Ozden M and Deveci Y (2023)

‘ l Notulae Botanicae Horti Agrobotanici Cluj-Napoca
Volume 51, Issue 1, Article number 12635
‘ DOI:10.15835/nbha5 1112635 Notulac Botanicac Hord
AcademicPres +LV. Agrobotanici Cluj-Napoca

Research Article

Morphological, quality characteristics, and antioxidant activity of
grapes from heritage germplasm grown in Central Anatolia, Turkey

Mustafa OZDEN*, Yasin DEVECI

Nigde Omer Halisdemir University, Faculty of Agricultural Sciences and Technologies, Department of Plant Production and Technologies,
51240 Nigde, Turkey; mozden@ohu.edu.tr (*corresponding author); yasindeveci@hotmail.com

Abstract

Conservation of Central Anatolian grapevine genetic resources is essential to slow down to loss of
biodiversity and genetic resources. This study provided information about fruit quality characteristics
including morphological, physical, chemical, and antioxidant potential of ten grape accessions from heritage
germplasm grown in Central Anatolia. Physical and chemical quality characteristics measured included berry
and cluster weight, must yield proportion, firmness and chroma index, pH, titratable acidity (TA), total soluble
solids (TSS), total anthocyanins (TAC), total phenolics (TP) and total flavonoids (TF). Also, antioxidant
potential of ethanolic berry extracts were investigated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric
ion reducing antioxidant power (FRAP) assays. ‘Kizil Uziim, ‘Nuniyar’, ‘Karagabr’ and ‘Kirmizisabr” had higher
firmness values and lower must yield, which are important for storage of table grapes. ‘Kavak yaprag' had
heaviest berries, highest must yield and TSS/TA ratio giving it excellent flavour. The red grape accession with
the highest TAC was ‘Kirmizigabr’, and the highest TP and TF were recorded for ‘Sergi Karasr’. Eighty percent
of the extracts could scavenge 50% of the DPPH free radical with 0.28 mgmL" of extract. “Tilki Kuyrugu” had
the highest DPPH free radical scavenging activity due to high phenolic and flavonoid content. FRAP reducing
power of extracts also showed a similar trend to DPPH free radical activity. The accessions with rich secondary
metabolite profiles inhibited DPPH free radicals and increased FRAP activity. Based on these findings, it is
possible to suggest that chemical characteristics including secondary metabolite profile and antioxidant activity
of grapes might be used as biochemical marker to discriminate grape cultivars each other. Finally, the region
where this study was carried out is very rich in grape diversity, it should be screened and valuable accessions
protected for the future.
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Introduction

The need for conservation, characterization and reintroducing of genetic resources is an important
challenge for viticulture. Recently measures and actions taken to preserve existing germplasm diversity have
gained urgency in all grape producer countries. Preservation and continual use of grapevine genetic resources
depends on the description, characterization and management of germplasm. These measures are needed for
germplasm survival and use in breeding, research and production (Margaryan ez al., 2017).

The geographic origin of the grapevine is considered to be the Transcaucasia region which extends into
Georgia, Armenia and Azerbaijan. However, the people of Anatolia, neighboring the Transcaucasia, had a
significant role in the domestication and spread of cultivated (Vitis vinifera ssp. sativa) and wild (Vitis vinifera
ssp. sylvestris) grapevines (Vavilov, 1926; McGovern, 2003). The Anatolian Peninsula (also known as Asia
Minor) is located between the Caucasus and Europe, has had crucial source for diversification of grape
germplasm around the world due to its geographical location, diverse ecological conditions and long history of
viticulture (McGovern, 2003; Ergul ez al., 2006; Yilmaz ez al., 2020). Viticulture has been a part of the history,
tradition and horticulture of the people living this region. Natural variation and grower selections over
centuries have had an important role in the development of biodiversity and led to a strong relationship
between genotype and environment. Therefore, the Anatolia region is an important area for diversity and
characterization studies of grape genotypes. Characterization should be conducted in this region due to its long
history of cultivation of grapevines, diversity in abiotic and biotic stress factors, and variability in organoleptic
and nutraceutical features. In fact, these traits are strongly associated with the ecological conditions of
geographical areas where vines grow (Gu ez 4/., 2002). Plants evolve in response to biotic and abiotic stresses
developing biochemical pathways to produce secondary metabolites to protect cells or tissues for survival
(Manach e al., 2004). Another important concern is that the rich germplasm and genetic resources of the
region are under pressure from a move to preferentially grow mostly seedless cultivars. Although preferred by
consumers, seedless grape represent a potential loss in health benefits provided by phenolic content of grape
seeds (Parry e al., 2006). Given these problems, it is difficult for new table grapes genotypes to be adopted for
production and to enter the market. Therefore, the need for characterization and preservation of Central
Anatolian grape accessions is increasingly necessary to prevent loss of genetic variability and resources.

