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The aim of this study is determining the phenolic acid composition and antioxidant activity potential of Vitis
vinifera collected from Osmaniye-Turkey. For determining the phenolic acid composition of the grapes
collected in different seasons, samples were screened via a high performance liquid chromatography-diode
array detection (HPLC-DAD) instrument. By this way, amounts of gallic acid, 2,3-dihydroxybenzoic acid, vanillic
acid, caffeic acid, p-coumaric acid, ferulic acid, cinnamic acid, luteolin and apigenin were determined
guantitatively. September sample was the riches one in terms of phenolic acids and flavonoids studied. This is
followed by August and October samples, respectively. Total phenolic and flavonoid contents of the samples
were also evaluated, using the Folin—Ciocalteu method. October sample was found as the richest one among
the samples tested. Antioxidant activities of the samples were evaluated by using four complementary test
systems. Results obtained from these samples showed a strong correlation with their phytochemical contents.
The most active sample was found as the grape collected in October.

Key words: Vitis vinifera, high performance liquid chromatography (HPLC), extract, antioxidant activity, phenolic,
flavonoid.

INTRODUCTION

Phenolic acids are a group of natural products found in
many plants (Baublis et al., 2002; Baublis et al., 2000a, b;

Ferulic acid and other hydroxycinnamic acids (caffeic and
p-coumaric acid derivatives) have been found to have

Saadi et al., 1998). These phenolic acids may vary in
structure due to difference in number and position of the
hydroxyl groups on the aromatic ring. As a group, these
naturally occurring compounds have been found to be
strong antioxidants against free radicals and other
reactive oxygen species (ROS), the major cause of many
chronic human diseases such as cancer and
cardiovascular diseases (Andreasen et al., 2001a; Yu et
al., 2002, 2003). There are mainly two groups of phenolic
acids in plants: benzoic and cinnamic acid derivatives.

Abbreviations: ROS, Reactive oxygen species; GC-MS, gas
chromatography mass spectrometry; HPLC-DAD, high
performance liquid chromatography-diode array detection; MS,
mass spectrometry; PDA, photodiode array; FCR, Folin—
Ciocalteu’s reagent; TCA, trichloroacetic acid; DPPH, 1,1-
Diphenyl-2-picrylhydrazyl; BHT, Butylated hydroxytoluene;
BHA, Butylated hydroxyanisole; AA, antioxidant activity.

good antioxidant activities (Andreasen et al., 2001b;
Emmons et al., 1999). The presence of the CH=CH-
COOH group in the hydroxycinnamic acids is considered
to be key for the significantly higher antioxidative
efficiency than the COOH in the hydroxybenzoic acids
(White and Xing, 1997).

Natural antioxidants, especially plant phenolics,
flavonoids, tannins and anthocyanidins, are safe and are
also bioactive (Mohsen and Ammar, 2009). Putative
therapeutic effects of many traditional medicines may be
ascribed to the presence of these natural antioxidants,
which can scavenge oxygen radicals and inhibit
peroxidation (Maksimovic et al., 2005). Therefore, in
recent years, considerable attention has been paid to
explore the potential antioxidant property of plant extracts
or isolated products of plant origin, which may be used for
human consumption (Chua et al., 2008). Numerous crude
extracts, from plant materials rich in phenolics, are
increasingly of interest in the food industry, because



they can retard oxidative degradation of lipids and
thereby improve the quality and nutritive value of food
(Kahkonen et al., 1999; RiceEvans et al.,, 1995). Some
studies have shown that the increased dietary intake of
natural antioxidants such as flavonoids and other
phenolic compounds, present in most plants, may act as
potent candidates in preventing diseases related to
oxidative stress, such as cancer, atherosclerosis, aging
and rheumatoid arthritis (Rios et al., 2009; Behera et al.,
2008; Halliwell, 2007).

