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ABSTRACT. Turkey is one of the most suitable places for viticulture in the economic sense with its climate
conditions, soil properties and location. This study aimed to present the phenolic profiles of the seeds of 5
different table grape varieties grown at different altitudes (800 m, 1000 m and 1200 m) and the relationship
of these phenolic contents with antioxidant activity, as well as determining the effects of the different
altitudes on the values obtained at the end of the study. A high-performance liquid chromatography device
(HPLC-UV, Shimadzu) was used to analyze the phenolic compounds of the grape seeds, while antioxidant
activity (radical scavenging activity (DPPH)) was measured with a spectrophotometer. According to the
results we obtained, as altitude increased, phenolic acid quantities increased, while it was determined that,
among the studied phenolic compounds, the quantity of vanillic acid was found to be higher than the
quantities of caffeic and ferulic acids (p<0.001). DPPH, which is a marker of antioxidant activity, was
directly proportional to the increase in altitude (p<0.001). In this study, it was shown that the phenolic
contents of the seeds of grape varieties grown at different altitudes varied based on the varieties and the
altitudes, and based on this chance, antioxidant activity was also positively affected.
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INTRODUCTION
The grape species Vitis vinifera L., which is a prevalently grown and economically
significant species in the world, constitutes a rich resource due to the climate conditions
of Turkey. Because of their importance, grape products have attracted interest throughout
history, and the chemical compounds in these products have been investigated in detail.
There are several studies providing information that grapeseed is rich in phenolic
compounds, phytosterols, vitamins and unsaturated fatty acids [1, 2, 3]. Phenolic
compounds are secondary metabolites that are produced by plants for protecting these
plants against stress conditions. These conditions may be infections, injuries or UV
radiation [4]. They not only play functional roles such as protection against ultraviolet
(UV) radiation, pigmentation and pathogen prevention [5] but also contribute to the
quality of various grape products [6]. Due to their positive effects on human health, they
continue to be a subject of research without losing their significance.
The chemical composition of grapes and grape products shows significant differences
for each variety. The concentrations and contents of primary and secondary metabolites
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synthesized in grapes differ at different maturation stages. It is also a known fact that
these are influenced by genotype, environmental factors, as well as viticulture practices
[7, 8].
Phenolic compound accumulation is largely dependent on environmental factors [9,
10, 11]. It is influenced by vineyard soil quality, temperature, humidity, sunlight, UV
radiation and altitude [12]. Certain climate conditions in a region with low latitude and
high altitude provide grape plants with unique quality characteristics [11]. That is, each
variety is a characteristic potential against environmental factors, and determining
different levels of compound accumulation in plants on different levels, that is, the
interaction between genetics and environment, results in different behaviors. For this
reason, climate diversity and growth techniques constitute factors that determine
significant differences in grape contents [13]. With its compounds carrying antioxidant
properties, grapeseed acts as a good alternative to be used against free radicals.
Furthermore, the effects of grapeseed extracts on health inspired by these properties have
been proven in several studies [14-20].
Phenolic acids, which were investigated in our study, are a significant group of
phenolic compounds where hydroxycinnamic acids are prevalent. Caffeic acid, pcoumaric acid and ferulic acid are among the main hydroxycinnamic acids. Previous
studies have reported various pharmacological effects of these compounds [21, 22]. With
this study, it was aimed to not only contribute to the improvement of the phenolic profiles
and antioxidant effects of grapes that are grown in regions with altitudes that have
different climate conditions but also provide guidance in terms of the production of highquality grapes and grape-derived products.
MATERIALS AND METHODS
Plant Material
The Ağın Beyazı, Tahannebi, Kabarcık, Şilfoni and Besni grape varieties collected in
the harvesting period from vineyard areas at the altitudes of 800 m, 1000 m and 1200 m
in the province of Malatya in Turkey constituted the plant material of this study. The
grapes that were harvested at commercial maturity (22° Brix) were brought to the
laboratory, and their seeds were separated by hand, washed with water and dried. After
the dried seeds were labeled based on their varieties, they were made ready for analysis.
Determining Some Flavonoid Types with the HPLC Device
This analysis was carried out by modifying the method reported by Zu et al. [23]. Onto
1 gr of the sample, 10 mL of methanol was added, and the mixture was homogenized for
60 sec. The homogenized samples were then centrifuged and taken into vials. For the
chromatographic analysis of flavonoids, a PREVAIL C18 (15x4.6 mm) column with an
internal diameter of 5 µm and a mobile phase containing a methanol/water/acetonitrile
(46/46/8, v/v/v) with 1% acetic acid were used. A DAD detector was used for the
flavonoid analyses, and in these analyses, the wavelengths of 280 nm for vanillic acid and
ROS and 320 nm for caffeic and ferulic acids were used. All chromatographic procedures
were carried out at 25 °C.
DPPH Radical Scavenging Activity
The free radical scavenging activities of the grapeseed samples were analyzed by
using the method reported by Brand-Williams et al. [24] (based on the disruption of the
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color of a methanolic solution containing 2,2-diphenyl-1-picrylhydrazyl (DPPH)). A 25
mg/L DPPH solution was prepared inside methanol, and 4.0 ml of this solution was mixed
with 25, 50, 100, 250, 500 and 1000 μL of the sample. The reaction mixture was kept at
room temperature and in the dark for 30 min, and the absorbance values of the mixture
were measured in a spectrophotometer at 517 nm.
The DPPH radical scavenging capacity of the samples was calculated with the
following equation:
DPPH radical scavenging activity (%) = [(Abs control – Abs sample)] / (Abs
control)] × 100. Here, Abs control is the absorbance of the DPPH radical + methanol,
and Abs sample is the absorbance of the DPPH radical + sample / standard.
Eqn. 1
Statistical Analysis
The SPSS 18.0 software was used for the statistical analysis. The comparison between
experiment groups was carried out by using analysis of variance (ANOVA) and an LSD
(least significant difference) test. The values of p<0.05, p<0.01 and p<0.001 were used
for the differences between the groups (comparisons are made according to 800 altitude).
RESULTS AND DISCUSSION
Composition of Phenolic Compounds
The composition of phenolic compounds in Ağın Beyazı grape seed samples is shown
in Table 1. In this study, it was observed that the phenolic compound concentrations
(Caffeic acid,vanilic acid and ferrulic acid) in Ağın Beyazı sample were significantly
higher in the sample grown at 1200 altitude than the sample grown at 800 and 1000
altitude. Especially, the amount of vanillic acid in the sample 1200 altitude was obtained
to be 100,11 µg/g while the amount of that in the sample 800 altitude as 30,79 µg/g
(p<0.01).
Table 1. Phenolic Composition (µg/g) of Ağın Beyazı grape seeds
Phenolic compounds
Caffeic acid
Vanillic acid
Ferrulic acid
p<0.001, p<0.05

