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Abstract: This study was carried out to evaluate the antioxidant activity of grape seed extracts (GSEs) by using
various i vitro antioxidant assays. Total phenolic compounds and flavonoids were determined in GSEs (water
and ethanol). Antioxidant activity of GSEs was evaluated by various antioxidant assays, including total
antioxidant capacity, reducing power, DPPH radical scavenging, nitric oxide scavenging, hydroxyl radical
scavenging and metal ion chelating activities. The various antioxidant activities were compared to ascorbic acid
as standard antioxidant. The results showed that GSEs contained a logical amount of phenolic compounds and
flavonoids. Therefore, it was demonstrated that the extracts of the grape seeds are good scavengers of reactive
oxygen species (ROS). The lugher antioxidative activity of ethanol grape seed extract (EGSE) in comparison with
water grape seed extract (WGSE) was associated with its content of total phenolics and flavonoids. The results
suggested that these extracts are a potential source of natural antioxidants that may be used n pharmaceutical

or food mdustry.
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INTRODUCTION Grapes (Vitis vinifera) are one of the most widely

Oxidative stress, mduced by oxygen radicals, 1s
believed to be a primary factor n various degenerative
diseases, such as cancer, atherosclerosis, gastric ulcer
and other conditions [1, 2]. Many antioxidant compounds,
naturally occurring from plant sources, have been
identified as a free radical or active oxygen scavengers.
Recently, interest has increased considerably in finding
naturally occurring antioxidants for use in foods or
medicinal materials to replace synthetic antioxidants,
which are being restricted due to their side effects such as
carcinogenicity [3]. In addition, natural antioxidants have
the capacity to improve food quality and stability and can
also act as nutraceuticals to terminate free radical chain
reactions m biological systems and thus may provide
additional health benefits to consumers. The mtake of
antioxidants such as polyphenols has been effective in
the prevention of these diseases [4]. Polyphenols belong
to a heterogeneous class of compounds possessing a
variety of effects towards antioxidant behaviour. Tn the
search of plants as a source of natural antioxidants, some
medicinal plants and fruits have been extensively studied
for their antioxidant activity and radical scavenging in the
last few decades [5].

consumed fruits i the world. It has various biological
functions, due to its rich polyphenol ingredients, most of
which are contained in its seeds (60-70%) and skin (30%).
However, large quantities of grape seed wastes are
produced annually by the food processing industry-wine,
juice ete [6].

Grape seed extract, concentrated from the seeds of
grape (Vitis vinifera 1..), has a high content of compounds
known as oligomeric proanthocyaniding (OPCs), which
are made up of proanthocyanidin monomers. Grape seed
polyphenol (GSP) is typical condensed tannin. Tts active
constituents are the proanthocyamdins, which represent
a varlety of polymers of flavan-3-ol such as catechin and
epicatechin [7]. GSP 13 an antioxidant that is more
powerful than catechins in aqueous system in vifro [8].
(GSP has various physiological effects in vivo, such as
antioxidant effects, protection agamnst X-ray and
ultraviolet rays, chemoprevention, anti-cancer or anti-
effects and inhibitory effects against
atherosclerosis and hypercholesterolemia [9]. Recently,
GSP has been considered as a potential health-food
ingredient because of these beneficial properties. No
toxicity of GSP has been reported, although GSP interacts
with some kind of protemns [10]. To date, there have been

tumor
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no systematic reports of the effects of GSP on lipid
the
m

metabolism such as of fecal
which
colorectal diseases [11].

Grape seeds, a rich source of phenolic compounds,

composition

steroids, alters some hepatobiliary or

possess a broad spectrum of antioxidative properties that
protects various cells from free radicals and oxidative
stress. Grape seed extract, best known for its anti-oxidant,
has been shown to have significantly greater antioxidant
activity than vitamins C, E or beta-carotene [12]. Grape
seed extract (GSE) has a protective effect on oxidant-
mnduced production and deposition of extracellular
matrix components, which results in hepatic fibrosis.
Tt also improves hepatic ischemia-reperfusion injury and
reduces the size of the infarct in cardiac 1schemia n the rat
[13]. Several studies have mndicated that extracts obtained
from grape seed inhibit enzyme systems that are
responsible for the production of free radicals and that
they are antimutagenic and anticarcinogemic [14].
Antioxidative activity of grape seed extract has been
confirmed by b-carotene linoleate and linoleic acid
by DPPH and
phosphomolybdenum complex methods [15]. Grape seed

peroxidation methods as well as

extract has been evaluated for its antioxidative effect on
a few meat types and has been reported to improve the
oxidative stability of cooked beef and turkey patties [16].
Grape seed extract added at 10 and 20 g/kg to turkey thugh
meat decreased TBARS values nearly ten-fold as
compared to the control [17]. Chis ez ol [18] investigated
the anti-hyperglycaemic and antioxidant effect of grape
seed extract, a polyphenolic flavonoid, in normal and
streptozotocin-induced diabetic Wistar rats. The results
showed that oral administration of grape seed extract
(100 mg/kg/day) reduced the levels of lipid peroxides and
carbonylated protems and improved the antioxidant
activity i plasma and hepatic tissue in rats treated with
grape seed natural extract as compared with the diabetic
Chaimad et al [19] determined the
neuroprotective effect of grape seed extract (GSE) on

control rats.

oxidative stress and brain damage induced by high-fat
diet in rats. Comparing to the untreated high-fat diet rats,
feeding with high-fat diet containing GSE 0.5 and 1% to
healthy male Wistar albino rats for 8 weeks resulted in a
significant reducton m lipid peroxidation marker,
malondialdehyde and nitric oxide in brain. Peng et al. [20]
investigated the antioxidant activity change of breads
added with grape seed extract (GSE). The results showed
that bread with the addition of GSE had stronger
antioxidant activity than that of blank bread and
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increasing the level of GSE addition further enhanced
the antioxidant capacity of the bread.

