 1. Mineral contents of the cultivars (mg/kg)
Cizelge 1. Cesitlerin mineral icerigi (mg/kg)

Cultivars P K Ca Mg Fe Mn Cu Zn B Se
Kargayiiregi 189.35 | 1124.07 | 379.10 | 78.83 | 6.89 | 0.734 | 0.234 | 1.93 | 0.038 | 18.73
Siyah Uziim 212.50 | 1277.38 | 359.75 | 86.79 | 7.02 | 0.982 | 0.267 | 2.36 | 0.040 | 17.34
Kirmizi Uziim 266.27 | 1637.05 | 543.35 | 102.54 | 8.00 | 0.890 | 0.199 | 2.20 | 0.052 | 19.38
Kus Uziimii 203.92 | 2179.00 | 464.03 | 70.01 |14.94 | 0.716 | 0.148 | 1.80 | 0.065 | 14.46
Renkli Uziim 231.08 | 1392.60 | 305.35 | 63.36 | 9.14 | 0.583 | 0.860 | 7.33 | 0.065 | 15.56
Siredenlik1 206.68 | 1396.18 | 408.78 | 109.79 | 14.57 | 0.834 | 0.250 | 8.50 | 0.048 | 16.48
Siredenlik2 205.47 | 1147.08 | 362.85 | 76.04 |12.84 | 0.114 | 0.112 | 1.62 | 0.037 | 17.40
Beyaz Tilki Kuyrugu 199.30 | 1456.85 | 295.95 | 68.84 | 11.44 | 0.976 | 0.185 | 1.45 | 0.030 | 15.14
Boduroglu 234.73 | 1499.83 | 323.08 | 86.52 | 8.47 | 0.122 | 0.190 | 1.53 | 0.047 | 18.58
Cavus Aktas 255.70 | 1765.40 | 408.70 | 80.31 | 7.88 | 0.898 | 0.102 | 1.01 | 0.049 | 15.85
Cavus Misket 187.52 | 1817.15 | 410.95 | 82.68 | 6.62 | 0.634 | 0.105 | 2.58 | 0.062 | 11.97
Citlik 264.17 | 1819.95 | 768.68 | 112.74 | 7.60 | 0.140 | 0.222 | 1.58 | 0.098 | 17.29
Fenerid 233.42 | 1691.50 | 499.30 | 89.82 |22.99 | 0.109 | 0.208 | 3.04 | 0.087 |12.41
Patlak Uziim 235.20 | 1583.13 | 503.73 | 98.72 | 6.20 | 0.106 | 0.119 | 1.30 | 0.085 |12.39
Cavus 219.54 | 2219.25 | 528.90 | 97.25 | 21.91 | 0.253 | 0.289 | 3.50 | 0.044 | 16.53
Haci Veli 233.10 | 1284.83 | 449.73 | 94.22 | 8.05 | 0.127 | 0.138 | 2.71 | 0.029 | 1241
Hosan 238.35 | 1605.18 | 483.75 | 88.27 | 6.77 | 0.905 | 0.127 | 1.76 | 0.039 | 14.31
Kara Uziim 167.78 | 1512.03 | 318.88 | 72.80 | 5.06 | 0.770 | 0.191 | 2.26 | 0.026 | 16.41
Kizil Uziim 252.98 | 1509.70 | 488.50 | 110.68 | 6.95 | 0.124 | 0.110 | 2.31 | 0.029 | 17.60
Topsire 226.95 | 1736.58 | 433.95 | 84.96 |21.56 | 0.134 | 0.160 | 2.91 | 0.033 | 14.70
Tursuluk 230.37 | 1516.45 | 506.93 | 93.71 | 5.81 | 0.829 | 0.868 | 1.29 | 0.031 | 15.45
Cilk 318.55 | 2377.75 | 425.25 | 101.01 | 8.70 | 0.841 | 0.177 | 1.35 | 0.039 | 14.58
Hirsiz Kesmez 421.82 | 2726.00 | 584.15 | 138.69 | 10.42 | 0.103 | 0.190 | 1.21 | 0.047 | 16.91
Komiiscicigi 154.85 | 2147.90 | 295.88 | 59.29 | 15.70 | 0.124 | 0.308 | 3.50 | 0.026 | 15.78
Standard Error of Mean 10.8 824 22.3 3.77 | 1.04 | 0.0708 | 0.0399 | 0.357 | 0.0041 | 0.406
p 0.01 0.01 0.01 0.01 | 0.01 | 0.01 0.01 | 0.01 | 0.01 | 0.01
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Figure 3. Ca content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hac1 Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kus Uziimil, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire, 24: Tursuluk]

