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Abstract

Gougoulias, N., Kalfountzos, D., Vyrlas, P., Kritikos, D. & Ntalla, M.-N. (2019). Comparative study on the poly-
phenols content and antioxidant activity of local wine grape varieties from the island of Paros, Greece. Bulgarian
Journal of Agricultural Science, 25 (6), 1293-1299

Six local wine grape varieties grown in island of Paros (Greece) have been studied for evaluating and comparing the poly-
phenols content and their antioxidant properties. Total phenols content ranges from 768 to 1903 mg (GAE)/kg fresh weight,
NFP content ranges from 120.2 to 685.1 mg (GAE)/kg, FP content ranges from 551.4 to 1364.2 mg (GAE)/kg, and F-3-ols
content ranges from 131.6 to 363.1 mg (CE)/kg. The white grape variety Maloukato is characterized from the higher total
phenols content (1903 mg GAE/kg), while the red grape variety Mandilaria is characterized from the lowest (768 mg GAE/
kg). The antiradical activity DPPH ranges from 3.14 to 5.59 umol Trolox/g fresh weight, while the antioxidant activity FRAP
ranges from 1.74 to 3.77 umol AEE/g. The white grape variety Maloukato is characterized from the higher antiradical activity
DPPH, while the red grape variety Vapsa is characterized from the higher antioxidant activity FRAP. High correlation coeffi-
cients between he estimated antioxidant activity and the total polyphenols content was found. The grapes cultivation with high
polyphenols content may be regarded as principal criterion for producing wines enriched in polyphenols.

Keywords: DPPH activity; FRAP assay; grapes; phenolic fractions; polyphenols

and vegetables, affecting the color and their taste, while
exercising potent antioxidant and antimicrobial properties
(Alesiani et al., 2010).

Introduction

The free radicals are strong oxidisers which damage the

basic biological molecules (proteins, lipids), destroy the
proceeding of the normal biochemical process in the human
cells and induce the occurrence of many diseases (Halliwell
& Gutteridge, 2015; Al-Waili et al., 2017).

Epidemiological and laboratory investigations demon-
strate that the oxidative destruction of biomolecules can
be protected by using endogenousand exogenous antioxi-
dants (Hudson, 2012; Mancuso et al., 2012; Rom & Aviram,
2016). Natural polyphenols are components of many fruits

Grape and its products are rich source of phenolic anti-
oxidants, and are intensively studied as foods or as dietary
polyphenols in health promotion and the prevention of dis-
eases (Zhu et al., 2015; Singh et al., 2016; Walery, 2017).

Greece is a country with rich traditions in grape and wine-
making whose quality is highly appreciated on the local and
export market. The polyphenols contained in them are char-
acterized by high antioxidant and health effect (Makris et al.,
2003; Gougoulias, 2009; Gougoulias et al., 2015).
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Although there are several studies on the polyphenols
content and antioxidant activity of Greek grapes, however
yet there are limited reports for the local grape varieties of
the island Paros.

The objective of the present study is to investigate and
compare the content of polyphenols and their antioxidant
action, six local grape varieties which are cultivated on the
islands of the Aegean, under the environmental conditions
of the island Paros, with purpose to advising winemaking,
and to promoting the varietal character of the respective lo-
cal wines.

