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ABSTRACT

This study was conducted to investigate the biochemical changes observed throughout the ripening process
from veraison to harvest periods of 13 table grape cultivars of Vitis vinifera L. species. Present findings
revealed that total acidity, total phenolics and total antioxidant capacity of the grape cultivars decreased
and water soluble dry matter (WSDM) content, must pH and total anthocyanins increased throughout the
ripening process. In harvest period, water soluble dry matter (WSDM) contents varied between 17.0%
(Trakya Ilkeren and Silfoni cultivars) and 21.6% (Kureys cultivar); total acidity values varied between
0.42 g I'! (Tekirdag Seedless cultivar) and 1.26 g I'' (Kizilatim cultivar); must pH values varied be-
tween 2.58 (Kohnii cultivar) and 3.29 (Trakya ilkeren cultivar); ripening index values varied between
15.60 (Silfoni cultivar) and 41.90 (Tekirdag Seedless cultivar); total phenolics varied between 723.5 ug GAE g!
(Mazirim cultivar) and 2657 ng GAE g' (Banazi Karas: cultivar); total antioxidant capacities varied between
4.27 ymol TE g! (Mazirim cultivar) and 8.21 umol TE g (K6hnii cultivar); total anthocyanins varied be-
tween 32.3 malvidin-3-o-glikozit pg g™ (Kizilatim cultivar) and 205.2 malvidin-3-o-glikozit pg g-' (Banazi

Karasi cultivar). Berry skin colors strongly correlated with total phenolics (R* =

capacity (R*=0.8296).

0.9376) and total antioxidant
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INTRODUCTION

Grape has a great production and consumption
potential worldwide. Therefore, it has a great com-
mercial potential. Grapes are either fresh-consumed
or converted into various forms. They are rich in
bioactive compounds and thus have various positive
impacts on human health. Development, ripening and
quality (color, taste, aroma) characteristics of grape
berries are largely dependent on biochemical compo-
sition and various other factors [Agaoglu 2002]. Grape
berries gain cultivar characteristics throughout the rip-
ening stages. Ripening stage designate the quality of
grape and chemical bio-composition [Agaoglu 2002].
Ripening stage of grapes may vary with the type of
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use [Sabir et al. 2010]. Optimum ripening stage could
be identified through determination of physical and
biochemical changes within the period from fruit-
set to harvest. Berry sugar and organic acid content,
ripening index, pH and phenolic compounds are im-
portant indicators of optimum ripening stage [Calo et
al. 1996, Sabir et al. 2010]. Biochemical compounds
ensure ripening of berried and also designate quality
attributes of grape. Biochemical composition of grape
berry varies with the climate, cultivar, soil conditions,
cultural practices, yield and ripening level [Navarro et
al. 2008, Jin et al. 2009, Yang et al. 2009, Kunter et
al. 2013]. Several researches have been conducted to


http://orcid.org/0000-0002-6101-6845

Dogan, A., Uyak, C. (2022). Biochemical changes in some table grape cultivars throughout the ripening process. Acta Sci. Pol. Hortorum

Cultus, 21(3), 00-00. https://doi.org/10.24326/asphc.2022.3.1

identify physical and biochemical changes during the
ripening of different grape cultivars [Al-Kaisy 1981,
Deryaoglu and Canbag 2003, Sabir et al. 2010, Cangi
etal. 2011, Ozdemir et al. 2016]. Identification of crit-
ical berry development periods in which quantitative
and structural changes were observed in biochemical
compounds of a berry allow growers to apply cultural
practices, effective on ripening, more efficiently and
effectively. Identification of optimum ripening stage
of grape cultivars play a significant role in quality and
quantity [Fidan and Eris 1974, Jackson and Lombard
1993]. In adaptation studies, suitability of a cultivar
to a region is assessed through phenological obser-
vations, pomological characteristics and biochemical
compositions.

This study was conducted to investigate the
emerging biochemical changes during the ripening
of Amasya, Baris, Banazi Karasi, Cardinal, Italya,
Kizilatim, Ko&hnii, Kureys, Mazirim, Silfoni, Tah-
annebi, Tekirdag Seedless and Trakya Ilkeren table
grape cultivars grown under ecological conditions of
Malatya (Turkey) province.

