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Abstract

Grape berries are a good source of nutrients and nutraceuticals and have many benefits for human
health. Growing interest in the export potential and consumption of a new grape (cv. Karaerik), culti-
vated as a table grape in Turkey, encouraged us to profile its major nutrient contents from six different
locations. Due to its popularity, the nutritional value of this grape berry needs to be investigated to
ascertain its potential economic and health benefits. The most abundant sugars in the grape berry were
fructose and glucose (peel/whole fruit; averages 236.57 and 127.87, and 183.36 and 108.60 g kg−1 fresh
weight, respectively), while the major organic acids were tartaric and malic acids (7.17 and 2.81, and
2.61 and 1.76 g kg−1 fresh weight, respectively). Linoleic acid (peel/whole fruit/seed; 37.14, 33.12 and
57.83%, respectively) was the predominant fatty acid, while potassium (peel/whole fruit/seed; 9331.5,
10226.33 and 5354 µg/g dry weight, respectively) was the predominant mineral, followed by phospho-
rus (1592.8, 2672 and 3072.67) in the berry. Our results demonstrate that the nutrient components
and physicochemical parameters varied significantly among the sampling locations. The grape berry
contains considerable quantities of potentially beneficial healthy nutrients worthy of further evaluation.
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1 Introduction

The consumption of fruits and vegetables is a
key component of a healthy diet in humans and
for protection against various degenerative dis-
eases, such as cancer, cardiovascular diseases,
diabetes, pulmonary disorders, and Alzheimer’s
(Ferretti, Turco, & Bacchetti, 2014; Hyson, 2011)
by reducing the risk of their development (Slavin

& Lloyd, 2012). The benefits obtained from
foods are associated with their nutrients (vita-
mins, minerals, organic acids, and mono- and
polyunsaturated fatty acids), dietary fibers and
polyphenolic antioxidants (Kurt et al., 2017; Liu,
2013). Information regarding the quality and
quantity of nutrients or neutraceuticals in fruits
or vegetables during the pre- and post-harvest
periods is particularly important when assess-
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ing the contribution of the consumption of these
foods to protection against the diseases cited
above (Kurt et al., 2017).
Grapes (Vitis spp.) are one of the most impor-
tant and widely cultivated fruit crops around the
world. Of the various Vitis species (V. labrusca ,
V. rotundifolia and V. vinifera), V. vinifera L. is
the most prevalent and widely cultivated world-
wide (Pavlousek & Kumsta, 2011). During the
2014-2015 production period, 21.7 million tons
of grapes were produced. Turkey is one of the
world’s three largest producers, at 9 million tons
(9.2%) (Xia, Deng, Guo, & Li, 2010).
Grapes can be consumed fresh (table grapes) or
used in the production of wine, grape juice and
raisins (Zhou & Raffoul, 2012). The beneficial
effects of grapes and grape-derivative food prod-
ucts are associated with their nutritional and
polyphenolic compositions (Mikulic-Petkovsek,
Schmitzer, Slatnar, Stampar, & Veberic, 2012;
Santos et al., 2011) and many studies have
been published concerning their nutritional value
(Kurt et al., 2017). The organoleptic qual-
ity, flavor and stability of grape berries de-
pend to a large extent on the relative and total
amounts of sugars and organic acids that main-
tain grape berry quality and determine its nutri-
tive value. The nature and concentration of these
constituents affect the market value because they
contribute to grapes’ sweetness and acidity, prop-
erties that vary among species, cvs. or vari-
eties. For instance, grape seeds are a rich source
of linoleic acid and a-linolenic acid, polyunsat-
urated fatty acids which prevent cardiovascular
diseases (Kurt et al., 2017).
The ‘Karaerik’ grape, so named because of
its black color and large-grained berries, is
cultivated as a table grape, mainly around
Üzümlü and the surrounding areas in Erzincan,
Turkey (Figure 1). The taste lies on a fine point
between mildly sour and sweet, with a specific
aroma not found in other grapes (Akpınar &
Yiğit, 2011; Güner & Aslan, 2012). It is gen-
erally regarded as a table grape. In addition,
the syrup of the Karaerik grape is traditionally
processed in different forms such as vinegar, mo-
lasses and dried pulp by local residents (Akpınar
& Yiğit, 2011). Growing interest has focused
on the phenolics and antioxidant capacity of the
new grape berry. In this regard, the presence of

a feruloyl derivative of anthocyanins (malvidin-
3-feruloylglucoside) that has very recently been
identified and quantified in the grape constitutes
the first evidence for the V. vinifera grape (Ayaz
et al., 2017).
The grape’s increasing export potential and
growing consumption as a table grape, together
with its unique anthocyanin composition among
all V. vinifera grapes (Ayaz et al., 2017), en-
couraged us to profile the nutritional value of the
new grape cultivar, ‘Karaerik’, in detail. Apart
from a very few phenological and ampelographic
studies, the present research constitutes the first
record of the nutrient composition of the grape
berry. The aim of the present study was to char-
acterize and compare various physicochemical
parameters and nutritional composition changes
(soluble sugars, organic acids, fatty acids, and
minerals) in berries of the new grape (Karaerik)
that is particularly widely grown in the region.

2 Materials and Methods

2.1 Chemicals and Reagents

All solvents were of HPLC quality and an-
alytical grade. Natrium hydroxide (NaOH),
KH2PO4, methanol and acetonitrile used for
HPLC were purchased from MERCK (Darm-
stadt, Germany), and deionized water was pre-
pared using a Simplicity 185 deionizer (Millipore,
Bedford, MA, USA). Water for LC-MS analysis
was of Milli-Q quality.
Analytical grade reference compounds used for
sugar [ (>99%, glucose (CAS 50-99-7), fructose
(CAS 57-48-7), sucrose (CAS 57-50-1), maltose
(CAS 6363-53-7) and lactose (CAS 64044-51-
5)] and organic acid [ (>99%, malic acid (CAS
6915-15-7), ascorbic acid (CAS 50-81-7) and cit-
ric acid (CAS 77-92-9)] calibration and quan-
tification were purchased from Sigma-Aldrich
Fine Chemicals (St. Louis, MO, USA). The
fatty acid methyl esters (FAME) mixture (Su-
pelco 37 FAME mix, 10 mg/mL FAMEs in
methylen chloride 47885-U, Supelco, USA) and
HCSM (hexane/chloroform/sodium methoxide
Sigma 403067) solution were also GC-MS or LC-
MS grade (>99%).
Calibration and internal standards for ICP-MS
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measurements were supplied by Agilent Tech-
nologies (Santa Clara, CA, USA) and Inorganic
Ventures (Virginia, United States). These stan-
dards are traceable to the National Institute of
Standards and Technology (NIST).