Materials and Methods

Experiment

The experiment taken place in four non-irrigated vine-
yards in the island of Paros in 2016. The vineyards A; B;
C and D, located at latitude 37°08'86” N and longitude
25°24'53"E; 37°11'73" N and 25°24'56"E; 37°10'58"N and
25°24'56"E, 37°08'53"N and 25°24'45"E, respectively. Each
vineyard includes an area about 0.2 ha. The region is char-
acterized by a temperate mediterranean-type climate with
mild winters and dry summers. Average winter temperature
13.5°C, average summer temperature 24.5°C and average
annual precipitation 480 mm. Three white local grape variet-
ies (Monemvasia, Maloukato and Aidani) and three red local
grape varieties (Mandilaria, Aidani and Vapsa) grown (Table
2). The planting of the grape variety maloukato took place
the 1915, the distance between adjacent plants in the rows
was two meters and between rows also was two meters. For
the other grape varieties the planting took place the 1975, the
distance between adjacent plants in the rows was 1.7 m, while
between rows was 2.2 m. In the vineyard (A) the white vari-
ety Monemvasia and red variety Mandilariais grown,during
the growing season 30 kg fungicide (brimstone), 1500 ml
glyphosate 36% and 105 kg nitrogen per hectare, were add-
ed. In the vineyard (B) the white variety Maloukato and the
red variety Aidaniis grown,during the growing season 30 kg
fungicide (brimstone) per hectare,were added. In the vine-
yard (C) the white variety Aidani is grown, during the grow-
ing season 30 kg fungicide (brimstone), 1500 ml glyphosate
36% and 105 kg nitrogen per hectare,were added. In the vine-
yard (D) the red variety Vapsa is grown,during the growing
season 30 kg fungicide (brimstone) per hectare, were added.

Preparation of methanol extracts

The grapes were collected in the phase of technological
maturity from which 100 healthy berries from each grape
variety were randomly selected for chemical analysis. The
grape extracts were obtained after twofold treatment of 20

g sample with 20 ml 60% methanol solution after one hour
storage at dark and room temperature. The collected extracts
after centrifugation (filtration) were brought to 50 ml with
aqueous methanol and used for chemical analysis (Meyer et
al., 1997; Yi et al., 1997).

Methods of Analyses

Grape analysis

Total phenols (TP) contents were determined with the
Folin-Ciocalteu reagent according to the method by (Sin-
gleton and Rossi, 1965) and were expressed as gallic acid
equivalent (GAE)/kg fresh weight. The non-flavonoid phe-
nols (NFP) were determined with the Folin-Ciocalteu re-
agent after the removal of flavonoid phenols (FP) with form-
aldehyde according to the method of (Kramling & Singleton,
1969). FP content was determined as a difference between
the content of TP and NFP.

The total flavanols (F-3-ols, catechins and procyanidins)
were assayed using p-DMACA (p-dimethylaminocinnamalde-
hyde) reagent according to the method of (Li et al., 1996) and
were presented as catechin equivalent (CE)/kg fresh weight.

The anthocyanins (AC) were determined according to the
method of (Ribereau-Gayon and Stonestreet, 1965), slightly
modified by (Burns et al., 2000) by following the change in
colour at different pH. They were presented as mg malvidin-
3-glicoside/kg fresh weight.

The antiradical activity of the methanol extracts was de-
termined according to the method of (Brand-Williams et al.,
1995) applying the stable radical 2,2'-diphenyl-1-picrylhy-
drazyl (DPPH). The activity was expressed in umol Trolox
(synthetic vitamin E)/g fresh weight.

The ferric reducing antioxidant power (FRAP) was eval-
uated according to the method of (Benzie and Strain, 1999)
and was expressed as ascorbic acid equivalent (AAE) in
umol/g fresh weight.

Soil analysis

Soil was analyzed using the following methods which are
referred by Page (1982).

Organic matter was analyzed by chemical oxidation with
1 mol L' K Cr,0, and titration of the remaining reagent with
0.5 mol L' FeSO4. Soil pH and (EC), Electrical conductivity
measured in the extract (1 part soil: 5 parts H20).

Inorganic nitrogen was extracted with 0.5 mol L' CaCl,
and estimated by distillation in the presence of MgO and De-
varda’s alloy, respectively. Available P forms (Olsen P) was
extracted with 0.5 mol L' NaHCO, and measured by spec-
troscopy. Exchangeable form of potassium was extracted
with 1 mol L' CH,COONH, and measured by flame Pho-
tometer (Essex, UK).
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Available forms of Mn, Zn, and Cu were extracted with
DTPA (diethylene triaminepentaacetic acid 0.005 mol L' +
CaCl, 0.01 mol L' + triethanolamine 0.1 mol L") and mea-
sured by atomic absorption. The samples were analyzed by
Atomic Absorption (Spectroscopy Varian Spectra AA 10
plus, Victoria, Australia), with the use of flame and air-acet-
ylene mixture (Varian, 1989).