MATERIAL AND METHOD

Material. Experiments were conducted with 13 dif-
ferent table grape cultivars of Vitis vinifera L. species
under ecological conditions of Malatya province of
Turkey in a vineyard established at 1.5 x 3 m plant-
ing spacing and cordon-trained over 50 cm stems. The
cultivars of Amasya, Baris, Italya, Kureys, Mazirim,
Silfoni and Tahannebi have berry skin colors of
green-yellow; Banazi Karasi, Cardinal, Kizilatim,
K&hnii, Tekirdag Seedless and Trakya Ilkeren have
berry skin colors of red-black. The cultivars of Banazi
Karasi, Kizilatim, Kureys, Mazirim, Trakya Seedless
and Trakya ilkeren are grafted on 41B American vine
rootstock and the other cultivars are grafted on 1103P
American vine rootstock. During the winter pruning,
grapevines were loaded as to have 20-22 buds/vine
fruit loads. Vines were irrigated at different growth
stages with drip irrigation. Tipping and topping were
separately practiced in vines.

Method. Fruit samples were taken each week from
investigated grape cultivars during the ripening pro-
cess from veraison to harvest. Harvested fruits were
subjected to analyses for water soluble dry matter

(WSDM), total acidity, pH, total phenolics, total an-
thocyanins and antioxidant capacity. Water soluble
dry matter (WSDM) content was measured with the
aid of a hand refractometer; must pH values were
determined with a pH meter; total acidity (g I'") was
determined with titrimetric method and expressed in
tartaric acid equivalent [Ough and Amerine 1988].
Ripening index was calculated as the ratio of water
soluble dry matter content at ripening to total acidity.
Analyses were terminated when the WSDM contents
reached to 17.0-21.6% in cultivars with berry skin
colors of white-yellow and 17.0-21.2% in cultivars
with berry skin colors of red-black. Phenological ob-
servations were also made on grape cultivars. Experi-
mental data obtained at veraison and ripening periods
were subjected to statistical analyses with Statgraphics
software and significant means were compared with
the aid of LSD test at 5% level.

Extraction of fruit samples. About 100 g fruit sam-
ples taken from different vines and clusters were ho-
mogenized in blender. Resultant homogenate was ex-
tracted with the use of acetone, water and acetic acid
(70 : 29.5 : 0.5) solution for an hour. Filtered extract
was then used for total phenolics, total anthocyanins
and antioxidant capacity analyses [Uluocak 2010].

Total phenolics. Fruit extracts prepared for analy-
sis were kept in Folin-Ciocalteu chemical and distilled
water mixture (1 : 1 : 20) for 8 min, then supplement-
ed with 7% sodium carbonate. Following two hours
of incubation, resultant solution got a blue color and
readings were performed in a spectrophotometer at
750 nm wavelength. Results were expressed in gallic
acid equivalent (ug GAE g') of fresh weight [Single-
ton and Rossi 1965].

Total anthocyanins. The pH differential method
was used in total anthocyanins analysis. Fruit extracts
were prepared at pH 1.0 and 4.5 buffers and readings
were performed at 520 and 700 nm wave lengths. Total
anthocyanin content (molar extinction coefficient of
28 000 malvidin-3-glucoside) [(A520-A700) pH 1.0
— (A520-A700) pH 4.5] was expressed in pg antho-
cyanin per 1 g dry matter [Giusti and Wrolstad 2005].

Total antioxidant activity. TEAC (Trolox equivalent
antioxidant capacity) method was used for total antiox-
idant capacity analysis. In this method, 7 mM ABTS
(2,2'-Azino-bis 3-ethylbenzothiazoline-6-sulfonic acid)
was mixed with 2.45 mM potassiumbisulphate and
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kept at dark for 12—-16 h. Then the solution was di-
luted with 20 mM sodium acetate (pH 4.5) buffer
as to have an absorbance value of 0.700 +0.01 in
a spectrophotometer at 734 nm wavelength. Finally,
30 pL fruit extract was supplemented with 2.97 mL
buffer and absorbance readings were performed
10 min later in a spectrophotometer at 734 nm wave-
length. Resultant absorbance values were calculat-
ed with the aid of Trolox (10-100 umol/L) standard
curve and expressed in umol Trolox equivalent per 1 g
of fresh weight [Ozgen et al. 2006].