2.2 Plant material

Black berries of the ‘Karaerik’ (V. vinifera L.)
grape at commercial maturity were sampled from
six locations where they are widely grown in
the district of Üzümlü and the surrounding area
(Figure 1). Bunches of grape berries were ran-
domly handpicked on sunny days from four 15-
year-old grape plants in vineyards in the late
morning at altitudes of 1250 and 1600 m above
sea level (a.s.l.) on the hills of Üzümlü, Bayırbağ,
Karakaya, Pişkidağ, Göllerköyü and Çağlayan in
Erzincan (eastern Anatolia, Turkey). The dis-
tance between trees in each location was greater
than 100 m. Grape bunches of moderate size,
weighing 2-3 kg were collected in triplicate from
six lots for each of the six sampling locations.
These bunches were then combined for each lo-
cation. From these bulk grape samples (2-3 kg),
approximately 100 berries were separately pre-
pared for analysis.
Sampled grape berries were immediately washed
free of any residues (dead flower debris or de-
cayed, abnormal or immature berries not at the
correct maturity) using distilled water. They
were kept cold below ± 4 oC and transported
to the laboratory within approximately 2.5 - 3 h.
The berry samples were treated with liquid nitro-
gen (-195.79 oC) and stored at -80 oC until fur-
ther analysis. Part of each sample was set aside
for physicochemical analysis. After lyophiliza-
tion, the hard, dried grape berries were crushed
with a steel hammer and then ground to a fine
powder using a stainless steel mill for further
analysis as described below.

2.3 Determination of
physicochemical parameters

An Association of Official Agricultural Chemists
(2003) with slight modification was used to de-
termine pH values and titratable acidity (TA)
contents as recently described elsewhere by Kurt

et al. (2017). The TA was analyzed from a pre-
pared 30 ml fresh juice sample by titration with
standardized 0.1 N NaOH to pH 8.2 according to
Kurt et al. (2017) and content was expressed as
citric acid equivalents (CAE) g kg−1 of fw berry.
The whole grape berry from each location in
triplicate was analyzed in terms of both mois-
ture content (MC) and dry matter content (DM)
according to an official Association of Official
Agricultural Chemists (2011) with slight changes
as recently described elsewhere by Kurt et al.
(2017). Total soluble solids (TSS, %) content was
measured in juice pressed from the whole grape
berry from each location using a digital refrac-
tometer (RE 5 Mettler-Toledo, Tokyo, Japan) at
21 oC. Firmness (g mm−1) was measured with a
penetrometer (FT-327) with an 11-mm diameter
probe from three different areas (top, middle and
bottom) of the whole grape berry. The fruit size
(FS) of the whole grape berry (40 berries from
six separate stalks) from each location was mea-
sured using a digital caliper with a sensitivity of
0.01 mm.

2.4 Extraction and determination
of soluble sugars and organic
acids

The extraction protocol described by Kurt et al.
(2017) with slight changes was followed for the
separation and quantification of sugars and or-
ganic acids in the berry of the ‘Karaerik’ grape.
The fresh weighed peel (avg., 25 g fw) and de-
seeded whole grape berry (avg., 100 g fw) sam-
ples were first treated with liquid nitrogen (-
195.79 oC) and homogenized at maximum speed
in a blender using aqueous ethanol (80%, v/v,
20 ml x 3) for approximately 10 min, depend-
ing on tissue softness. The homogenates of both
grape samples were centrifuged, and the super-
natants were then separated. The residues were
washed three times (20 ml x 2) with the same
extraction solvent, and then centrifuged. All su-
pernatants were combined, centrifuged and evap-
orated under vacuum using a rotary evaporator
below 35 oC (Heidolph, Germany). The slurry
was lyophilized, and the dry sample was dissolved
in 5 ml deionized water and centrifuged under the
same conditions and fractioned by solid-phase ex-
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Figure 1: Locations of the ‘Karaerik’ black grape (V. vinifera L.) from east Anatolia (Erzincan, Turkey)

L1; Üzümlü (39°42’52.41”N, 39°40’38.17”E, 1361; 39°42’45.55”N, 39°40’52.80”E,1365; 39°42’13.09”N,
39°42’03.06”E, 1367; 39°42’16.26”N, 39°41’56.25”E, 1377), L2; Bayırbağ (39°41’41.32”N, 39°42’58.06”E,
1340; 39°41’25.64”N; 39°43’17.17”E, 1324), L3; Karakaya (39°40’31.66”N, 39°45’17.22”E,1365; 39°40’37.59”N,
39°45’22.39”E, 1395), L4; Pişkidağ (39°40’20.89”N, 39°45’24.99”E, 1352; 39°40’01.55”N, 39°45’17.41”E, 1306),
L5; Göller Köyü (39°40’06.28”N, 39°46’53.38”E,1576; 39°40’07.03”N, 39°46’54.46”E, 1582; 39°40’03.41”N,
39°47’06.40”E, 1611), L6; Çağlayan-Yamaçlı (39°36’01.97”N, 39°41’36.21”E, 1239; 39°45’29.61”N, 39°41’24.96”E,
1243; 39°35’27.46”N, 39°40’55.44”E, 1261; 39°35’33.17”N, 39°41’27.44”E, 1240)

traction (SPE). Solid-phase extraction columns
(Grace Pure C-18, max 500 mg packed bed, 3
mL, Deerfield, IL, USA) were rinsed with 100%
and 80% methanol (5 mL), and then activated
with deionized water (2 x 5 mL). The aque-
ous combined extract was then passed through
the columns. Hydrophobic compounds were ab-
sorbed onto the columns, while sugars and other
polar compounds were eluted with deionized wa-
ter (aqueous fraction). The aqueous fraction ob-
tained from the SPE fractionation was used for
soluble sugar and organic acid analysis.
An Agilent 1100 equipped with a quarternary
HPLC pump, microvacuum degasser (MVD),
thermostated column compartment (TCC), re-
fractive index detector (RID), multivariable
wavelength detector (MWD) and diode array de-
tector (DAD) (Palo Alto, CA, USA) was used for
sugar and organic acid analysis. Sugars were de-
tected using a HP 1100 series RI detector and
elutions were performed on a Fortis C18 Nucle-
osil C18 carbohydrate analytical column (250 x
4.6 mm i.d., 5 µ particle size, Fortis Technolo-

gies Ltd., Neston, Cheshire, UK) with a column
temperature of 25 oC. The mobile phase used
was acetonitrile:water (79:21, v/v) for isocratic
elution at flow rate of 2 mL min−1. Calibra-
tion curves for the standard solutions at ranged
between 10 – 0.5 mg mL−1 and were based on
a five-point calibration calculated for each sugar
(glucose, fructose and sucrose). These were later
used for assessing the concentrations correspond-
ing to the different peaks in the chromatograms.
Quantification was performed by comparing the
peak areas with those of the respective exter-
nal standards using HP ChemStation (Hewlett-
Packard, Palo Alto, CA, USA) software. Lin-
earity, and limit of detection (LOD) calculated
from three times the noise level of the response,
limit of quantification (LOQ) calculated from 10
times the noise level of the response, and the av-
erage recovery (%RSD) of this method under the
present chromatographic conditions were as fol-
lows:

� glucose, R2 = 0.9999, y = 37802.74678x –
6536.136, LOD; 0.699, LOQ; 2.330, %RSD;
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0.024

� fructose, R2 = 0.9997, y = 78177.37605x +
9892.674, LOD; 0.237, LOQ; 0.791, %RSD;
0.016

� and sucrose, R2 = 0.9999, y = 80451.7799x
+ 1092.3479, LOD; 0.139, LOQ; 0.460,
%RSD; 0.009

Based on sugar concentration data, the sweet-
ness index (SI) and total sweetness index (TSI)
were calculated using the formulae SI = (1.00
[ glucose] ) + (2.30 [ fructose] ) + (1.35 [ sucrose] )
and TSI = (1.00 x [ sucrose] ) + (0.76 x [ glucose] )
+ (1.50 x [ fructose] ), as previously described by
Magwaza and Opara (2015).
Organic acids were detected using the same
HPLC system. Elution of the organic acid stan-
dard solutions and samples was performed on a
Fortis C18 (250 x 4.6 mm i.d., 5 µ particle size,
Fortis Technologies Ltd., Neston, Cheshire, UK)
column. The mobile phase was a 0.02 M potas-
sium phosphate solution (KH2PO4, pH 3.01) at
a rate of 0.9 mL min−1 and the injection vol-
ume was 10 µL. Temperature of the column was
held constant at 25 oC. The automatic injection
system used was a 10 mL sample loop and or-
ganic acids were detected using a HP 1100 se-
ries DAD set at 214 nm. Standard solutions and
extracts were filtered through a prefilter and fi-
nally a 0.22 µm milipore membrane before they
were injected onto the column. To prevent the
loss of ascorbic acid, standard solutions and ex-
tracted samples were protected from light us-
ing amber flasks. Quantification was performed
by comparing the peak areas with those of the
respective external standards using HP Chem-
Station (Hewlett-Packard, Palo Alto, CA, USA)
software. The calibration curves were plotted by
the peak area versus concentration of each or-
ganic acid based on a five-point calibration in a
concentration range of 0.05 - 0.5 mg mL−1. Lin-
earity, and limit of detection (LOD) calculated
from three times the noise level of the response,
limit of quantification (LOQ) calculated from 10
times the noise level of the response, and the av-
erage recovery (%RSD) of this method under the
present chromatographic conditions were as fol-
lows:

� malic acid, R2 = 0.9998, y= 897.44394x +
2.65149, LOD; 0.010, LOQ; 0.034, %RSD;
1.347

� tartaric acid, R2 = 0.9998, y= 1772.18677x
+ 5.49515, LOD; 0.008, LOQ; 0.029, %RSD;
1.181

� citric acid, R2 = 0.9999, y= 616.1977x
+0.37935, LOD; 0.015, LOQ; 0.517, %RSD;
2.026

� and ascorbic acid; R2= 0.9999, y=
7453.28005x + 23.56019, LOD; 0.021, LOQ;
0.071, %RSD; 2.616

Based on the above validation statistics, both
methods of analysis possess good sensitivity, pre-
cision, and repeatability. Linearity was con-
firmed over a wide calibration range with regres-
sion coefficients higher than 0.999, suitable for
detecting sugars and organic acids. These two
methods can therefore be recommended for rou-
tine compositional analyses.

2.5 Lipid extraction and analysis
of fatty acid methyl esters
(FAME)

The conventional method of total lipid ex-
traction described by Folch, Lees, and Stan-
ley (1957) was used in triplicate for the skin,
pulp, and seed of the grape berry. Deriva-
tization of the fatty acids to methyl esters
(FAME) was performed by adding 500 µl of
HCSM (hexane/chloroform/sodium methoxide,
75/20/5, v/v/v) solution to the sample vials.
The FAME peaks were identified by comparison
with FAME standards and the software library
in GC-MS. An Agilent 7890 GC /5970 MS Se-
ries gas chromatograph (Agilent, Santa Clara,
CA, USA) with an FID and MS and a fused
(88% - cyanopropyl) aryl-polysiloxane and high
polarity capillary column (HP-88, 100 m x 0.25
mm, 0.20 µm film (Part no: 112-88A7, Agilent,
Santa Clara, CA, USA) was used. The oven tem-
perature was initially set at 120 oC for 2 min,
and then raised to 250 oC in increments of 5
oC min−1. The total analysis time was 45 min.
Other conditions were a split ratio of 1/10, sol-
vent delay time 12 min, and injection volume
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Table 2: Concentrations of fatty acids (%) and minerals (µg g−1 dw) in the peel, seed and the whole
grape berry of ‘Karaerik’ (V. vinifera) collected from six locations (m, a. s. l). Analysis of variance
(one-way ANOVA) was used for comparisons. Means in rows followed by different letters at superscript
are significant at P < 0.05

Üzümlü Bayırbağ Karakaya Pişkidağ Göllerköyü Çağlayan
(avg., 1368 m, a.s.l.) (avg., 1332 m, a.s.l.) (avg., 1380 m, a.s.l.) (avg., 1329 m, a.s.l.) (avg., 1580 m, a.s.l.) (avg.,1246 m, a.s.l.) mean

Fatty acid (%) Whole grape
C 18:0 17.76 ± 0.54 a 14.75 ± 7.08 a 15.53 ± 3.9 a 12.99 ± 1.27 a 17.05 ± 3.76 a 12.40 ± 3.32 a 15.08
C 18:1 1.66 ± 0.24 a 7.11 ± 0.11 e 2.98 ± 0.29 b 4.50 ± 0.64 d 3.65 ± 0.17 c 4.01 ± 0.21 cd 3.98
C 18:2 33.66 ± 3.98b 20.78 ± 0.06a 38.95 ± 5.99b 35.95 ± 3.50b 33.27 ± 4.28b 36.10 ± 0.69b 33.12
C 18:3 5.65 ± 0.06 a 8.94 ± 0.36 d 5.99 ± 0.11 b 7.78 ± 0.11 c 17.82 ± 0.10 e 9.63 ± 0.99 d 9.30∑

