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Abstract

Grape juice, one of the most valuable fruit derived product has large amounts of phenolic compounds which provide
many of the health benefits. Campbell grape juice, divided into Sample A (without seeds and stems), Sample B
(with seeds only), Sample C (with seeds and stems) were processed and assessed for its components, sensorial
attributes and functional properties as influenced by the addition of seeds and stems. The presence of seeds and
stems in the processing of Campbell grape juice has significant effects on pH and total soluble solids (°Brix) but
showed no significant effects on other physicochemical and color properties and comresponds to an increase in
total phenolics, radical scavenging activity, total anthocyanin and total flavonoid. The sensory evaluation showed
that there is no significant differences among the samples but were all liked moderately to very much by the panelists.
The result of this study demonstrated that seeds and stems can be included in the processing of Campbell grape
juice as it enhances the juice functional properties without altering its physicochemical and sensorial properties.
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Introduction

Nowadays, consumers are particularly concerned with the
health benefits of the different food products such as fruit
and vegetable derived products. Grape is one of the most
important fruit crops of the world(1) and one of its valuable
components is phenolics, also known as polyphenols. Grape
juice possesses antioxidant properties and is an excellent
nonalcoholic alternative to red wine(2).This can be supported
by the recent studies that grape juice indeed has the highest
antioxidant capacity out of a group of commercial fruit juices
including grape, grapefruit, orange, tomato and apple(3). It
was also found that purple grape juice inhibited or decreased
platelet aggregation (4) enhanced nitric oxide release(5), and
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improved endothelial function(6). Further researches showed
that grape juice and red wine inhibited platelet activity(7)
and reduced LDL oxidation in humans(8).

Many studies are devoted on how to increase the antioxidant
capacity and total phenolics of grape juice. Morris et al.(9)
reported that maturity, extraction temperature, storage time
and temperature have an effect on color degradation and
quality of grape juice. Revilla et al.(10) noted that in
maceration processes, the phenols are extracted from the seed
and can increase the phenolic content of the grape juice that
is used for wine making. Accordingly, Auw et al.(11)
determined the effect of several presses, hot presses and skin
fermentation on the phenolic composition of some red wines
and juices. They noted that high pressure during pressing
and skin fermentation promoted the extraction of some
phenols.
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The grapes in general are composed of 2-6% stems,
5-12% skins, 80-90% juice and 0-5% seeds(12). Prior to
processing all the undesired materials considered as waste
like leaves and stems are usually removed because it may
cause manufacturirg problems and can affect the quality
of the juice and wine. Many researches have been made
on the phenolic composition of grape berries, skins and
seeds(13-15). Furttermore, Huang et al.(16) analyzed the
effects of stems, petioles, and leaves on the total phenolic,
flavonoid, and tannin content of Concord and Aurora Blanc
wine and juice. These authors reported that grape stem
contained an appreciable amount of phenolic components
as supported by thz study made by some authors(15). In
addi-ion, Souquet e: al.(17) and Cantos et al.(18) reported
that grape skin and berry stem contains major flavonols
suct as quercetin-3-glucoronide, quercetin-3-rutinoside,
quercetin-3-glucosice, kaemferol-3-galactoside and flavan-3-
ols which include gallocathecin, procyanidin BI,
procyanidin B2, procyanidin B4, procyanidin C1, catechin,
and epigallocatech:n. Moreover, the phenolic compounds
that can be derived from leaf, stem, petioles, skin and seeds
depends on the different factors such as concentration,
chernical and physical properties of phenolic compounds,
level of tissue damrage, variety, maturity, seasonal factors
during growth, and the processing methods used(19,20).
In literature, not sc many studies are available concerning
the effects of seeds and stems on the quality of processed
grage juice thus, te aim of this study was to determine
the influence of seeds and stems on the compositional
properties, sensorial attributes and functional properties of
processed Campbell grape juice.

