Korean J. Food Preserv.
Vol. 15, No. 6. pp. 783-790, December 2008

€ V= UEHTIEYY

THE KOREAN SOCIETY OF FOOD PRESERVATION

Physicochemical and Sensory Properties, and Bioactive Compounds of
Blended Grape Juice from Different Grape Varieties

Shirley G. Cabrera, Ji-Hyun Jang, Hyeon-Jeong Lee and Kwang-Deog Moon'
Department of Food Science & Technology, Kyungpook National University, Daegu 702-701, Korea

WU EHES EE

Shirley G. Cabrera * &*]3%

ZA=ostm A

—/

Fa0| B of3

SR

T

[ =)

r_ﬁL

24 - 239’

]
=

2 o
a

ra i
o

i

Abstract

Campbell juice (25% 50% 70% and 90%9 was blended with different concentrations (1094 25% 30% and 50%9
of juice from a range of grape varieties including Kyoho, Steuben and MBA. The concentrations of Campbell
and the grape variety juices influenced the physicochemical characteristics of the blended grape juice. As the
concentration of Campbell juice increased, there was an increase in the mean content of bioactive compounds including
total phenolics, anthocyanin and flavonoids, and the radical scavenging activity increased. The treatment containing
25% juice from the various grape varieties had the lowest level of bioactive compounds. A sensory evaluation
showed there was no significant difference among the blended juice samples in terms of aroma. The sample comprising
50% Campbell + 50% Kyoho was the most acceptable in terms of taste and overall acceptability, while the sample
comprising 90% Campbell + 10% MBA was the most acceptable in terms of color and aroma.
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Introduction

Healthy and functional foods have a great impact on new
food product development because consumers these days
expect that the foods they buy are not only palatable but
also wholesome and nutritious (1).

Flavonoids and polyphenolic compounds which have been
shown to have a multiple biological effects such as antioxidant
capacity are widely distributed in fruits and through fruit
juices is the best way of consuming these compounds (2,3).
One of the major sources of phenolic compounds among
different fruits is grape (4). Consumers associate the fruit
juices such as grape juice as the healthy products, so their
commercialization has increased in the last few years (5).
In addition, Wang et al. (2) and Vinson et al. (6) reported
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that grape juice is well known for their protective role in
maintaining a healthy heart and reduction of heart disease.
It was also reported that long term intake of grape juice can
provide antioxidant which reduces peripheral lymphocyte
DNA damage. Furthermore, grape juice has many flavonoids
which are known to exert antioxidant, anti-inflammatory and
platelet inhibitory effects both in vitro and in animal studies
(3,7-8).

Recently, the fruit juice industry is one of the fastest
growing sector worldwide (9). Juices with flavors and aromas
are presently produced and there is an increasing demand
in the international market for fruit juice blends (10). Blending
fruit juices is a good way of improving the sensory and
nutritional quality of juices. Accordingly, Akinwale (11), and
Jain and Khurdiya (12) reported that mixing two or more
kinds of fruits can result in a new product which is more
nutritious and enhanced sensory quality as compared to raw
materials.
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In Korea, it was reported that there is an increasing
consumption demand in noncarbonated fruit and vegetable
beverages (13) but blending of juices from different grape
varieties is not prevalent. A grape cultivating area in Korea
occupies 12% of the total fruit growing area in which
Campbell Early cultivar is the major table grapes, followed
by Kyoho, Siebel and Danored (14). Campbell grape is usually
converted to juice and wine by farmers but blending of juices
from other grape variety is not common. Blending with other
grape varieties can improve the quality of the existing
Campbell grape juice. At present, overproduction due to
growing grape area and continuous importation is the farmer’s
big problem in Korea (15). Thus, there is a need to develop
and process these grapes into alternative grape products such
as blended juice.

Many previous studies focused on the sensory evaluation
such as acceptability of blended juices from different kinds
of fruits. The aims of this study were to produce and optimize
an alternative grape product such as blended grape juice from
four grape varieties and to evaluate the effect of concentration
and grape variety on the physicochemical characteristics,
sensory properties and bioactive compounds of these blended
grape juices.