Grapes are one of the most widely grown fruit crops
throughout the world, and their composition and
properties have been extensively investigated, with
several reports of the presence of large amounts of
phenolic compounds. Most phenolic compounds found in
wine can act as antioxidants. Likewise, the residues of
wine production are also characterized by high contents
of phenolic compounds due to their incomplete extraction
during wine production (Macheix et al., 1990; Oszmianski
and Lee, 1990).

The composition of grape seeds is basically (w/w) 40%
fiber, 16% essential oil, 11% protein, 7% complex
phenolic compounds like tannins, sugars, minerals, and
other substances (Campos et al., 2008). Grape skin is a
source of anthocyanidins and anthocyanins, natural
pigments with antioxidant properties acting through
inhibition of lipoperoxidation and which also have
antimutagenic activities (Pedreschi and Cisneros-
Zevallos, 2006). Brazilian wine production generates
approximately 59.4 million kg of pomace or 18 kg
pomace/100 | wine, which is treated as a residue with low
profit uses such as in animal feed and manure.
Therefore, studies on the use of this residue as a
valuable winery byproduct may lead to significant
economical gains and prevent or decrease environmental
problems caused by grape pomace accumulation
(Campos et al., 2008).

The extraction methodologies and analyzing techniques
of phenolic acids were summarized in a recent review
(Robbins, 2003). Besides the use of GC-MS to measure
the content of phenolic acids in foods (Zadernowski et al.,
2005; Plessi et al., 2006), more
studies employed high performance liquid
chromatography (HPLC) coupled with photodiode array
(PDA) detector (Mattila and Kumpulainen, 2002; Robbins
and Bean, 2004; Wen et al., 2005; Luthria and Pastor-
Corrales, 2006) or mass spectrometry (MS) (Ayaz et al.,
2005) to isolate and quantify phenolic acids, and the latter
became more popular for its efficiency and convenience
with no need of derivatization before analyzing (Robbins,
2003).

As far as literature survey could ascertain, there are
many reports in the literature concerning the
phytochemical composition of Vitis vinifera L. from all
over the world. However, grape is very special foodstuff
for many people and industries. As with other plants,
climatic conditions, soil type, altitude, humidity etc. affect

the quality and phenolic composition of grape. In parallel
to these differences, quality of products produced from
grape changes. Wine is one of the most important
examples of this. According to our literature search,
phenolic acid composition of the grape samples collected
from the East Mediterranean region of Turkey have not
been reported before. The aim of this study is
determining the phenolic acid composition and
antioxidant activity potential of V. vinifera collected from
Osmaniye-Turkey.

MATERIALS AND METHODS
Plant material

V. vinifera L. (barry colour: Adana black) was collected in August,
September and October 2008 from Duzici-Osmaniye, Turkey. The
voucher specimen has been deposited at the Herbarium of the
Department of Biology, Cumhuriyet University, Sivas, Turkey
(CUFH-Voucher No: AA3419).

Preparation of the extracts

Air-dried fruits of V. vinifera (250 g) were soaked in water for one
day with intermittent shaking and the supernatant decanted. The
entire process was repeated three times, using a fresh batch of
solvent each day. The individual combined extracts were filtered
through a nylon mesh, evaporated in vacuo and lyophilised to
obtain the respective extracts that were stored in a vacuum
desiccator’s. Extract yields of the samples were determined as
following; August (Au) 12.7%, September (Se) 14.9% and October
(Oc) 11.1% (w/w), respectively.

HPLC-DAD analysis of phenolic compounds

The phenolic compound profiles were determined according to the
procedure proposed by Chirinos et al. (2008). Spectral data were
recorded from 200 to 700 nm during the whole run. An X-terra
RP18 (5 mm, 250 x 4.6 mm) column (Waters, Milford, MA) and a
4.6 x 2.0 mm guard column were used for phenolic separation at
30°C. The mobile phase was composed of solvent (A) water: acetic
acid (94:6, viv, pH 2.27) and solvent (B) acetonitrile. The solvent
gradient was as follows: 0—-15% B in 40 min, 15-45% B in 40 min
and 45-100% B in 10 min. A flow rate of 0.5 ml/min was used and
20 ml of sample were injected. Samples and mobile phases were
filtered through a 0.22 mm Millipore filter, type GV (Millipore,
Bedford, MA) prior to HPLC injection. Each fraction was analysed in
duplicate. Phenolic compounds were identified and quantified by
comparing their retention time and UV-Vis spectral data to known
previously injected standards.