The amm of this research was to evaluate the
antioxidant activity of grape seed extracts using various
in vitro antioxidant assays.

MATERIALS AND METHODS

Materials

Plant Material: Grape (Vitis vinifera L. cv. Red Roomy),
as large clusters with red berries, was purchased from a
local market at Giza, Bgypt.

Chemicals: Ascorbic acid, 1, 1-diphenyl-2-picrylhydrazyl
(DPPH), sulfanilamide, N-(1-naphthyl) ethylenediamine
dihydrochloride, 2-deoxyribose and ferrous sulphate were
purchased from Sigma Chemical Co., TUSA. All other
chemicals were of analytical reagent grade.

Methods

Preparation of Grape Seed Extracts (GSEs): Two different
extracts were prepared from red grape seeds using the
procedure described by Badavi et al. [21] with some
modifications as follows:

Grape seeds were separated from the grapes
manually, air dried (in shade, 25-30°C) for one week and
milled to fine powder. The grape seed powder (0.2 g)
was macerated m 20 ml of distilled water or ethanol 80%
for 24 h at 5°C and was stirred three times. The mixture
filtered with cheese cloth and the resulting filtrate was
used as water grape seed extract (WGSE) or ethanol grape
seed extract (EGSE). The total solids (%) in both extracts
WGSE and EGSE were determined by the dry weights
following drying at 100°C until constant mass was
achieved. In all assays, concentrations of grape seed
extracts (WGSE or EGSE) were calculated as grape seeds
equivalent.

Determination of Total Phenolic Content (TPC): TPC was
determined spectrophotometrically in grape seed extracts
using Folin-Ciocalteau method as described by Gao et al.
[22] as follows:

Grape seed extract (100 pl) was mixed with 0.2 ml of
Folm-Ciocalteu reagent, 2.0 ml of H,O and 1.0 ml of 15%
Na,CO, solution. The developing color was measured at
765 nm after 2 h at room temperature using Jenway 6300
spectrophotometer. The concentration was calculated
from the standard prepared using
concentrations of standard tannic acid solution.

curve serial
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Determination of Total Flavonoid Content (TFC): TFC
was determined in grape seed extracts using the method
described by Kumaran and Karunakaran [23] as follows:
One milliliter of each grape seed extract was mixed
with 1.0 ml of alumimium trichloride in ethanol (20 mg/ml)
and a drop of glacial acetic acid then diluted with ethanol
to 25 ml. The absorption at 415 mm was read after 40 min
Blank was
prepared using 1.0 ml of grape seed extract and a drop of
glacial acetic acid then diluted to 25 ml with ethanol. The
absorption of standard quercetin solution (0.5 mg/ml in

using Jenway 6300 spectrophotometer.

ethanol) was measured under the same conditions. The
amount of total flavonoids content in grape seed extracts
m quercetin equivalents (QE) was calculated by the
following equation:

X=(Ae+my)/(A,*+m)

Where: X 13 the flavonoids content (mg/mg grape seed
extract in QE), A is the absorption of grape seed extract
solution, A, is the absorption of standard quercetin
solution, m is the weight of grape seed (mg) in grape seed
extract and m, is the weight of quercetin in the solution

(mg).

Determination of Antioxidant Activities of Grape Seed
Extracts

Determination of Total Antioxidant Capacity: Total
antioxidant capacity of grape seed extracts was assayed
by the phosphomolybdenum method as described by
Kumaran and Karunakaran [23] as follows:

Known volumes (0.1-0.3 ml) of each grape seed extract
were added to test tube then completed to a constant
volume (0.3 ml) with DW. 3.0 ml of reagent solution (0.6 A
sulfuric acid, 28.0 mdM sodium phosphate and 4.0 mA{f
ammonium molybdate) were added to each tube and mixed
well then incubated at 95°C for 90 min. Blank was prepared
by the same procedure without grape seed extract.
Ascorbic acid solution (0.03%, w/v) was used as positive
control. After cooling to room, the absorbance of the
solution was measured at 695 nm usmg Jenway 6300
spectrophotometer agamst blank. Increased absorbance
indicated

of the reaction mixture mncreased  total

antioxidant capacity.

Determination of Reducing Power: The reducing power
of grape seed extracts was determined by the method of
Mathew and Abraham [24] as follows:
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Tn clean test tubes, a serial of known volumes (0.2-1.0
ml) of each grape seed extract were added. The solutions
were completed to 1.0 ml with DW. 2.5 ml of phosphate
buffer solution (0.2 M, pH 6.6) and 2.5 ml of potassium
ferricyanide solution (1%, w/v) were added to each tube
then mixed well. The mixtures were incubated at 50°C for
20 min. After mcubation, 2.5 ml of trichloroacetic acid
solution (10%, w/v) were added to each mixture then
centrifuged at 5,000 rpm for 10 min. A known volume (2.5
ml) of each clear solution obtained after centrifugation
(supernatant) was taken in another clean test tube then
2.5 ml of DW and 0.5 m] of ferric chloride solution (0.1%,
w/v) were added and mixed well. The absorbance was
700 using  Jenway 6300
spectrophotometer. Blank was prepared by the same
procedure without grape seed extract. Ascorbic acid
solution (0.03%, w/v) was used as positive control
Increased absorbance of the reaction mixture indicated
increased reducing power.