Until few years ago, physical quality characteristics of grape berries or clusters including size, colour,
shape and weight were the main quality components influencing consumer behaviour. However, revealing the
health benefits of grapes through scientific evidence on nutritional properties has been changing consumer
behavior (grape selection) towards more nutritional produce (Razvan ez al,, 2017). In addition to vitamins,
minerals, sugars and proteins, grapes can have high amounts of phenolic compounds, flavonoids and
anthocyanins that provide a wide range of antioxidant activities. Grape secondary metabolites have been
demonstrated to have antioxidant (Leifert and Abeywardena, 2008), anti-inflammatory (Dvorakova and
Landa, 2017), anti-cancerogenic (Nivelle ez al., 2017) and antibacterial (Hwang and Lim, 2019) properties,
and can modulate the human immune system. For these reasons, there is a growing interest in using these
compounds for various aspects of human health and in the food industry (Tako et 4/., 2020). Therefore, the
secondary metabolic profile can be used as a biochemical marker for the characterization of grapevine
germplasm.

Therefore, this study aimed (1) to provide data to underpin the preservation of some Central Anatolian
seeded grape accessions from germplasm at risk of extinction due to intensive use of commercial cultivars,(2)
to evaluate the key morphological, physical and chemical quality characteristics including the secondary
metabolite contents and antioxidant potential of the accessions, and (3) to introduce these valuable accessions
from heritage germplasm in Central Anatolia to breeders and researchers and grape producers who care about
the quality characteristics of new genotypes for production in more vineyards.
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Materials and Methods

Plant material

Ten sceded grape accessions (Vitis vinifera) were selected for study (Figure 1) after the preliminary
observation and communication with the local growers and harvested at their commercial maturity stage from
the three forty-year-old heritage germplasm vineyards located on Bor District, Nigde Province, Turkey in 2018

vintage.

Figure 1. Grape accessions used in the study
1-‘Sergi Karasr’, 2-Karagabr’, 3-‘Kirmizigabr’, 4-‘Morsabr’, 5-‘Nuniyar’, 6-Kizil Uziim’, 7-Tilki Kuyrugu’, 8-‘Cevsen’,
9-‘Kavak Yapragy’, 10-Dimrit’. Accessions numbered for further works.

Geographical location and growing conditions

Geographical location of the study area was in the middle of Central Anatolia, Turkey at 37.50° N,
34.35° E, and 1,244 m above sea level, with 9.1 °C annual average temperature, 513 mm annual and 55.4 %
relative RH as shown in Figure 2. Hot and dry summers with cold and snowy winters is the general climatic
pattern of the study area. The soil in the vineyards is calcareous soil with moderately high pH and low organic
matter. Although cultural practices of the vineyards were performed regularly by the growers, the vines were
not irrigated during the growing season.
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Fruit morphological assessment

According to the International Organization of Vine and Wine (OIV) descriptors, some morphological
characteristics of clusters and berries of the accessions were assessed and are presented in Table 1. Each character
has an OIV code (Anonymous, 2009) with operational definitions for assessment of the trait. The berries and
bunches were morphologically evaluated at commercial maturity. Maturation time was determined based on
TSS and TA as well as taste and colour of the accessions. Harvest was made at four occasions between the
beginning of August to the end of September. Five berry characteristics (OIV220, OIV221, OIV223, OIV225
and OIV236) and four cluster characteristics (OIV203, OIV204, OIV208 and OIV304) were determined on
20 replicates for each accession. Dimensions of berries and clusters were measured using a digital caliper, and
qualitative characters were estimated using the rating and coding according to the OIV descriptors.

Physical measurements

Physical measurements of the berries were made with samples taken from different directions from each
grapevine. Cluster weight (g), 100-berry weight (g), must yield (%), berry firmness (N), berry shape index and
berry skin colour chroma index were determined as physical measurements. Cluster and berry weight were
determined using an analytical balance. Must yield of the accessions were determined based on the OIV
descriptor (OIV 233) by weighing of 100 g of berries without pedicels, crushed and centrifuged at 3000 rpm.
Firmness of berries were measured by a modification of the method of Aday and Caner (2010) with a texture
analyzer (TA.HD.Plus, United Kingdom) as the force (N) required for penetration using a 3 mm probe at a
speed of 1 mm s and penetration distance of 6 mm. The values were obtained at the same four points on the
circumference of each berry. Berry skin colour was measured by the method of McGuire (1992) using a Konica
Minolta CR-200B. A single measurement was recorded for each berry and 20 replicate berries were measured
for each accession. The value of L* describes the degree of darkness or lightness. Before analysis, a* and b*
coordinates were transformed into chroma (C*) and hue angle (°) using the equations: C* = (a** + B**)** and

b = tan™ (b*/a*). Richness of colour was represented by C* value.