RESULTS AND DISCUSSION

Ripening periods varied with the cultivars. Trakya
Ilkeren ripened in the second week of August was the
earliest cultivar and Kizilatim and Mazirim cultivars
ripened in the third week of September were the latest
cultivars. Veraison dates were observed in 4-week pe-
riod extending from the third and fourth weeks of July
to the second week of August (Tab. 1).

The ripening process of cultivars lasted between
5-10 weeks.

Throughout the ripening process from veraison to
harvest, water soluble dry matter contents and must
pH values increased and total acidity decreased (Tabs
2-4). Similar findings were also reported by previous
researchers [Al-Kaisy et al. 1981, Deryaoglu and Can-
bas 2003, Cangi et al. 2011, Eyduran et al. 2015, Oz-
demir et al. 2016]. Water soluble dry matter (WSDM)
contents of the cultivars varied between 10.1-13.9%
in veraison period and between 17.0-21.6% in harvest
period (Tabs 2 and 5). Total acidity values of the culti-
vars varied between 1.22-2.86 g I'! in veraison period
and between 0.42—1.09 g I'! in harvest period (Tabs 3
and 5). Must pH values of the cultivars varied between
1.82-2.81 in veraison period and between 2.58-3.29
in harvest period (Tabs 4 and 5). Ozdemir et al. [2016]
reported water soluble dry matter (WSDM) contents
as between 12—13.83% in veraison period and between
21-25.33% in harvest period; total acidity values as
between 14.58-19.02 g/l in veraison period and be-
tween 5.86—7.92 g/l in harvest period; must pH values
as between 2.45-2.86 in veraison period and between
3.83-4.08 in harvest period. Sen [2008] reported water
soluble dry matter (WSDM) contents of the years as be-
tween 9—11% in veraison period and between 16—-18%
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in harvest period of table cultivars; total acidity val-
ues of the years as between 1.167-4.163% in veraison
period and between 0.752-0.491% in harvest period;
must pH values of the years as between 2.28-3.15 in
veraison period and between 3.72-3.80 in harvest pe-
riod. Must composition designate the quality of grapes
and it greatly influenced by ripening period [Fanizza
1982]. It was indicated in a previous study that bio-
chemical composition of grape berry could be influ-
enced by the cultivars, ecological conditions, cultural
practices and ripening levels [Agaoglu 2002]. Ripen-
ing index is also used as an important indicator of op-
timum harvest time. Among the investigated cultivars,
the lowest ripening index (15.60) was observed in Sil-
foni cultivar and the greatest ripening index (41.90)
was observed in Tekirdag Seedless cultivar (Tab. 5).
Ripening index values were reported as between 31.41
(Narince cultivar) and 33.48 (Gewlirtztraminer culti-
var) by Cangi et al. [2011]; between 29.77 (Tannat
cultivar) and 40.27 (Merlot cultivar) by Ozdemir et al.
[2016]; between 23.0 (Kamili cultivar) and 48.5 (Ab-
basi cultivar) by Al-Kaisy et al. [1981]; between 16.65
(Asilasma cultivar) and 36.97 (Antep Uziimii cultivar)
by Karanis and Celik [2002]. Previous researchers
indicated that ripening index of grape cultivars may
vary with the cultivars, years, ecological conditions
and cultural practices [Kara and Gerg¢ekgioglu 1993,
Deryaoglu and Canbas 2003, Tangolar et al. 2005].
Differences in total phenolics of the cultivars in ve-
raison and harvest periods were found to be significant.
Total phenolics of the cultivars with skin colors of red-
black varied between 2281-3541.6 ug GAE g in ve-
raison period and between 1824.6-2657.1 ug GAE g
in harvest period; total phenolics of the cultivars with
skin colors of green-yellow varied between 1220.7—
1654.7 ng GAE g' in veraison period and between
895.2-1266.8 ng GAE g in harvest period (Tabs 6
and 9). Aydin [2015] reported total phenolics in harvest
period as between 355.17 ile 693.37 mg GAE I'! for
the cultivars with skin colors of red-black and between
335.73-823.54 mg GAE I'! for the cultivars with skin
colors of green-yellow. Cangi et al. [2011] reported to-
tal phenolics as between 2500.6 pg GAE g' (Narince
cultivar) and 4790.9 ug GAE g' (Syrah cultivar) in
veraison period and between 1081.9 pg GAE g!' (Na-
rince cultivar) and 2886.9 ng GAE g! (Syrah culti-
var) in harvest period. Goktiirk-Baydar et al. [2005]



