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Abstract: Grape skins and seeds are sources of phenolic compounds that contribute to the sensory characteristics
and beneficial bioactivity of wines and other processed foods. Grape seed and skin extracts from foreign, wild and
Iranian cultivars were assayed for their antioxidant properties and phenolic compositions. Finally, the results were
compared with those of Vitis vinifera cv. Muscat of Alexandria and V.labrusca. Among the skins of grape cultivars
analyzed, those of Lalsiyah contained the highest amount of total phenolics (1067.5 mg 100g™ gallic acid equivalent
of fresh weight) and antiradical activities (0.79 m mol g trolox equivalent of fresh weight). In contrast, Dedeskiramfi
contained highest amount of seed total phenolics (2277.3 mg 100 g* GAE of fresh weight). The phenolic content
of different grapes depends mainly on the grape skin color. The total phenolic content of W8 and W11 with white
skins was significantly different from grapes with dark skins. Lalsiyah skin contained the highest amount of total
flavonoid, total anthocyanins content, total procyanidin monomers and antiradical activity. Since, total phenolic content is
an index of potent antioxidant capability; Lalsiyah will be good resource of antioxidant in food and pharmaceutical

industries.
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1. INTRODUCTION

The genus Vitis L. (Vitaceae) includes about 70
woody climber species, spread mostly (but not
exclusively) in the temperate hemisphere regions of the
northern [1, 2]. Grape is one of the world’s largest fruit
crops and its annual production amounts to
approximately 68 million metric tons (Food and
Agriculture Organization (FAO), 2008). Approximately
71% of the world's grapes are used for winemaking;
27%, as fresh fruit; and 2%, as dried fruit [3, 4]. Grapes
are well known for possessing many polyphenolic
compounds with significant benefits to human nutrition
and health [5-7]. Berry skin and seeds are the parts
where most phenolic accumulation occurs. These
compounds can be classified into two kinds: flavonoids
and nonflavonoids [8, 9]. Flavonoids are a large family
of over 4000 ubiquitous secondary plant metabolites,
which can be further divided into five subclasses
including flavonols, flavones, anthocyanins, catechins
and flavonones [10]. Grape skins and seeds contain
flavonoids (catechin, epicatechin, procyanidins and
anthocyanins), phenolic acids (gallic acid and ellagic
acid) and stilbenes (resveratrol and piceid). The grape
seed and skin constituents have been shown to have
health-functional activities [11]. Examples include the
observations that anthocyanins possessed the
properties of antioxidation and apoptosis induction of
tumor cells [12-15]; flavan-3-ols exerted some
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beneficial vascular effects to cardiovascular and
cerebrovascular diseases [16]; and flavonols were
demonstrated to have significant antioxidant effect [6,
17]. The aim of present study was to evaluate and
characterize the phenolic compounds and antioxidant
activity in varieties of grape with considerable
commercial values including Russian, wild and local
cultivated grapevines. To our knowledge, no research
has been conducted on these varieties. Finally, the
results were compared with those of two cultivated
grapes Vitis vinifera cv. Muscat of Alexandria and
V.labrusca.

2. MATERIALS AND METHODS

2.1. Plant Material

The plant materials were obtained from the
Agricultural Research Centre of West Azerbaijan, Iran
(Table 1). A total of 16 grape genotypes were analyzed
including four wild grapes (W6, W8, W11 and W16),
five Iranian commercial cultivars including LalSiyah,
Rasha, GharaShira, KhaliliSiyah and Garmian, five
Russian grapes including Dedeskiramfi, Zanbil 13- 366,
Ramfi TCXA, Uleskibiser and Kibraskiramfi and two
cultivated grapes, Muscat of Alexandria and V.labrusca
were used in this study.