measured  at nm

Assay of DPPH Radical Scavenging Activity: The
antioxidant activity of grape seed extracts, based on the
scavenging activity of the stable DPPH free radical, was
determined by the method described by Lee et al. [25] as
follows:

Known volumes (50-150 ul) of grape seed extract were
individually added to test tubes then completed to a
known volume (1.0 ml) by DW. 1.0 ml of DPPH solution
(0.2 mMf in ethanol) was added to each tube then mixed
well and incubated at room temperature for 30 min. Control
was prepared by the same procedure without grape seed
extract. Ascorbic acid solution (0.03%, w/v) was used as
a positive control. The absorbance (A) of the solution
was measwred at 517 nm  using Jenway 6300
spectrophotometer. Inhibition of DPPH free radical in
percent (1%) was calculated from the following equation:

1% = [(A. — A,)/A.]¥100

Assay of Nitric Oxide Scavenging Activity: The
scavenging activity of nitric oxide by grape seed extracts
was determined by the method described by Kumaran and
Karunakaran [23] as follows:

In clean test tubes, 0.5 ml of sodium nitroprusside
solution (10 mAM in 0.1 M phosphate buffer saline, pH 7.4)
was mixed with different volumes of grape seed extract
(0.1-0.5 ml) then DW was added to each tube to complete
the solution to a known volume (1.0 ml). The test tubes
were incubated at room temperature for 150 min then
0.5 ml of Griess reagent (1% sulfanilamide, 2% H,PO, and
0.1% N-(1-naphthyl) ethylenediamine dihydrochloride)
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was added to each tube and mixed well. The absorbance
(A) was measured at 546 nm using Jenway 6300
spectrophotometer. Control was prepared by the same
procedure without pollen extract. Ascorbic acid solution
(0.03%, w/v) was used as positive control. Scavenging
activity of mitric oxide was calculated from the followimng
equation:

Scavenging activity (%) = [(A, — A)/A ] x100

Assay of Hydroxyl Radical Scavenging Activity: The
scavenging activity of hydroxyl radical by grape seed
extracts was assayed by deoxyribose method as described
by Nagai et al. [26] as follows:

In a clean test tubes, 0.45 ml of sodium phosphate
buffer solution (0.2 M, pH 7.0), 0.15 ml of 2-deoxyribose
solution (10mM), 0.15 ml of FeSO,-EDTA solution (10 mM
FeSO,, 10 mM EDTA), 0.15 ml of H,O, selution (10 mAJ)
and grape seed extract (50-100 pl) were added. The
solutions were completed to a final volume (1.5 ml) with
DW then incubation at 37°C for 4 h. After incubation, the
reaction was stopped by adding 0.75 ml of trichloroacetic
acid solution (2.8%, w/v) and 0.75 ml of thiobarbitunic acid
solution (1% in 50 mAf NaOH solution) then the solutions
were boiled for 10 min and cooled in water. The
absorbance (A) of the solution was measured at 520 mm
using Jenway 6300 spectrophotometer. Control was
prepared by the same procedure without pollen extract.
Ascorbic acid solution (0.03%, w/v) was used as positive
control. Inhibition of deoxyribose degradation in percent
(I%) was calculated using the following equation:

1% = [(A, — A,V/A,]*100

Assay of Fe'" Chelating Activity: The ability of grape seed
extracts to chelate ferrous (Fe®") ion was determined using
a modified method of Minotti and Aust [27] as described
by Oboh et al. [28].

Ina clean test tube, 150 ul of freshly prepared ferrous
sulphate solution (500 pdf) were added to a reaction
mixture consisted of 168 pl of Tris—HC1 bufter solution (0.1
M, pH 7.4) and grape seed extract (10-25 pl). The solution
was completed by saline solution (0.9% NaCl, w/v) toa

Table 1: Total solids, phenolic and flavonoid contents of grape seed extracts

known volume (561 ul). The reaction mixture was
incubated for 5 mm at room temperature before the
addition 13 ul of 1, 10-phenanthroline solution (0.25%,
w/v). The absorbance (A) was measured at 510 mmn using
Tenway 6300 spectrophotometer. Control was prepared by
the same procedure without pollen extract. Ascorbic acid
solution (0.03%, w/v) was used as positive control. The
Fe?" chelating activity (%) was calculated from the
following equation:

Fe™ chelating activity (%) = [(A, — A,VA.] x100

Statistical Analysis: The results were analysed by an
analysis of variance (P<0.05) and the means separated by
Duncan’s multiple range test. The results were processed
by CoStat computer program (1986).
RESULTS AND DISSCUSION

Grape Seed Extracts a Source of Antioxidants:
The systematic literature collection, pertaming to this
investigation indicates that the plant phenolics constitute
one of the major groups of compounds acting as primary
antioxidants or free radical terminators. Flavonoids, as one
of the most diverse and widespread group of natural
compounds, are likely to be the most unportant natural
phenolics [23]. So that total phenolic compounds and
flavonoids were chemically determined m both grape seed
extracts (water and ethanol). The antioxidant activity of
grape seed extracts was evaluated using various
antioxidant assays, mcluding total antioxidant capacity,
reducing power, DPPH radical scavenging, nitric oxide
scavenging, hydroxyl radical scavenging and metal ion
chelating activities. The various antioxidant activities of
grape standard
antioxidant (ascorbic acid).

seed extracts were compared to

Phenolic and Flavonoid Contents: The results showed
that grape seed extracts contain a logical amount of
phenolic compounds and flavonoids (Table 1). Ethanol
grape seed extract contains high amount of phenolic
compounds and flavonoids (66.60 and 11.56 mg/g grape
seeds, respectively) m comparison with water grape seed

Grape seed extract Total solids (®9)

Phenolics (mg/g grape seeds)