Antioxidant activity

Chemicals

Potassium ferricyanide, ferrous chloride, ferric chloride, Folin—
Ciocalteu’s reagent (FCR), methanol, and trichloroacetic acid (TCA)
were obtained from E. Merck (Darmstadt, Germany). 1,1-Diphenyl-
2-picrylhydrazyl (DPPH) and butylated hydroxytoluene (BHT) were
obtained from Sigma Chemical Co. (Sigma—Aldrich GmbH,
Sternheim, Germany). All other chemicals and solvents were of
analytical grade.



Total antioxidant activity by g-carotene-linoleic acid method

In this assay antioxidant capacity is determined by measuring the
inhibition of the volatile organic compounds and the conjugated
diene hydroperoxides arising from linoleic acid oxidation
(Dapkevicius et al., 1998). A stock solution of B-carotene-linoleic
acid mixture was prepared as following: 0.5 mg B-carotene was
dissolved in 1 ml of chloroform (HPLC grade). 25 pl linoleic acid and
200 mg Tween 40 was added. Chloroform was completely
evaporated using a vacuum evaporator. Then 100 ml of oxygenated
distilled water was added with vigorous shaking; 2.5 ml of this
reaction mixture was dispersed to test tubes and 0.5 ml of various

concentrations (0.4-2.0 mg ml'l) of the extracts in methanol and
water were added and the emulsion system was incubated for up to
2 h at 50°C. The same procedure was repeated with the positive
control BHT, BHA and a blank. After this incubation period,
absorbance of the mixtures was measured at 490 nm.
Measurement of absorbance was continued until the color of -
carotene disappeared. The bleaching rate (R) of p-carotene was
calculated according to Equation 1.

=In (a/b)/t (1)

Where, In=natural log, a=absorbance at time 0, b=absorbance at
time t (30, 60, 90, 120 min) (Cheung et al., 2003). The antioxidant
activity (AA) was calculated in terms of percent inhibition relative to
the control using Equation 2.

AA = [(RControI - RSampIe) / RControI] x 100 (2)

Antioxidative activities of the extracts were compared with those of

BHT and BHA at 0.4 mg mi™* and blank consisting of only 0.5 ml
methanol and water.

Scavenging effect on 1,1-Diphenyl-2-picrylhydrazyl

The hydrogen atoms or electrons donation ability of the
corresponding extracts and some pure compounds were measured
from the bleaching of purple colored methanol solution of DPPH.
The effect of methanolic extracts on DPPH radical was estimated
according to Hatano et al. (1988). 1 ml of various concentrations

(0.2-0.8 mg ml'l) of the extracts in methanol and water was added
to a 1 ml of DPPH radical solution in methanol (final concentration
of DPPH was 0.2 mM). The mixture was shaken vigorously and
allowed standing for 30 min; the absorbance of the resulting
solution was measured at 517 nm with a spectrophotometer
(Shimadzu UV-1601, Kyoto, Japan). Inhibition of free radical DPPH
in percent (I %) was calculated in following way:

1% = 100 x (Acontrol — Asample) /Acontrol

Where, Acontrol is the absorbance of the control reaction (containing
all reagents except the test compound), and Asampe is the
absorbance of the test compound. BHT and BHA were used as a
control.

Reducing power

The reducing power was determined accordln? to the method of

Oyaizu (1986). Each extract (0.2-1.0 mg ml ™) in methanol and
water (2.5 ml) was mixed with 2.5 ml of 200 mM sodium phosphate
buffer (pH 6.6) and 2.5 ml of 1% potassium ferricynide and the
mixture was incubated at 50°C for 20 min. Then, 2.5 ml of 10%
trichloroacetic acid were added, and the mixture was centrifuged at

200 g (MSE Mistral 2000, London, UK) for 10 min. The upper layer
(2.5 ml) was mixed with 2.5 ml of deionized water and 0.5 ml of
0.1% ferric chloride. Finally the absorbance was measured at 700
nm against a blank. BHT and BHA were used as a control.