Statistical analysis

The experiment was as a completely randomized design
with four replications. Data analysis was made using the
MINITAB (Ryan et al., 2005) statistical package. Analysis
of variance was used to assess treatments effect. Mean sepa-
ration was made using Tukey’s test when significant differ-
ences (P = 0.05) between treatments were found.

Results and Discussions

The soil of vineyards at depth 0-30 cm is characterized
as Sandy Loam (SL). Table 1 shows the chemical properties
of the soil of vineyards before from the beginning of crops at
depth (0-30) cm. While, Table 2 shows chemical characteris-
tics of berry juice of the cultivars examined, on the stage of
technical maturity.

Total phenols content in the white grape varieties which
were studied, ranges from 904 to 1903 mg GAE/kg fresh
weight (Table 3), while in the red grape varieties ranges from
768 to 1624 mg GAE/kg fresh weight. The white grape variety
Maloukato is characterized from the higher total phenols con-
tent, equal with 1903 mgGAE/kg fresh weight, while the red
grape variety Mandilaria is characterized from the lowest total
phenols content, equal with 768 mg GAE/kg fresh weight.

Table 1. Soil chemical properties at the beginning of crops

Table 2. Chemical characteristics of berry juices of the
cultivars examined

Grape pH Brix Total acidity (g
varieties degrees tartaric acid /L)
White

Monemvasia | 4.53+0.22 19.3 £0.64 2.85+0.05
Maloukato 4.36 £0.22 21.8+0.94 2.70 +0.03
Aidani 4.20+0.21 18.2 +£0.66 2.63 +0.05
Red

Mandilaria 4.18 +0.21 15.4 +£0.45 2.25+0.03
Aidani 432+0.22 20.6 +£0.71 3.38 £0.07
Vapsa 4.25+0.21 18.5 +0.58 2.70 £0.05

Data represent average means and SD, (n) =4

The white grape variety Aidani, is grown on the is-
land of Santorini, showed lower total phenols content
(500.1 mg GAE/kg) compared to our results, while the
red grape variety Mandilaria, is grown also on the island
of Santorini, showed higher total phenols content (1000.5
mg GAE/kg) compared to our results (Anastasiadi et al.,
2010).These results, confirm the variation in the total phe-
nols content in different areas, even for the same grape
varieties.

Similar results to ours, on the total phenols content, were
also observed for some white and red grape varieties grown
in Hebei Province, China and in region Davis, California
of the United States (Du et al., 2012; Liang et al., 2014).
Studies other authors they showed, that red grape varieties
compared to white varieties are characterized by higher total
phenols content, but this depends from the cultivar and from
the agronomic variables (Kanneretal., 1994; Yi et al., 1997,
Marinova et al., 2005; Martinez-Gil et al., 2017).

Properties Soil
Vineyards (A) Vineyards (B) Vineyards (C) Vineyards (D)

Texture Sandy loam Sandy loam Sandy loam Sandy loam
pH 8.44 +0.22 8.37 +£0.20 7.61 £0.20 8.01 +£0.20
EC, (dS/m) 0.20 +£0.01 0.19 +£0.01 0.20 £0.01 0.30 +£0.02
CaCo, (%) 3.0+0.16 21.9+0.98 0.56 +£0.02 1.11 £0.04
Organic matter (%) 1.37 +£0.06 1.88 +0.07 1.37 £0.05 0.91 +£0.04
N-inorganic (mg/kg) 35.0 +4.75 49.0 £5.21 35.0 £3.90 49.0 £5.74
K-exchangeable (mg/kg) 177.8 +£8.82 217.3 £9.76 167.9 +£5.40 128.4 +6.40
Na-exchangeable (mg/kg) 71.3 £3.50 89.7 +4.30 161.0 £8.10 96.6 +4.24
CEC (cmol/kg) 14.0 +1.20 15.91 £1.32 10.1 £0.98 12.1 +£1.10
P-Olsen (mg/kg) 56.6 +4.80 60.1 £5.10 10.5+1.12 7.6 +£0.98
Cu-DTPA (mg/kg) 4.1 +0.10 5.7+0.17 18.2 +£0.90 7.1 £0.45
Zn-DTPA (mg/kg) 17.4 +0.82 36.1 £2.10 22.3 £1.08 17.7 +£0.76
Mn-DTPA(mg/kg) 1.6 £0.10 3.24+0.92 8.5+1.06 3.6 £0.08