Flavonoids (ing/g grape seeds)

Water extract 51.66°+0.87
FEthanol extract 55.8%F+0.60
L.S.D 2.96

31.20P£0.42 6.85°40.85
66.60°+1.96 11.56¢+1.44
5.58 4.64

-Values are means of three replicates + SE. Numbers in the same column followed by the same letter are not significantly different at P<0.05
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Table 2: Total antioxidant capacity of water grape seed extract (WGSE),
ethanol grape seed extract (EGSE) and ascorbic acid

Treatment Conc. (ppm) Total antioxidant capacity (O.Degs 1)
WGSE 303 0.5042+0.001
606 0.856°£0.002
909 1.274%0.002
EGSE 303 0.75420.006
606 1.309°+0.001
909 1.866°+0.006
Ascorbic acid 27.3 1.708+0.008
LSD 0.05 0.015

-Values are means of three replicates £ SE. Numbers in the same column

tollowed by the same letter are not significantly different at P</0.05.

Table 3: Total reduction capability of water grape seed extract (WGSE),
ethanol grape seed extract (EGSE) and ascorbic acid

Treatments Conc. (ppm) Total reduction capability (O.Dyyp )
WGSE 235.2 0.0248+0.003
705.8 0.590°+£0.002
1176.4 1.233°+0.003
EGSE 235.2 0.3060.002
705.8 0.808%0.002
1176.4 1.929%+0.001
Ascorbic acid 35.3 1.796°+£0.002
LSD 0.05 0.0072

- Values are means of three replicates + SE. Numbers in the same cohimn

followed by the same letter are not significantly different at P<0.05

extract (31.20 and 6.85 mg/g grape seeds, respectively).
Total solids of each extract were WG SE 51.66% and EGSE
55.83%. The phenolic contents in grape seeds are
different from one variety or cultivar to another [29]. The
results are supported by many authors [30-35] who found
that the phenolics content of grape seeds may range from
5% to 8% by weight. The most abundant phenolics
isolated from grape seeds are catechins (catechin,
epicatechuin and procyamdinsg) and their polymers.
Kallithraka et al. [36] investigated the effect of different
solvents on the extraction of some phenolic compounds
from grape seeds. The results showed that methanol was
the best solvent for the extraction of (+)-catechin, (-)-
epicatechin and epigallocatechin, whereas 70% acetone
vielded the largest amounts of procyaniding and 75%
ethanol yielded the largest amount of gallic acid. The
greatest amount of total phenols was extracted by 70%
acetone. Savova et al. [37] studied the polyphenols
recovery from the seeds of red-grape (Vitis vinifera L.) in
different ethanol-water mixtures at different temperatures
and times of extraction. Total polyphenols extracted
varied sensibly over the range of 0.7-24 mg/g depending
on operating conditions.
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Total Antioxidant Capacity: The phosphomolybdenum
method was based on the reduction of Mo (VI) to Mo (V)
by the antioxidant compound and the formation of a green
phosphate/Mo (V) complex with a maximal absorption at
695 nm. In the present data (Table 2), total antioxidant
capacity of grape seed extracts and ascorbic acid was
demonstrated. The study revealed that the antioxidant
activity of the grape seed extracts increased with
increasing concentration of the grape seed extract. As
demonstrated previously, ethanol grape seed extract
seemed to be having a ligher capacity than water grape
seed extract. The antioxidant activities of grape seed
extracts and standard were in the following order: EGSE at
909 ppm > ascorbic acid > EGSE at 606 ppm > WGSE at
909 ppm > WGSE at 606 ppm > EGSE at 303 ppm > WGSE
at 303 ppm.

Reducing Power: Data i Table 3 showed that the
reductive capability of grape seed extracts compared to
ascorbic acid. For the measurements of the reductive
ability, it has been investigated from the Fe™-Fe™
transformation in the presence of tested materials. TLike the
antioxidant activity, the reducing power of grape seed
extracts increases with increasing concentration. Earlier
studies, Tanaka et al. [38] and Duh [39] have observed a
direct correlation between antioxidant activity and
reducing power of certain plant extracts. The reducing
properties are generally associated with the presence of
reductones, which have been shown to exert antioxidant
action by breaking the free radical chain by donating a
hydrogen atom [40]. Reductones are also reported to
react with certain precursors of peroxide, thus preventing
peroxide formation. The present data on the reducing
power of the tested extracts suggest that it is likely to
contribute significantly towards the observed antioxidant
effect. However, the antioxidant activity of antioxidants
has been attributed by various mechanisms, among which
some of them are prevention of chamn imitiation, binding of
transition metal ion catalysts, decomposition of peroxides,
prevention of continued hydrogen abstraction, reductive
capacity and radical scavenging [41].

DPPH Radical Scavenging Activity: DPPH 1s a stable free
radical and accepts an electron or hydrogen radical to
become a stable diamagnetic molecule. The reduction
capability of DPPH radical is determined by the decrease
in absorbance at 517 nm induced by antioxidants. Data
indicated that the grape seed extracts are able to
reduce the stable radical DPPH to the yellow-coloured
diphenylpicrylhydrazine (Table 4). The scavenging effect
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Table4: Scavenging activity of water grape seed extract (WGSE), ethanol
grape seed extract (EGSE) and ascorbic acid against DPPH radical

Table é:  Hydroxyl radical scavenging activity of water grape seed extract
(WGSE), ethanol grape seed extract (EGSE) and ascorbic acid

Treatments Conc. (ppm) Scavenging activity (%6) Treatments Conc. (ppm) Scavenging activity (%)
WGSE 250 68.32:+0. 06 WGSE 166.6 5.82:0.21