Materials and Methods

Sample preparation

Campbell grapes which were obtained from a local grower
in Sang Ju, South Korea were used for the production of
grape juice. To de-ermine the influence of seeds and stems
on the Campbell grape juice the grapes were divided into
threz groups Samrle A (without seeds and without stems),
Sarrple B (with seeds) and Sample C (with seeds and with
stems). In the juicz industry, seeds are usually included in
processing grape into juice which is the sample B in this
study. The grapes to be used as sample A were manually
separated from the stems and seeds and in sample B, the
stem: is also manualy separated from the grape. All the grape

samples were crushed individually before heating to 80°C
for 30 minutes and added with pectinase (Sigma-Aldrich,
Germany) to hydrolyze the pectins. The samples were then
pressed while hot. The juice samples were placed in a
container which were covered and refrigerated at -5°C
overnight for tartarate precipitation (cold stabilization). The
juice samples after the cold stabilization process were then
filtered, pasteurized and analyzed. The results of the analyses
were expressed as means which correspond to the three
analytical replicates.

Chemical analyses

The pH of the processed grape juice was measured using
the pH meter (Metler Toledo model Delta 320, China). The
Total Soluble Solids (°Brix) were measured using an ATAGO
hand refractometer (model N-1E, Japan). Titratable acidity
was measured by adding 10 mL of grape juice sample to
100 mL of distilled water and titrating with 0.1 N sodium
hydroxide to an endpoint of pH 8.2(21). The results were
expressed as milligrammes per 100g tartaric acid.

Color measurement

Color of the processed grape juice was determined using
a Commision Internationale de 1’Eclairge illuminant (CIE),
L* (lightness), a* (green to red) and b* (blue to yellow)
tri-stimulus values and were obtained by using a Hunter
colorimeter (Minolta model CR 200, Japan). These values

were used to calculate chroma (C'= +/ a2 + bg), which

indicates the intensity or color saturation and hue angle

a2
(H=tan a).

Total phenolics analysis

The total phenolic content was determined by the
method(22)
modified(23) to reduce the assay volume. 0.1 of the sample
(10% v/v grape juice) was added to 3.90 of H,O followed
by 0.5 mL of Folin-Ciocalteu reagent (Junsei Chemical Co.,
Ltd., Japan). After 3-6 min, 0.5 ml of saturated sodium
carbonate (20 g of Na;COs in 100 mL of HO) (Yukuri Pure
chemicals Co, Ltd., Kyoto, Japan ) was added. After 30
minutes of vigorous mixing, optical density was measured
at 725 nm (Optizen 2120UV spectrophotometer, Korea). The
results were expressed as gallic acid equivalents (GAE) using

Folin-Ciocalteu which was previously

a calibration curve with gallic acid (Sigma-Aldrich Chemical
Co., Germany) as the standard (mg/L).
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Free radical scavenging activity

The antioxidant activity was measured in terms of hydrogen
donating or radical scavenging ability, using the stable radical,
DPPH(24). 1 mL diluted sample (10% v/v grape juice) was
placed in a test tube and 4 mL of 6x10° mol/L ethanolic
solution of DPPH (Sigma-Aldrich Chemical Co., Germany)
was added. The mixture was shaken vigorously for 40 seconds
and then absorbance measurements commenced immediately.
The decrease in absorbance at 517 nm was determined using
Optizen 2120 UV spectrophotometer, Korea. The absorbance
of the DPPH radical ethanolic solution was measured daily.
All evaluations were made in triplicate. The % DPPH radical
scavenging activity of the sample was calculated according
to Blois’ formula(25).

Total flavonoid analysis

~ Zhishen et al.(26) outlined the procedures to determine
the total flavonoid concentrations of the grape juice samples.
One milliliter of diluted sample (1 mL juice/ 5 mL distilled
H0) was placed in a 10 mL flask. Four milliliter distilled
water and 0.3 mL of NaNO; (5 g/100 mL distilled water)
was added to the diluted sample. After Sminutes, 0.3 mL
of AICI3(10 g/100 mL distilled H,O) was added then after
another 6minutes, 2 mL of 1 N NaOH was also added. The
solution was diluted to a total volume of 10ml with distilled
water. The absorbance of the solution was measured at 510
nm and flavonoid concentration was determined by using a
rutin standard curve.