Chemical measurements and analyses

For the chemical measurements or analyses, grape clusters representing with the vine and vineyard were
harvested at commercial maturity according to Rankine ez 2/. (1962). Samples were free from visible blemishes
or disease. Approximately 30 kg of grape clusters were harvested for each accession, i.e., three 10 kg replicates.
Before analyzing, cluster or 100-berry weight of the samples was selected randomly from the clusters for the
berry extraction. Berries were homogenized in an ice-cold blender after removal of seeds and a 25 gof the berries
were macerated in 100 ml of ethanol containing 0.1% HCI and macerated overnight in darkness. Then the
extract was filtered through Whatman No. 1 paper under vacuum and the residue was repeatedly extracted
with the same solvent until it was colourless. One part of the extracts was separated for determining
anthocyanin content and the remaining portion was concentrated by a rotary evaporator at 50 °C and used for
determining total phenolic and flavonoid contents, and antioxidant potential of samples. TA (% tartaric acid),
TSS (°Brix) and pH of the grape samples were measured in the fruit juice by standard methods immediately
after crushing of the samples. A subsample of 10 g of berry was tissue homogenized in 50 ml of ddH,O and the
liquid level was adjusted to 100 ml for measuring pH (pHenomenal, United Kingdom) and TA. TSS (°Brix)
was measured by digital refractometer (Kruss, AR2008, Germany). NaOH solution (0.1 M) was added to the
homogenized berry juice until to the endpoint of pH 8.2. TA acidity results were expressed as the percentage
of a tartaric acid reference.

TAC content in the grape berry extracts were determined by the pH differential method of Giusti and
Wrolstad (2003) using UV spectrophotometer (PG Instruments T60, United Kingdom). Absorbance of the
samples in 0.025 M KCl buffer (pH 1.0) and 0.4 M CH;COONa buffer (pH 4.5) were measured at 520 and
700 nm using A = (Assz0 -As700)pt 1.0- (Ars20 ~Arzo0)pr45- All values were estimated as malvidin-3-glucoside using
a molar extinction coefficient of 28,000 kg' FW (Wrolstad, 1976). TP in ethanolic berry extracts were

4
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estimated by the method of Slinkard and Singleton (1977) with minor modifications. Samples (20 pl) were
introduced into test tubes, 2,380 mL distilled water and 0.15 mL Folin-Ciocalteu’s reagent was added and the
tubes were vortexed vigorously. After 8 min, 0.45 mL of Na,COs was added to each tube, and then each mixture
was vortexed again and allowed to stand for 2 h at room temperature. Absorbance of the samples were measured
at 750 nm. TP content of the samples were obtained from the calibration curve prepared with gallic acid (20-
250 mg L") and expressed as mg GAE kg' FW (y = 0.0015 x — 0.123, R* = 0.99). TF content of the berry
extracts were determined by the modified colorimetric method (Zhishen ez 4/., 1999). TF content obtained
from the calibration curve prepared with catechin (20-250 mg L") and expressed as mg of CE kg' FW (y =
0.0038 x — 0.0247, R*=0.99)

Antioxidant potential of the accessions

Total antioxidant potential of ethanolic grape berry extracts comprised simply antioxidant activity and
antioxidant capacity. Total antioxidant activity of samples was determined by DPPH free radical scavenging
activity and expressed as percentage of synthetic free radical inhibition, and total antioxidant capacity was
determined by FRAP assay. The DPPH free radical scavenging activity of the ethanolic callus extracts were
measured according to DPPH standard method (Blois, 1958). Each ethanolic berry extract (0.1 mL) was added
to 2.9 ml of DPPH in ethanol (0.1 mM). The mixture was shaken gently and incubated for 30 min at room
temperature. After this period, absorbance was determined at 515 nm in spectrophotometer. Fifty % inhibitory
concentration (ICso) values were calculated after constructing the percent inhibition versus log curve. The total
antioxidant capacity of samples was determined by the FRAP assay. FRAP assay (Oyaizu, 1986) was a
measurement in reduction of Fe>*(CN™)s to Fe**(CN")s, resulting in formation of the Perl's Prussian blue
complex following the addition of excess ferric ions (Fe’*). One ml of berry extract (20 ug mL") was mixed with
2.5mL of 0.2 M (pH 6.6) phosphate buffer and 2.5 mL of 1% K3Fe(CNg). The mixture was incubated at 50°C
for 20 min, then rapidly cooled and mixed with 2.5 mL of 10% TCA then centrifuged at 1,500 rpm for 15 min.
An aliquot (2.5 mL) of the supernatant was diluted with distilled water (2.5 mL) and then freshly prepared 0.5
ml of 0.1% FeCl; was added and allowed to stand for 10 min. The absorbance was measured at 700 nm. BHT
(20-250 mg/mL") was used as standard for construction of the calibration curve (y = 0.0029 x + 0.1542, R*=
0.99) and reducing power was reported as BHT equivalents per mg mL" of extract.