SFA 59.02 62.77 52.08 51.76 45.26 50.17 53.51∑
UFA 40.97 36.83 47.92 48.23 54.74 49.84 46.42∑
MUFA 1.66 7.11 2.98 4.50 3.65 4.11 4.00∑
PUFA 39.31 29.72 44.94 43.73 51.09 45.73 42.42∑
Other Acidsf 15.38 14.09 8.84 9.86 3.62 11.10 10.48

Range (avg.) 0 – 12.53 (2.56) 0 – 7.67 (2.35) 0 – 7.05 (1.47) 0 – 7.78 (1.64) 0 – 2.02 (0.60) 0.1 – 5.03 (1.85)
Peel

C 16:0 25.30 ± 1.14 ab 27.15 ± 1.39 b 23.45 ± 2.59 a 23.50 ± 2.40 a 22.97 ± 0.92 a 25.45 ± 1.00 ab 24.64
C 18:0 13.11 ± 0.13 ab 16.27 ± 0.78 b 11.29 ± 0.84 a 13.32 ± 3.93 ab 14.05 ± 0.90 ab 11.09 ± 0.22 a 13.19
C 18:1 6.59 ± 0.28 cd 7.37 ± 0.72 d 2.11 ± 0.02 a 4.43 ± 0.07 b 6.38 ± 0.89 c 6.38 ± 0.10 c 5.54
C 18:2 40.27 ± 7.28 a 37.87 ± 2.31 a 40.08 ± 5.43 a 34.66 ± 2.82 a 33.45 ± 2.16 a 36.54 ± 0.31 a 37.14
C 18:3 7.13 ± 0.08 b 3.28 ± 0.41 a 11.64 ± 1.32 d 10.40 ± 0.56 cd 7.98 ± 0.22 bc 11.35 ± 3.23 d 8.63∑

SFA 45.97 51.49 46.18 50.50 52.19 45.74 48.68∑
UFA 53.99 48.52 53.83 49.49 47.81 54.27 51.32∑
MUFA 6.59 7.37 2.11 4.43 6.38 6.38 5.54∑
PUFA 47.40 41.15 51.72 45.06 41.43 47.89 45.77∑
Other Acidsf 7.56 8.07 11.44 13.68 15.17 9.20 10.85

Range (avg.) 0.18 – 4.78 (1.51) 0 – 4.92 (1.61) 0 – 4.87 (2.29) 0.28 – 9.45 (2.74) 0.17 – 9.76 (3.03) 0.25 – 4.26 (1.84)
Seed

C 16:0 11.35 ± 0.21ab 11.0 ± 0.18 a 11.15 ± 0.37 ab 11.67 ± 0.56 b 11.42 ± 009 ab 11.35 ± 0.34 ab 11.32
C 18:0 6.35 ± 0.00 d 5.51 ± 0.18 b 6.25 ± 0.14 cd 6.10 ± 0.10 bc 6.03 ± .05 c 5.41 ± 0.01 a 5.94
C 18:1 23.57 ± 0.05cd 23.50 ± 0.42 cd 20.15 ± 1.53 a 24.22 ± 0.38 d 22.49 ± 0.13 bc 22.12 ± 0.04 b 22.67
C 18:2 56.2 ± 0.31ab 57.63 ± 1.3 b 60.55 ± 1.17 c 56.08 ± 0.56 a 57.29 ± 0.36 ab 59.17 ± 0.28 c 57.83
C 18:3 1.13 ± 0.38 ab 1.17 ± 0.06 ab 1.19 ± 0.33 ab 1.06 ± 0.20 a 1.76 ± 0.57 b 1.28 ± 0.27 ab 1.26∑

SFA 18.72 17.38 17.90 18.26 18.12 17.11 17.91∑
UFA 81.29 82.63 82.10 81.74 81.88 82.89 82.09∑
MUFA 23.91 23.83 20.36 24.60 22.83 22.44 22.99∑
PUFA 57.38 58.80 61.74 57.14 59.05 60.45 59.09∑
Other Acidsf 1.36 1.20 0.71 0.87 1.01 0.67 0.97

Range (avg.) 0 – 0.34 (0.27) 0 – 0.63 (0.24) 0.04 – 0.28 (0.14) 0 – 0.38 (0.17) 0 – 0.42 (0.20) 0 – 0.32 (0.13)

Mineral (µg g−1 dw)♣ Whole grape
Na 1079 ± 36 f 998 ± 41 e 557 ± 13 b 803 ± 18 d 614 ± 12 c 498 ± 15 a 758.11
Mg 512 ± 4 e 460 ± 10 d 368 ± 3 c 345 ± 4 b 300 ± 6 a 307 ± 4 a 381.90
P 3460 ± 53 e 2932 ± 12 d 2887 ± 59 cd 2842 ± 35 c 2457 ± 37 b 1456 ± 35 a 2672.33
K 17864 ± 62 a 12425 ± 23 e 12032 ± 257 e 10207 ± 334 d 9749 ± 55 c 9085 ± 255 b 10226.8
Ca 447.9 ± 7.2 f 180.3 ± 2.3 e 161.2 ± 3.3 d 66.2 ± 2.3 b 78.5 ± 0.7 c 52.2 ± 1.3 a 164.39
Mn 3.59 ± 0.09 e 2.55 ± 0.05 d 2.09 ± 0.05 c 2.12 ± 0.06 c 1.86 ± 0.05 b 1.74 ± 0.03 a 2.32
Fe 31.8 ± 0.85 e 22.7 ± 0.33 d 18.2 ± 0.21 c 16.7 ± 0.22 b 17.0 ± 0.34 b 15.2 ± 0.33 a 20.27
Zn 22.0 ± 0.9 a 18.6 ± 0.8 e 16.9 ± 0.5 c 18.2 ± 0.4 f 13.1 ± 0.4 d 9.0 ± 0.3 b 16.29

Peel
Na 682 ± 13 f 562 ± 12 e 504 ± 12 d 391 ± 12 c 360 ± 10 b 267 ± 7 a 460.89
Mg 530 ± 5 e 480 ± 5 d 477 ± 5 c 393 ± 7 b 336 ± 5 a 329 ± 4 a 424.21
P 2312 ± 33 d 1907 ± 26 c 1500 ± 29 b 1303 ± 46 a 1295 ± 40 a 1241 ± 27 a 1592.83
K 13498 ± 353 e 11252 ± 354 d 8487 ± 392 bc 8805 ± 416 c 7932 ± 141 b 6015 ± 111 a 9331.5
Ca 717.3 ± 5.6 f 238.4 ± 4.4 e 222.3 ± 3.4 d 206.2 ± 2.5 c 180.3 ± 2.1 b 90.3 ± 1.7 a 275.8
Mn 6.9 ± 0.20 d 3.2 ± 0.09 ab 3.4 ± 0.12 b 3.0 ± 0.15 a 3.9 ± 0.12 c 3.0 ± 0.11 a 3.88
Fe 32.2 ± 0.9 d 30.5 ± 0.9 c 23.6 ± 0.7 b 24.4 ± 0.8 b 24.0 ± 0.4 b 16.9 ± 0.4 a 25.26
Zn 20.5 ± 1.5 c 16.3 ± 0.6 b 16.0 ± 0.8 d 13.3 ± 0.1 a 14.7 ± 0.7 b 8.8 ± 0.5 b 14.94

