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Abstract: This study was designed to examine the in vitro antioxidant activities and total phenolic contents
of various extracts prepared by using solvents of varying polarity from three different seed of grape varieties
(Vitis vinifera 1..) of which local names are Siyah gemre, Adana Karasi and Tilki kuyrugu in Tukish folk
medicine, respectively. The extracts were screened for their possible antioxidant activity by two complementary
test systems namely DPPH free radical scavenging and P-carotene/linoleic acid. In the first case, polar fractions
of the methanol extracts of grape seeds exerted excellent activity patterns than those of non-polar fractions,
while hexane and dichloromethane extracts did not exhibited activity. Among the polar ones, the most active
extract was Adana karasi (5.9040.20 ug m1.™), followed by Tilki kuyrugu and Siyah gemre (6.40+20.50 pg mL ™
and 6.90+0.40 ug mL ", respectively). In DFPH system, grape seeds exerted two-fold greater antioxidant activity
than that of synthetic antioxidant BHT. In [-carotene/linoleic acid test system, mhibition of linoleic acid
oxidation was effectively achieved by polar and non-polar extracts of Siyah gemre. In this system, polar extracts
exhibited greater antioxidant activity than those of non-polar ones, whereas hexane and dichloromethane
extracts had no activity. The amount of total phenolics was highest i polar and non-polar extracts of grape
seeds. Hspecially, a positive correlation was observed between total phenolic content and antioxidant activity
of polar extracts. As estimated from the results given above, amount of phenolic compounds were less in
hexane and dichloromethane extracts than the others. In conclusion, antioxidant potentials of polar and non-
polar methanol extracts could be attributed to their ugh phenolic content.
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INTRODUCTION

Consumption of foods containing sigmificant
amounts of poly-unsaturated fatty acids has increased the
importance and use of the antioxidants to prevent
oxidation. The addition of antioxidants 1s a method of
mcreasing the self-life, especially of lipids and lipid
containing foods. Synthetic antioxidants, such as
Butylated Hydroxyanisole (BHA) and Butylated
Hydroxytoluene (BHT), have restricted use m foods as
these synthetic antioxidants are suspected to be
carcinogenic (Madavi and Salunkhe, 1995). Therefore, the
importance of search for natural antioxidants, especially of
plant origin, has greatly increased i recent years
(Jayaprakasha and Jaganmohan Rao, 2000).

Grapes are considered as the world’s largest firuit
crops, with an approximate annual production of 65 million

metric tones. Functional ingredients of grape seeds
mclude several flavonoids with a phenolic nature such as
monomeric flavonoids (catechin and  epicatechin),
dimeric, trimeric and polymeric procyaniding and
phenolic acids (gallic acid and ellagic acid). These
flavonoids have been reported to extubit antioxidant
activity in vivo and in vitro in a munber of studies. The
antioxidant activity of flavonoids is closely associated
with activity against various cancer types, cardiovascular
diseases and several dermal disorders (Yilmaz and
Toledo, 2004).

Flavonoids easily scavenge aqueous free radicals
(Teissedre and Landrault, 2000) because of their
amphipatic characteristics (Riou ef af., 2002). Polyvalent
phenols m the flavonoid molecular structure allow some
flavonoids to chelate metal ions. Phenolic acids,
precursors of flavonoids, such as hydroxycinamic acid
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(cafeic, coumaric, ferulic and sinapic acids),
hydroxycoumarin (scopoletin) and hydroxybenzoic acids
(ellagic, gallic and vanillic acids) can form complexes with
metals (Reische er al, 1998). Flavonoids can also
scavenge superoxide anions (Robak  and
Gryglewski, 1988).

The literature outlines different approaches for
determination of the antioxidant activities of the plant
extracts. Therefore, different methodological approaches
lead to scattered results, which are hardly comparable and
often conflicting (Zygadlo et al., 1995, Mantle ez al., 1998;
Ruberto and Baratta, 2000, Koleva et af., 2002). A plethora
of different antioxidant assays in available and because
results rely on different mechanisms, they strictly depend
on the oxidant/antioxidant models employed and on
lipophilic/hydrophilic balance (Frankel ef al., 1994). A
single/substance/single-assay produces relative results
and it is perceived as a reductive approach whenever a
phyto-complex 18 involved. Therefore, antioxidant
activities of the plant extracts studied here were
determined by two complementary test systems namely
DPPH free radical scavenging and B-carotene/linoleic
acid systemmns.