500 74.8750.08 250 15.04%1.00

750 83.57°+0.04 3333 17.73'+0.19
EGSE 250 79.08°£0.08 EGSE 166.6 70.57°+£0.24

500 88.58"+0.06 250 73.18°+£0.31

750 94.75+0.12 333.3 74.954+0.50
Ascorbic acid 23 81.96%£0.32 Ascorbic acid 10 24.82440.18
LSD 0.05 - 0.42 LSD 0.05 142

- Values are means of three replicates £ SE. Numbers in the same column

tollowed by the same letter are not significantly different at P</0.05

Table 5: Nitric oxide scavenging activity of water grape seed extract
(WGSE), ethanol grape seed extract (EGSE) and ascorbic acid

Treatments Cone. (ppm) Scavenging activity (90)
WGSE 666.6 26.52°+0.94
2000 69.88°+1.64
33333 83.14%+3.06
EGSE 666.6 30.82°+1.99
2000 74.90°+3.42
33333 91.75+0.35
Ascorbic acid 100 57.34%£0.94
LSD 0.05 6.24

- Values are means of three replicates + SE. Numbers in the same cohimn

followed by the same letter are not significantly different at P<0.05

of each grape seed extract at high concentration (750 ppm)
and ascorbic acid standard solution with the DPPH radical
was m the following order: EGSE (94.75%) > WGSE
(83.57%) > ascorbic acid (81.96%). Data also revealed that
the scavenging activity of both grape seed extracts was
mcreased with increasing the concentration of each
extract. From the obtained results, it could be concluded
that the highest concentration of EGSE (750 ppm) almost
possesses scavenging activity higher than 23 ppm of
ascorbic acid and the ligher concentration of other one
(750 ppm of WGSE) possesses scavenging activity equal
to 23 ppm of ascorbic acid. It has been found that
cysteine, glutathione, ascorbic acid, tocopherol,
flavonoids, tanmins and aromatic amines (p-phenylene
diamine, p-aminophenol, etc.), reduce and decolourise
DPPH by their hydrogen donating ability [23]. Phenolic
compounds of the grape seed extracts are probably
involved in their antiradical activity.

Nitric Oxide Scavenging Activity: Nitric oxide (reactive
nitrogen species), formed during their reaction with
oxygen or with superoxides, such as NO,, N,O,, N.O,,
NO, and NO, are very reactive. These compounds are
responsible for altering the structural and functional
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- Values are means of three replicates + SE. Numbers in the same column

followed by the same letter are not significantly difterent at £<0.05

behaviour of many cellular components. Nitric oxide is
also implicated for inflammation, cancer and other
pathological conditions [42]. Incubation of sodium
nitroprusside resulted in linear time-dependent nitrite
production. Data as shown i Table 5 revealed that grape
seed extracts have the nitric oxide scavenging activity. In
general, the ability of EGSE on mtric oxide scavenging
activity was higher than that of WGSE. There was a
positive correlation between the concentration of grape
seed extract and scavenging activity against mtric oxide.
As shown in Table 5, higher concentration of EGSE
(3333.3 ppm) almost possesses nitric oxide scavenging
activity equal to higher concentration of WGSE and more
than that of 100 ppm ascorbic acid. Accordingly, grape
seed extracts may have the property to counteract the
effect of NO formation and in turn may be of considerable
interest 1n preventing the 1l effects of excessive NO
generation in the human body. Further, the scavenging
activity may also help to arrest the chain of reactions
initiated by excess generation of NO that are detrimental

to the human health.

Hydroxyl Radical Scavenging Activity: Free radicals and
other reactive species are constantly generated in vivo
both by accidents of chemistry and for specific metabolic
purposes. The most important reactions of free radicals in
aerobic cells involve molecular oxygen and its radical
derivates (superoxide anion and hydroxyl radicals),
peroxides and transition metals. Reactive species are
thought to play an important role in aging and in the
pathogenesis of numerous degenerative or chronic
diseases, cardiovascular diseases,
diabetes atherosclerosis [43]. The scavenging
abilities of ascorbic acid and grape seed extracts on
hydroxyl radical inhibition were shown in Table 6.

such as cancer,

and

Hydroxyl radical scavenging activity was seen with both
grape seed extract, whilst EGSE was more effective than
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WGSE. The scavenging activity was increased with
increasing the concentration of grape seed extract. From
it could be armranged these
according their hydroxyl
scavenging activities in the following decreasing order:
333.3 ppm of EGSE (74.95%) = 250 ppm of EGSE (73.18%)
> 166.6 ppm of EGSE (70.57%) > ascorbic acid (24.82%) >
333.3 ppm of WGSE (17.73%) > 250 ppm of WGSE
(15.04%) > 166.6 ppm of WGSE (5.82%). As previously
shown, EGSE was more effective than WGSE in hydroxyl
radical scavenging activity. Generally, grape seed extracts

the obtained results,

substances to radical

demonstrated the antioxidant effects against peroxidation
of biomolecules to scavenge the hydroxyl radicals and
at the

termination of peroxyl radicals.