800 altitude

1000 altitude

1200 altitude

0,15±0,01
30,79±0,01
0,10±0,01

0,30± 0,05d
59,62±0,05d
0,14±0,01b

0,68±0,01d
100,11±0,01d
0,33±0,01d

Table 2 shows the composition of phenolic compounds in Tahannebi grape seed
samples. The results of this study showed that phenolic compound concentrations in
Tahennebi sample were higher in samples grown at 1200 altitude than in samples grown
at altitudes of 800 and 1000 altitudes (Table 2).
Table 2. Phenolic Composition (µg/g) of Tahennebi grape seeds
Phenolic compounds

800 m altitude

1000 m altitude

1200 m altitude

Caffeic acid
Vanillic acid
Ferrulic acid

0,30±0,01
89,86±0,08
0,11±0,01

0,58±0,01d
112,06±0,01d
0,30±0,01d

0,75±0,01 d
123,20±0,85d
0,43±0,01 d

p<0.001

32

Aydın et al.: THE EFFECTS OF DIFFERENT ALTITUDES ON THE PHENOLIC CONTENTS AND ANTIOXIDANT
ACTIVITIES OF SOME WHITE GRAPE (Vitis Vinifera L.) VARIETIES

Table 3 shows the composition of phenolic compounds in Kabarcık grape seed
samples. The results we obtained in this experiment showed that phenolic compound
concentrations were higher in samples grown at 1200 altitude than in samples grown at
altitudes of 800 and 1000 altitudes. However, the amount of flavonoid in the sample
grown at 800 altitude is higher than that in 1000 altitude.
Table 3. Phenolic Composition (µg/g) of Kabarcık grape seeds
Phenolic compounds
Caffeic acid
Vanillic acid
Ferrulic acid
p<0.001, p<0.01

800 m altitude

1000 m altitude

1200 m altitude

0,58±0,01
65,15±0,01
0,51±0,01

0,38±0,01d
58,14±0,01d
0,30±0,01d

0,80±0,01c
109,08±0,01d
0,63±0,01d

Table 4 shows the composition of phenolic compounds in Şilfoni grape seed samples.
The results of this experiment showed that phenolic concentrations were higher in
samples grown at 1200 altitude than in samples grown at altitudes of 800 and 1000
altitudes. However, the phenolic amount of the sample grown at 800 altitude was
determined more than that at 1000 altitude.
Table 4. Phenolic Composition (µg/g) of Şilfoni grape seeds
Phenolic compounds
Caffeic acid
Vanillic acid
Ferrulic acid
p<0.001, p<0.01