2.2. Sample Preparation

The selected berries were finger pressed to remove
juice and pulp. Seeds and skin were separated,
washed several times with distilled water, and moisture

© 2014 Lifescience Global



Phenolic Compounds and Antioxidant Activities of Skins

Journal of Pharmacy and Nutrition Sciences, 2014 Vol. 4, No.1 61

was absorbed on blotting paper. One gram of the
samples (skin or seed) in three replicates each was
extracted by grinding the sample for 1 min at 24,000
rpm in a blender (Ultra-Turrax T25; lka-Labortechnik,
Germany) with10mL of acidified methanol (1:99 vlv,
HCI: MeOH). The homogenate was incubated for 12 h
at 4 C in the dark before filtering with Whatman no. 1
filter paper and centrifuging at 3500 rpm for 10 min.
The extract was separated and the residual tissue was
re-extracted two times following the same procedure in
5mL of acidified methanol each time. The extracts
obtained by extracting the same sample for three times
were combined, mixed thoroughly and used for further
experiments.

Table 1: Origin and Color Berry Skin

Grape genotypes Color berry skin Origin
W6 Red Iran
w8 White Iran
Wil White Iran
W16 Black Iran

Lalsiyah Black Iran
Rasha Black Iran
Garmian Red Iran
Khalilisiyah Black Iran
Ghara sharia Black Iran
Dedeskiramfi Black Russia
Zanbil 13-366 Red Russia
Ramfi TCXA Black Russia
Uleskibiser Black Russia
Kibraskiramfi Black Russia
Muscat White Africa
V. labrusca Black America

2.3. Total Phenol Content (TPC)

Total phenolic was determined using the Folin-
Ciocalteu’s colorimetric assay [18]. A 0.5mL aliquot of
the prepared extract was diluted five times, of which
100 uL aliquot was taken for further analysis. The 100
pl aliguot was mixed with 1mL phenol reagent, 1mL
10% sodium bicarbonate, and 4mL distilled water. The
mixture was allowed to stand for 1 h in the dark. The
total phenolic concentration was calculated from a
calibration curve (r2 %0.999) by plotting known
solutions of gallic acid (1-0.0625 mg ml'l) against
absorbance at 760 nm. Results were expressed as
gallic acid equivalent (GAE) against the fresh weight of
the samples (mg g'l).

2.4. Total Flavonoids Content (TFC)

The AICI3 method [19] was used for estimation of
the total flavonoids content of the extracted samples.
An aliquot of 1ml of each extract was added individually
to equal volumes of solution of 2% AICI3-6H20 (2 g in
100 ml methanol). The mixture was vigorously shaken,
and after 10 min of incubation, absorbance was taken
at 430 nm. The results were expressed as mg
quercetin 100 g'l extract.

2.5. Total Monomeric Anthocyanin Content (TAC)

Monomeric anthocyanins were measured using a
spectrophotometric pH differential protocol [20], and
calculated as cyanidin-3-glucoside equivalents for the
samples. The extracts were mixed thoroughly with
0.025 M potassium chloride (pH 1.0) in a known
dilution. The absorbance of the mixture was measured
at 515 and 700 nm using distilled water to zero the
spectrophotometer. The extracts were then combined
with 0.4 M sodium acetate buffer (pH 4.5), and the
absorbances were measured at the same wavelengths.
The absorbance of the diluted sample (A) was as in Eg.

1)

A = (A 515 —A 700) pH 1.0— (A 515 —A 700) pH 4.5
(1)

The anthocyanin content was calculated as the total
of monomeric anthocyanin pigment from Eq. (2)

Total monomeric anthocyanins (mg 100 g'l) = AA x
MW x 1000/ (g x1) (2)

where A is the absorbance of the diluted sample and
DF is the dilution factor. MW and ¢ in this formula
correspond to the predominant anthocyanin in the
sample. Since the sample composition was unknown,
the pigment content was calculated as cyanidin-3-
glucoside (C3G), where MW = 449.2 and ¢ = 26,900.