Data represent average means and SD, (n) = 4
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Table 3. Content of Total phenols (TP), Non-flavonoid (NFP), Flavonoid (FP) phenols, Total flavanols (TF) and Anthocyanins

(AC) in grapes of the cultivars examined

Grape varieties TP | NFP | FP TF AC
mg(GAE)/kg mg (CE)/kg mg(m.3.gl.)/kg
White
Monemvasia 924+36.9d 323.4+14.7b 600.6+28.6¢d 164.9+6.8¢ —
Maloukato 1903+76.1a 685.1+23.6a 1217.94+48.7b 363. 1+15.1a —
Aidani 904+39.3d 352.6£19.6b 551.4426.3d 172.547.5¢ —
Red

Mandilaria 768+28.4¢ 120.246.7d 647.8+£29.4¢ 131.6+5.1d 477.8422 3¢
Aidani 141 1£52.5¢ 240.0+10.4¢ 1171.0+48.8b 216.0+£9.0b 717.4+29.9b
Vapsa 16244+50.7b 259.9+11.3¢ 1364.24+47.1a 225.0+10.7b 896.0+37.3a

In each column different letters indicate significant differences according to the Tukey’s test (P =0.05),n =4.

Non-flavonoid phenols content (as equivalent to gallic acid)
in the white grape varieties ranges from 323.4 to 685.1 mg
GAE/kg fresh weight, while in the red grape varieties ranges
from 120.2 to 259.9 mg GAE/kg fresh weight. The white grape
varieties which were studied are characterized by higher non-
flavonoid phenols content in comparison with the red grape
varieties (Table 3). The comparison of the content of NFP in
respect to the total phenols content in the white grape varieties
shows that they represent from 34 to 39% of TP, while in the
red grape varieties represent from 16 to 18% of TP. The NFP
fraction consists mainly of gallic, hydroxybenzoic, coumaric,
caffeic, ferulic, cinnamic and other acids, and their derivatives
(Downey et al., 2006; Lorrain et al., 2011). These compounds
affect the taste in grapes and the antioxidant properties.

Flavonoid phenols content (equivalent to gallic acid) in
the white grape varieties ranges from 551.4 to 1217.9 mg
GAE/kg fresh weight, while in the red grape varieties ranges
from 647.8 to 1364.2 mg GAE/kg fresh weight. The com-
parison of the content of FP in respect to the total phenols
content in the white grape varieties shows that they represent
from 60 to 65% of TP, while in the red grape varieties rep-
resent from 82 to 85% of TP. From the six grape varieties
which were studied, the red grape variety Vapsa character-
ized by higher flavonoid phenols content, equal with 1364.2
mg GAE/kg fresh weight. The established trend in the varia-
tion of the fractional composition of phenols under the action
of climatic factors is observed also by other authors, even in
the same variety (Martinez-Gil et al., 2017).

Although flavanols are within the flavonoid composi-
tion, we studied individually. Total flavanols content (as
equivalent to catechin) in the white grape varieties ranges
from 164.9 to 363.1 mg(CE)/kg fresh weight, while in the
red grape varieties ranges from 131.6 to 225.0 mg/kg fresh
weight. The white grape variety Maloukato characterized by
the higher total flavanols content, equal with 363.1 mg (CE)/
kg fresh weight (Table 3).

Similar results to ours, for the red grape varieties, on the
total flavanols content has been reported in the red grape va-
riety Carignan grown in different areas of the Maule Valley,
Chile (Gutiérrez-Gamboa et al., 2018). Furthermore, these
results showed lower values compared with some white and
blue grape varieties grown to South Moravia, Czech Repub-
lic (Balik et al., 2008).Some authors reported that flavanols
synthesis in grapes is favored by the cooler temperatures of
the warmest month (Martinez-Gil et al. 2017).