Statistical analyses

The data was subjected to SPSS to assess the analysis of variance (ANOVA) between the quality
characteristics of the accessions. The difference for the fruit characteristics of the accessions was tested by a
multiple mean comparison test (Tukey) at p < 0.05 level (IBM, 2017).

Results

Morphological characterization of grape berries and clusters

Morphological characterization of the grape accessions of berry and cluster characteristics is presented
in Table 1. Berry skin colour varied from red and rose to green yellow, and berry shapes ranged from ellipsoid
(Kizil Uziim), round (Nuniyar) to ovoid. Most of the berry weight and length of the accessions were
characterized as ‘medium’, flavours of the berries categorized as ‘distinct varietal’ and ‘neutral’ flavour. Cluster
characteristics of the accessions were investigated in four groups including shape, width, and density and
harvesting time of the accessions. Half of the cluster shapes of the accessions were conical, the remaining were
cylindrical shape. For cluster width, Karagab1’ was evaluated as ‘wide’, whereas all the other accessions were as
‘medium’ or ‘narrow’. Berry density on the clusters of ‘Kavak Yaprag’ and ‘Nuniyar’ were ‘loose’ but ‘Cevsen’
and ‘Dimrit’ were ‘dense’. Kirmizigabr', ‘Morsabr’ and ‘Cevsen’ were characterized as ‘late’ maturing and other
accessions as ‘medium’ maturing,
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Table 1. Key morphological characteristics of the grape berries and clusters based on OIV descriptors

Berry characteristics Cluster characteristics
Nam Colour Shape Width Length Flavour Shape Width Density | Maturity
ame OIV 225 OIV223 | OIV221 | OIV220 | OIV236 OIV 208 OIV203 | OIV204 | OIV 304
‘Sergi Karasr’ Dark Red Ovoid Medium | Medium 1\)/15%12(:? Conical Medium | Medium | Medium
arieta
‘Karagabr’ Dark Red Ovoid | Medium Long Neutral Conical Wide Medium | Medium
‘Kirmizigab’ | Dark Red Ovoid | Medium | Medium | Neutral | Cylindrical | Narrow Loose Late
‘Morgabr’ Rose Ovoid | Medium Long Neutral | Cylindrical | Medium | Dense Late
‘Nuniyar’ Rose Round Narrow Short Dlst'mct Conical Medium Loose Medium
Varietal
Kzl Uziim’ Rose Ellipsoid | Medium | Medium | Neutral Conical Medium | Medium | Medium
“Tilki
e o, Green Ovoid Narrow | Medium | Neutral | Cylindrical | Narrow | Medium | Medium
Kuyrugu Yellow
. , Green . . .
Cevsen Ovoid Narrow | Medium | Neutral Conical Narrow Dense Late
Yellow
Kavalf , Green Ovoid Medium | Medium DlSt_mCt Conical Medium Loose Medium
Yaprag Yellow Varietal
‘Dimrit’ Y(';c rgzn Ovoid | Medium | Medium | Neutral | Cylindrical | Narrow Dense Medium
w

Physical measurements on the grape clusters and berries

Physical parameters included cluster weight, 100-berry weight, must yield, berry skin firmness, berry
shape index, and chroma index of the grapes are presented in Table 2. The cluster weights of the grape
accessions ranged from 254 g for ‘Sergi Karast’ to 528 g for ‘Dimrit’ with an average of 352 g. The difference in
the cluster weights of the ‘Dimrit’, ‘Kavak Yapragy’ and ‘Sergi Karast” were significant. However, significant
differences in cluster weight were not found between the other grape accessions. According to the OIV 502,
clusters of ‘Sergi Karast’ and ‘Kavak Yaprags’ were classified as ‘low’ and ‘medium’ in cluster weight, respectively.
The other accessions were positioned between them. The 100-berry weight of accessions varied significantly
from each other. The heaviest was ‘Kavak Yaprags’ at 452 g followed by ‘Morsabr’, ‘Kirmizigabr’ and ‘Karagabr’,
all having above the average berry weight. ‘Sergi Karasr’, ‘Kizil Uziim’ and ‘Nuniyar’ the lowest berry weight.
The volume of berry must yield is given in Table 2. The must yield of the berries ranged from 62% for ‘Cevsen’
to 82% for ‘Kavak Yaprag’ with the average of 69%. The highest must yield for ‘Kavak Yaprag’ was followed
by ‘Nuniyar’, ‘Kizil Uziim’, and ‘Sergi Karast’ with 72.2, 72.0, and 70.1%, respectively. For OIV 233, all grape
accessions were scored as ‘medium’ for must yield, except for ‘Kavak Yapragy’, which was classified as 'high’. The
higher firmness values were with ‘Kizil Uziim’, ‘Nuniyar’ and “Tilki Kuyrugu’ (4.7, 4.1 and 3.8 N) compared to
other accessions. Berry shape was estimated as the ratio of width to length to determine. This parameter is
especially important for selection of table or raisin grapes. ‘Nuniyar’ was classed as round but the other
accessions ranged from ovoid to ellipsoidal. The differences in chroma index of grape accessions were significant
and varied from 3.2 for for ‘Nuniyar’ to 6.6 ‘Karagabr’ with the average chroma index value of 4.5. Highest
chroma index was measured for Tilki Kuyrugu and Karagabi at 6.6 followed by ‘Cevsen’, ‘Dimrit’ and ‘Kavak
Yapragy at 6.0, 5.4, and 4.8, respectively.