superoxide anions stage of initiation and

Metal Chelating Activity: The method of metal chelating
activity is based on chelating of Fe*' ions by the reagent
1, 10-phenanthroline, which 1s a quantitative formation of
a complex with Fe® ions. The formation of a complex is
probably disturbed by the other chelating reagents, which
would result in the reduction of the formation of red-
coloured complex. Measurement of the rate of reduction
of the colour, therefore, allows estimation of the chelating
activity of the coexisting chelator [44]. Tn this assay both
extracts interfered with the formation of ferrous complex
with the reagent 1,10-phenanthroline, suggesting that
it has chelating activity and captures the ferrous ion
before 1,10-phenanthroline. The percentages of metal
scavenging capacity of tested grape seed extracts are
shown m Table 7. The metal scavenging effect of the
extracts follows the order: EGSE (435.5 ppm) > WGSE
(435.5 ppm) > EGSE (261.3 ppm) > WGSE (261.3 ppm) >
ascorbic acid (13.1 ppm) > WGSE (174.2 ppm) > EGSE
(174.2 ppm). The data also showed that the metal
chelating activity of both grape seed extracts mcreased
with increasing the concentration of extract. Tt was
reported that chelating agents, which form d-bonds with
a metal, are effective as secondary antioxidants because
they reduce the redox potential thereby stabilising the
oxidised form of the metal ion [40]. The obtained data
reveal that extracts demonstrate an effective capacity for
ron binding, suggesting that its action as antioxidant may
be related to its iron-binding capacity.

In general, it was demonstrated that the extracts of
the grape seeds are good scavengers of active oxygen
species, mcluding superoxide amon radical, hydroxyl
radical and nitric oxide radical. The antioxidative activity
of grape seed extracts is attributed to their contents of
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Table 7:  Metal chelating activity of water grape seed extract (WGSE),
ethanol grape seed extract (EGSE) and ascorbic acid

Treatments Conc. (ppm) % Fe Chelation
WGSE 174.2 10.02°+0.61
261.3 42.65+0.20
435.5 77.2740.92
EGSE 174.2 6.4040.41
261.3 45.80P+0.20
435.5 78.907+£0.59
Ascorbic acid 13.1 22.72%41.57
LSD 0.05 2.53

- Values are means of three replicates + SE. Numbers in the same column

followed by the same letter are not significantly different at P<0.05

antioxidant agents, including phenolics, flavonoids,
ascorbic acid and tocopherols [45-47]. The higher
antioxidative activity of ethanol grape seed extract in
comparison with water grape seed extract was assoclated
with its content of total phenolics and flavonoids
(Table 1). Phenolic compounds have been reported to
have multiple biological effects, including antioxidant
activity. The antioxidant activity of phenolic compounds
is mainly due to their redox properties, which can play an
important role in adsorbing and neutralising free radicals,
quenching singlet and triplet oxygen, or decomposing
peroxides [48]. Guendez et al [31] found that there is a
sigmficant scavenging
activities of grape seed extracts and total phenolic
content. Mielnik ef al. [49] found that grape seed extract
could be very effective mn inlubiting lLipid oxidation of
cooked turkey meat during chill-storage. Spranger e# al.

correlation  between DPPH

[50] found that grape seed procyanidins presented higher
antioxidant activities than other well-known antioxidants
vitamin C, suggesting that grape
procyanidins might be of interest to be used as alternative
antioxidants. The results of antioxidant activity were
supported by Rababah et al. [51], L1 et al. [52], Choi and
Lee [53], Chedea et al. [54] and Shan et al. [55]. The
importance of the antioxidant constituents of plant
materials in the maintenance of health and protection from

such as seed

coronary heart disease and cancer 15 also raising interest
among sclentists, food manufacturers and consumers. It
is  suggested that polyphenolic compounds have
intubitory effects on mutagenesis and carcinogenesis in

humans [3%].

Concluding Remarks: Finally, it could be concluded that
red grape seed extracts are a potential source of natural
antioxidants that may be used mn pharmaceutical or food

industry.



10.

11.

Global J. Biotech. & Biochem., 5 (2): 106-115, 2010

REFERENCES

Muramatsu, H., K. Kogawa, M. Tanaka, K. Okumura,
Y. Nishihori, K. Koike, T. Kuga and Y. Nutsu, 1995.
Superoxide
carcinoma cell line 1s a factor defimng mvasiveness
and cell motility. Cancer Research, 55: 6210-6214.
Smith, M.A., G. Perry, L.M. Sayre, V.E. Anderson,
M.F. Beal and N. Kowall, 1996. Oxidative damage in
Alzheimer’s. Nature, 382: 120-121.

Tto, N., 8. Fukushima, A. Hasegawa, M. Shibata and
T. Ogiso, 1983. Carcinogenicity of butylated
hydroxyamsole m F344 rats. J. National Cancer
Institute, 70: 343-347.

Cao,G.,E. Soficand R.L. Prior, 1997. Antioxidant and
prooxidant behavior of flavonoids: Structure—activity
relationship. Free Radical Biology and Medicine,
22: 749-760.

Singh, R.P., KN.C. Murthy and G.K. Jayaprakasha,
2002, Studies on the antioxidant activity of
pomegranate (Punica granatum) peel and seed
extracts using i vitro models. J. Agric. Food Chem.,
50: 81-86.

Yoo, MA., HK. Chung and M.H. Kang, 2004.
Evaluation of physicochemical properties in different

dismutase 1 SAS human tongue

cultivar grape seed waste. Food Sci Biotechnol.,
13: 26-29.

Peng, Z., Y. Hayasaka, P.G. Iland, M. Sefton,
P.Ho and EJ. Waters, 2001. Quantitative analysis
of polymeric  procyamdins  (tanmns) from
grape (Vitis vinifera) seeds by reverse phase
high-performance liquid chromatography. I. Agric.
Food Chem., 49: 26-31.

Bagchi, D., M. Bagchi, S.J. Stohs, D.K. Das, S.D.
Ray, C.A. Kuszynski, S.S. Joshi and H.G. Pruess,
2000. Free radicals and grape seed proanthocyanidin
extract: importance in human health and disease
prevention. Toxicol., 148: 187-197.