Materials and Methods

Juice preparation

The grape varieties used in this study, Campbell Early (Vitis
labrusca B.), Kyoho (Vitis vinifera X V. labrusca), Steuben
(Wayne x Sheridan) and Muscat Bailey A or MBA (Bailey
X Muscat Hamburg), were cultivated and harvested at Sangju,
Korea in 2007. The individually crushed grapes were added
with pectinase (Pectinex 5XL, Novozyme, Bagsvaerd,
Denmark) before heating to hydrolyze the pectin. The juice
was obtained by heating the individually crushed Campbell
Early, Kyoho, Steuben and MBA grapes at 80C for 30 min,
80C for 30 min, 70C for 60 min, and 70C for 30 min
prior to pressing, respectively. The temperature and time
combinations were obtained from previous experiment and
were done in triplicates by the researcher (data not shown).
The juice samples were placed in a container, covered and
refrigerated at -5°C overnight for tartrate precipitation (cold
stabilization). The juice samples after the cold stabilization
process were then filtered and pasteurized. Then, 50%, 70%
and 90% of Campbell grape juice were added with 50%,
30%, and 10% each of the grape varieties to make a total

of 100% grape juice (Table 1). A 25% concentration from
each variety was also blended. All the blended juices were
analyzed. The results were expressed as means * SD which
corresponds for the three analytical replicates.

Table 1. Composition of grape juice blends

Sample Campbell Grape juice from
grape juice (%) other varieties (%)
A 50 50% Kyoho
B 50 50% Steuben
C 50 50% MBA
D 70 30% Kyoho
E 70 30% Steuben
F 70 30% MBA
G 90 10% Kyoho
H 90 10% Steuben
I 90 10% MBA
J 25 25% Kyoho, 25%Steuben, 25%MBA

Chemical analyses

The pH of the blended grape juice was measured using
a pH meter (model Delta 320, Metler Toledo, China). The
Total Soluble Solids (‘Brix) were measured using a hand
refractometer (model N-1E, ATAGO, 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 (Duksan Pure Chemical Co. Ltd., Korea) to an
endpoint of pH 8.2 (16). The results were expressed as gram
of tartaric acid per 100 mL.

Color measurement

Color of the processed blended grape juice was determined
using a Hunter colorimeter (model CR -200, Minolta, Japan).
The values obtained were expressed as “L” (lightness), "a”
(green to red) and “b” (blue to yellow) values. These values
were used to calculate chroma (C=[(a)*+(b)’]>"), which
indicates the intensity or color saturation and hue angle
(h=arctan(b/a).

Sensory evaluation

The sensory evaluation of the blended grape juice samples
with some modification was conducted by trained panelists
comprising of teacher and graduate students of Department
of Food Science at Kyungpook National University, Korea.
Grape juices were presented in glasses with three-digit
numbers. The trained judges scored each attribute such as
color, aroma, taste and overall acceptability on a nine point
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hedonic scale of 1-9, in which 1 denotes like extremely and
9 denotes dislike extremely (17).

Total phenolics analysis

The total phenolic content was determined by the Folin -
Ciocalteu method (18) previously modified (19) to reduce
the assay volume. To 3.90 mL of H,O, 0.1 mL of the sample
(10% (v/v) grape juice) was added 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 H,O) (Yukuri Pure chemicals
Co., Ltd., Japan) was added. After 30 min of vigorous mixing
with a vortex mixer the absorbance was measured at 725
nm (2120 UV spectrophotometer, Optizen, Korea). The
results were expressed as gallic acid equivalents (GAE) using
a calibration curve with gallic acid (Sigma-Aldrich Chemical
Co., Germany) as the standard (mg/L).

Total flavonoid analysis

Total flavonoid concentrations were determined using
procedures outlined by Zhishen et al. (20). One milliliter of
diluted grape juice (1 mL juice/ 5 mL distilled H,O) was
placed in a 10-mL flask. Four milliliters of distilled water
was added followed by 0.3 mL of NaNO, (5 g/100 mL
distilled water) was also added. After 5 min, 0.3 mL of AlCl;
(10 g/ 100 mL distilled H,O) was added. After another 6
min, 2 mL of 1 N NaOH was added and then the solution
was diluted to a total volume of 10 mL with distilled water.
The absorbance of the solution was measured at 510 nm and
the flavonoid concentration was determined by using a
cathechin standard curve.

Free radical - scavenging

The antioxidant activity of blended grape juice was
measured in terms of hydrogen donating or radical scavenging
ability, using the stable radical, DPPH (21). One milliliter
of 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 sec and then
absorbance measurements were taken immediately. The
decrease in absorbance at 517 nm was determined with 2120
UV spectrophotometer, Optizen, Korea. Ethanol was used
to zero the spectrophotometer. 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 the formula

of Blois (22).