800 m altitude

1000 m altitude

1200 m altitude

0,41±0,01
84,25±0,01
0,20±0,01

0,20±0,01d
75,67±0,30d
0,13±0,01d

0,55±0,01d
92,93±0,05c
0,31±0,01d

Table 5 shows the composition of the phenolic compounds in the Besni grape seed
samples. As a result of this experiment, the total amount of flavonoid was determined less
than the other 4 cultivars.
Table 5. Phenolic Composition (µg/g) of Besni grape seeds
Phenolic compounds
Caffeic acid
Vanillic acid
Ferrulic acid
p<0.001, p<0.01

800 m altitude

1000 m altitude

1200 m altitude

0,13±0,01
33,45±0,01
0,08±0,01

0,43±0,01d
38,65±0,01c
0,14±0,01c

0,60±0,01d
53,11±0,01d
0,20±0,01d

c

Antioxidant Capacity of Grape Seeds
DPPH radical scavenging rates of Ağın Beyazı grape seeds are shown in Table 6. In
the Ağın Beyazı sample, it was observed that the DPPH radical scavenging effect was
highest at 500 µL and at 1200 altitudes (p <0.001). On the other hand, in the Ağın Beyazı
sample, the highest DPPH radical scavenging effect was observed at 1200 altitude than
in samples grown at altitudes of 800 and 1000 altitudes (p <0.001) (Table 6).
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Table 6. Antioxidant Activity of Ağın Beyazı grape seeds (%)
DPPH values

800 m altitude

1000 m altitude

1200 m altitude

50 µL
250 µL
500 µL
1000 µL

10,01±0,16
30,33±0,02
60,33±0,07
57,51±0,01

17,24±0,17d
41,70±0,02d
77,55±0,02d
74,73±0,01d

63,07±0,02d
72,94±0,01d
186,11±0,02d
161,43±0,01d

p<0.001

Table 7 shows the DPPH radical scavenging rates of Tahannebi grape seeds. In the
Tahannebi sample, similar to Ağın Beyazı, it was observed that the DPPH radical
scavenging effect was highest at 500 µL and at 1200 altitudes (p <0.001) (Table 7).
Table 7. Antioxidant Activity of Tahannebi grape seeds (%)
DPPH values
50 µL
250 µL
500 µL
1000 µL
p<0,001, c: p<0,01

800 m altitude

1000 m altitude

1200 m altitude

33,53±0,03
31,71±0,08
52,18±0,11
47,79±0,12

64,09±0,13d
39,32±0,01d
102,01±0,01d
98,46±0,01d

85,72±0,15d
82,43±0,29d
197,08±0,02d
150,54±0,26d

DPPH radical scavenging rates of Kabarcık grape seeds are shown in Table 8. And, it
was observed that the DPPH radical scavenging effect was highest at 1000 µL and at 1200
altitudes (p <0.001). But differently, it was observed that the DPPH radical scavenging
effect was higher at 800 altitude samples compared to the samples grown at 1000 altitude
sample (Table 8).
Table 8. Antioxidant Activity of Kabarcık grape seeds (%)
DPPH values

800 m altitude

1000 m altitude

1200 m altitude

50 µL
250 µL
500 µL
1000 µL

47,51±0,03
53,38±0,08
76,05±0,09
102,37±0,11

40,06±0,01d
44,77±0,0,15d
69,52±0,01d
91,96±0,11d

52,24±0,05d
78,99±0,07d
91,66±0,14
130,07±0,01d

p<0,001

DPPH radical scavenging rates of Şilfoni grape seeds are shown in Table 6. According
to the data obtained, DPPH radical scavenging effect was the highest at 500 µL (p
<0.001). And it was observed that the DPPH effect was higher in samples grown at 1200
altitudes compared to the samples grown at 800 and 1000 altitudes (p <0.001) (Table 9).
Table 9. Antioxidant Activity of Şilfoni grape seeds (%)
DPPH values

800 m altitude

1000 m altitude

1200 m altitude

50 µL
250 µL
500 µL
1000 µL

15,72±0,09
36,76±0,20
63,34±0,06
43,75±0,06

14,13±0,15d
22,79±0,03d
57,55±0,02d
40,62±0,60d

42,67±0,16d
58,53±0,01d
85,48±0,01d
77,16±0,02d

p<0,001
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DPPH radical scavenging rates of Besni grape seed samples are shown in Table 10.
Similar to Kabarcık variety, DPPH effect in the Besni samples was found to be highest at
1000 µL and 1200 altitudes (p <0.001) (Table 10).
Table 10. Antioxidant Activity of Besni grape seeds (%)
DPPH values