Total anthocyanin analysis

The total anthocyanin contents were determined using the
pH-differential method(27). Grape juices were diluted with
potassium chloride buffer solution, pH 1.0 so that the
absorbance reading at 520 nm, which is the wavelength of
maximum absorption for anthocyanins, was less than 1.0
absorption units. Two dilutions of the grape juice samples,
one with potassium chloride buffer, pH 1.0 and the other
with sodium acetate buffer are allowed to equilibrate for 15
min. The absorbance of each equilibrated solution was then
measured at the wavelength of maximum absorption (Amax)
and 700 nm for haze correction, against a blank cell filled
with distilled water. Malvidin-3-glucose was used as a
reference compound with a molar absorbance of 28,000 and
molecular weight of the pigment (493.2 g)to calculate the
concentration of monomeric anthocyanin pigments (mg/L)

in the juices.

Color density, browning, and polymeric color analysis

Grape juices were diluted with distilled water using
appropriate dilution factor already determined. About 2.8 mL
of the diluted samples was transferred each to two cuvettes,
one cuvette added with distilled water while the other one
added with bisulfite solution and are allowed to equilibrate
for 15 min. The absorbance of each equilibrated solution was
then measured at the wavelength of maximum absorption (Am),
420, and 700nm (for haze correction), against a blank cell
filled with distilled water. The measured absorbance was used
to determine browning, color density, polymeric color and
% polymeric color(27).

Sensory evaluation

The sensory evaluation was conducted in the Department
of Food Science at Kyungpook National University, Republic
of Korea. Grape juices were presented in glasses with
three-digit numbers. The five trained judges scored each
attribute on a scale of 1-9, in which 1 denotes like extremely
and 9 denotes dislike extremely.

Statistical analysis

Analysis of Variance and Duncan’s multiple range tests
were performed using the SAS program to determine the
differences among the processed juice samples. The level
of significance was set at P < 0.05.

Results and Discussion

Physicochemical properties

The mean values of the measured properties of the
processed Campbell grape juice are presented in Table 1.
It can be observed that the three processed grape juice samples
have significant differences in pH and total soluble solids
(°Brix) but no significant differences in titratable acidity and
sugar -acid ratio. The grape juice samples showed an
increasing trend in pH from 3.38 to 3.50, with the addition
of seeds and stems whereas, the total soluble solids showed
a decreasing trend from 17.0 °Brix to 16.60 °Brix. Sample
C has the highest pH of 3.5 and the lowest total soluble
solids of 16.60 °Brix. It is also shown in the study that
titratable acidity and sugar-acid ratio has an inverse
relationship thus, sample B showed the highest titratable
acidity but the lowest sugar - acid ratio, 0.86 mg/100 g tartaric
acid and 19.47, respectively. The result clearly indicates that
even there is no significant difference in some properties of
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the juice still the seeds and stems have an effect on the
physicochemical properties of the grape juice.

Table 1. Physicochemical and color properties of the three
Campbell grape juice samples

Physicochemical properties

Sarnple”

pH “Brix TA Sugar-acid ratio
A 3.38:0.00" 17.00+0.00° 0.85+0.02° 19.96+0.44°
B 3.44:0.00° 16.80:0.00° 0.86:0.02° 19.47:0.56°
C 3.50+0.00° 16.60+0.00° 0.85:0.01° 19611027
Sanple” Color Properties

"L "a" b Chroma Hue
A 2727:107° 6571291°  -0.19:0.69° 6.60:290° 5.64:1.99°
B 2838121' 4774166 094048 490152 13.13+961°
C  2895:122° 511:144" -1182023" 527:134" 14054679

Dita represent the mentSD of four replicates.

®™Nfeans with similar letters within columms for each samples are not significantly
different by Duncan’s multiple range test at P=0.05.