Seed
Na 216 ± 8 f 184 ± 7 e 177 ± 6 d 145 ± 6 b 164 ± 9 c 131 ± 4 a 169.44
Mg 189 ± 4 f 152 ± 4 d 154 ± 3 e 140 ± 4 c 119 ± 2 b 104 ± 5 a 143.12
P 3879 ± 50 e 3451 ± 56 d 3211 ± 57 c 2961 ± 52 b 3240 ± 70 c 1693 ± 38 a 3072.67
K 5851 ± 203 c 5675 ± 121 c 5728 ± 233 c 5247 ± 118 c 5064 ± 135 b 4563 ± 58 a 5354.67
Ca 735.9 ± 5.9 e 686.1 ± 10.3 d 530.9 ± 4.7 c 511.7 ± 6.5 b 504.4 ± 11.5 b 455.9 ± 4.5 a 570.82
Mn 21.5 ± 0.15 f 15.4 ± 0.21 e 14.0 ± 0.17 d 10.2 ± 0.10 b 12.0 ± 0.21 c 9.7 ± 0.11 a 13.79
Fe 32.9 ± 0.7 e 30.6 ± 0.8 d 29.3 ± 0.4 c 28.6 ± 0.9 c 25.5 ± 0.6 a 27.4 ± 0.7 b 29.04
Zn 15.4 ± 0.5 a 20.3 ± 0.6 d 18.0 ± 0.6 c 20.2 ± 1.0 e 28.2 ± 0.8 b 26.6 ± 1.1 f 21.44

Abbreviations: C16:0; palmitic acid, C16:1; palmitoleic acid, C18:0; stearic acid, C18:1; oleic acid, C18:2; linoleic acid, C18:3; α-linolenic
acid, SFA; saturated fatty acids, UFA; unsaturated fatty acids, MUFA; monounsaturated fatty acids, PUFA; polyunsaturated fatty acids,
Na; sodium, Mg; magnesium, P; phosphorous, K; potassium, Ca; calcium, Mn; manganese, Fe; iron, Zn; zinc. , a.s.l; above sea level.
f: The other acids category is the sum of C14:0, C15:0, C16:1, C17:0, C22:0, C24:0.
♣: Analytical performance; LOD, mg kg–1 (Na; 0.12, Mg; 0.13, P; 0.17, K; 0.13, Ca; 0.15, Mn; 0.10, Fe; 0.05, Cu; 0.08, Zn; 0.06,), LOQ, mg

kg–1 (Na; 0.41, Mg; 0.45, P; 0.57, K; 4.3, Ca; 4.9, Mn; 0.34, Fe; 0.16, Zn; 0.19,), RSD, % Na; 2.7, Mg; 2.7, P; 3.1, K; 3.1, Ca; 3.6, Mn; 2.5,
Fe; 0.9, Zn; 1.9).
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1µL. An injection system with auto sampler was
used.

2.6 Element analysis

Briefly, 0.5 g dried finely powdered grape sample
(deseeded whole grape, skin and seed) at 0.1 mg
sensitivity was weighed into the Teflon vessels
of a microwave digestion system (A Milestone
START D, Sorisole, Italy). Next, 6 mL of con-
centrated HNO3 and 2 mL of H2O2 were added.
The content of the vessels was digested under
microwave irradiation at 45 bar pressure, as de-
scribed elsewhere (Bulut et al., 2008; Duran et
al., 2007). After digestion, the limpid solutions
were made up to 50 mL with ultrapure water,
and finally the solutions were analyzed by ICP-
MS to determine the element content of the sam-
ples. The limpid solutions were analyzed with an
Agilent 7700 x ICP-MS device (Santa Clara, Cal-
ifornia, USA) equipped with a third-generation
Octopole Reaction System (ORS3) using helium
gas under conditions recommended by the man-
ufacturer.
In order to corroborate the accuracy of the ICP-
MS method combined with the microwave diges-
tion, spiked/recovery tests and analysis of a cer-
tified standard reference material, CRM NIES
No. 7 Tea Leaves, were performed using the same
method. Satisfactory results were achieved at the
end of the accuracy test. The analytical char-
acteristics of the method were also determined
with the parameters LOD (limit of detection),
LOQ (limit of quantification) and RSD (relative
standard deviation). In order to determine the
LOD and LOQ of each element, the standard de-
viations of the results obtained by measuring 20
blank solutions with ICP-MS method were cal-
culated. Values three- and 10–fold greater than
the standard deviation were adopted as LOD and
LOQ, respectively. In order to determine the
RSD value of each element, which represents the
precision, the method was repeated 10 times for
analyzing solutions containing a fixed amount of
each element. The RSD values were calculated
by dividing the standard deviation of each ele-
ment by the mean value (Bulut et al., 2008). The
results are shown in Table 2.

2.7 Statistical Analysis

All extractions and analyses were performed in
triplicate (n = 3, mean) from harmonized trip-
licate samples, and the data are presented as
mean ± pooled standard deviation. The data
given in Table 1 and 2 were compared using
one-way analysis of variance (ANOVA) and Dun-
can’s Multiple Range test (IBM SPSS Statistics
V22.0) at significance level of P < 0.05. The
mean data were also subjected to Pearson cor-
relation (r) using the same software at signifi-
cance levels of P < 0.01 or 0.05. A statistical
software package (XLSTAT version 2014.6) us-
ing ADDINSOFT (Damrémont, Paris, France)
was employed to perform the Principal Compo-
nent Analysis (PCA) on Microsoft Office Excel
2010.