2.6. Procyanidin Monomers (FLAVAN- 3 OLS)

The flavan-3-ols content was determined following
the procedure described by [21]. Briefly, a sample (0.2
ml) diluted 1:100 with MeOH was placed in a 1.5mL
Eppendorf tube, and 1mL of DMACA (0.1% in 1N HCI-
MeOH) solution was added. The sample was vortexed
and stood for 10 min at room temperature. The
absorbance was recorded at 640 nm. The
concentration of flavan-3-ols was determined from a
calibration curve, constructed by plotting the known
concentrations of catechin (0.26-0.01625mg ml-1)
against absorption at 640 nm (r2 %2 0.9997). Results
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were expressed as catechine quivalent (CE) against
the fresh weight of the sample (mg g'l).

2.7. Measurement of Antiradical Activity

Antiradical activities were determined using the
procedure as described by [21]. All samples were
diluted 10 times with MeOH. An aliquot of 25 pL of
diluted sample was added to 975 pyL of DPPH solution
(60mM in MeOH) and vortexed for few seconds. The
absorbance was read at 0 and 30 min. The antiradical
activities (AAR) was determined from the calibration
curve (r2 s 0.99) by plotting the known concentrations
of TroloxTM (20-1.25 mmol g'l) against the
absorbance at 515nm and expressed as mmol of
Trolox equivalent (TE) against fresh weight (mmol g'l).

2.8. Statistical Analysis

All the assays were carried out in triplicate. The
results were expressed as mean values and standard
error (SE) of the mean or standard deviation (SD) of
the mean. Significant differences between means were
separated by analysis of variance (ANOVA) followed by
Tukey’s test at the 5% level. Computations were done
by SPSS for windows version 16.0(SPSS Japan Inc.,
Tokyo, Japan).

3. RESULTS AND DISCUSSION

3.1. Contents of Total Phenolics and other
Metabolites in Grapes Genotypes Berry Skins

Total phenolics, total flavonoid, total anthocyanin,
procyanidin  monomers and antiradical activity
determined in berry skins of 16 grapes analyzed are
presented in Table 2. Among 16 grapes analyzed;
Lalsiyah skin had the highest total phenolic content
(1067.5 mg 100 g'l GAL) of fresh weight. The data for
the skin from the present study were higher than those
reported previously for Cabernet Sauvignon, Merlot
and Shiraz red grape skins [22], and those reported in
commercial grape skin extracts (79.20 g GAE 100 g'l)
[23]. In addition to total phenolics, Lalsiyah skin
contained the highest amount of total flavonoid, total
anthocyanins content, total procyanidin monomers and
antiradical activity. Since, total phenolic content is an
index of potent antioxidant capability [24]; Lalsiyah
bearing higher total phenolics will be good resources
as beneficial health materials. A positive relationship
between total phenolics and antioxidant activities has
been reported previously [25, 26]. The scavenging
effect of extracts on the DPPH radical decreased in the
order of Iranian cultivars > Iranian wild grapes >
Russian grapes. As usual, the total phenolic of red
grape skins is greatly higher than that of white grapes