800 m altitude

1000 m altitude

1200 m altitude

50 µL
250 µL
500 µL
1000 µL

13,69±0,13
17,00±0,14
33,96±0,11
41,79±0,07

25,23±0,16d
40,24±0,16d
40,31±0,14d
52,79±0,05d

35,95±0,16d
47,78±0,10d
64,72±0,47d
72,88±0,07d

p<0,001

Grapeseed is a highly rich source of phenolic compounds, phytosterols, vitamins
(vitamin E, vitamin C and beta-carotene) and fatty acids [1, 2]. It was reported that
grapeseed contains catechin, epicatechin, procyanidins and anthocyanidins as flavonoid
contents, gallic acid among phenolic acids, and it is a significant source of resveratrol
[25]. Likewise, in other studies, the total phenolic contents of the fruits, seeds and skins
of different grape varieties have been determined. Studies have reported that the total
phenolic content in Vitis vinifera L. seeds is higher in comparison to that of skins [26].
A previous study examined the phenolic contents and antiradical activities of the seeds
of the Vitis vinifera L. grape species, and it showed that two varieties among the examined
varieties were the richest in terms of both total and individual flavanol contents, while
they also had the highest antioxidant activity levels [27]. Coklar [26] associated grape
phenolics changing based on years with climate changes and reported that altitude has a
very strong effect on the phenolics in grape. They also determined that phenolic
accumulation, and alongside it, antioxidant activity increased when altitude rose from
1000 m to 1500 m.
In a study conducted on the Vitis vinifera L. cv. Cabernet Sauvignon variety grown at
different altitudes of highlands in southwestern China, significant changes were
determined among the quantities of the detected anthocyanins, and it was reported that
the production of especially cyanidin-type anthocyanins and quercetin-type flavanols was
largely promoted in fruits grown at higher altitudes [11]. Ristic et al. [28] investigated the
effects of shading, i.e., the amount of light changing by altitude, on the Shiraz grape
variety and showed that excessive shading may reduce the color of wine, anthocyanins
and tannins, while it could also change sensory qualities. According to the results of their
study, the total phenolic content of the grapes grown in shading was lower in comparison
to those subjected to normal sunlight. Although it is known that colored fruits of grape
have richer phenolic contents, it was reported that the skins and seeds of white grape
varieties are quantitatively and qualitatively close to colored grape varieties in terms of
their non-anthocyanin polyphenol contents [29].
Previous studies have investigated the antioxidant effect and free radical scavenging
activity of grapeseed extracts and reported the degree of these activities [30, 31].
Similarly, a previous study on the same topic demonstrated that the extract of
proanthocyanidins obtained from grapeseed provided protection against free radicals
based on their free radical scavenging experiment, and this effect was superior to even
the effects of vitamins C and E [32]. In another study conducted on the antioxidant effects
of grape contents, Du et al. [33] examined the polyphenol and total antioxidant activities
of four wine grape and four table grape varieties, and as a result of their study, they
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reported that the phenolic contents of the fruits were largely associated with the
antioxidant capacities of wines. Again, in a similar study, the authors stated that,
independent of the method of analysis, grapeseed had the best antioxidant activity, and
grapes with darker skins had higher antioxidant activity than that of grapes with lighter
skins [34].
In this study, changes in the phenolic acid contents of the seeds of 5 white table grape
varieties based on varying altitude values and the relationship of these changes to
antioxidant activity were investigated. The obtained results showed that, as in the case of
previous studies, phenolic acid quantities increased as altitude increased, and the quantity
of especially vanillic acid was higher than those of caffeic and ferulic acid. Considering
the antioxidant activity results, it was observed that an increase in altitude was directly
proportional to DPPH effects. Moreover, it was determined that the samples collected
from the altitude of 1000 m in the Kabarcık and Şilfoni grape varieties had lower
antioxidant activity values than those collected from the altitude of 800 m. It was thought
that this difference may have originated from varieties, environmental factors, climate,
altitude, culture procedures or a combination of two or more of these factors.
CONCLUSION
In light of all these studies and the obtained results, it may be stated that high-altitude
regions may help the growth of Vitis vinifera L. varieties that differ in terms of
characteristics like the intensity of their color, flavor and acidity based on the longer
phenological cycles of grape varieties in these regions, as well as higher levels of sunlight
availability. In addition to these aforementioned benefits to be provided by growing grape
varieties based on the analysis results of different altitudes along with other factors, the
importance of this contribution will also be undeniably great for industrial applications,
the food sector and medical improvements.
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