3 Results and Discussions

3.1 Physicochemical parameters
of the ‘Karaerik’ grape berry

The values for physicochemical parameters were
strongly positively or negatively correlated with
the concentrations of sugars and organic acids
in the whole grape berry and the peel sampled
from grape berries in the six locations in the dis-
trict of Üzümlü and the surrounding area (Fig.
1, Table 1) (P < 0.01, 0.05, Table 3). The re-
sults show that the grape berries sampled from
Çağlayan differed significantly (P < 0.01 or 0.05)
from those from the other five locations, exhibit-
ing lower physicochemical parameter values and
concentrations of sugars and acids. The pH value
in the berry of the ‘Karaerik’ grape agrees rather
well with the average values for 101 grape berries
previously reported (Akpınar & Yiğit, 2011; Ey-
duran, Akin, Ercisli, Eyduran, & Maghradze,
2015; Karasu et al., 2016; Rolle, Giacosa, Gerbi,
Bertolino, & Novello, 2013; Xu et al., 2017; Ya-
mamoto et al., 2015). The TA in the present
grape berry was also in good agreement with
ranges reported for 33 grape berries (avg. 4.3,
range 0.3 -11.6 CAE g kg−1 fw) in various stud-
ies (Ejsmentewicz et al., 2015; Ochmian et al.,
2013; Pavlousek & Kumsta, 2011; Rolle et al.,
2013; Yamamoto et al., 2015). However, data re-
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ported for dry matter (avg. 26.1%, range 22.2
- 28.8) and moisture (avg. 92.3%, range 85.6 -
98.6) contents in eight grape berry cvs are not in
agreement with those reported by several authors
(Karasu et al., 2016; Kurt et al., 2017; Ochmian
et al., 2013; Ozcan & Al Juhaimi, 2017). No-
tably, Lijavetzky et al. (2012) also reported a low
DM content (avg. 15.9%) in ‘Muscat Hamburg’
grape cultivar. In addition to these values, the
TSS, FS and FF values of the ‘Karaerik’ grape
berry in the present study exhibited good agree-
ment with the findings for 104 grape cvs (avg.
18.2, range 10.9 – 25.7, avg. 16.4, range 12.1
– 26.6, avg. 276.3, range 69.4 – 605 g mm−1,
respectively) described in other studies (Conner,
2013; Ochmian et al., 2013; Ejsmentewicz et al.,
2015; Yamamoto et al., 2015; Eyduran et al.,
2015; Xu et al., 2017).

3.2 Soluble sugar composition of
the ‘Karaerik’ grape berry

Fructose was the dominant soluble sugar, with a
mean value of 236.57 g kg−1 fw (range 191.45 to
248.25), in the peel berry and of 127.87 g kg−1

fw (range 109.77 to 143.78) in the whole grape,
followed by glucose (avg. 183.36; range 152.9 -
192.60 and 108.60; range 87.74 - 115.03) and the
minor soluble sugar sucrose (avg. 0.16 and 0.69 g
kg−1 fw). Among the six locations in this study,
only the grape berries sampled from Çağlayan
differed significantly (P < 0.01 or 0.05) with their
low concentrations of soluble sugars, while the
remaining five locations exhibited similar con-
centrations at high levels, the difference between
them being statistically insignificant (Table 1).
Fructose and glucose have been identified as the
major soluble sugars in grape berries, as in the
‘Karaerik’ grape berry, while sucrose and other
sugars are rarely found in V. vinifera and its hy-
brids with V. labrusca or others, as reviewed by
Kurt et al. (2017). Estimated concentrations of
fructose (avg. 83.4 g kg−1 fw; range 47.4 – 155.5)
and glucose (avg. 88.2 g kg−1 fw; range 64 –
164.7) in a large number of grape berries have
indicated wide variations in content (Eyduran et
al., 2015; Karasu et al., 2016; Kurt et al., 2017;
Liu, Wu, Fan, Li, & Li, 2006; Liang et al., 2011;
Pavlousek & Kumsta, 2011; Sousa et al., 2014;

Topalovic & Mikulic-Petkovsek, 2010). A similar
pattern was observed in sugar profiles in berries
of the ‘Karaerik’ grape to those reported for the
above citations. A low level of sucrose in grape
berries (V. vinifera x V. labrusca ) (Kurt et al.,
2017) has also very recently been confirmed in
the grape berry in the present study (Karaerik).

3.3 Organic acid composition of
the ‘Karaerik’ grape berry

The major organic acid in the grape berry was
tartaric acid, the levels of which varied between
3.67 and 8.72 g kg−1 fw (avg. 7.17) in the peel
and 1.69 and 3.95 g kg−1 fw (avg. 2.81) in the
whole grape berry over the six sampling loca-
tions. This was followed by malic acid (avg.
2.61; range 2.05 – 3.12 and 1.76; 1.34 – 2.18, re-
spectively). Similar to the sugar concentrations,
berries sampled from Çağlayan had significantly
(P < 0.01 or 0.05) lower organic acid concentra-
tions than berries from the other five locations
(Table 1). The minor acid was citric acid, as re-
ported earlier elsewhere (Kurt et al., 2017) for
grape berries, the concentration of which aver-
aged 0.44 and 0.23 g kg−1 fw in the peel and
the whole grape berry, respectively. Most grape
berries are reported to contain tartaric acid as
the major organic acid (Mpelasoka, Schachtman,
Treeby, & Thomas, 2003). A compilation of data
for 46 grape berry cvs or varieties revealed an av-
erage of 4.41 g kg−1 fw (range 1.40 – 12.71) of
tartaric acid and 2.21 g kg−1 fw (range 0.97 –
5.19) of malic acid (Eyduran et al., 2015; Liu et
al., 2006; Pavlousek & Kumsta, 2011; Rolle et
al., 2013; Topalovic & Mikulic-Petkovsek, 2010).
Our findings for the present grape (Karaerik)
were also in agreement with the ranges previ-
ously reported in the literature. Some authors
have reported quite low citric acid concentrations
in grape berries (29 cvs) (avg. 0.26 g kg−1 fw;
range 0.04 -0.96), (Kurt et al., 2017; Pavlousek
& Kumsta, 2011; Rolle et al., 2013). Kurt et
al. (2017), Pavlousek and Kumsta (2011), Rolle
et al. (2013) and others have reported complete
absence of citric acid (Eyduran et al., 2015; Liu
et al., 2006). We determined approximately the
same concentration of citric acid in the present
grape berry (avg. 0.23 g kg−1 fw, range 0.16 –
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0.28).
Sugars and organic acids have been described as
an important key factor in evaluating organolep-
tic properties in grape berries. In the present
study, sugars and organic acids were closely and
significantly correlated (either positively or neg-
atively) with physicochemical parameters and
sampling locations (range, r = 0.813 – 1.000, P
< 0.01 or 0.05, see Table 3).