Carimi, M., G. Aldimi, E. Bombardelli, P. Moerazzoni
and R.M. Facino, 2000. UVB-mduced hemolysis of
rat erythrocytes: Protective effect of procyamdins
from grape seeds. Life Sciences, 67: 1799-1814.
Wren, AF., M. Cleary, C. Frantz, S. Melton and
L. Norris, 2002. 90-Day oral toxicity study of a grape
seed extract (IH636) inrats. . Agric. Food Chem.,
50: 2180-2192.

Nakamura, Y. and Y. Tonogai, 2002. Effects of Grape
Seed Polyphenols on Serum and Hepatic Lipid
Contents and Fecal Steroid Excretion in Normal
and Hypercholesterolemic Rats. I Health Sci.,
48(6): 570-578.

113

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Dulundu, E., Y. Ozel, U. Topaloglu, H. Toklu,
F. Ercan, N. Gedik and G. Sener, 2007. Grape seed
extract reduces oxidative stress and fibrosis in
experimental biliary obstruction. I. Gastroenterol.
Hepatol., 22: 885-92.

Sehili, O, Y. Ozel, E. Dulundu, U. Topaloglu,
F. Ercan and G. Sener, 2008. Grape seed extract
treatment reduces hepatic ischemia reperfusion
uyury in rats. Phytotherapy Research, 22: 43-8.

Li, W.G., X.Y. Zhang, Y.J. Wu and X. Tian, 2001.
Anti-inflammatory  effect of
proanthocyaniding  from  grape Acta
Pharmacologica Sinica, 22: 1117-20.

Jayaprakasha, G.K., R.P. Singh and K. K. Sakariah,
2001. activity of  grape
(Vitis vinifera) extracts on peroxidation models in
vitro. Food Chemistry, 73: 285-290.

Ahn, JTH., IU. Grun and LN. Fernando, 2002.
Antioxidant properties of natural plant extracts

and mechanism
seeds.

Antioxidant seed

containing polyphenolic compounds in cooked
ground beef. I. Food Sci., 67: 1364-1369.

Lau, D.W. and J. King, 2003. Pre- and post-mortem
use of grape seed extract mn dark poultry meat to
inhibit development of thiobarbituric acid reactive
substances. J. Agric. Food Chem., 51: 1602-1607.
Chis, 1.C., 2009. Antioxidant effects of a grape seed
extract in a rat model of diabetes mellitus. Diabetes
and Vascular Disease Research, 6(3): 200-204.
Chaimad, U., 5. Poungshompoo and S. Srichairat,
2009. Effect of Grape Seed Extract on Lipid
Peroxidation and Brain Damage Induced by High Fat
Diet in Rats. Thailand J. Pharmacol., 31(1): 87-90.
Peng, X, J. Ma, K.W. Cheng, Y. Tiang, F. Chen and
M. Wang, 2010. The effects of grape seed extract
fortification on the antioxidant activity and quality
attributes of bread. Food Chemistry, 119(1): 49-53.
Badavi, M., F.Z. Mchrgerdi and A. Sarkaki, 2008.
Effect of grape seed extract on lead induced
hypertension and heart rate in rat. Pakistan J. Biol.
Sci., 11(6): 882-887.

Gao, X., M. Ohlander, N. Teppsson, L. Bjork and
V. Trakovsky, 1999. Phytonutrients and their
antioxidant  effects
(Hippophae

m fruits of seabuckthom
L.). Proceedings of
International Workshop on Seabuckthorn, Beijing,
China.

Kumaran, A. and R.J. Karunakararn, 2007, In vitro
antioxidant activities of methanol extracts of five
Phyllanthus species from India. LWT- Food Sci.
Technol., 40(2): 344-352.

rhamnoides



24

25.

26.

27

28.

29.

30.

31.

33.

35.

36.

Global J. Biotech. & Biochem., 5 (2): 106-115, 2010

Mathew, S.
on the

and T.E. Abraham, 2006. Studies
of
(Cinnamorum verum) bark extracts, through various
in vitro models. Food Chemistry, 94 520-528.

Lee, I.Y., WI. Hwang and S.T. Lim, 2004.
Antioxidant and anticancer activities of organic
extracts from Platvcodon grandiflorum A,
De Candolle roots. J. Ethnopharmacol., 93: 409-415.
Nagai, T., R. Tnoue, N. Suzuki, T. Myoda and
T. Nagashima, 2005. Antioxidative ability in a linoleic
acid oxidation system and scavengimg abilities
of enzymatic
hydrolysates from pollen Cistus Iadaniferus. Tntl. J.
Molecular Medicine, 15(2): 259-63.

Minotti, G. and S.D. Aust, 1987. An nvestigation
into the mechanism of citrate-Fe**-dependent lipid
peroxidation. Free Radical Biology and Medicine,
3:379-387.

Oboh, G., RL. Puntel and T.B.T. Rocha, 2007.
Hot pepper (Capsicum annuum, Tepm and
Capsicum chinese, Habanero) prevents Fe*'-induced

antioxidant activities cinnamon

against active oxygen species

lipid peroxidation in brain # vitre. Food Chemistry,
102(1): 178-185.

Revilla, E., E. Alense and V. Kovac, 1997.
The Content of Catechins and Procyaniding in
Grapes and Wines as Affected by Agroecological
Factors and Technological Practices. American
Chemical Society, Washingtor, DC, pp: 69-80.

Shi, J., 7. Yu, J.E. Pohorly and Y. Kakuda, 2003.
Polyphenolics in Grape Seeds-Biochemistry and
Functionality. J. Medicinal Food, 6(4): 291-299.
Guendez, R., 8. Kallithraka, D.P. Makris and
P. Kefalas, 2005. Determination of low molecular
weight polyphenolic  constituents in  grape
(Vitis vinifera sp.) seed extracts: Correlation with
antiradical activity. Food Chemistry, 89: 1-9.