Chemical analyses and secondary content of the accessions

The chemical parameters of the accessions including pH, TA, TSS, and TAC, TP, TF are presented in
Table 3. The pH of berry juices ranged from 3.32 for ‘Dimrit’ to 3.52 for ‘Kirmizigabr’ with an average of 3.40.
The pH values of the berry juices of the red accessions were higher than those of the white accessions. Also, TA
varied from 0.46 for ‘Kavak Yaprag:’ to 0.67 for “Tilki Kuyrugu’. Parallel with pH results, titratable acidity of
the berry juices of the red accessions were clearly higher than those of the white grapes. TSS content of grape
berry juice varied between 24.3 to 14.1°Brix. ‘Sergi Karast’ had the highest sugar content followed by ‘Nuniyar’.
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Table 2. Physical quality characteristics of the accessions

Cluster 100-Berry Mustyield | Firmness Be::ry ds hape Croma
weight (g) weight (g) (ml kg!) (N) (wi d:;: /lcc);gth) index
‘Sergi Karasr’ 254+ 3.2¢ 213+5.4¢ 701£10.5¢ 2.440.8¢ 0.95+0.05¢ 1.3+£0.1g
‘Karagabr’ 366 +26.7b 371+8.9¢ 680+11.8cd | 3.240.1c 0.84+0.006¢ 6.6+0.4a
‘Kirmizigabr’ 358 + 16.6b 382+14.2bc 648+13.1¢ 2.8+0.1d 0.8240.004¢ 1.840.1f
‘Morgabr’ 325 +7.9bc 402+12.9b 650+13.7¢ | 2.8+0.2cd 0.83+0.06e 3.6£0.2¢
‘Nuniyar’ 333 + 30.7bc 238+4.0¢ 722+12.4b | 4.1£0.1b 1.00£0.02a 3.2+0.1e
‘Kizil Uziim’ 325 +7.9bc 223+11.2¢ 720+10.2b 4.740.1a 0.78+0.01f 5.140.1cd
“Tilki Kuyrugu’ 372 £ 38.2b 294+4.6d 675+£10.8d | 3.8+0.1b 0.9740.06bc 6.6+0.1a
‘Cevsen’ 298 + 15.5bc 295+12.3d 620+12.1f 3.240.1c 0.95+0.01c¢ 6.0+0.1b
‘Kavak Yaprag’ 372 +29.4b 45243.6a 820+12.2a 2.0+0.1e 0.98+0.01ab 4.8+40.1d
‘Dimrit’ 528 +56.3a 286+6.9d 670+10.2d 2.3+0.1e 0.89+0.006d 5.4+0.1c
Average 352 316 690.50 3.12 316 4.5
The data are expressed as means + SD with the same letters in the same column are not significantly different at p<0.05

level.

Table 3. Chemical quality characteristics and secondary metabolite contents of berry ethanolic extracts of
the grape accessions