3.4 Fatty acid composition of the
‘Karaerik’ grape berry

Linoleic acid, with average concentrations of
33.12% in the whole grape berry, 37.14% in the
peel and 57.83% in the seed, was the most abun-
dant fatty acid in the ‘Karaerik’ grape. Con-
centrations of “other acids”, as the minor acids,
(representing the sum of myristic acid, pentade-
canoic acid, palmitoleic acid margaric acid, be-
henic acid, and lignoceric acid), averaged 10.48%
in the whole grape berry, 10.85% in the peel
and 0.97% in the seed. The highest C18:2
had been 40.27% in the peel of sampled berries
from Üzümlü and 60.55% in the seed of sampled
berries from Karakaya (Table 2). Table 4 clearly
indicates that the fatty acids were largely in-
significantly correlated with physicochemical pa-
rameters and sampling locations, although there
were possible strong positive or negative correla-
tions within the physicochemical parameters and
the sum of fatty acids (range r = -0.817 – 1.000,
P < 0.01 or 0.05). In general, fatty acid com-
position in grape berries, except for seeds, has
rarely been described. More recently, fatty acid
changes during berry maturation and ripening of
the ‘Isabel’ grape have been well studied (Kurt et
al., 2017). A notable large variation in concen-
trations of major saturated (C16:0; avg. 9.6%,
range 7.1 – 8.24, C18:0; avg. 4.5, range 2.4 -
6.5) and unsaturated (C18:1; avg. 20.6%, range
13.4 - 32.3, C18:2; avg. 63.9%, range 47.3 -
70.7) fatty acids has been observed among 44
grape berry cvs or varieties (i.e. wine or ta-
ble grapes), in agreement with the findings for
‘Karaerik’ in the present study, by some authors
(Akin & Altindisli, 2011; Al Juhaimi, Gecgel,
Gulcu, Hamurcu, & Ozcan, 2017; Kurt et al.,
2017; Shiozaki & Murakami, 2016).

3.5 Mineral composition of the
‘Karaerik’ grape berry

Concentrations of eight elements (Table 2) in
the present grape berry varied significantly (P <
0.05) and were strongly positively or negatively
correlated (range, r = 0.813 – 0.999, P < 0.01
or 0.05, Table 5) with the physicochemical pa-
rameters or sampling locations. In general, min-
eral concentrations were higher in berries sam-
pled from Üzümlü than in those from Çağlayan
(the lowest concentration). Potassium was the
most abundant mineral in the whole grape berry
(avg. 10,226.8 µg g−1 dw), the peel (avg. 9331.5
µg g−1 dw) and the seed (avg. 5354.67 µg g−1

dw), followed by phosphorus (P, avg. 2672.33
µg g−1 dw), sodium (Na, avg. 758.11 µg g−1

dw) and magnesium (Mg, avg. 381.90 µg g−1

dw). ‘Karaerik’ grapes contained considerable
amounts of calcium (avg. 164.39 µg g−1 dw) in
the whole berry, in the peel (avg. 275 µg g−1 dw)
and in the seed (avg. 570.82 µg g−1 dw). Con-
centrations of iron and zinc in the present grape
berry were also high and comparable (avg. 20.27
and 16.29; 25.26 and 14.94; 29.04 and 21.44,
µg g−1 dw, respectively, Table 4). K (potas-
sium) was also the major element in the ‘Shi-
raz’ grape cultivar, with concentrations of 4380,
3660 and 3360 g−1 dw in the skin, seed and peel,
respectively, (Rogiers, Greer, Hatfield, Orchard,
& Keller, 2006). Earlier reported concentrations
(avg. g kg−1 fw) of the first three major elements
in grapes were 958.98 (range 10.80 to 3870) for
potassium, 56.2 (range 095 to 92.3) for calcium
and 39 (range 0.87 – 190) for phosphorus (Kurt
et al., 2017; Rogiers et al., 2006; Sousa et al.,
2014). Our findings are generally in agreement
with the given citations regarding the composi-
tion of minerals in grape berries. In terms of tis-
sue, most of the phosphorus accumulated in the
seeds of grape berries, as concluded previously by
Rogiers et al. (2006) and Kurt et al. (2017), and
this was also confirmed in the seeds of the grape
berry in the present study. It was determined
with the present study that sampling locations
having different soil characteristics affected the
mineral composition of the grape berry. Güneş,
Köse, and Turan (2015) have studied the effect of
different boron concentrations on nutrient uptake
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of the same grapevine (Karaerik) in Üzümlü lo-
cation and reported more or less the same find-
ings, agreeing with those reported in the present
study.
We have assumed that the higher nutrient con-
tent in the present grape berry, ‘Karaerik’, re-
sults from the soil characteristics and the unique
microclimate in the district of Üzümlü. The dis-
trict is located in the Esence Mountains in the
upper Euphrates in the west of the Eastern Ana-
tolian region, which covers a large part of the
north of the Erzincan plain, with an area of 410
km2 and a generally mountainous and rugged re-
lief structure. Alluvium, hydromorphic alluvium
and coluvial soils are common in the valleys and
surrounding areas, while litosols are dominant in
mountainous areas. Due to its lithological struc-
ture, land extruded from ophiolitic rocks, which
are very prone to erosion and are subjected to
intense tectonic movements, has acquired a litho-
zolic characteristic as a result of extreme soil ero-
sion. The climate is terrestrial with significant
summer-winter temperature differences, involv-
ing cold winters and short but quite hot summers
due to factors such as altitude, distance from
the sea and especially the Siberian High Pressure
Center. The severity of continentality is evident,
and clearly manifests itself in the region’s tem-
perature, pressure and precipitation regimens, in
the snow cover inhabitation period, and the up-
per limit of permanent snow and forest. The re-
gion generally receives rainfall of over 500 mm,
except for in depressions, including the Erzincan
plains. However, on the relatively low slopes of
the mountains and on brown ground on the high
plateau plains, ‘Karaerik’ breeding is carried out
in an uncommon microclimate (Akpınar & Yiğit,
2011; Güner & Aslan, 2012).

3.6 Principal component analysis
(PCA) and Pearson
correlation (r)

Analysis of the sugars and organic acids (Fig.
2A) and minerals (Fig. 2C) compared between
sampling locations and the measured physico-
chemical parameters revealed that two principal
components (PCs) accounted for 92.75% (PC1:
83.96% and PC2: 8.79%, Fig. 2A) of sugars

and organic acids and 90.05% (PC1: 80.48% and
PC2: 9.57%, Fig. 2D) of minerals. Data exhib-
ited strong positive loadings at the right upper
and lower quadrants on PC1 of each PC, distin-
guishing the Karakaya, Bayırbağ, Üzümlü and
Pişkidağ locations for the sugar and organic acid
concentrations, and the Üzümlü, Bayırbağ and
Karakaya locations for the mineral concentra-
tions. They were also closely associated and posi-
tively or negatively strongly correlated (P < 0.01
or 0.05) with most of the physicochemical param-
eters measured in the grape berry. The remain-
ing three locations, Çağlayan, Göllerköyü and
Pişkidağ, exhibited strong negative loadings on
their PCs, 2 at the lower and upper left quad-
rants, associating less and correlating only with
FF value, the ratio of TSS:TA and the zinc con-
centration. When compared, the berries sam-
pled from Çağlayan (1246 m, a.s.l.) exhibited a
noticeable altitude effect and contained the low-
est concentration of sugars, organic acids and
minerals, and this site was thus easily distin-
guished from the other five altitudes/locations
(Fig. 2A,C).
Figure 2B shows PCs of the data for fatty acids in
the berry. The PCA of the fatty acids explained
a low total variation (61.82%), where PC1 ac-
counted for 34.15% of the variance and PC2 for
27.67% (Fig. 2B). The association or correlation
seen in the case of sugars and organic acids or
minerals was not clearly observed for the fatty
acids. The fatty acids could not be distinguished
on basis of the PCs, and were not associated
or correlated with the measured physicochemi-
cal parameters or sampling locations; to be more
precise, they were cluttered.