Sekil 3. Cesitlerin Ca icerigi (ANOM grafiginde; merkezdeki ¢izgi genel ortalamay, iistteki ¢izgi Ust
karar ¢izgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3:
Cilk, 4: Cavus, 5: Cavus Aktas, 6: Cavus Misket, 7: Cithk, 8: Fenerid, 9: Haci Veli 10: Hirsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiigcicigi, 17: Kus
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: Topsire,
24: Tursuluk]
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The K content of the cultivars varied between
2726 mg/kg (‘Hirsiz Kesmez’) and 1018.55
mg/kg (‘Tursuluk’) (Table 1). The overall mean
of the cultivars was 1658 mg/kg and 95%
confidence interval were between 1817 and 1498
mg/kg for the K (Fig. 2). It was observed that the
highest and lowest means of K were 768.68

For the Ca, the overall mean of the cultivars
was 433 mg/kg with 507.0 and 359.1 confidence
interval (Fig. 3).

The Mg content of the cultivars ranged
between 138.69 mg/kg (‘Hirsiz Kesmez’) and
56.07 mg/kg (‘Tursuluk’) (Table 1). The overall
mean was 88.16 mg/kg with 100.22 and 76.09

mg/kg (‘Citlik’) and 276.3 mg/kg (‘Tursuluk’),
respectively, (Table 1).

mg/kg confidence interval (Fig. 4).
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Figure 4. Mg content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hac1 Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kus Uziimil, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire, 24: Tursuluk]

Sekil 4. Cesitlerin Mg icerigi (ANOM grafiginde; merkezdeki ¢izgi genel ortalamay, iistteki ¢izgi Ust
karar ¢izgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3:
Cilk, 4: Cavug, 5: Cavus Aktas, 6: Cavus Misket, 7: Cithk, 8: Fenerid, 9: Haci Veli 10.: Hirsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kus
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: Topsire,
24: Tursuluk]
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Figure 5. Fe content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hac1 Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kus Uziimil, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire, 24: Tursuluk]

Sekil 5. Cegsitlerin Fe icerigi (ANOM grafiginde; merkezdeki ¢izgi genel ortalamay, iistteki ¢izgi Ust
karar ¢izgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3:
Cilk, 4: Cavus, 5: Cavus Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Haci Veli 10: Hirsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiigcicigi, 17: Kus
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: Topsire,
24: Tursuluk]
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The Fe content of the cultivars varied from
22.99 mg/kg (‘Fenerid’) to 5.06 mg/kg (‘Kara
Uziim’). The overall mean was 10.69 mg/kg
while the 95% confidence interval was between
12.55 and 8.82 mg/kg (Fig. 5).

Mn content of grape -cultivars changed
between 0.982 mg/kg (‘Siyah Uziim’) and 0.103
mg/kg (‘Hirsiz Kesmez’) (Table 1). The overall
mean was 0.509 mg/kg with 0.556 and 0.463
mg/kg values of 95% confidence interval (Fig. 6).
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Figure 6. Mn content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hac1 Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kazil Uziim, 16: Kémiiscicigi, 17: Kus Uziimii, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire, 24: Tursuluk]

Sekil 6. Cesitlerin Mn icerigi (ANOM grafiginde; merkezdeki ¢izgi genel ortalamay, iistteki ¢izgi Ust
karar ¢izgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3:
Cilk, 4: Cavus, 5: Cavus Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Haci Veli 10: Hirsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kug
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: T opsire,
24: Tursuluk]

mean was 0.247 mg/kg with 0.392 and 0.102
mg/kg of 95% confidence interval (Fig. 7).