Table 1. Phenological observations of grape cultivars

Phenological periods

bursting shooting full-bloom berry-set veraison harvest
Cultivars

¥

{]
T. flkeren 2 Apr. 14 Apr. 10 May 15 May 17 Jul. 14 Aug.
Baris 5 Apr. 17 Apr. 12 May 22 May 18 Jul. 21 Aug.
Koéhnii 10 Apr. 24 Apr. 26 May 1 Jun. 28 Jul. 1 Sept.
Silfoni 13 Apr. 28 Apr. 23 May 1 Jun. 23 Jul. 15 Aug.
T. Seedless 10 Apr. 22 Apr. 24 May 28 May 23 Jul. 15 Aug.
Italya 13 Apr. 25 Apr. 26 May 1 Jun. 23 Jul. 15 Aug.
Cardinal 5 Apr. 16 Apr. 18 May 25 May 27 Jul. 18 Aug.
B. Karasi 12 Apr. 25 Apr. 27 May 2 Jun. 1 Aug. 4 Sept.
Kizilatim 25 Apr. 05 May 09 Jun. 15 Jun. 15 Aug. 18 Sept.
Kureys 14 Apr. 26 Apr. 27 May 2 Jun. 28 Jul. 5 Sept.
Amasya 22 Apr. 3 May 5 Jun. 10 Jun. 31 Jul. 5 Sept.
Mazirim 25 Apr. 5 May 7 Jun. 10 Jun. 10 Aug. 18 Sept.
Tahannebi 5 Apr. 25 Apr. 27 May 08 Jun. 18 Jul. 24 Aug.

Table 2. Changes in water soluble dry matetr (WSDM) contents of grape cultivars throughout the ripening process (%)

Weeks from veraison to harvest

Cultivars 1%week 2Wweek 39week 4fweek 5Mweek 6Mweek 7Mweek 8M"week 9™ week 10 week
17 Jul. 24 Jul. 31 Jul. 7 Aug. 14 Aug. 21 Aug. 28 Aug. 4 Sept. 11 Sept. 18 Sept.
T. Ilkeren 10.1 12.9 154 16.2 17.0 - - - - -
Barig 11.3 14.6 16.5 174 18.1 19.2 - - - -
Silfoni - 12.4 13.2 14.9 154 17.0 - - - -
T. Seedless 111 12.1 13.8 14.6 15.6 17.6 - - - -
Italya 13.9 15.7 17.1 17.9 185 20.1 - - - -
Cardinal - 104 11.5 14.3 17.2 18.4 — - — -
Kureys - 10.1 10.8 12.9 16.4 17.3 19.8 21.6 - -
Tahannebi 10.9 12.6 14.1 15.8 16.4 17.2 - - - -
Kohnit - 121 13.9 155 16.0 18.9 21.2 - - -
B. Karasi - - - 13.8 15.6 16.5 18.6 20.2 - -
Amasya - - - - 12.2 13.8 15.6 174 - -
Mazirim - - - 11.8 12.6 14.0 15.2 16.7 18.2 19.6
Kizilatim - - - - 13.9 14.2¢e 15.1 16.1 18.2 20.9




Table 3. Changes in total acidity values ofgrape cultivars throughout the ripening process(g 1)

Weeks from veraison to harvest

Cultivars
1tweek 2™week 39week 4Mweek 5Mweek 6" week 7™ week 8Mweek 9 week 10™ week