Anthocyanins content (equivalent to malvidin-3-glicosi-
de) in the red grape varieties which were studied ranges from
477.8 to 896.0 mg (malv.-3-gl.)/kg fresh weight. The grape
variety Vapsa characterized by the higher anthocyanins con-
tent (896 mg malv.-3-gl./kg fresh weight, while the grape
variety Mandilaria by the lowest (Table 3).

Our results, compared to those reported by other au-
thors for the same grape varieties grown in other regions of
Greece, showed higher total anthocyanins content for grape
variety Aidani and lower total anthocyanins content for the
grape varieties Mandilaria and Vapsa (Kallithraka et al.,
2005). But, these results are consistent with previous stud-
ies, which showed grape varieties Aidani and Vapsa to be
richer in total anthocyanins, compared with other Hellenic
local varieties (Xinomavro, Mavrokountoura, Pardala, Papa-
diko, etc.) reporting values of 545, 394, 563, and 479 mg/kg
of total anthocyanins, respectively (Kallithraka et al., 2005;
Mylona et al., 2013).

Similar results on the total anthocyanins content has been
reported for some grape varieties grown to southern Serbia
(Miti¢ et al., 2012), but our results showed higher values
compared with some grape varieties are grown to Tekirdag,
Turkey (Orak, 2007), and lower values compared with some
autochthonous varieties are grown to Andalusia, Spain
(Guerrero et al., 2009).

The antiradical activity DPPHe in the grape varieties
which were studied ranges from 3.14 to 5.59 pmol Trolox/g
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fresh weight (Table 4). The white grape variety Maloukato-
show higher antiradical activity compared to the red grape
varieties studied. The order of antiradical activity DPPHe of
the varieties studied are the following: white grape variety
Maloukato > red variety Vapsa, red variety Aidani > red va-
riety Mandilaria, white variety Monemvasia, and white va-
riety Aidani (Table 4). The antioxidant activity in the grape
varieties which were assayed by the FRAP reagent depends
also from the grape variety and ranges from 1.74 to 3.77
pmol AEE/g fresh weight (Table 4). From the grape varieties
which were studied, the red grape variety Vapsa show higher
antioxidant activity FRAP, while the white grape variety
Aidani show lower the antioxidant activity FRAP (Table 4).

Table 4. Antiradical activity and ferric reducing antioxi-
dant power (FRAP) in grapes of the cultivars examined

Grape Antiradical activity Antioxidant activity
varieties DPPH FRAP
pumol Trolox/g F.W. pmol AAE/g F.W.
White
Monemvasia 3.57+0.18¢ 1.89+0.09¢cd
Maloukato 5.59+0.26a 3.27+0.13b
Aidani 3.14+0.15d 1.74+0.07b
Red

Mandilaria 3.40+0.18cd 2.07+0.08¢c
Aidani 4.0540.18b 3.28+0.15b
Vapsa 4.17+£0.17b 3.77+0.15a

In each column different letters indicate significant differences according
to the Tukey’s test (P = 0.05),n =4.

These results showed higher values of antiradical and an-
tioxidant activity, compared with other native Hellenic and
international varieties that can be encountered in the Hellen-
ic vineyard, including Xinomavro, Agiorgitiko, Merlot, Cab-
ernet Sauvignon and Syrah reporting values of 1.45, 1.75,
1.64, 2.14 and 2.08 umol Trolox/g respectively, and 0.69,
0.88, 0.80, 1.15 and 1.13 umol AAE/g, respectively (Kal-
lithraka et al., 2009). In addition, for red grape variety Man-
dilaria, our results showed similar values to those reported
by other authors for the same variety grown in the island
Crete (Kallithraka et al., 2009).