3.7 Agglomerative hierarchical
clustering (AHC) of the
nutrients in the black grape
berry

The dendrogram (Fig. 2D) shows that the sug-
ars and organic acids of the berry sampled from
six locations were homogeneous and that the
Çağlayan location (cluster I), which had low
nutrient concentrations, exhibited major differ-
ences from the other five locations (Üzümlü,
Göllerköyü, Pişkidağ, Bayırbağ and Karakaya)
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Figure 2: Bi-plot PCA of nutrients in the berry of ‘Karaerik’ grapes sampled from six locations in the
district of Üzümlü and its surroundings

(A) sugars and organic acids, (B) fatty acids, (C) minerals in the peel, whole grape berry and seed. Agglomerative
hierarchical clustering (AHC) for sugar and organic acids (D), fatty acids (E) and minerals (F) in the peel, whole
grape berry and seed. Abbreviations: w; whole grape berry, p; peel, MC; moisture content, DM; dry matter, FS;
fruit size, fru; fructose, glu; glucose, suc; sucrose, TS; total sugar, TSS; total soluble solids, TA; titratable acidity,
TaA; tartaric acid, MaA; malic acid, CiA; citric acid, TOA; total acid (whole berry + pulp), SI; sweetness index,
TSI; total sweetness index
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(cluster II), with their high nutrient concentra-
tions. The grapes sampled from Bayırbağ and
Karakaya (cluster III) were capable of being clus-
tered within a short hierarchical distance as a
third cluster (III), indicating that they had sim-
ilar nutrient profiles.
As shown in Fig. 2E, the fatty acids were ir-
regularly clustered, as in the case of the PCs
(Fig. 2B). The Bayırbağ location (cluster I)
differed significantly from the other five loca-
tions. It may be suggested that the profiles
of fatty acids in the grape berry sampled from
Bayırbağ are significantly different from those in
grape samples from the remaining five locations.
The grape berry samples from Karakaya and
Çağlayan (cluster II) exhibited a similar fatty
acid fingerprint. The Üzümlü location (clus-
ter III) was capable of being clustered within a
long hierarchical distance at a similar concentra-
tion to the Karakaya and Çağlayan sites (cluster
II). Pişkidağ and Göllerköyü (cluster IV), with a
short hierarchical distance, exhibited similar con-
centrations of fatty acids, but rather lower than
those of Üzümlü.
Three main groups and several subgroups within
each group were considered in terms of the min-
eral/elements among the concentrations and the
physical parameters measured. Cluster I in-
cluded Üzümlü, interestingly clustered within a
long hierarchical distance and differing from the
grape berries sampled from the remaining five lo-
cations. Çağlayan (cluster II), with its low min-
eral concentrations, was capable of being clus-
tered within a moderate hierarchical distance,
exhibiting greater differences from the locations
Göllerköyü, Bayırbağ, Karakaya and Pişkidağ
(cluster III). The third cluster (cluster III) was
capable of division into four subgroups (Fig. 2F).
In their review, Mpelasoka et al. (2003) and Lasik
(2013) emphasized that potassium is the major
cation in grape berry or juice, and that high
potassium juice reduces free acids and increases
overall pH. They also reported that tartaric acid
is a significantly stronger acid than malic acid,
and at similar values of total acidity, a lower
tartrate:malate (TA:MA) ratio may therefore re-
sult in a less acidic pH. It has also been re-
ported that high malate enhances malolactic fer-
mentation (Mpelasoka et al., 2003; Abrahamse
& Bartowsky, 2012; Lasik, 2013). This sec-

ondary fermentation is carried out by many lac-
tic acid bacteria and may have either positive
or negative impacts on the organoleptic quality
of wines. This necessitates the use of commer-
cial lactic acid bacteria starter-cultures to con-
trol malolactic fermentation (Abrahamse & Bar-
towsky, 2012; Lasik, 2013). Tartrate also be-
stows a crisp and fresh acidic taste to wine and
is therefore preferred to malate. During wine-
making, high potassium increases the precipita-
tion of tartrate in salt and hence reduces free
tartrate. High potassium can therefore lead to
a reduced TA:MA ratio, which is undesirable for
high quality wines, as earlier reviewed by Mpela-
soka et al. (2003). In the present study, the
TA:MA ratio was 1.59 and the highest pH was
3.7 (avg., 3.5, over the six locations) in berries
of the ‘Karaerik’ grape. However, berries of the
‘Isabel’ grape had a 0.77 TA:MA ratio and 3.1
pH in ripe and overly ripe berries (Kurt et al.,
2017).

4 Conclusion

In conclusion, this study provides the first data
in the literature concerning the nutrient profile
in berries of the new grape cultivar ‘Karaerik’
among the various V. vinifera grapes. Sugars,
organic acids and minerals quantified separately
in the whole berry and the peel exhibited strong
positive and negative correlations with the mea-
sured physicochemical parameters and sampling
locations, although the fatty acids were not so
correlated. Berries sampled from Üzümlü, the
best potential growing location for the grape,
contained higher concentrations of nutrients than
berries from Çağlayan. Our findings represent
important data for viticulturists and for the food
science and technology industries. The berry
of the grape investigated in this study has a
unique taste and flavor that make it very popular
with consumers. These properties distinguish the
grape from V. vinifera fruits. We therefore con-
clude that the ‘Karaerik’ grape should be given
“protected” status. More comprehensive nutri-
tional studies are now needed to obtain deeper
insights into this and other quality parameters
and to open the possibility of establishing new
vineyards to improve the grape in breeding pro-
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grams without destroying the present form in
terms of biological diversity conservation. Fur-
ther studies are also needed to investigate the
antioxidant properties and phenolic profile of the
grape berry. An ongoing project investigating
the detailed phenolic profiles of the berry supple-
mented with antioxidant properties is currently
being performed in our laboratory.
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