Table 2: Phenolic Distribution and Antioxidant Properties of Grape Berry Skin

Grape genotypes Total phenolics Total flavonoids Total Procyanidin Antiradical
(MgGAE 100g™) (mgQE 100g™) anthocyanin monomers activities
(mg 100g™) (mg g™ CE) (mmol g™ TE)
W6 235.0 + 18.9° 11.2 +0.0° 29.6 +1.4° 1.5+0.03° 0.26 + 0.05 **
w8 146.4 +12.2° 2.0+ 0.0° 2.5+ 0.03° 1.3+ 0.03° 0.15+0.03"
wi1 94.7 + 13.1° 2.5+0.2° 1.9+0.1° 0.8+0.01° 0.20 + 0.03%¢
W16 577.4 + 14.0° 453+0.2" 220.9 +3.8 4.7 +0.15 0.45 +0.02'
Lalsiyah 1067.5 + 6.1 74.4+1.0° 317.8 + 4.9 7.9+0.06" 0.79+0.2°
Rasha 508.3 + 25.3' 35.8+ 0.6 118.2+1.8" 3.3+0.20' 0.30 + 0.02°
Garmian 740.1 + 46.1' 33.2+0.1 1162+ 1.7" 6.5 + 0.25° 0.32+0.01°*
Khalilisiyah 801.1 + 14.0' 40.0+02" 124.7 £ 2.5 7.0 £ 0.06' 0.35 +0.07°*
Gharashira 386.3 + 7.0° 21.0+0.2' 32.5 +0.05° 2.5+0.25° 0.20 + 0.02°*¢
Dedeskiramfi 396.9 + 13.7° 22.9+0.2° 63.6+0.7° 2.5+0.08° 0.27+ 0.02*™
Zanbil 13-366 243.1+24.7° 9.0+0.2° 15.6+0.2° 1.9 +0.06° 0.19 +0.03™*
Ramfi TCXA 279.7 + 11.5° 16 £0.0° 43.5+0.6° 2.4 +0.06° 0.23 + 0.01%%
Uleskibiser 603.9 + 42.7° 38.5+0.2 82.1+1.1 4.1+0.07" 0.28 + 0.01%%
Kibraskiramfi 541.2 +7.8' 28.8+0.0' 91.4 +0.6° 3.8+0.02° 0.20 + 0.01%*¢
Muscat 108.9 + 11.5% 7.6+0.0° 1.9+0.3 0.5 +0.07° 0.16 £ 0.02*°
V. labrusca 666.7 + 24.3" 26.6+0.3" 89.7 £ 1.4° 5.5+0.14 0.33+0.03"

Values with the same letter(s) within a column are not significantly different at P<0.05 by tukey,s test. Abbreviations were explained in the text.
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Table 3: Phenolic Distribution and Antioxidant Properties of Grape Seeds
Grape genotypes Total phenolics Total flavonoids Total Procyanidin Antiradical
(MgGAE100g™) (mgQE 100g™) anthocyanin monomers activities
(mg 100g™) (mg g™ CE) (mmol g™ TE)
W6 1346.1 + 81.2° 6.0 + 0.0° 1.75+0.05% 9.5+ 0.09° 0.74 + 0.02
wa 2126.6 + 106.5° 10.2+0.2' 0.70 £0.34° 12.9 + 0.25 1.47 +0.01"
wii 1972.3 + 83.0' 12.8+0.0" 0.79+0.53%* 11.6 + 0.15 0.90 + 0.05"
W16 1939.7 + 61' 6.0 + 0.0° 1.63+0.21%® 11.0+ 0.09" 1.07 + 0.03%¢
Lalsiyah 1541.3 + 133.8° 4.9+0.2° 1.25 + 0.02° 10.1 + 0.08° 1.03 + 0.23%¢
Rasha 675.0 + 18.6" 6.1+ 0.2° 1.22 +0.11° 7.8+0.05° 0.48 + 0.04°
Garmian 1927.6+ 99.8' 4.4 +0.0° 0.98+0.11%° 8.2+ 0.07° 0.68 + 0.08"
Khalilisiyah 2126.9 + 86.5° 4.9+0.2° 1.59 +0.07° 8.6 + 0.04° 1.08 + 0.01"
Ghara sharia 1325.7 £ 7.0° 3.3+0.2° 0.67 +0.0° 6.7 + 0.10° 0.59 + 0.09™
Dedeskiramfi 2277.3+7.0" 10.6 +0.2° 1.92+ 0.05® 13.9+0.10 0.91 +0.07*
Zanbil 13-366 1370.5 + 134.3° 10.1+0.2' 1.90 +0.03® 10.2 +0.13° 0.87+ 0.24%
Ramfi TCXA 1939.8 + 67.9' 7.3+0.2° 1.92 +0.18% 11.3+0.03 1.1+ 0.06°
Uleskibiser 406.6 + 25.3 4.4 +0.0° 1.25 + 0.05° 7.9+0.05° 0.44+0.13"
Kibraskiramfi 683.2 +21.2° 4.8 +0.0° 1.1+0.0" 8.3+ 0.04° 0.56 + 0.03%*
Muscat 1726.7 + 10.3° 7.6+0.0° 1.94+0.03° 15 +0.19" 1.1+0.12°
V.labrusca 1364.4 + 28.2° 7.6+0.0° 1.25+0.07 9.8 +0.02' 0.54 + 0.02*°