17 Jul. 24 Jul. 31 Jul. 7 Aug. 14 Aug. 21 Aug. 28Aug. 4Sept. 11Sept. 18 Sept.

T. Ilkeren 1.46 1.19 1.04 0.87 0.52 - - - - -
Barig 1.22 1.16 0.98 0.76 0.61 0.48 - - - -
Silfoni - 2.04 1.72 1.48 1.17 1.09 - - - -
T. Seedless 2.20 1.85 1.05 0.81 0.68 0.42 - - - -
Italya 1.59 1.14 1.09 0.93 0.78 0.54 - - - -
Cardinal - 1.49 1.03 0.95 0.82 0.73 - - - -
Kureys - 2.38 2.02 1.68 1.47 1.26 1.07 0.92 - -
Tahannebi 1.39 1.15 0.98 0.91 0.80 0.72 - - - -
Kohnii - 1.54 1.26 1.02 0.86 0.73 0.62 - - -
B. Karasi - - - 1.38 1.24 1.10 0.91 0.76 - -
Amasya - - - - 1.76 1.52 1.24 0.81 - -
Mazirim - - - 212 1.90 161 1.26 1.03 0.86 0.65
Kizilatim - - - - 2.86 2.504 242 2.01 1.68 1.26

Table 4. Changes in must pH values of grape cultivars throughout the ripening process

Weeks from veraison to harvest

culivars 1tweek 2Mweek 39week 4"week 5Mweek 6" week 7Mweek 8"week 9" week 10% week
17Jul.  24Jul.  31Jul.  7Aug. 14Aug. 21Aug. 28Aug. 4Sept. 11Sept. 18 Sept.
T. ilkeren 2.81 3.05 3.17 3.25 3.29 - - - - -
Barig 2.76 2.85 2.95 3.03 3.08 3.12 - - - -
Silfoni - 2.64 271 2.76 2.89 2.93 - - - -
T. Seedless 2.72 2.76 2.81 2.93 3.01 3.05 - - - -
Italya 2.03 2.18 2.42 251 2.70 2.96 - - - -
Cardinal - 2.28 2.45 2.56 2.75 2.97 - - - -
Kureys - 1.88 1.94 1.98 2.78 2.90 3.00 3.08 - -
Tahannebi 2.32 241 2.65 2.81 3.02 3.24 - - - -
Kohnii - 2.17 2.22 2.34 2.44 2.52 2.58 - - -
Bonazi Karasi - - - 2.45 2.56 2.75 2.96 3.27 - -
Amasya - - - - 2.70 2.80 2.96 3.02 - -
Mazirim - - - 1.82 1.96 2.12 2.72 2.88 2.99 3.07

Kizilatim - - - - 2.16 2.30 2.45 2.56 2.75 2.96




Table 5. Water soluble dry matter (WSDM) contents, total acidity and must pH values of grape cultivars in veraison and
harvest periods

Parameters
Cultivars WSDM (%) total acidity (g I'%) must pH values
ripening index
veraison harvest veraison harvest veraison harvest

T. Ilkeren 10.1e 17.0f 1.46 cd 0.52 def 28la 3.29a 32.69 cd
Barig 11.3d 19.2d 1.22d 0.48 ef 2.76a 3.12ab 40.00 a
Silfoni 12.4b 17.0f 2.04 bc 1.09 ab 2.64b 2.93d 15.60i
T. Seedless 11.1d 176 f 220 b 0.42f 2.72 ab 3.05 be 4190 a
italya 139a 20.1c 1.59 cd 0.54 def 2.03f 2.96 cd 37.22b
Cardinal 104 e 18.4e 1.49 cd 0.73 cde 2.28d 2.97 cd 2521 f
Kureys 10.1e 216a 2.38b 0.92 bc 1.88¢g 3.08b 23.48¢g
Tahannebi 109 cd 172 f 1.39d 0.72 de 2.32d 324a 23.89fg
Kohnii 12.1b 21.2ab 1.54 cd 0.62 def 217e 258¢e 34.19c
B. Karasi 13.8a 20.2¢ 1.38d 0.76 cd 245¢ 3.27a 26.58 e
Amasya 12.2b 17.4f 176 ¢ 0.81cd 2.70 ab 3.02 bed 21.48 h
Mazirim 118¢ 19.6d 2.12 bc 0.65 de 1.82h 3.07b 30.15d
Kizilatim 139a 209b 2.86a 1.26 a 2.16 e 2.96d 16.59 i
LSD (5%) 0.80 1.30 0.92 0.49 0.16 0.21 3.65

* There were significant differences among the different letter (s) at P < 0.05 level

Table 6. Changes in total phenolics of the grape cultivars throughout the ripening process (ng GAE g™?)