The aim of present research is to determine i vitro
antioxidant activities and amount of total phenolics of
various extracts prepared by using solvents of varying
polarity from three different seed of grape varieties

(Vitis vinifera L.) of Turkish flora.
MATERIALS AND METHODS

Collection of plant material: Localities and collection
periods of the varieties studied are as follow,

Siyah Gemre: Deregumu village, Isparta, Turkey; 15th
September, 2004 (Berry color: black)

Adana Karasi: Duzici, Osmaniye, Turkey;, 15th
August, 2004 (Berry color: Black)

Tilki Kuyrugu: Deregumu village, Isparta, Turkey;
15th September, 2004 (Berry color: White)

The voucher specimens have been deposited at the
Herbarium of the Department of Biology, Cumhuriyet
University, Sivas-Turkey (CUFH-Voucher No. 1-AA3435;
2-AA3419; 3-AA3436, respectively).

Preparation of the extracts: Extracts of ground grape
seeds were prepared by using solvents of hexane,
dichloromethane and methanol. A portion (100 g) of grape
seeds was extracted with hexane (HE) (515, 6.91 and
18.15%; w/w, respectively), followed by dichloromethane
(DCM) (1.82, 1.75 and 1.94%,; w/w, respectively) and
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methanol (MeOH) in a Soxhlet apparatus (6 h for each
solvent) (Sokmen et al., 1999). Methanolic extracts were
also further fractionated to obtamn polar (8.19, 5.27 and
13.14%; w/w, respectively) and non-polar sub-fractions
(2.27,1.51 and 3.18%; w/w, respectively).

Antioxidant activity

DPPH assay: The hydrogen atom or electron donation
ability of the corresponding extracts and some pure
compounds was measured from the bleaching of purple
colored  methanol of DPPH. This
spectrophotometric assay (Pharmacia, Uppsala, Sweden-
LKB-Novaspec II) uses stable radical
diphenylpicrylhydrazyl (DPPH) as a reagent (Sigma-
Aldrich) (Cuendet ef al., 1997; Burits and Bucar, 2000).
Fifty microliter of various concentrations of the extracts
in methanol was added to 5 ml of a 0.004% methanol
solution of DPPH. After a 30 min incubation period at
room temperature the absorbance was read against a
blank at 517 nm. Inhibition free radical DPPH in percent
(T%) was calculated as follows:

solution

1% = (Ablank_AsamplE/Ablaﬂk)xl 00

Where A, is the absorbance of the control reaction
(containing all reagents except the test compound) and
A 18 the absorbance of the test compound. Extract
concentration providing 50% Inlibition (IC.) was
calculated from the graph plotted inhibition percentage
against extract concentration. Tests were carried out in
triplicate and Butylated Hydroxytoluene (BHT), ascorbic
acid, curcumine and g-tocopherol were also used as
positive controls.

B-Carotene-linoleic acid assay: In this assay antioxidant
capacity 1s determined by measuring the mhibition of the
volatile organic compounds and the conjugated diene
hydroperoxides arising from linoleic acid oxidation
(Barriere et al., 2001).

A stock solution of P-carotene/linoleic acid
(Sigma-Aldrich) was prepared as follows. First, 0.5 mg
of P-carotene was dissolved in 1 ml. of chloroform (HPL.C
grade), then 25 pL of linoleic acid and 200 mg of Tween 40
(Merck) were added. The chloroform was subsequently
evaporated using a vacuum evaporator (Blchi, Flawil,
Switzerland). Then 100 mL of distilled water saturated with
oxygen (30 min at 100 mL min ") was added with vigorous
shaking. Aliquots (2.5 mL) of this reaction mixture were
transferred to test tubes and 350 pl. portions of the
extracts (2 mg mL™" in ethanol) was added before
mcubating for 48 h at room temperature. The same

procedure was repeated with BHT at the same
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concentration and a blank containing only 350 pl. of
ethanol. After the incubation period the absorbances of
the mixtures were measured at 490 nm. Antioxidant

capacities of the samples were compared with those of
BHT and the blank.