"Semple A (without seeds and without stems), Sample B (with seeds) and Sample
C (with seeds and wih stems).

Color evaluation

The color values of the grape juice samples showed a
non-significant increasing trend (Table 1). Sample C is the
lightest (28.95) but has the most purple-red color as can be
observed in their 1igh “a” (5.11), “b” (-1.18), chroma (5.27),
and hue (14.05) values. Analysis also showed that color
degrading values ‘were affected by the addition of seeds and
stens. Although samples A, B, and C showed no significant
dif‘erences from zach other in terms of color values it can
be observed that browning (0.073), color density (11.45) and
% polymeric color (52.43) are more noticeable in sample
C (Table 2) than in samples A and B.

Table 2. The color degradation indices of the three Campbell
grape juice samples

Color degradation indices

Sample” - .
Brovwning Color density polymeric color(%)
A 0.041+0.00° 9.04:0.16" 423141.84"
B 0.051+0.00° 8.81+039° 5091+1.63°
C 0.073+0.00° 11454017 52.4310.51°

®Values with similar le ters within columns for each samples are not significantly
: Jifferent.
'Sumples A, B and C are the same as in Table 1.

Functional properties
The differences in functional properties were observed in

grape juice samples as affected by the presence of seeds and
stems and were presented in figures 1-4. The functional
properties of the processed juice samples such as total
phenolics, % radical scavenging activity, total anthocyanin,
and total flavonoid showed an increasing trend which is
maybe due to the additions of seeds and stems. The three
samples were characterized as significantly different in total
phenolics, total monomeric and total flavonoid, however, the
samples showed no significant difference in %radical
scavenging activity. The analysis showed that sample A has
the lowest functional properties while sample C has the
highest functional properties. The high phenolic content
observed in Sample C is maybe due to the presence and
composition of seeds and stems in that sample which is
supported by the findings of different researchers(14,16).
These authors observed that high phenolic content in grape
juice samples is due to the composition and amount of other
materials such as petioles, leaves and stems. In line with
this, it has been demonstrated that phenolic content of grape
depends upon whether the extraction was made on pulp, skin
or seed(28,29). In addition, it was also reported that the berry
skins and seeds mostly contribute to the flavan 3-ols
compounds in juice and wine(30). Only small differences
in increase in % radical scavenging activity were observed
following the processing of Campbell grape with seeds and
with stems, indicating that overall scavenging capacity was
not affected by the presence of seeds and stems. Although
the increase in % RSA was not significant it can be observed
that sample C has the highest total phenolics value and
%radical scavenging activity of 1456.67 mg/L and 76.43%
, respectively(Fig. 1,2). Vinson and Huntz(31) have also
treported the positive correlation of anti oxidant activity and
total phenolics in grape and wine. This is in agreement with
the previous study demonstrating that antioxidant activity of
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Fig 1. Changes in Total phenolics (mg/L) contents of Campbell
grape juice as influenced by the presence of seeds and stems.

Samples A, B and C are the same as in Table 1. Vertical bars represent * standard
deviation of the means (N=3).
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Fig 2. Changes in Antiradical Scavenging activity of Campbell
grape juice as influenced by the presence of seeds and stems.

Samples A, B and C are the same as in Table 1. Vertical bars represent + standard
deviation of the means (N=3).

grapes is positively correlated with the concentration of
phenolic compounds(32).

As can be seen from figures 3 and 4, Sample C has the
highest total anthocyanin and total flavonoid values with
730.03mg/L and 2112.80 mg/L, respectively. The result
showed that the sample without seeds and without stems has
the lowest total anthocyanin and total flavonoid values. Total
anthocyanin was significantly altered by the addition of seeds
and stems despite the non significant difference in color values
of the samples. Among the samples total anthocyanin most
likely contributed to higher color density, browning and other
color values. It has been reported that color densities, degree
of redness, hue and chroma are highly correlated with the
amount of anthocyanin(33). Thus, the increase in total
anthocyanin cotresponds to an increase in color density(34).
Talcott et al.(35) and Garcia and Bridle(36), reported that
differences among individual anthocyanins present in the juice
and their ability to form copigment complexes can influence
the stability of the anthocyanin in the samples. The total
flavonoid has also been significantly increased with the
addition of seeds and stems. It has been reported that in grapes,
seeds make up a small percentage of the weight but it contains
about two thirds of the extractable phenols which are
essentially all flavonoids(37,38). In addition, Huang et al.(16)
also observed that berry stems showed a substantial amount
of total flavonoids. Thus, the increase in functionality
highlights the importance of the presence of seeds and stems
in the processing of Campbell grape into juice.