Chelating effects on ferrous ions

The chelating effect was determined according to the method of
Dinis et al. (1994). Briefly, 2 ml of various concentrations (0.25-1.00
mg ml'l) of the extracts in methanol was added to a solution of 2
mM FeCl2 (0.05 ml). The reaction was initiated by the addition of 5
mM ferrozine (0.2 ml). Then, the mixture was shaken vigorously
and left at room temperature for 10 min. Absorption readings at 562
nm were taken after 10 min against a blank sample consisting of a
2 ml extract solution with 2 mM FeClz (0.05 ml) and water (0.2 ml)
without ferrozine. The inhibition percentage of ferrozine—Fe2+
complex formation was calculated by using the formula given
below:

Metal chelating effect (%) = [(Acontrol - Asample)/Acontrol] X100

Where Acontrol is the absorbance of control (The control contains
FeClz and ferrozine, complex formation molecules) and Asample is the
absorbance of the test compound. EDTA was used as a control.

Assay for total phenolics

Total phenolic constituent of the extracts were determined by
employing the methods given in the literature (Chandler and Dodds,
1983; Slinkard and Singleton, 1977) involving Folin-Ciocalteu
reagent and gallic acid as standard. 1 ml of extract solution
containing 2000 pg extract was added to a volumetric flask. 45 mi
distilled water and 1 ml Folin-Ciocalteu reagent was added and
flask was shaken vigorously. After 3 min, a 3 ml of Na2COs (2%)
solution was added and the mixture was allowed to stand for 2 h by
intermittent shaking. Absorbance was measured at 760 nm. The
concentrations of phenolic compounds were calculated according to
the following equation that was obtained from the standard gallic
acid graph:

A =0.0241 gallic acid(ng) — 0.0307 (R2 :0.9997)

Assay for total flavonoids

Total flavonoid content was determined using the Dowd method as
adapted by Arvouet-Grand et al. (1994). Briefly, 1 ml of 2%
aluminium trichloride (AICI3) in methanol was mixed with the same
volume of the solvent extracts (2000 pg). Absorption readings at
415 nm were taken after 10 min against a blank sample consisting
of 1 ml extract solution with 1 ml methanol without AICls. The
concentrations of flavonoid compounds were calculated according
to the following equation that was obtained from the standard
quercetin graph:

—0.0125

Absorbance = 0.0273 quercetin (ug) (RZ: 0.9984)

RESULTS AND DISCUSSION
Composition of phenolic compounds

For determining the phenolic acid composition of the
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Figure 1. Chromatographic profiles of V. vinifera samples. (Peak numbers corresponding to the phytochemicals: 1:
gallic acid, 2: 2,3-dihydroxybenzoic acid, 3: vanillic acid, 4: caffeic acid, 5: unidentified, 6: p-coumaric acid, 7: ferulic
acid, 8: unidentified, 9: cinnamic acid, 10: unidentified, 11: unidentified, 12: luteolin, 13: unidentified, 14: apigenin).

grapes collected in different seasons, samples were
screened via an HPLC-DAD instrument. By this way,
amounts of gallic acid, 2,3-dihydroxybenzoic acid, vanillic
acid, caffeic acid, p-coumaric acid, ferulic acid, cinnamic
acid, Iluteolin and apigenin were determined
guantitatively. Table 1 shows the amounts of the
identified phenolic compounds together with the
unidentified phytochemicals. Chromatograms obtained
from the HPLC analysis were also presented in Figure 1.