Weeks from veraison to harvest

Cultivars
1tweek 2Wweek 3dweek 4week SMweek 6N week 7" week 8Mweek 9 week 10% week

17 Jul. 24 Jul. 31 Jul. 7 Aug. 14 Aug. 21 Aug. 28 Aug. 4 Sept. 11Sept. 18 Sept.

T. [lkeren 23519  2204.2 2126.1 2008.5 1824.6 - - - - -

Barig 1308.4  1255.7 1130.3 1086.4 895.2 - - - - -
Silfoni - 1342.6 1172.6 1088.3 984.5 - - - - -
T. Seedless 2281.0 22932 2069.5 1954.7 1893.2 - - - -
italya 1654.7 1612.3 1544.8 1487.5 1266.8 - — — -
Cardinal - 3215.4 2974.1 2655.1 2200.5 - - - -
Kureys - 1390.5 1428.5 1352.9 1204.6 1162.5 1042.2 960.0 — -
Tahannebi 14510 13935 1356.1 1281.5 1163.3 980.7 - - - -
Kohnii - 3452.3 3266.0 3140.2 2966.5 2780.0 2351.6 - - -
B. Karasi - — — 3541.6 3361.6 3191.2 2833.0 2657.1 - -
Amasya - — — — 1220.7 1139.5 1061.4 974.8 - -
Mazirim - - - 1182.3 1120.3 960.2 895.1 841.0 756.9 7235

Kizilatim - - - - 2057.5 1976.8 2018.5 1880.6 1655.3 1533.7




Table 7. Changes in total anthocyanins of the grape cultivars throughout the ripening process (malvidin-3-o-glikozit
ngg)

Weeks from veraison to harvest

Cultivars 1tweek 2™ week 39week 4" week 5Nweek 6Mweek 7Mweek 8Mweek 9Mweek 10 week
17 Jul. 24 Jul. 31Jul.  7Aug. 14Aug. 21 Aug. 28Aug. 4Sept. 11Sept. 18 Sept.
T. lkeren - - 21.6 28.7 42.4 - - - - -
T. Seedless - - 329 53.1 76.4 - - - - -
Cardinal - - 69.2 124.5 171.6 - - - - -
Tahannebi - - 41.2 59.4 85.6 138.7 - - - -
Kohnii - - 58.5 94.8 132.7 160.0 190.6 - - -
B. Karasi - - - 73.4 107.0 176.1 205.2 - -
Kizilatim - - - - - - 195 24.2 28.1 323

Table 8. Changes in total antioxidant capacity of the grape cultivars throughout the ripening process (umol TE g?)

Weeks from veraison to harvest

Cultivars 1tweek 2™ week 39week 4Mweek 5Mweek 6Mweek 7" week 8Mweek 9"week Vtg:(
17 uly  240uly 31July 7 Aug 14 Aug 21 Aug 28 Aug 4 Sep 11 Sep 18 Sep
T. ilkeren 19.85 18.22 14.35 10.63 6.45 - - - - -
Barig 13.40 13.37 9.872 7.15 5.34 - - - - -
Silfoni - 14.60 10.34 11.22 5.88 - - - - -
T. Seedless 22.25 18.90 16.11 11.22 7.45 - - - - -
italya 18.33 15.53 12.36 10.50 6.20 - - - - -
Cardinal - 30.3 21.80 11.62 8.04 - - - -
Kureys - 19.70 17.35 1231 10.88 9.55 8.73 6.18 - -
Tahannebi 14.83 14.03 12.55 10.92 8.03 5.10 - - - -
Ko6hnii - 26.50 24.7 19.55 14.45 11.23 8.21 - - -
B. Karasi - - - 28.10 19.60 13.08 10.32 7.80 - -
Amasya - - - - 15.37 12.06 8.43 4.75 - -
Mazirim - - - 13.90 12.14 10.95 9.31 8.22 6.26 4.27

Kizilatim - - - - 18.31 15.03 10.80 9.07 7.35 6.12




Table 9. Total phenolics, total anthocyanins and total antioxidant capacity of the grape cultivars in veraison and harvest

periods
Parameters
. total phenolics total antioxidant capacit total anthocyanins .
Cultivars (ug g AE ¢ 1) (umol TE gﬁlp) y (ug g*lS; berry skin color
veraison harvest veraison harvest veraison harvest color (value)