Sensory evaluation

Table 3 represents the mean sensory scores of Campbell
grape juice processed without seeds and stems, with seeds
only, and with seeds and stem. Interesting results were
obtained from the sensory evaluation of the three processed
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Fig 3. Changes in total anthocyanin (ing/L) of Campbell grape juice
as influenced by the presence of seeds and stems.

Samples A, B and C are the same as in Table 1. Vertical bars represent * standard
deviation of the means (N=3).
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Fig 4. Changes in total flavonoid (mg/L) of Campbell grape juice
as influenced by the presence of seeds and stems.

Samples A, B and C are the same as in Table 1. Vertical bars represent *standard
deviation of the means (N=3).

Campbell grape juice samples. It can be noted that there is
no significant difference in the panelist’s preferences among
samples A, B, and C in terms of color, aroma, taste and
overall acceptability. The preference scores of the panelists
to Sample C are almost similar to Sample B. Most of the
sensory attributes were rated between 2 to 3 which means
that all the samples were liked moderately to like very much
by the panelists. Thus, the results demonstrated that Campbell

Table 3. mean sensory scores of Campbell grape juice processed
without seeds and stems, with seeds only, and with stem and seeds

Sensory Attributes

)}
Sanple Color Aroma Taste accggggﬂi y
A 28 26° 22 24
B 28 26° 24 26°
C 24 26° 24 22

*Values with similar letters within columns for each samples are not significantly
different.
l)Samples A, B and C are the same as in Table 1.
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grape can be prozess into juice with added stems and seeds
without altering its compositional and sensory quality and
indeed increase the juice total phenolics, % radical scavenging
activity, anthocyenin content, and total flavonoid content of
the of the juice.

EEF 23 1740 412 phenolic compoundse] ol
FTHe HZ W F5E wa gk ¥ Ao A1ed
Campbell ¥ =52% Sample A(X| 9t 718 H71ekA] @&
78-%), Sample B(¥| W+ 78t 7-9), Sample C(H 9} E718
A7V AP A AR 2 Alzste] = Kok £719] Aot
7V R 4, 354 B4, 71538 540 n|Ae
FEE AT TEFA A2 A TR A9 £7]9]
A7k pHY 7184 R ECBrixdle 949 d&FS
FAA T T E-2318E S0y Mol #9f#9l Jgk
S =z gt E3 total phenol, radical scavenging
acivity, total anthocyanin, total flavonoid= S7}8tgch
S B2 29] AN E sample Aol A gelzel
Aol 2 & gaich o8l Q72 Camprell EEF2 A2
A EE Aok 719 FrPE EmFc] Eelsles §A4o]
o e 0] 9L 54 RewM J)5A B4

oééo T — F0=
= i A —
-5(}:)61}\] E_l T 9;)](: AL

2 AR,

Acknowledgement

This study was supported by MAF/ARPC through Grape
Research Projects Group.

References

1. FAOSTAT-FAO Statistical Database, http://www.fao.org.
Accessed September 2006.

2. Vinson, I.A,, Yang, J.H., Proch. J. and Liang, X. (2000)
Grape juice, but not orange juice, has in vitro, ex vivo,
and in vivo antioxidant properties. J. Med. Food., 2,
167-171

3. Wang, H., Czo, G. and Prior, RL.(1996) Total antioxidant
capacity of {ruits. J. Agric. Food Chem., 44, 701-705

4. Keevil, J.G., Osman, H.E., Reed, J.D. and Folts, J.D.
(2000) Grape juice, but not orange juice or grapefruit
juice, inhibits platelet aggregation. J. Nutr., 130, 53-56

5. Freedman, J., Parker, CIIl. and Li, L. (2001) Selected

10.