Cu content of the cultivars was determined
between 0.868 mg/kg (‘Tursuluk’) and 0.102
mg/kg (‘Cavus Aktas’) (Table 1). The overall
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Figure 7. Cu content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hac1 Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kus Uziimil, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire, 24: Tursuluk]

Sekil 7. Cesitlerin CU icerigi (ANOM grafiginde; merkezdeki ¢izgi genel ortalamayi, iistteki ¢izgi  Ust
karar ¢izgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3:
Cilk, 4: Cavug, 5: Cavus Aktas, 6: Cavus Misket, 7: Cithk, 8: Fenerid, 9: Haci Veli 10: Hirsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiigcicigi, 17: Kus
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: Topsire,
24: Tursuluk]
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The Zn content of the cultivars varied from  the cultivars was 2.50 mg/kg and 95% confidence
8.50 mg/kg (‘Siredenlikl’) to 1.01 mg/kg interval were between 2.55 and 2.45 mg/kg (Fig.
(‘Cavus Aktas’) (Table 1). The overall mean of  8).
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Figure 8. Zn content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hac1 Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kazil Uziim, 16: Kémiiscicigi, 17: Kus Uziimii, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire, 24: Tursuluk]

Sekil 8. Cesitlerin Zn icerigi (ANOM grafiginde; merkezdeki c¢izgi genel ortalamayi, iistteki ¢izgi Ust
karar ¢izgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3:
Cilk, 4: Cavus, 5: Cavus Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Haci Veli 10: Hirsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kug
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: Topsire,
24: Tursuluk]

For the B mineral, the highest and lowest  confidence interval was between 0.050 and
values were 0.098 mg/kg (‘Cithk’) and 0.02  0.043 mg/kg (Fig.9).
mg/kg  (‘Tursuluk’),  respectively.  95%

oot T .
= ::: T - T| TI _ |o.os014
o - = = E D.04855
::‘: i —= i = l % l i & - L1 0.04318
1 2 3 4 56 7 8 91011 1213 1415 16 17 1819 20 21 22 23 24
Cultivars

Figure 9. B content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hact Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kus Uziimil, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire, 24: Tursuluk]

Sekil 9. Cesitlerin B icerigi (ANOM grafiginde; merkezdeki ¢izgi genel ortalamayr, iistteki ¢izgi Ust karar
cizgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk,
4: Cavus, 5: Cavus Aktas, 6: Cavus Misket, 7: Cithk, 8: Fenerid, 9: Hact Veli 10: Hirsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiigcicigi, 17: Kus
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: Topsire,
24: Tursuluk]

For Se mineral, the highest mean was Misket’. The overall mean of the cultivars for Se
determined as 19.38 mg/kg in ‘Kirmizi Uziim’, was 15.62 mg/kg with 15.81 and 15.71 mg/kg
while the lowest was 11.97 mg/kg in ‘Cavus  confidence limits (95%) (Fig. 10).
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Figure 10. Se content of the cultivars (Center line represents overall mean, while upper and bottom lines
indicate decision limits for ANOM) [ 1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3: Cilk, 4: Cavus, 5: Cavus
Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Hac1 Veli 10: Hirsiz Kesmez, 11: Hosan, 12: Kara Uziim,
13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Kémiiscicigi, 17: Kus Uziimii, 18: Patlak Uziim,
19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlik1, 22: Siredenlik2, 23: Topsire, 24: Tursuluk]