Assay for total phenolics: Total phenolic constituents of
aforesaid extracts of S. fomentosa were performed
employing the literature methods involving Folin-
Ciocalteu reagent and gallic acid as standard (Slinkard and
Singleton, 1977, Chandler and Dodds, 1983). 0.1 mL of
extract solution contaimng 1000 pg extract was taken in a
volumetric flask, 46 mL distilled water and 1 mL Folin-
Ciocalteu reagent were added and flask was shaken
thoroughly. After 3 min, 3 mL of solution 2% Na,CO, was
added and the mixture was allowed to stand for 2 h with
intermittent shaking. Absorbance was measured at
760 nm. The same procedure was repeated to all standard
gallic acid solutions (0-1000 mg 0.1 mL™") and standard
curve was obtained that equation given below:

Absorbance: 0.0012xGallic acid (pg) + 0.0033
RESULTS AND DISCUSSION

In the light of the differences among the wide number
of test systems available, the results of a single-assay can
give only a reductive suggestion of the antioxidant
properties of extracts toward food matrices and must be
interpreted with some caution. Moreover, the chemical
complexity of extracts, often a mixture of dozens of
compounds with different functional groups, polarity and
chemical behavior, could lead to scattered results,
depending on the test employed. Therefore, an approach
with multiple assays in screening work is highly
advisable. Among the plethora of methods that can be
used for the evaluation of the antioxidant activity (TEAC,
TRAP, LDL, DMPD, FRAP, ORAC, DPPH, PCL and -
carotene bleaching), very few of them (TEAC, DPPH, PCL)
are useful for determining the activity of both hydrophilic
and liphophilic species, thus ensuring a better comparison
of the results and covering a wider range of possible
applications (Sacchetti et al., 2005). Takmng this mto
account, the ir vifro antioxidant activity of the extracts
tested, compared to that of BHT, ascorbic acid and
curcumine and «-tocopherol were assessed by two
different tests; DPPH free radical scavenging and -
carotene/limoleic acid systems.

Free radical scavenging capacities of the
corresponding extracts were measured by DPPH assay
and the results are shown in Table 1. In this system, polar
subfraction of the methanolic extracts of grape seeds

exhibited notable antioxidant potential than those of non-
polar ones. The most active polar extract was Adana
Karasi with an IC;; value of 5.90+0.20 ug mL™", while
Siyah gemre exerted greater antioxidant activity than
those of other non-polar extracts (7.0040.40 pg mL ™). All
of the polar and non-polar extracts obtained from grape
seeds studied here exhibited greater antioxidant activities
than that of synthetic antioxidant BHT (18.00+0.40
ug mL ™). On the other hand, hexane and dichloromethane
extracts were remained almost inactive.

In p-carotene/linoleic acid assay, similar activity
pattermns were obtained (Table 2). As happened in DPPH
system, polar extracts were also exerted greater activities
than those of non-polar ones in this system. Especially,
mhibition ratio of the oxidation of linoleic acid of the polar
sub-fraction of Siyah gemre (95.62+3.54%) was too close
to the synthetic antioxidant BHT (96.60+1.29%).

Based on the absorbance values of the various
extract solutions, reacted with Folin-Ciocalteu reagent and
compared with the standard solutions of gallic acid
equivalents as described above, results of the colorimetric

Table 1: Free radical scavenging capacities of the extracts measured in

DPPH assay

Varieties Extracts ICy (ug ml.™)

Siyah gemnre Hexane -
Dichloromethane -
Methanol/polar sub-fraction 6.90+0.40
Methanolmon-polar sub-fraction 7.00£0.40

Adana karasi Hexane -
Dichloromethane -
Methanol/polar sub-fraction 5.90+0.20
Methanolmon-polar sub-fraction 11.00+0.30

Tilki kuyrgu Hexane -
Dichloromethane -
Methanol/polar sub-fraction 6.40+0.50
Methanolmon-polar sub-fraction 12.60£0.70
BHT 18.00+0.40
Ascorbic acid 3.80+0.10
Curcumine 7.80+0.30
z-tocopherol 6.50+£0.70

'Results are means of three different experiments

Table 2: Inhibition ratio of the linoleic acid oxidation by the extracts’

Varieties Extracts Inhibition (%6)
Siyah gemnre Hexane -
Dichloromethane -
Methanol/polar sub-fraction 95.6243.54
Methanolmon-polar sub-fraction 87.034£2.49
Adana karasi Hexane -
Dichloromethane -
Methanol/polar sub-fraction 88.0442.42
Methanolmon-polar sub-fraction 83.60+1.57
Tilki kuyrugu Hexane -
Dichloromethane -
Methanol/polar sub-fraction 80.60+1.13
Methanolmon-polar sub-fraction 59.9441.74
BHT 96.60+1.29
Ascorbic acid 94.50+2.14
Curcumine 89.30+1.86
z-tocopherol 96.65+1.72