Also, our results was in agreement with other scien-
tific data, which they report a good antioxidant activity to
the grapes (Balik et al., 2008; Gismondi et al., 2017). The
antioxidant activity of the grapes depends from the specific
influence exerted by each one of their single components
of the phenolic compounds and the synergy between of the
individual compounds. In addition, our results confirm the
hypothesis that the polyphenols in the grape from the island
of Paros, due to the antiradical and antioxidant properties are

the reason for reducing the risk from many human diseases.

A linear regression analysis was performed to determine
the correlation between the total phenols content and the
corresponding antioxidant activities in the various grape
varieties. High correlation coefficients were found between
antiradical activity DPPH and the total phenols content
(R?=0.8363, y = 0.0017x + 1.7902), as well as between
antioxidant activity FRAP and total phenols content
(R? =0.7871, y = 0.0017x + 0.5579), n = 24, (p < 0.05).
High correlation coefficients between he estimated anti-
oxidant activity and the total phenols content in the vari-
ous grape varieties was also presented and by other authors
(Balik et al., 2008).

Conclusions

The study presented herein provided valuable data with
regard the influence of grape variety on the total phenols
content and phenolic fractions, in six important local wine
grape varieties which are cultivated on the islands of the Ae-
gean, Greece.

The total phenols content is closely related with the an-
tioxidant activity determined, of the local grape varieties
which were studied. The variability found on the polyphe-
nols content between of the grape varieties confirms that bio-
synthesis of polyphenols depends from genetic factors and
the climatic conditions of region.

The high total phenols content and consequently the
powerful antioxidant activity of the grapes studied, they
urge the use of these varieties, due to the established bio-
logical properties of polyphenols, which are important
essential for protection of human health. Therefore, the
grapes cultivation with high total phenols content may be
regarded as principal criterion for producing wines en-
riched in polyphenols.

References

Alesiani, D., Canini, A., D’Abrosca, B., DellaGreca, M., Fioren-
tino, A., Mastellone, C., Monaco, P. & Pacifico, S. (2010).
Antioxidant and ant proliferative activities of phytochemicals
from Quince (Cydonia vulgaris) peels. Food Chemistry, 118,
199-207.

Al-Waili, N., Al-Waili, H., Al-Waili, T. & Salom, K. (2017).
Natural antioxidants in the treatment and prevention of diabetic
nephropathy; a potential approach that warrants clinical trials.
Redox Report, 22(3), 99-118.

Anastasiadi, M., Pratsinis, H., Kletsas, D., Skaltsounis, A. L.
& Haroutounian, S. A. (2010). Bioactive non-coloured poly-
phenols content of grapes, wines and vinification by-products:
Evaluation of the antioxidant activities of their extracts. Food
Research International, 43(3), 805-813.



1298

Nikolaos Gougoulias, Dimitrios Kalfountzos, Panagiotis Vyrlas, Dimitrios Kritikos and Maria-Nektaria Ntalla

Balik, J., Kyselakova, M., Vrchotova, N., Triska, J., Kumsta,
M., Veverka, J. & Lefnerova, D. (2008). Relations between
polyphenols content and antioxidant activity in vine grapes and
leaves. Czech Journal of Food Sciences, 26, S25-S32.

Benzie, 1. F. F. & Strain, J. J. (1999). Ferric reducing (antioxidant)
power as a measure of antioxidant capacity: the FRAP assay.
Methods in Enzymology, 299, 15-36.

Brand-Williams, W., Cuvelier, M. E. & Berset, C. L. W. T.
(1995). Use of a free radical method to evaluate antioxidant
activity. LWT- Food Science and Technology, 28(1), 25-30.

Burns, J., Gardner, P. T., O’Neil, J., Crawford, S., Morecroft, I.,
McPhail, D. B., Lister, C., Matthews, D., MacLean, M. R.,
Lean, M. E. J., Duthie, G. G. & Clozier, A. (2000). Relation-
ship among antioxidans activity vasodilation capacity and phe-
nolic content of red wines. Journal of Agricultural and Food
Chemistry, 48(2), 220-230.

Downey, M. O., Dokoozlian, N. K. & Krstic, M. P. (2006). Cul-
tural practice and environmental impacts on the flavonoid com-
position of grapes and wine: a review of recent research. Ameri-
can Journal of Enology and Viticulture, 57(3), 257-268.