11.

12.

13.

14.

15.

16.

flavonoids and whole juice from purple grapes inhibit
platelet function and enhance nitric oxide release.
Circulation, 10, 2792-2798

. Stein, L.H., Keevil, J.G. and Wiebe, D.A. (1999) Purple

grape juice improves endothelial function and reduces
the susceptibility of LDL cholesterol to oxidation in
patients with coronary artery disease. Circulation, 100,
1050-1055

. Demrow, H.S., Slane, P.R., and Folts, J.D. (1995)

Administration of wine and grape juice inhibits in vivo
platelet activity and thrombosis in stenosed canine
coronary arteries. Circulation, 91, 1182-1188

. Miyagi, Y., Miwa, K. and Inoue, H. (1997) Inhibition

of human low density lipoprotein oxidation by flavonoids
in red wine and grape juice. Am J Cardiol., 80, 1627-1631

. Morris, JR. and Striegler, K. (1996) Grape Juice: Factors

that Influence Quality, Processing Technology and
Economics. Somogyi, Barrett, and Hui. eds. Fruits: Major
Processed Products. Technomic Publishing Company,
Lancaster, PA., p.328-348

Revilla, E., Ryan, JM. and Martin-Ortega, G. (1998)
Comparison of several procedures used for the extraction
of anthocyanins from red grapes. J. Agric. Food Chem.,
46, 4592-4597

Auw, JM,, Blanco, V., O’keefe, SF. and Sims, C. (1996)
Effect of processing on the phenolics and color of
Cabernet Sauvignon, Chambourcin and Noble wines and
juice. Amer. J. Enol. Vitic., 47, 279-286

Kar, P., Laight, D., Shaw, K.M. and Cummings, M.H.
(2006) Flavonoid-rich grapeseed extracts: a new approach
in high cardiovascular risk patients, Int. J. Clinical
Practice, 60, 1484-1492

Bagchi, D., Bagchi, M. and Stohs, S.J. (2000) Free
radicals and grape seeds proanthocyanidin extract:
importance in human health and disease prevention.
Toxicology, 148, 187-197

Amrani-Joutei, K., Glories, Y. and Mercier, M. (1994)
Localization of tannins in grape berry skins. Vitis, 33,
133-138

Doshi, P., Pandurang, A. and Banerjee, K. (2006)
Phenolic composition and antioxidant activity in
grapevine parts and berries (Vitis vinifera L.) cv.
Kishmish Chornyi (Sharad Seedless) during maturation.
Int. J. Food Sci. Tech, 41, 1-9

Huang, P.J.D., Cash, JN. and Santerre, C.R. (1988)
Influence of stems, petioles and leaves on the phenolic
content of concord and aurora blanc juice and wine.



262

17.

18.

19.

A FA LTI A A14E AT (2007)

J. Food Sci., 53, 173-175

Souquet, JM., Labarbe, B., Le Guemeve, C., Cheyneir,
V. and Moutounet, M. (2000) Phenolics composition of
grape stems. J. Agric. Food Chem., 48, 1076-1080
Cantos, E., Espin, J.C., Francisco, A. and Barberan, T.
(2002) Varietal differences among the polyphenol
profiles of seven table grape cultivars studied by
LC-DAD-MS-MS. J. Agric. Food Chem., 50, 5691-5696
Noble, A.C., Ough, C.S. and Kasimatis, A.N. (1975)
Effect of leaf content and mechanical harvest on wine
quality. A. J. Enol. Vitic., 26, 158-163

. Singleton, V.L. and Trousdale, E. (1983) White wine

phenolics: Varietal and processing differences as shown
by HPLC. Am. J. Enol. Vtic., 34, 27-34