T. lkeren 2351.9d 1824.6d 19.85de 6.45 abc 216f 424 f red-purple (4)
Baris 1308.4 hi 895.2h 13.40f 5.34 cd - - green-yellow (1)
Silfoni 1342.6 h 984.5¢g 14.60 f 5.88¢c - - green-yellow (1)
T. Seedless 2281.0d 1893.2d 22.25d 7.45ab 329e 764 e red-purple (4)
italya 1654.7 f 1266.8 f 18.33 ¢ 6.20 bc - - yellow (2)
Cardinal 32154¢c 2200.5¢ 30.30a 8.04a 69.2 b 1716¢ red-purple (4)
Kureys 1390.5gh  960.0 gh 19.70 e 6.18 ¢ - - yellow (2)
Tahannebi 1451.0¢g 980.7 g 14.83 f 5.10 cd 41.2d 138.7d green-yellow (1)
Kohnii 3452.3b 2351.1b 26.50 ¢ 8.21la 585¢ 190.6 b dark red-purple (5)
B. Karasi 35416a 2657.1a 28.10b 7.80a 734 a 205.2a dark red-purple (5)
Amasya 1220.7 ij 974.8¢g 1537 f 4.75cd - - green-yellow (1)
Mazirim 1182.3i 7235i 1390 f 4.27d - - green-yellow (1)
Kizilatim 20575¢ 1533.7 e 18.31e 6.12c 195f 32.3¢g red (3)
LSD % 5 102.17 81.03 451 2.81 3.36 11.45

* There were significant differences among the different letter (s) at P < 0.05 level

total phenolics
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Fig. 1. Regression analyses for berry skin colors and total phenolics and total antioxidant capacity of the grape cultivars
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Fig. 2. Regression analysis for total phenolics and total
antioxidant activity of grape cultivars
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reported total phenolics 2.758 mg/g for Italia culti-
var, 2.093 mg g! for Hafizali cultivar, 2.317 mg g!
for Cavus cultivar, 1.957 mg g' for Kozak Beyazi
cultivar, 3.466 mg g! for Alphonse Lavallée culti-
var, 2.610 mg g for Trakya Ilkeren cultivar and
2.255 mg g' for Siyah Gemre cultivar. Decreas-
ing were observed in total phenolics of the cultivars
throughout the ripening process from veraison to
harvest. Previous researchers also reported that total
phenolics varied with the cultivars and years and de-
creased throughout the ripening process [Bakker et
al. 1986, Navarro et al. 2008, Jin et al. 2009, Cangi
et al. 2011, Aydin 2015]. Decrease in total phenolics
throughout the ripening process were mostly attribut-
ed to high tannen content of berries at early ripening
period and decreased surface-volume ratio toward to
harvest [Cangi et al. 2011]. Thusly, Celik et al. [2008]
and Ozgen et al. [2009] reported similar findings for
cranberry and Greek Strawberry (Arbutus Andrachne)
fruits. Throughout the ripening process, greater total
phenolics were observed in cultivars with red-black
skin colors than the cultivars with green-yellow skin
colors. These findings comply with the results of earli-
er studies [Cangi et al. 2011, Aydin 2015]. There was a
strong relationship between berry skin color and total
phenolics (R? = 0.9376) — Figure 1). Total phenolics
increased from green-yellow skin colors (1) to dark
red-purple (5) skin colors. It was reported in previous
studies that increasing anthocyanins concentrations
throughout the ripening process also increased total
phenolics of color-skin cultivars [Mazza 1995, Alonso
Borbalan et al. 2003, Scheerens et al. 2005, Bozan et
al. 2008, Soylemezoglu et al. 2015].