As can be seen from the Table 1, for comparing the
effect of season on the phenolic composition, samples
were collected in August, September and October,

respectively. When compared, September sample was
the riches one in terms of phenolic acids and flavonoids
studied. This is followed by August and October samples,
respectively. In August and September samples, p-
coumaric and cinnamic acids were determined as the
major phenolic acids. In October sample, luteolin was
also determined as the major compound (6.52 mg.100
ml'l) in addition to p-coumaric and cinnamic acids. In
September sample, amounts of p-coumaric and cinnamic
acids were determined as 13.60 and 22.37 mg.100 g'l,
respectively.

Phenolic compounds of V. vinifera have been



Table 1. Chromatographic and spectral characteristics of V. vinifera samples.

Grape varieties Peak number Retention time (min) Phenolic compound Amount (mg/100 g fw)
1 7.2 Gallic acid 0.18
2 8.4 2,3-dihydroxybenzoic acid 0.05
3 16.0 Vanillic acid 0.03
4 16.9 Caffeic acid 0.02
5 19.6 Unidentified 0.02
6 21.8 P-coumaric acid 3.62
7 23.4 Ferulic acid 0.08

August . .

8 46.4 Unidentified 0.12
9 50.9 Cinnamic acid 6.82
10 53.6 Unidentified 0.19
11 55.3 Unidentified 0.24
12 59.4 Luteolin 0.22
13 61.1 Unidentified 0.46
14 63.3 Apigenin 0.28
1 7.2 Gallic acid 0.43
2 8.5 2,3-dihydroxybenzoic acid 0.18
3 16.0 Vanillic acid 0.20
4 16.8 Caffeic acid 0.06
5 19.5 Unidentified 0.16

September 6 215 P-coumaric acid 13.60
7 22.6 Ferulic acid 0.16
8 51.6 Cinnamic acid 22.37
9 54.4 Unidentified 0.76
10 56.4 Unidentified 0.57
11 58.8 Luteolin 0.68
12 64.6 Apigenin 0.64
1 7.3 Gallic acid 0.39
2 8.6 2,3-dihydroxybenzoic acid 0.17
3 16.4 Vanillic acid 0.13
4 16.9 Caffeic acid 0.03
5 19.4 Unidentified 0.14
6 21.7 P-coumaric acid 10.88
7 22.8 Ferulic acid 0.15

October 8 46.4 Unidentified 0.26
9 49.5 Unidentified 0.22
10 51.4 Cinnamic acid 7.25
11 54.0 Unidentified 0.29
12 57.3 Luteolin 6.52
13 59.6 Unidentified 3.42
14 62.8 Apigenin 0.78
15 63.7 Unidentified 0.28

Vanillic acid, cinnamic acid were quantified at 280 nm using their corresponding standard aglycons, Apigenin and luteolin (flavones)
were quantified at 320 nm using their corresponding standard aglycons.

evaluated many times (Rockenbach et al., 2011; Chiou et foodstuff for many industries. Products produced from the

al., 2007; Santos et al.,, 2011; Casazza et al.,, 2010; grape may vary in terms of phenolic compound content.
Bozan et al., 2008; Orak, 2007). However, as mentioned Grape can be produced in any land of the world.
within the first section of this study, grape is an important However, some grape varieties grown in certain areas



Table 2. Antioxidant activity (%) of V. vinifera samples at different
concentrations measured by B-carotene—linoleic acid method®.

Sample concentration (mg ml'l)

Sample

0.4 1.0 2.0
August 78.54 £ 1.26 83.14 + 1.66 88.45+2.72
September 81.21+£0.36 87.23+£1.16 92.12 £ 0.33
October 86.13+0.72 93.42 +0.27 97.25+£0.21
BHT 94.56 + 0.14 - -
BHA 94.05 + 0.54 - -

a
Values expressed are means + S.D. of three parallel measurements.

Table 3. Scavenging effect (%) on 1.1-Diphenyl-2-picrylhydrazyl of V.
vinifera samples at different concentrations®.