Du, B., He, B. J., Shi, P. B, Li, F. Y., Li, J. & Zhu, M. (2012).
Phenolic content and antioxidant activity of wine grapes and
table grapes. Journal of Medicinal Plants Research, 6(17),
3381-3387.

Gismondi, A., Di Marco, G., Canuti, L. & Canini, A. (2017). An-
tiradical activity of phenolic metabolites extracted from grapes
of white and red Vitis vinifera L. cultivars. Vitis: Journal of
Grapevine Research, 56(1), 19-26.

Gougoulias, N. (2009). Comparative study on polyphenols content
and antioxidant effect of Bulgarian and Greek grape varieties
(V. vinifera). Oxidation Communications, 32(3), 707-713.

Gougoulias, N., Vyrlas, P., Giurgiulescu, L., Kalfountzos, D.
& Eugenia, F. (2015). Evaluation of polyphenols content and
antioxidant activity of two table grape varieties under environ-
mental conditions of Thessaly. Carpathian Journal of Food
Science & Technology, 7(4), 119-125.

Guerrero, R. F., Liazid, A., Palma, M., Puertas, B., Gonzalez-
Barrio, R., Gil-Izquierdo, A. & Cantos-Villar, E. (2009).
Phenolic characterisation of red grapes autochthonous to Anda-
lusia. Food Chemistry, 112(4), 949-955.

Gutiérrez-Gamboa, G. & Moreno-Simunovic, Y. (2018). Lo-
cation effects on ripening and grape phenolic composition of
eight ‘Carignan’vineyards from Maule Valley (Chile). Chilean
Journal of Agricultural Research, 78(1), 139-149.

Halliwell, B. & Gutteridge, J. M. (2015). Free radicals in biology
and medicine. Oxford University Press, USA.

Hudson, B. J. (2012). Food antioxidants. Springer Science and
Business Media.

Kallithraka, S., Aliaj, L., Makris, D. P. & Kefalas, P. (2009). An-
thocyanin profiles of major red grape (Vitis vinifera L.) varieties
cultivated in Greece and their relationship with in vitro antioxi-
dant characteristics. International Journal of Food Science &
Technology, 44(12), 2385-2393.

Kallithraka, S., Mohdaly, A. A. A., Makris, D. P. & Kefalas, P.
(2005). Determination of major anthocyanin pigments in Hel-
lenic native grape varieties (Vitis vinifera sp.): association with
antiradical activity. Journal of Food Composition and Analysis,

18(5), 375-386.

Kanner, J., Frankel, E., Granit, R., German, B. & Kinsella, J.
E. (1994).Natural antioxidants in grapes and wines. Journal of
Agricultural and Food Chemistry, 42(1), 64-69.

Kramling, T. E. & Singleton, V. L. (1969). An estimate of the
nonflavonoids phenolics in wines. American Journal Enology
Viticulture, 20, 86-92.

Li, Y. G., Tanner, G. & Larkin, P. (1996). The DMACA-HCL
Protocol and the threshold proantocyanidin content for bloat
safety in forage legumes. Journal of the Science of Food and
Agriculture, 70, 89-101.

Liang, Z., Cheng, L., Zhong, G. Y. & Liu, R. H. (2014). Antioxi-
dant and antiproliferative activities of twenty-four Vitis vinifera
grapes. PloS one, 9(8), €105146.

Lorrain, B., Chira, K. & Teissedre, P. L. (2011). Phenolic com-
position of Merlot and Cabernet-Sauvignon grapes from Bor-
deaux vineyard for the 2009-vintage: Comparison to 2006,
2007 and 2008 vintages. Food Chemistry, 126(4), 1991-1999.

Makris, D. P., Psarra, E., Kallithraka, S. & Kefalas, P. (2003).
The effect of polyphenolic composition as related to antioxidant
capacity in white wines. Food Research International, 36(8),
805-814.