'Results are means of three different experiments
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Table 3: Amounts of total phenolic compounds in grape seed extracts!
Gallic acid equivalent

Varieties Extracts (ugmg™h

Siyah germre Hexane 11.94+1.54
Dichloromethane 14.92£1.26
Methanol/polar sub-fraction 197.33+£3.52
Methanol/non-polar sub-fraction 199.55+2.72

Adana karasi Hexane 8.42+1.44
Dichloromethane 16.77£1.62
Methanol/polar sub-fraction 181.76+2.64
Methanol/non-polar sub-fraction 195.724+4.17

Tilki kuyrugn ~ Hexane 6.44+1.74
Dichloromethane 11.75¢1.49
Methanol/polar sub-fraction 187.65+3.43
Methanol/non-polar sub-fraction 196.9241.76

'Results are means of three different experiments

analysis of total phenolics are given in Table 3. The
amount of the total phenolics was lighest 1 the polar
sub-fractions, followed by non-polar sub-fractions of
grape seeds. The lowest amount of total phenolics was
recorded in hexane extracts of the seeds. It 15 extremely
umportant to point out that, there 1s a positive correlation
between antioxidant activity potential and amount of
phenolic compounds. Additionally, in grape seeds, no
relation was found between antioxidant activities and total
phenolic compounds and the color of berries that the
seeds were taken from.

The presence of bicactive compounds in grapes,
mainly phenolic compounds and the synergistic effects
among them, have been related to their antioxidative
properties (Frankel et al., 1995; Soleas et al., 1997). The
phenolic compounds in grapes range from simple
compounds (monomers) to complex tanmn-type
substances (oligomers and polymers). The antioxidant
compounds present in grape have been identified as
phenolic acids (benzoic and hydroxycinnamic acids),
stilbene derivatives (resveratrol), flavan-3-ols (catechin,
epicatechin), flavonols (kaempferol, quercetin, myrcetin)
and anthocyanins (Miller and Rice-Evans, 1995; Vinson
and Hontz, 1995; Ghiselli et al., 1998). One of the most
abundant of these phenolic compounds 1s the flavan 3-ol,
catechin (Singleton, 198%). The flavan 3-ols are mamly
localized in the seeds and the skin (Thorngate and
Singleton, 1997) although traces of monomers and dimers
have been detected mn the pulp (Bourzeix ef al., 1986,
Ricaroo-Da-Silva et al., 1992). The phenolic acids of grape
are hydixycinnamic acids which are in the form of esters
of the tartaric acid in the skin and pulp (Ribereau-Gayon,
1965). On the other hand, the flavonols present in the
white and red grape are localized only m the skan (Wulf
and Nagel, 1980; Cheynier and Rigaud, 1986). Similarly,
the stilbene derivatives are only located in the skin of the
grapes (Jeandet et al., 1991, Lamuela-Raventos et al,
1995). The anthocyanidins, present only in red grapes, are
generally localized in the skin (Amrani-Toutei, 1993) and
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for some type of vines, in pulp (Pecket and Small, 1980).
The procyanidin  composition of grape seeds has
been  determined (Lee and Jarowski, 1997).
Escribano-Bailon ef al. (1992) has reported 17 chemical
constituents in Vitis vinifera grape seeds. Gabetta et al.
(2000) reported the presence of monomers to heptamers
and their gallates in grape seeds.

In order to prolong the storage stability of foods and
to reduce the damage to human body, synthetic
antioxidants are used for industrial processing. But
according to toxicologists and nutritionists, the side
effects of some synthetic antioxidants such as Butylated
Hydroxyanisole (BHU) and Butylated Hydroxytoluene
(BHT) have already been documented. For example these
substances can show carcinogenic effects m living
organisms (Ames, 1983; Baardseth, 1989). From this pomt
of view, governmental authorities and consumers are
concerned about the safety of their food and about the
potential  effects of synthetic additives on health
(Reische et al., 1998). When compared to the antioxidative
potentials of the standard compounds used in this study
(BHT, ascorbic acid, curcumine and ¢-tocopherol),
methanolic sub-fractions of the grape seeds exerted
strong antioxidant activity. Hspecially, antioxidative
performance of the sub-fractions was greater than that of
BHT. In conclusion results of our study provides
evidence that methanolic extracts with their sub-
fractions deal with here could be used m the field of

natural products.
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