Bozan, B., G. Tosun and . Ozcan, 2008. Study of
polyphenol content in the seeds of red grape
(Vitis vinifera L.) varieties cultivated in Turkey
and their antiradical activity. Food Chemistry,
109(2): 426-430.

Casazza, AA, B. Aliakbarian, S. Mantegna,
G. Cravotto and P. Perego, 2010. Extraction of
phenolics from Vitis vinifera wastes using non-
conventional techniques. J. Food Engineering,
100(1): 50-55.

Kallithraka, S.,C.G. Viguera, P. Bridle and J. Baldeer,
1995. Survey of solvents for the extraction of grape
seed phenolics. Phytochemical analysis, 6: 265-267.

114

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Savoval, M., T. Kolusheval, A. StourzaZ and
I Seikoval, 2007. The use of group contribution
method for predicting the solubility of seed
polyphenols of Vitis vinifera L. within a wide
polarity range the
University of Chemical Technology and Metallurgy,
42(3): 295-300.

Tanaka, M., CW. Kuie, Y. Nagashima and
T. Taguchi, 1988. Applications of antioxidative
Maillard reaction products from histidine and
glucose to sardine products. Nippon Suisan
Gakkaishi, 54: 1409-1414.

Duh, P.D., 1998. Antioxidant activity of burdock
(Arctium lappa L) Its scavenging effect on free
radical and active oxygen. J. the American Oil
Chemists Society, 75: 455-461.

Gordon, M.H., 1990. The mechanism of antioxidant
action iz vitro. In Food Antioxidants, Ed., Hudson,
B.IF., Elsevier Applied Science, London, pp: 1-18.
Diplock, A.T., 1997. Will the good fairies please
prove us that vitamin E lessens human degenerative
disease? Free Radical Research, 27: 511-532.
Moncada, A., RM.J. Palmer and E.A. Higgs,
1991. Nitric oxide: physiology, pathophysiology
and pharmacology. Pharmacological Reviews,
43: 109-142.

Ames, BN., M K. Shigenaga and T.M. Hagen, 1993.
Oxidants, antioxidants and the degenerative disease
of aging. Proceedings of the National Academy of
United States of America,

m solvent mixtures. .

Sciences of the
S0: 7915-7922.
Dinis, T.CP., V.M.C. Madeira and L M. Almeida,
1994. of  phenolic
(acetoaminophen, salycilate and S-aminosalycilate)
as inhibitors of membrane lipid peroxidation and as
peroxyl radical scavengers. Archives of Biochemistry
and Biophysics, 315: 161-168.

Yilmaz, Y. and R.T. Toledo, 2004. Major Flavonoids
mn Grape Seeds and Skims: Antioxidant Capacity of
Catechiry, Epicatechin and Gallic Acid. I. Agric. Food
Chem., 52(2): 255-260.

Nawaz, H., J. Shi, G.S. Mittal and Y. Kakuda, 2006.
Extraction of polyphenols from grape seeds and
concentration by ultrafiltration Separation and
Purification Technology. Separation and Purification
in the Food Industry, 48(2): 176-181.

Tacopini, P., M. Baldi, P. Storchi and I.. Sebastiani,
2008. Catechin, epicatechin, quercetin, rutin and
resveratrol in red grape: Content, in vitro antioxidant

Action derivatives

activity and interactions. J. Food Composition and
Analysis, 21(8): 589-598.



48.

49.

50.

51.

Global J. Biotech. & Biochem., 5 (2): 106-115, 2010

Osawa, T., 1994. Novel natural antioxidants for
utilization m food and biological systems. In
Postharvest Biochemistry of Plant Food Materials in
the Tropics. Eds., Unitany, 1., V.V. Garcia and E.M.
Mendoza, Scientific Societies Press, Tokyo, Japar,
Pp: 241-251.

Mielnk, M.B., E. Olsen, G. Vogt, D. Adeline and
G. Skrede, 2006. Grape seed extract as antioxidant in
cooked, cold stored turkey meat. LWT, 39: 191-198.
Spranger, 1., B. Sun, A. M. Mateus, V. de Freitas and
T MR. da-Silva, 2008. Chemical characterization and
antioxidant activities of oligomeric and polymeric
procyanidin fractions from grape seeds. Food
Chemistry, 108(2): 519-532.

Rababah, TM., KI Ereife;, M.A. Al-Mahasneh,
K. Ismaeal, A. Hidar and W. Yang, 2008. Total
Phenolics, Antioxidant Activities and Anthocyanins
of Different Grape Seed Cultivars Grown m Jordan.
Intl. J. Food Properties, 11(2): 472-479.

115

52.

53.

54.

55.

Li, H., X. Wang, P. Li, Y. Li and H. Wang, 2008.
Comparative Study of Antioxidant Activity of Grape
(Vitis vinifera) Seed Powder Assessed by Different
Methods. Journal of Food and Drug Amnalysis,
16(6): 67-73.

Choi, Y. and J. Lee, 2009. Antioxidant and
antiproliferative properties of a tocotrienol-rich
fraction from grape seeds. Food Chemistry,
114(4): 1386-1390.

Chedea, V.S., C. Braicu and C. Soccaciu, 2010.
Antioxidant/prooxidant activity of a polyphenolic
grape seed extract. Food Chemistry, 121(1): 132-139.
Shan, Y., X.H. Yel and H. Xin, 2010. Effect of the
grape seed proanthocyanidin extract on the free
radical and energy metabolism indicators during
the movement. Scientific Research and Essay,
5(2): 148-153.