Sekil 10. Cesitlerin Se icerigi (ANOM grafiginde; merkezdeki ¢izgi genel ortalamayr, iistteki ¢izgi Ust
karar ¢izgisini, alttaki ¢izgi Alt karar ¢izgisini gostermektedir) [1: Beyaz Tilki Kuyrugu, 2: Boduroglu, 3:
Cilk, 4: Cavus, 5: Cavus Aktas, 6: Cavus Misket, 7: Citlik, 8: Fenerid, 9: Haci Veli 10: Hirsiz Kesmez, 11:
Hosan, 12: Kara Uziim, 13: Kargayiiregi, 14: Kirmizi Uziim, 15: Kizil Uziim, 16: Komiiscicigi, 17: Kug
Uziimii, 18: Patlak Uziim, 19: Renkli Uziim, 20: Siyah Uziim, 21: Siredenlikl, 22: Siredenlik2, 23: Topsire,

24: Tursuluk]

In order to examine the similarities between
24 grape cultivars, results of the cluster analysis
are shown in Table 2 and the visual presentation
of these results is shown in Fig. 11. As shown in
Table 2, the highest similarity was observed
between ‘Patlak Uziim’ and ‘Hosan’ cultivars
with 98.054% and followed by ‘Kargayiiregi’
and ‘Siredenlik2’ cultivars with 97.970%. In
terms of mineral content, ‘Hirsiz Kesmez’
cultivar considerably differs from the other 23
cultivars and joined into other clusters with
75.603% similarity level. According to these
results, the general similarity level varied
between 98% and 76%. Thus, it can be stated that
24 grape cultivars grown in the Black Sea Region
have high similarity level in mineral content
(Table 2 and Fig. 11).

Potassium is generally existed in high
guantities in Grape berries. It is known to play
an important role in fruit development and wine
guality (Martins et al. 2012). In our results K is
the abounded mineral in the berries of the all
cultivars. The content found to be between 2726
mg/kg (‘Hirsiz Kesmez’) and 1018.55 mg/kg
(‘Tursuluk’). Cantiirk et al. (2016) determined
that potassium content in the seed, flesh and berry
skin of ‘Giiliiziimii’ was 205.23, 112.78 and 6.11
mg/100g, respectively. Similarly, Bertoldi et al.
Table 2. Results of cluster analysis

(2011) reported that K content of Chardonnay
cultivar was 246.9 mg/100g while Pereira et al.
(2006) reported as 203.2 mg/100g in Merlot
cultivar.

The highest Ca and P in the composition of
grape berries were determined as 768.68 mg/kg
(‘Cithk’) and 421.82 mg/kg (‘Hirsiz Kesmez’),
respectively while the lowest values were 295
mg/kg (‘Koémiscicigi’) and 154 mg/kg
(‘Komiiscicigi’). P value was lower than 120
mg/100 g of ‘Sauvignon blanc’ (Nakajima et al.
2004) while similar to that of Cantirk et al.
(2016) finding.

Mg content in grape berries varied in a wide
range 138.69 mg/kg (‘Hirsiz Kesmez’) to 59.2
mg/kg (‘Komiiscicigi’). As mentioned by the
previous studies (Nakajima et al. 2004, Sousa et
al. 2014; Panceri et al. 2013; Cantiirk et al. 2016).
Nakajima et al. (2004) reported that magnesium
content of Sauvignon blanc cultivar was 50
mg/100g. Similarly, Panceri et al. (2013)
indicated that Mg content in Cabernet Sauvignon
and Merlot cultivars were 3896 and 5079
ug/100g, respectively. However, Cantiirk et al.
(2016) reported that Mg content of ‘Giiliiziimii’
in seed, flesh and berry skin were 51.29, 6.38 and
2.19 mg/100g, respectively.
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Cizelge 2. Kiimeleme analizi sonuglar