Values with the same letter(s) within a column are not significantly different at P<0.05 by tukey,s test. Abbreviations were explained in the text.

due to the loss of the ability to produce anthocyanins in
the skins of white grapes. Our results showed that the
phenolic content of different grapes depends mainly on
the grape skin colour. TPC, TAC and TFC of grapes
with red and black skins have significant differences
with TPC, TAC and TFC of Muscat with White skin,
however significant differences in TPC, TAC and TFC
were not found among V. labrusca and grapes with
similar skin color or among W8, W11 and Muscat with
similar skin color.

3.2. Contents of Total Phenolics and other
Metabolites in Grapes Genotypes Seeds

Total phenolics, total flavonoid, total anthocyanin,
procyanidin  monomers and antiradical activity
determined in seeds of 16 grapes analyzed are
presented in Table 3. Among 16 grapes analyzed,
Dedeskiramfi seeds had the highest (2277.3mg 100 g'l
GAE of fresh weight) total phenolic content. The total
phenol content (TPC) of the grape seeds used in the
study was higher than that in commercial grape seed
extract (80.70 g GAE 100 g'l seed) reported by [23]
and in seeds of red grape varieties cultivated in Turkey
(7.90-15.46 g GAE 100 g'l seed) [5]. Pastrana-Bonilla
et al. (2003) analyzed five bronze and five purple
cultivars of muscadine grapes seeds in Georgia and
reported that bronze and purple cultivars contained

19.9-32.6 (average 23.8) mg 100 g'l and 15.4-26.9
(average 19.8) mg g'l GAE of fresh weight total
phenols, respectively [27]. Our findings are also in
agreement with these reports. W11, Muscat and W8
had the highest total flavonoid, procyanidin monomers
and antiradical activity, respectively. In total,
Anthocyanin content of seeds was lower than their
berry skin. Guendez et al. (2005) found that there is a
significant correlation between DPPH scavenging
activities of grape seed extracts and total phenolic
content (r = 0.82, P< 0.01) [28]. Our findings are also in
agreement with these reports. In conclusion, Lal siyah
skin with highest amount of total flavonoid, total
anthocyanins content, total procyanidin monomers and
antiradical activity could be a good resource as natural
antioxidant in food and pharmaceutical industries.

CONCLUSION

The results obtained in the present work denote that
grape skins and seeds may constitute a good source of
healthy compounds, therefore useful in the prevention
of diseases in which free radicals are implicated. Our
results showed that the phenolic content of different
grapes depends mainly on the grape skin colour. The
total phenolic content of W8 and W11 with white skins
was significantly different from grapes with dark skins.
However, significant differences in total phenolic
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content were not found among Muscat, W8 and W11
that each three had white skins. The V. labrusca and
other grapes with dark skin color also did not appear to
show significant difference in phenolic compounds.
Among all grapes analysed, Lal siyah berry skin had
the highest total phenolic, total flavonoid, total
anthocyanin content and antiradical activity. The higher
antiradical activity of Lal siyah could be probably duo to
the higher amount of phenolics and anthocyanins.

We also propose hybridization of wild grapes with
cultivated grapes which might change or enhance the
characters of bioactive components in grape skin.

ACKNOWLEDGEMENT

The authors give special thanks to Agriculture &
Natural Resources Research Center of Urmia for their
technical assistance.