Mancuso, C., Barone, E., Guido, P., Miceli, F., Di Domenico, F.,
Perluigi, M., Santangelo, R. & Preziosi, P. (2012). Inhibition
of lipid peroxidation and protein oxidation by endogenous and
exogenous antioxidants in rat brain microsomes in vitro. Neu-
roscience Letters, 518(2), 101-105.

Marinova, D., Ribarova, F. & Atanassova, M. (2005). Total phe-
nolics and total flavonoids in Bulgarian fruits and vegetables.
Journal of the University of Chemical Technology and Metal-
lurgy, 40(3), 255-260.

Martinez-Gil, A. M., Gutiérrez-Gamboa, G., Garde-Cerdan, T.,
Pérez-Alvarez, E. P. & Moreno-Simunovic, Y. (2017).Char-
acterization of phenolic composition in Carignan noir grapes
(Vitis vinifera L.) from six wine-growing sites in Maule Valley,
Chile. Journal of the Science of Food and Agriculture, 98,274-
282.

Meyer, A. S., Yi, O. S., Pearson, D. A., Waterhouse, A. L. &
Frankel, E. N. (1997). Inhibition of human low-density lipo-
protein oxidation in relation to composition of phenolic anti-
oxidants in grapes (Vitis vinifera). Journal of Agricultural and
Food Chemistry, 45(5), 1638-1643.

Miti¢, M. N., Souquet, J. M., Obradovi¢, M. V. & Mitié, S. S.
(2012). Phytochemical profiles and antioxidant activities of
Serbian table and wine grapes. Food Science and Biotechnol-
ogy, 21(6), 1619-1626.

Mylona, A. E., Bimpilas, A., Tsimogiannis, D. & Oreopoulou, V.
(2013). Characteristic phenolic composition of the Greek va-
riety Mavrokountoura grape and wine. Food Science and Bio-
technology, 22(6), 1515-1522.

Orak, H. H. (2007). Total antioxidant activities, phenolics, an-
thocyanins, polyphenoloxidase activities of selected red grape
cultivars and their correlations. Scientia Horticulturae, 111(3),
235-241.

Page, A. L. (1982). Methods of soil analysis. Part 2. Chemical and
microbiological properties. American Society of Agronomy,
Soil Science Society of America.



Comparative study on the polyphenols content and antioxidant activity of local wine grape varieties...

1299

Ribéreau-Gayon, P. & Stonestreet, E. (1965). Determination of
anthocyanins in red wine. Bulletin de la Societechimique de
France, 9,2649-2652.

Rom, O. & Aviram, M. (2016). Endogenous or exogenous antioxi-
dants vs. pro-oxidants in macrophage atherogenicity. Current
Opinion in Lipidology, 27(2), 204-206.

Ryan, B. F., Joiner, B. L. & Cryer, J. D. (2005). MINITAB Hand-
book: Updated for release 14, Sth edition.

Singh, C. K., Siddiqui, I. A., EI-Abd, S., Mukhtar, H., & Ah-
mad, N. (2016). Combination chemoprevention with grape
antioxidants. Molecular Nutrition & Food Research, 60(6),
1406-1415.

Singleton, V. L. & Rossi, J. A. (1965). Colorimetry of total phe-

nolics with phosphomolybdic-phosphotungstic acid reagents.
American Journal Enology Viticulture, 16, 144-158.
Varian, M. (1989). Flama Atomic Absorption Spectroscopy, Ana-
Iytical Methods, Varian Australia, Publ. NO: 85-100009-00.
Walery, Z. (2017). Grape polyphenols concentrate demonstrates
cardioprotection in terms of hypoxic myocardial injury. Rus-
sian Open Medical Journal, 6(4).

Yi, O. S., Meyer, A.S. & Frankel, E. N. (1997). Antioxidant activ-
ity of grape extracts in a lecithin liposome system. Journal of
the American Oil Chemists’ Society, 74(10), 1301-1307.

Zhu, F., Du, B., Zheng, L. & Li, J. (2015). Advance on the bio-
activity and potential applications of dietary fibre from grape
pomace. Food Chemistry, 186, 207-212.

Received.: January, 8, 2019; Accepted: June, 28, 2019; Published: December, 31,2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