Sample concentration (mg mi ™)

Sample

0.2 0.4 1.0
August 67.82 + 0.62 86.98 +1.74 82.78 £ 2.19
September 34.84 +0.51 66.65 + 0.42 84.17 +1.18
October 37.80+1.43 66.07 £ 1.63 89.94+0.14
BHT 95.46 £ 0.19 - -
BHA 95.89 + 0.26 - -

a
Values expressed are means + S.D. of three parallel measurements.

have a special importance due to their phenolic
composition. In this respect, grape varieties grown in
Turkey are highly valuable and the wines produced from
these varieties are very famous. As far as our literature
survey could ascertain, phenolic compound composition
of the grape species collected from the East
Mediterranean region of Turkey have not previously been
reported.

Antioxidant activity

There are several ways of determining the antioxidant
activities of the plant samples. By using two or more
complementary test systems, researchers can obtain
different activity profiles even in a single plant species.
These differences may result from differences in defatting
process before extraction, moisture content of material,
solvent used for extraction, time and temperature for
extraction, method for determination of antioxidant
activity.

Lipid oxidation has been hypothesized a major
consequence of free radical cell damage. It may alter
intrinsic membrane properties, due to physicochemical
changes of oxidized lipids or, consequently, to cross-
linking and polymerization of membrane components
(Esterbauer et al, 1991). Lipid oxidation may also
indirectly contribute to other deleterious effects of
ischemia/reperfusion, because it enhances phospholipid

susceptibility to degradation by phospholipase (Sevanian
et al., 1981; Weglicki et al., 1984) and increases
membrane calcium permeability (Bagchi et al., 1997).

According to the results obtained from f-
carotene/linoleic acid method, the most active sample
was the October (Table 2). It showed great activity
potential at 2.0 mg mi™ concentration (97.25%). This is
closely followed by the September sample. Antioxidant
activity of the synthetic agents BHT and BHA were found
superior to the samples tested.

Various extracts might react with free radicals,
particularly the peroxy radicals, which are the major
propagators of the autoxidation chain of fat, thereby
terminating the chain reaction. Antioxidant activity of
natural antioxidants has been shown to be involved in
termination of free radical reaction (Shimada et al., 1992).
Furthermore, Herraiz et al. (2003) found that an essential
amino acid L-tryptophan, which is one of the precursors
of many secondary metabolites, could react with phenolic
aldehydes in food to form phenolic tetrahydro-p-carboline
alkaloids that scavenged 2,2-azinobis (3-
ethylbenzothiazoline)-6-sulfonic acid effectively.
Therefore, the presence of L-tryptophan in various
extracts might most likely account for the scavenging
activity on DPPH radicals.

The DPPH radical scavenging activity values of the
samples are presented in Table 3. From the analysis of
Table 3, we can conclude that the scavenging effects of
the extracts on DPPH radical increased dose



Table 4. Reducing power (absorbance at 700 nm) of V. vinifera samples at
different concentrations®.

Sample concentration (mg ml'l)

Sample

0.2 0.4 1.0
August 0.248 + 0.011 0.513 + 0.037 1.081 £ 0.046
September 0.243 £ 0.015 0.488 £ 0.001 1.110 £ 0.028
October 0.263 = 0.004 0.553 + 0.024 1.299 £ 0.041
BHT 2.016 £ 0.013 - -
BHA 2.410 + 0.027 - -

a
Values expressed are means + S.D. of three parallel measurements.

Table 5. Chelating effect (%) of V. vinifera samples at different concentrations®.

Sample concentration (mg mi ™)

Samples

0.25 0.50 1.00
August 81.37 £ 0.55 84.80 £ 0.55 88.24 +1.11
September 85.39 + 1.66 90.05 +0.76 94.26 + 2.43
October 87.21+0.49 93.68 £ 0.21 96.81 £ 0.21
EDTA 97.89 + 0.69 - -

a .
Values expressed are means + S.D. of three parallel measurements, na, not active.

dependently. Free radical scavenging capacity of the
October sample was determined as 89.98% at 1.0 mg/ml
concentration value. DPPH free radical scavenging
potentials of the synthetic antioxidants BHT and BHA at
0.2 mg/ml concentration were found as 95.46 and
95.89%, respectively.