. TA TSS TSS/ (mg’rrn‘;idin— ™o e
Accessions pH (% of tartaric (Brix) TA 3-glucoside kg (mg GAE kg (mg CE kg'*
acid) L EW) FW) FW)
‘Sergi Karasr’ 3.39 +.02cd 0.64 +.02ab 24.3+0.7a 38.02 +0.8b 319.6+11.7bc | 3,036.9+178.1a | 1,296.9440.9a
‘Karagabr’ 342+ .01bc 0.50 +.01cd 19.1£0.2¢ 37.59 + 0.9b 558.4+46.7a 2,224.3+149.6b 806.6+57.4de
‘Kirmizigabr’ 3.52 +.02a 0.54 +.02¢ 19.040.7¢ 35.00 + 0.5¢ 623.3+48.9a 1,492.4+122.7cd 648.1+27.6e
‘Morsabr’ 345+ .01b 0.60 +.01b 18.7£0.9¢ 31.03+1.2d 102.2+17.6¢ 870.2+35.4¢ 652.2424.9¢
‘Nuniyar’ 341+ .01bc 0.60 +.01b 22.4+0.2b 37.16 + 1.0b 291.4+6.7bc 2,439.8+92.5b 995.5+66.1bc
‘Kizil Uziim’ 3.25+.01f 0.59 £.01b 19.240.5¢ 3252+ 1.1d 329.2+11.1bc | 15524+77.9cd | 987.7431.2bc
“Tilki Kuyrugu’ 3.28 +.01f 0.67 +.01a 14.1+0.4d 20.81 £ 1.3¢ 213.8+5.7d 2,758.4+98.2a | 1,064.5+36.4b
‘Cevsen’ 3.44 £ .01bc 0.47 +.01de 18.9£0.2¢ 39.42 + 0.5a 351.3+£21.9b 1,755.44+56.0c | 1,089.0+58.5b
‘Kavak Yaprag’ 337 +.02d 0.46 +.02¢ 18.440.3¢ 40.35 + 0.5a 206.8+9.5d 1,247.3+54.9d | 755.7+46.8de
‘Dimrit’ 3.32+.02¢ 0.61 +.02b 18.240.5¢ 29.68 + 1.5d 259.7+4.4cd 1,450.9+40.7cd 860.4+83.0cd
Average 3.40 0.57 19.22 34.16 325.0 1882.8 915.6

The data are expressed as means + SD with the same letters in the same column are not significantly different at p<0.05
level.

The TSS content of all the others was similar to each other because grapes were harvested at commercial
maturation °Brix level. The ratio of “Brix to acidity can give a better measurement of palatability of grapes to
consumers than either the sugar content or acidity alone. TSS/TA ratio varied form 20.8 for ‘Tilki Kuyrugu’
t0 40.4 for ‘Kavak Yapragr’. TAC content of grape berries ranged from 102 for ‘Morgsab1’ to 623.3 mg malvidin-
3-glucoside kg' FW for ‘Kirmizigabr’. TAC content varied with berry skin colour; red grape accessions,
‘Kirmizigabr’ and ‘Karagabr’, had the highest TA contents, followed by rose colour vine grape berries, Nuniyar’
and ‘Kizil Uziim’, and the lowest TAC was measured in white grape berries, “Tilki Kuyrugu’ and ‘Kavak
Yapragr’. In contrast to TAC content, the second highest TP was obtained from one white grape accession
‘Tilki Kuyrugu’ but the highest TP was in red grape ‘Sergi Karast’ followed by ‘Nuniyar’ and “Karagabr’
accessions. Similar to TAC content, the lowest TP was in ‘Morsabr’ then, ‘Kavak yapragy’. Finally, the highest
and lowest TF were obtained from the grape accessions with red skin colour, ‘Sergi Karast’ and ‘Kirmizigabr’
with 1,297 and 648 mg CE kg FW/, respectively. ‘Cevsen’ and ‘“Tilki Kuyrugu’ were relatively high with 1,089
and 1,064 mg CE kg' FW of TF, respectively, and then followed by the other accessions ‘Kizil Uziim’,

‘Nuniyar’ and ‘Dimrit’ accession in that order (Table 3).
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Antioxidant potential of grape berry extracts

Antioxidant activity of the accessions measured by DPPH assay is show in Figure 3. DPPH inhibition
activities of the grape accessions were distinctly different each other at different extract concentrations. The
highest DPPH activity was measured in t “Tilki Kuyrugu’ at all extract concentrations and the lowest in ‘Mor
Sabr’ followed by ‘Kavak Yapragr’. DPPH inhibition of all other grape extracts were similar to each other
(Figure 3). There was an inverse relationship between antioxidant activity and ICs across the accessions (Table
4). The FRAP values ranged between accessions from 117 ug BHT mL™ ethanolic fruit extract for ‘Sergi Karast’
to 22.5 for Kavak Yaprag followed by “Tilki Kuyrugu’, ‘Cevsen’ and ‘Kizil Uziim’ (Table 4). The average FRAP
value of the samples was 51.3 ug BHT mL" of extract, the lowest FRAP capacity was in ‘Kavak Yaprag’ ac22.5
ug BHT mL" of extract, followed by ‘Karagabi’ and ‘Kirmizigab1’ accession.
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Figure 3. DPPH free radical scavenging activity of ethanolic berry extracts of the accessions