While anthocyanins were not identified in cultivars
with berry skin colors of green-yellow, anthocyanins
of the cultivars with red-black berry skin colors were
expressed in malvidin-3-o-glikozit equivalent. Differ-
ences in total anthocyanins of the cultivars in verai-
son and harvest periods were found to be significant.
Total anthocyanins of the cultivars varied between
19.5-73.4 png g! in veraison period and between 42.4—
205.2 pg g in harvest period (Tabs 7 and 9). Cetin et
al. [2012] reported total anthocyanins in harvest pe-
riod as 139.41 color value per 1 g for Cardinal culti-
var and 319.15 color value per 1 g for Trakya Ilkeren
cultivar; Goktiirk-Baydar et al. [2005] reported the
value as 0.37 malvidin-3-o-glikozit mg g™ for Trakya
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Ilkeren cultivar; Orak [2007] reported the value as
173.83 malvidin-3-o-glikozit mg kg™ for Tekirdag
Seedless cultivar; Karasu et al. [2016] reported the
same value as 32.59 siyanidin-3-glikozit mg kg for
Cardinal cultivar. Total anthocyanins of the cultivars
decreased throughout the ripening process from verai-
son to harvest. Previous researchers also reported that
total anthocyanins varied with the cultivars and years
and increased toward to harvest [Gomez et al. 1995,
Agaoglu 2002, Navarro et al. 2008, Cangi et al. 2011].

The differences in total antioxidant capacity of
the cultivars in veraison and harvest periods were
also found to be significant. Total antioxidant capac-
ity of the cultivars with red-black berry skin colors
varied between 19.85-30.30 umol TE g in veraison
period and between 6.45-8.21 umol TE g in har-
vest period; total antioxidant capacity of the cultivars
with green-yellow berry skin colors varied between
13.40-19.70 umol TE g in veraison period and be-
tween 4.27-6.20 pumol TE g in harvest period (Tabs 8
and 9). Aydin [2015] reported the lowest total antioxi-
dant capacity in harvest periods as 2.06 pmol TE ml!
for Sart Kokulu cultivar and the greatest as
9.33 umol TE ml ™" for Civek cultivar. Cangi et al. [2011]
reported total antioxidant capacity in harvest period as
5.67 umol TE g! for Narince cultivar, 6.57 pmol TE g!
for Gewlirtztraminer cultivar, 10.93 umol TE g for
Pinot Noir cultivar and 11.7 pmol TE g! for Syrah cul-
tivar. Total antioxidant capacity decreased 2—4 times
throughout the ripening process and the cultivars with
red-black berry skin colors had greater antioxidant
capacity then the cultivars with green-yellow berry
skin colors. Cangi et al. [2011] reported that total an-
tioxidant capacity of Gewlirtztraminer, Narince, Pinot
Noir and Syrah cultivars decreased from the veraison
period and such decreases were attributed to high tan-
nin content of the berries in early ripening period and
decreasing surface-volume ratios towards to harvest.
There was a strong relationship between berry skin col-
or and total antioxidant capacity (R* = 0.8296) — Figure
1. Total antioxidant capacity increased from green-yel-
low skin colors (1) to dark red-purple (5) skin colors.
There was also a strong relationship between total
phenolics and total antioxidant capacity (R*> = 0.8411)
— Figure 2. Generally the greatest total phenolics and
antioxidant capacity of Banazi1 Karasi and K&hnii culti-
vars with berry skin colors of dark red-purple and same
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statistical group of these cultivars proved that relation-
ships between these parameters (Tab. 9).

CONCLUSION

Desired harvest ripening levels were achieved
through a ripening process of 5—10 weeks. Biochemical
analyses were performed on samples taken each week
from the veraison to harvest period. Analyses revealed
that total acidity, total phenolics and total antioxidant
capacity decreased, water soluble dry matter content,
must pH and total anthocyanins increased throughout
the ripening process. All these parameters varied with
the cultivars. Throughout the ripening process, the cul-
tivars with red-black berry skin colors had greater total
phenolics and total antioxidant capacity than the cul-
tivars with green-yellow berry skin colors. Berry skin
colors strongly correlated with total phenolics (R? =
0.9376) and total antioxidant capacity (R?> = 0.8296);
these parameters increased from green-yellow skin col-
ors to dark red-purple skin colors. Similarly, there was
a strong correlation between total phenolics and anti-
oxidant capacity (R*> = 0.8411). Since the cultivars with
red-black berry skin colors were richer in phytochemi-
cals with great benefits on human health than the culti-
vars with green-yellow berry skin colors, they are most-
ly preferred as table grapes for fresh consumptions.
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