It was reported that the reducing power properties are
generally associated with the presence of reductones,
which have been shown to exert antioxidant action by
breaking the free radical chains by donating a hydrogen
atom (Barros et al., 2007; Shimada et al., 1992). In the
present study, assay of reducing activity was based on
the reduction of Fe +/ferricyanide complex to the ferrous
form in presence of reductants (antioxidants) in the tested
samples. The Fe?* was then monitored by measuring the
formation of Perl’'s Prussian blue at 700 nm (Oyaizu,
1986).

Table 4 shows the reducing power of the extracts as a
function of their concentration. The reducing power of the
samples was increased with concentration. Reducing
power of October sample was determined as 1.299 +
0.041 nm at 1.0 mg/ml concentration. Data obtained from
the synthetic antioxidants BHT and BHA were also
recorded as 2.016 = 0.013 and 2.410 + 0.027 nm,
respectively at 0.2 mg/ml concentration.

Chelating agents may serve as secondary antioxidants
because they reduce the redox potential thereby
stabilizing the oxidized form of the metal ions. Metal ions
can initiate lipid peroxidation and start a chain reaction
that leads to the deterioration of food (Gordon, 1990).
The catalysis of metal ions also correlates with incidents
of cancer and arthritis (Halliwell et al., 1995). Ferrous

ions, the most effective pro-oxidants, are commonly
found in food systems (Yamaguchi et al., 1998).

In the present study, the chelating ability of the grape
samples toward ferrous ions was also investigated. Table
5 shows the chelating effects of grapes. In this study,
EDTA was also used as standard on ferrous ions. Among
the extracts tested, frappe collected in October showed

: . -1
the most powerful chelating capacity at 1.0 mg ml
concentration (96.81 = 0.21%). Chelating effect of EDTA
was also determined as 97.89 + 0.69% at 0.25 mg mI'1
concentration.

Phenolic compounds such as flavonoids, phenolic
acids, and tannins are considered to be major
contributors to the antioxidant capacity of plants. These
antioxidants also possess diverse biological activities,
such as anti-inflammatory, anti-atherosclerotic and anti-
carcinogenic activities. These activities may be related to
their antioxidant activity (Chung et al., 1998). Thus, the
total phenolic content of the samples was also evaluated,
using the Folin—Ciocalteu method. As can be seen from
the Table 6, amounts of phenolics and flavonoids were
determined as 201.68 + 1.66 and 16.54 + 0.04 pg mg'1
for the October samples which is the richest one among
the others, respectively.

In a conclusion, phenolics are one of the major groups
of nonessential dietary components that have been
associated with the inhibition of atherosclerosis and
cancer, so it is important to consider the effect of the
phenolic content on the biological activities of plant
samples. The bioactivity of phenolics may be related to
their ability to chelate metals, inhibit lipoxygenase and
scavenge free radicals. The food industry should take a



Table 6. Total phenolics and flavonoids V. vinifera samples 2

Sample Phenolic content (ug GAEs/mg extract)D Flavonoid content (ug QEs/mg extract)C
August 115.16 +1.88 15.98 + 0.25
September 148.50 £ 0.44 8.07 £0.94
October 201.68 £ 1.66 16.54 + 0.04

b S .
% Values expressed are means * S.D. of three parallel measurements, = GAEs. gallic acid equivalents, ¢ QEs.

quercetin equivalents.

note to use various plant extracts as a potential source of
phenolics. Plant extracts can be used instead of synthetic
antioxidants. Antioxidant properties of plant species are
among the major research topics for the many scientists.
By these studies, thousands of plant species have been
identified for their antioxidant and antimicrobial potentials.
As mentioned above, grape varieties grown in certain
areas have a special importance due to their phenolic
composition. In this respect, grape varieties grown in
Turkey are highly valuable and the wines produced from
these varieties are very famous. This could be assumed
as the first report on the phenolic compound composition
of the grape species collected from the East
Mediterranean region of Turkey.
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