REFERENCES

[1] Wen J. The Families and Genera of Vascular Plants. In:
Kubitzki, K. (Ed.), Vitaceae, Berlin, Germany: Springer-
Verlag 2007; 9: 466-478.

[2] Wen J, Nie ZL, Soejima A, Meng Y. Phylogeny of Vitaceae
based on the nuclear GAI1 gene sequences. Can J Bot
2007; 85: 731-45.
http://dx.doi.org/10.1139/B07-071

[3] Corder R, Mullen W, Khan NQ, Marks SC, Wood EG, Carrier
MJ, Crozier A. Oenology: red wine procyanidins and vascular
health. Nature 2006; 444-566.

[4] Lea AGH, Bridle P, Timberlake CF, Singleton VL. The
procyanidins of white grapes and wines. Am J Enol Viticult
1979; 30: 289-300.

[5] Bozan B, Tosun G, Ozcan D. Study of polyphenol content in
the seeds of red grape (Vitis vinifera L.) varieties cultivated in
Turkey and their antiradical activity. J Food Chem 2008;
109(2): 426-30.
http://dx.doi.org/10.1016/j.foodchem.2007.12.056

[6] Li HB, Xia EQ, Deng GF, Guo YJ.Biological activities of
polyphenols from grapes. Int J Mol Sci 2010; 11(2): 622-46.
http://dx.doi.org/10.3390/ijims 11020622

[7] Semberies S, Dongowski G, Mehrlander K, Will F, Dietrich H.
Physiological effects of extraction juices from apple, grape,
and red beet pomaces in rats. J Agric Food Chem 2006;
54(26): 10269-280.
http://dx.doi.org/10.1021/j{f0618168

[8] Frankel EN. Potential health benefits of grape and wine
antioxidants. Medically, is wine just another alcoholic
beverage. In C. S. Stockley (Ed.). Proceedings of the wolf
Blass foundation international wine and health conference
1996; 45-49.

[9] Hertog MGL, Hollman PCH, Van De Putte B. Content of
potentially anticarcinogenic flavonoids of tea infusions, wines
and fruit juices. J Agricul Food Chem 1993; 41: 1242-46.
http://dx.doi.org/10.1021/jf00032a015

[10] Merken HM, Beecher GR. Liquid Chromatographic method
for the separation and quantification of prominent flavonoid
aglycones. J Chromatogr A 2000; 897: 177-84.
http://dx.doi.org/10.1016/S0021-9673(00)00826-8

[11] Sato M, Bagchi D, Tosaki A, Das DK. Grape seed
proanthocyanidin reduces cardiomyocyte apoptosis by

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

inhibiting ischemia/reperfusion-induced activation of JNK-1
and C-JUN. Free Radical Biol Med 2001; 31(6): 729-37.
http://dx.doi.org/10.1016/S0891-5849(01)00626-8

Cooke D, Steward WP, Gescher AJ, Marczylo T. Anthocyans
from fruits and vegetables - Does bright colour signal cancer
chemopreventive activity? Eur J Cancer 2005; 41(13): 1931-
40.

http://dx.doi.org/10.1016/j.ejca.2005.06.009

Hou DX. Potential mechanisms of cancer chemoprevention
by anthocyanins. Curr Mol Med 2003; 3(2): 149-59.
http://dx.doi.org/10.2174/1566524033361555

Kamiyama M, Kishimoto Y, Tani M, Andoh K, Utsunomiya K,
Kondo K. Inhibition of low-density lipoprotein oxidation by
nagano purple grape (Vitis vinifera x Vitis labrusca). J Nutr
Sci Vitaminol 2009; 55(6): 471-78.
http://dx.doi.org/10.3177/jnsv.55.471

Prior RL, Wu XL. Anthocyanins: Structural characteristics
that result in uniqgue metabolic patterns and biological
activities. Free Radical Res 2006; 40(10): 1014-28.
http://dx.doi.org/10.1080/10715760600758522