Step Number of Similarity Distance Cluster joined New Number of
cluster level level cluster observation
in new cluster
1 23 98.054 31.771 14 17 14 2
2 22 97.970 33.149 1 7 1 2
3 21 97.557 39.887 2 21 2 2
4 20 96.932 50.090 10 20 10 2
5 19 96.044 64.595 8 9 8 2
6 18 95.836 67.991 8 18 8 3
7 17 95.542 72.781 5 8 5 4
8 16 95.471 73.942 2 16 2 3
9 15 95.454 74.233 3 14 3 3
10 14 95.212 78.178 3 19 3 4
11 13 95.110 79.847 10 13 10 3
13 12 95.092 80.129 3 10 3 7
12 11 94.924 82.887 4 15 4 2
14 10 94.747 85.770 3 11 3 8
15 9 92.885 116.163 5 6 5 5
16 8 92.472 122.920 2 5 2 8
17 7 92.348 124.935 1 2 1 10
18 6 91.023 146.577 1 3 1 18
19 5 89.083 178.241 4 24 4 3
20 4 86.883 214.163 4 22 4 4
21 3 82.213 290.413 1 12 1 19
22 2 78.403 352.632 1 4 1 23
23 1 75.607 398.272 1 23 1 24
75,61
> 83,74
E
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Figure 11. Dendogram
Sekil 11. Dendogram

Among the minor elements, it is important
that the grape fruit is rich for Fe content.

Fe was also found the highest minor element
in our study.

The Fe content of the cultivars varied between
22.99 mg/kg (‘Fenerid’) and 5.06 mg/kg (‘Kara
Uziim®). According to result of previous studies,
(Tangolar et al. 2009; Bertoldi et al, 2011; Sousa
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et al, 2014; Cantiirk et al. 2016) Fe content of
grapes varies between 0.3 and 18.1 mg/100g. Zn
limits of the study (8.50 mg/kg in ‘Siredenlik1’ -
1.01 mg/kg in ‘Cavus Aktas’) are in Standard
levels proposed by Tangolar et al. (2009);
Cantiirk et al. (2016); Olalla et al. (2004);
Bertoldi et al. (2011).
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Cu content of the grape berries in the cultivars
changed from 0.868 mg/kg (‘Tursuluk’) to 0.102
mg/kg (‘Cavus Aktas’).

Samil et al. (2005) reported that copper
content varied from 0.20 to 0.33 mg/kg while
zinc content ranged from 2.40 to 4.30 mg/kg in
the grape cultivars grown in Sarkikaraagag
(‘Gatikara’, ‘Devegozii’, ‘Akiiziim’, ‘Cemre’,
‘Kiziliziim’, ‘Buzgolii’, ‘Tilkikuyrugu’ and
‘Kadinparmagt’).

In general, Mn has low concentrations in the
berries of the grape cultivars. Thus, Mn content
ranged from 0.982 mg/kg (‘Siyah Uziim’) to
0.103 mg/kg (‘Hirsiz Kesmez’). Similarly, Boron
varied between 0.098 mg/kg (‘Citlik’) and 0.02
mg/kg (‘Tursuluk’) and Se changed from19.38
mg/kg (‘Kirmiz1 Uziim’) to 11.97 mg/kg (‘Cavus

Misket”).

4. Conclusions

Intake of the nutrients that need for healthy
and balanced nutrition adequately and on time
from different sources is extremely important. In
this framework, fruits are among the most
valuable foods. Especially, grapes can be used
various forms and consumable in all seasons. In
this study, the mineral content of 24 native grape
cultivars grown in the Mid-Black Sea Region was
determined.

As a result of this study, it can be stated that
‘Hirsiz Kesmez’ has rich for P, K, Mg; ‘Citlik’
for Ca and B; ‘Fenerid’ for Fe; ‘Siyah Uziim’ for
Mn; ‘Tursuluk’ for Cu; ‘Siredenlikl’ for Zn; and
“Kirmiz1 Uziim’ for Se.

It can be expected that this study will provide
an important contribution to the literature in
terms of introduction of native grape cultivars as
well as increase of their economic value.
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