. Haight, K.G. and Gump, BH. (1995) Red and white grape

juice concentrate component ranges. J. Food Compos.
Anal, 8, 71-77

. Singleton, V.L. and Rossi, J.A. (1965) Colorimetry of

total phenolic with phosphomolibdic phosphotungustic
acid reagent. Amer. J. Enol. Vitic., 16, 144-158

. Yildirim, HK., Akcay, Y.D., Guvenc, U., Altindisli,

A. and Sozmen, EY. (2005) Antioxidant activities of
organic grape, pomace, juice, must, wine and their
correlation with phenolic content. Int. J. Food Sci. Tech.,
40, 133-142

. Brand-Williams, W., Cuvelier, M.E. and Berset, C.

(1995) Use of a free radical method to evaluate
antioxidant activity. LWT - Food Sci. Tech., 28, 25-30

. Blois, M.S. (1958) Antioxidant determination by the use

of a stable free radical. Nature, 4617, 1198-1199

. Zhishen, J., Mengcheng, T. and Jianming, W. (1999) The

determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. J. Food Chem.,,
64, 555-559

. Wrolstad, R.E., Acree, T.E., Decker, E.A., Penner, M.H.,

Reid. D.S., Schwartz, S.J., Shoemaker, C.F., Smith, D.
and Sporns, P. (2005) Handbook of Food Analytical
Chemistry: Pigments, colorants, flavor, texture and
bioactive components. A John Wiley and sons, Inc.
Publication, New jersey, USA, p.463-470

. Escribano-Bailon,.T, Gutierrez-Fernandez, Y., Rivas-

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Gonzalo, J. and Santos-Buelga. C. (1992) Characterization
of procyanidins of Vitis vinifera variety Tinta del Pais
grape seeds J. Agric. Food Chem., 40, 1794-1799
Fuleki, T. and da Silva, JM. (1997) Catechin and
procyanidin composition of seeds from grape cultivars
grown in Ontario. J. Agric. Food Chem.,, 45, 1156-1160
Mattivi, F., Zulian, C., Nicolini, G. and Valenti, L. (2002)
Wine, biodiversity, technology, and antioxidants. Ann.
New York Acad. Sci., 957, 37-56

Vinzon, J.A. and Huntz, B.A. (1995) Phenol antioxidant
index: comparartive antioxidant effectiveness of red and
white wines. J. Agric. Food Chem., 43, 401-403
Landbo, AK. and Meyer, A.S. (2001) Ascorbic acid
improves the antioxidant activity of Europeans grape
juices by improving the juice’s ability to inhibit lipid
peroxidation of human LDL in vitro. Int. J. Food Sci.
Tech., 36, 727-735 ’

Clif, M.A,, King, M.C. and Schlosser, J. (2007)
Anthocyanin, phenolic composition, colour measurement
and sensory analysis of BC commercial red wines. Int.
J. Food Res., 40, 92-100

Mayen, M., Merida, J. and Madina, M. (1994) Free
pigments during the
fermentation and post-fermentation standing of musts
form Cabemet Sauvignon and Tempranillo grapes. Amer.
J. Enol. Vitic., 45, 161-166

Talcott, S.T., Brenes, C.H., Pires, D.M. and Del
Pozo-Insfran, D. (2003) Phytochemical stability and color
retention of copigmented and processed muscadine grape
juice. J. Agric. Food Chem., 51, 957-963
Garcia-Viguera, C. and Bridle, P. (1999) Influence of
structure on color stability of anthocyanins and flavylium
salts with ascorbic acid. Food Chem., 64, 21-26.

Su, T.C. and Singleton, V.L. (1969) Identification of three
J.  Phytochemistry, 98,

anthocyanin and polymer

flavan-3-ols from grapes.
1553-1558

Amerine, A. and Joslyn, M.A. (1967) Composition of
Grapes. Table Wines, the Technology of Their
Production, 2nd edn. Berlin Springer Verlag. 234-238

g 2007 349 129, A 2007'd S5¥ 259)