Actis-Goretta L, Romanczyk LJ, Rodriguez CA, Kwik-Uribe,
Keen CL. Cytotoxic effects ofdigalloyl dimer procyanidins in
human cancer cell lines. J Nutr Biochem 2008; 19(12): 797-
808.

http://dx.doi.org/10.1016/j.jnutbio.2007.10.004

Ruberto G, Renda A, Daquino C, Amico V, Spatafora C,
Tringali C. Polyphenol constituents and antioxidant activity of
grape pomace extracts from five Sicilian red grape cultivars.
J Food Chem 2007; 100(1): 203-10.
http://dx.doi.org/10.1016/j.foodchem.2005.09.041

Singleton VL, Rossi JA. Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagent. A J Enol
Viticult 1965; 16: 144-58.

Lamaison JLC, Carnet A. Teneurs en principaux flavonoids
des fleurs de Crataegeusmonogyna Jacq et de
Crataegeuslaevigata (Poiret D. C) enfonction de
lavegetation. Pharmac Acta Helvetiae 1990; 65: 315-20.

Lee J, Durst RW, Wroistad RE. Determination of total
monomeric anthocyanin pigment content of fruit juices,
beverages, natural colorants, and wines by the pH differential
method: collaborative study. J AOAC Int 2005; 88: 1269-78.

Arnous A, Makris DP, Kefalas P. Effect of principal
polyphenolic components in relation to antioxidant
characteristics of aged red wines. J Agric Food Chem 2001;
49: 5736-42.

http://dx.doi.org/10.1021/jf010827s

Arnous A, Meyer AS. Comparison of methods for
compositional characterization of grape (Vitis vinifera L.) and
apple (Malusdomestica) skins. J Food Bioprod Proc 2008;
86: 79-86.

http://dx.doi.org/10.1016/j.fbp.2008.03.004

Caillest S, Salmieri S, Lacroix M. Evaluation of free radical-
scavenging properties of commercial grape phenol extracts
by a fast colorimetric method. J Food Chem 2006; 95: 1-8.
http://dx.doi.org/10.1016/j.foodchem.2004.12.011

Kiselova Y, lvaniva D, Chervenkov T, Gerova D, Galunska B,
Yankova T. Correlation between the in vitro antioxidant
activity and polyphenol content of agueous extracts from
Bulgarian Herbs. Phytother Res 2006; 20: 961-65.
http://dx.doi.org/10.1002/ptr.1985

Alonso AM, Guillen DA, Barroso CG, Purtas B, Garcla A.
Determination of antioxidant activity of wine byproducts and
its correlation with polyphenolic content. J Agric Food Chem
2002; 50: 5832-36.

http://dx.doi.org/10.1021/jf025683b

Borbalan AMA, Zorro L, Guillen DA, Barroso CG. Study of
the polyphenol content of red and white grape varieties by
liquid chromatography-mass  spectrometry and its




Phenolic Compounds and Antioxidant Activities of Skins

Journal of Pharmacy and Nutrition Sciences, 2014 Vol. 4,No.1 65

[27]

relationship to antioxidant power. J Chromatogr A 2003;
1012: 31-38.
http://dx.doi.org/10.1016/S0021-9673(03)01187-7

Pastrana-Bonilla E, Akoh CC, Sellappan S, Krewer G.
Phenolic content and antioxidant capacity of muscadine
grapes. J Agric Food Chem 2003; 51(18): 5497-503.
http://dx.doi.org/10.1021/jf030113c

(28]

Guendez R, Kallthraka S, Makris DP, Kefalas P.
Determination of low molecular weight polyphenolic
constituents in grape (Vitis vinifera sp.) seed extracts:
correlation with antiradical activity. Food Chem 2005; 89: 1-9.
http://dx.doi.org/10.1016/j.foodchem.2004.02.010

Received on 18-01-2014

DOI: http://dx.doi.org/10.6000/1927-5951.2014.04.01.9

Accepted on 30-01-2014

Published on 31-01-2014