Table 4. IC50 and FRAP activity extracts of the accessions

1Cso FRAP
(mgmL™") (vg BHT mL™

‘Sergi Karast’ 0.28+0.01a 117.2+2.8a
‘Karagabr’ 0.28+0.02a 36.144.7de
‘Kirmizigabr’ 0.30+0.04a 36.414.6de
‘Morgabr’ 0.59+0.02¢ 5.9+1.8f
‘Nuniyar’ 0.28+0.04a 74.0+4.1bc
‘Kizil Uziim’ 0.29+0.01a 45.1+4.0d
“Tilki Kuyrugu’ 0.24+0.01a 81.5+5.0b
‘Cevsen’ 0.28+0.01a 61.0+3.3¢c
‘Kavak Yaprag’ 0.4240.01b 22.5+3.4e
‘Dimrit’ 0.29+0.01a 33.0+9.6de
Average 0.34 51.30

Values are expressed as means + SD with the same letters in the same column are not significantly different at p<0.05 level

FRAP capacity of the grape accessions were significantly different each other and varied from 117.2
‘Sergi Karast’ to 22.5 pg BHT mL" ethanolic fruit extract of Kavak Yaprag’ aceesion followed by “Tilki
Kuyrugw’, ‘Cevsen’ and ‘Kizil Uziim’ (Table 4). While the average FRAP value of the samples was 51.3 ug BHT
mL" of extract, the lowest FRAP capacity between the grape accessions was ‘Kavak Yaprag’ with 22.5 ug BHT
mL" of extrac, followed by ‘Karagabi’ and ‘Kirmuzigab:r’ accession.
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Discussion

This study provided information on fruit quality parameters including morphological, physical,
chemical, and antioxidant potential of the grapevine accessions from heritage germplasm grown in Central
Anatolia. Fruit skin colour is one of the most important phenotypic characters of the table grape cultivars, and
is of high importance for consumer preference (Somogyi ez al., 2020). Research has also indicated that primary
quality parameters for the table grape is not only colour and berry size, but also the cluster size and shape are
important (Harindra Champa, 2015; Cliff ez a/., 1996). Based on the literature, bright berry skin colour, large
berry size and unusual cluster shape might be attractive for the consumer due to its rarity. In the study, berry
uniformity in the cluster and cluster morphological characteristics for the majority of the accessions met table
quality criteria and might be accepted as fresh table grapes, the exceptions were ‘Gevsen’ and ‘Dimrit’. These
two accessions might be crushed and used to make wine, or fresh fruits juice. ‘Sergi Karast’ could also be
promising genotype for the raisin due to its distinctive traits with small berries and dense cluster (Table 1).

Each accession had its own physical characteristics (Table 2) that might suit them for specific uses and
directly effective on storage time and shelf life (Rolle ez a/., 2012). The results showed that grape genotypes,
environmental conditions and cultural practices were suitable in terms of cluster weight, which ranged from
100 and 350 g, although some hybrids grapes can have much heavier clusters. A good quality table grape is
defined as medium sized clusters with perfect berries, characteristic colour, acceptable flavour, and the texture
(Winkler ez al., 1974). Similarly, berry size is always an important quality factor for winemaking, with medium
berries making more consistent wines and scoring higher than other sizes (Melo ez al., 2015). Must ratio and
firmness of the accessions be the crucial parameters determining eating quality of grapes and suitability for their
handling and long-term storage (Fuentes ez /., 2018; Maltini ez al., 2003). The physical characteristics of
‘Nuniyar’, ‘Kizil Uziim’ and “Tilki Kuyrugu” might suit them for table grapes, based on information in the
literature, and cold storage. ‘Kavak Yapragr’ could be suitable as fresh table grape without cold storage.

The quality of table grapes with sufficient sugar, acidity, aroma, flavour and nutraceutical traits is
determined by genetic and environmental factors. pH is important factor for the biological stability of grape
juice and wine as well as having an effect on the ionic forms of some organic molecules, such as anthocyanins,
affecting their colour. Keller (2010) reported that a pH higher than 3.6 is usually undesirable as it caused a low
intensity of colour, impairs microbial stability, increased susceptibility to oxidation and raised the spoilage
potential of the wine produced. The pH of all the accessions in the presented study ranged from 3.25 to 3.52
(Table 3) which was ideal for table grapes, drying or winemaking. Although the best measure of quality varies
between grape genotype, the ratio of TSS/TA can provide a more reliable indicator of the palatability of grapes
to consumers than cither the sugar content or acidity alone (Winkler ez al, 1974). Consistent with the
literature, ‘Kavak Yapragr’ and ‘Cevsen’ had highest TSS/TA ratio giving them excellent tastes as table grape
followed by ‘Nuniyar’, ‘Karagab:’ and ‘Kirmizigabr’. The sugar-acid ratio had a great effect on the taste of the
accessions. The accessions had good sensory qualities when they were harvested at a °Brix >15. Also, ‘Sergi
Karast” had the highest TSS (24.3 °Brix) making it suitable to it raisin production (Table 3).

Recently the phytochemical attributes of grape cultivars have been given greater consideration and
cultivars can be grouped according to their distinctive secondary metabolites (Moreno ez al, 2015).
Anthocyanins, phenolics and flavonoids, and consequent antioxidant potential, were assessed in grape berries
of heritage accessions in the study. Anthocyanins are pigments being end-products of the flavonoid pathways,
which contribute to the majority of red colour to fruit, juice and wine (Liang ez 4/., 2008). Flavonoids are
responded for bitterness and aroma (Adams, 2006) and phenolics, found in all vine tissues, are also in juice or
wine so can alter the character of the resulting product with their content in grapes varying according to
genotype and environmental conditions (Creasy and Creasy, 2009). The highest anthocyanins were measured
in red grape accessions ‘Kirmizigabr’, ‘Karasabr’ and “Sergi Karast® followed by rose accessions ‘Kizil Uziim” and



Ozden M and Deveci Y (2023). Not Bot Horti Agrobo 51(1):12635

‘Nuniyar’, then white accessions ‘Kavak Yaprags’ and ‘Dimrit’ accessions. Berry skin colour of accessions was a
sole determinant on the anthocyanin content of berries (Table 3).

In contrast to anthocyanin content, ‘Tilki Kuyrugu’, a white accession, had the second highest phenolic
content after ‘Sergi Karasi’ with red berries. This result was consistent with the study of Ozden and Vardin
(2009) showing that grape cv. Chardonnay the higher total phenolics compared with Merlot, Syrah and
Cabernet Sauvignon grown under the same conditions. Based on this finding, total phenolic contents of
accessions grown under similar conditions varied significantly each other due to genotypic differences (Table
3). Total flavonoid content of accessions showed a similar trend to phenolic content. Regardless of berry skin
colour, total flavonoid content of the accessions varied and the highest flavonoids were orderly measured from
the berries of ‘Sergi Karasr’, ‘Cevsen’ and ‘Tilki Kuyrugu’. Recently, it has been recognised that the secondary
metabolite profile and antioxidant potential of grapes can be used for discriminating genotypic and geographic
of origin using the chemical nature and behavior of polyphenols (Maletic ez 4/., 2009; Bindon ez al., 2013;
Laurentiu and Popa, 2018).

The DPPH free radical scavenging activity of ethanolic fruit juice extracts was highest in “Tilki Kuyrugu’
due to high phenolic and flavonoid content. In contrast contrary, ‘Morsab1” had the lowest DPPH free radical
scavenging activity with the lowest secondary metabolite profiles analyzed in the study. The ICs, values of the
accessions were calculated by using polynomial equations of DPPH scavenging activities of grapes. The lowest
ICsy value was obtained from extracts of “Tilki Kuyrugu’ (0.24 mg mL"), and the highest from ‘Morgab1’ (0.59
mg mL"). In the present study, the average of ICso value was 0.34 mg mL"'. FRAP reducing power of extracts
showed similar trend to DPPH free radical activity, and highest FRAP reducing power was with ‘Sergi Karasr’
and ‘Tilki Kuyrugu’ followed by ‘Nuniyar’ and ‘Cevsen’. Based on these findings, the accessions with rich
secondary metabolite profiles contributed to inhibit DPPH free radicals and to increase FRAP ion reducing
power of extracts. These results are consistent with some studies that showed higher secondary metabolite
content reflected higher antioxidant power of plant samples (Wu ez a/., 2006; Cui ez al., 2010; Lucia ez 4l.,
2020). Based on these data, the results make it possible to suggest that secondary metabolite content and
antioxidant power of grapes might be used as a biochemical marker to discriminate grape genotypes. Also
knowing grape morphological, physical and chemical characteristics including phenolics, anthocyanins and
flavonoids, as well as the antioxidant power of grapes might be of benefit in introducing new cultivars and
increasing their consumption. The variabilities in fruit quality characteristics of the accession tested indicate
that this is valuable heritage germplasm that could be considered for preservation and certification.

Conclusions

This study showed valuable and practical data about morphological, physical and chemical content of
some grape accessions from heritage germplasm grown in Central Anatolia, Turkey. ‘Karagabs,” Kirmizigabr’,
‘Nuniyar’, ‘Kizil Uziim’, and ‘Kavak Yaprag’ accessions met the quality characteristics of table grapes, ‘Sergi
Karast’ could be used as raisin, and ‘Cevsen’ and ‘Dimrit’ for wine making. Also all grape accessions had
remarkable antioxidant power, strong relationship between secondary metabolite content and antioxidant
activity was found. Since the region where this study was carried out is very rich in grape diversity, it should be
screened and accessions protected by the project supported by institutions or organizations.
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