Anthocyanin analysis

The total anthocyanin contents of the blended grape juice
samples were determined using the pH-differential method
previously described by Giusti and Wrolstad (23). 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, were 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-glucoside
was used as a reference compound with a molar absorbance
of 28,000 and molecular weight of the pigment (493.2 g)
used to calculate the concentration of monomeric anthocyanin
pigments (mg/L) in the juices.

Statistical analysis

Analysis of Variance and Duncan’s multiple range tests
were performed using the SAS program version 9.1 for
windows to determine significance of grape variety and
concentrations of grape juices from different grape variety
on the quality of processed blended grape juice samples. The
level of significance was set at P < 0.05 (24).

Results and Discussion

Physicochemical properties and color values

The changes in physicochemical properties in all juice
blend samples were significantly apparent (Table 2). The
concentration of Campbell juice and the grape variety
significantly influenced the changes in the physicochemical
characteristics of the blended grape juice. The addition of
MBA in all Campbell grape juice concentrations showed a
decrease in pH and an increased in titratable acidity and total
soluble solids as compared to juice samples with Kyoho and
Steuben. The blended juice sample with Kyoho juice in all
concentrations had the highest pH of 3.61+0.0 - 3.66+0.0,
whereas the sample with MBA juice had the lowest pH of
3.58+0.0 - 3.62+0.0 but the highest in titratable acidity
(0.51+0.0 - 0.53+0.0 g tartaric acid /100 mL). The blended
juice sample with 25% of all grape varieties showed high
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Table 2. The physicochemical properties of blended grape juice

Physicochemical properties

Sample” Total soluble Titratable acidity Su .
solids (Brix) (/100 mL) garfacid ratio

A 361:001d" 1720:006d  049:00lbc 3499 20.15bc
B 3591001f  1730:004c 0441000  39.14£0.08a
C 358:00lg  1840:000a  051:006abc  36.17+2.63b
D 366:0.02a  1640:000f  054£0.04a  30.15:0.13¢f
E 363:00lc  16331006g  048:00lc  33.80 £0.75bcd
F 356:002h  1660:000c  051:00labc  32.56 £0.29cde
G 363:00lc  15.60:006h  0.51:0.00abc  30.83 £0.14ef
H  362:001d  155720.06i 049:0.02c  31.90 £0.07def
I 360:00le  15.60£0.00h  053:00lab  29.34 0.16f
) 365:000b  17.80:0.04b  050£00lbc  35.68 £0.72b

Values with different letters within the same column are significantly different at
5% level by Duncan’s Multiple Range Test. The results are expressed as the means
+ SD (n=3).

2)Samples A to J are the same as in Table 1.

pH, total soluble solids and sugar/acid ratio but low titratable
acidity which is comparable to that of the blended juice with
50% Campbell juice + 50% juice from other grape varieties.
It is interesting to note that all the physicochemical
characteristics of the juice sample with 25% of all grape
varieties were in the range of physicochemical properties of
the blended grape juice with 50% Campbell juice + 50%
juice from other grape varieties. As the concentration of
Campbell juice increases, the blended juice showed a
decreased in pH, total soluble solids and sugar/acid ratio.
Titratable acidity of the blended juice showed an inverse
relationship with sugar/acid ratio. Among the juice samples,
Campbell juice had the prominent characteristics which are
expected to overcome the characteristics of the juices blended
with different varieties especially at high percentage of
concentration. The concentration of Campbell juice did show
a significant effect on the characteristics of the blended juices
but the changes in concentration of Campbell juice did not
change the trend in each variety such as Kyoho, MBA and
Steuben on the physicochemical properties and color values
of the blended juice.

Table 3 shows that the color properties of the blended
juice tended to be darker with the increasing concentration
level of Campbell juice. The samples with Steuben showed
the highest “L"” value, thus are the lightest juice sample while
the samples containing MBA had the lowest “L” values as
compared to other grape juice samples, and thus are the
darkest in color which is expected because MBA juice has
the same color as that of Campbell juice. The results also
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showed that the sample with 30% concentration of Steuben
juice had the highest “a”, “b”, chroma and hue values which
means that these samples had intense red to purple color.
It can also be observed that there is a significant change
in color values in all juice blend samples except for blends
with 90% Campbell juice. It can be suggested that high
concentration level of Campbell juice in the juice blend
masked the color of the grape juice from other grape variety.

Table 3. The color values of the blended grape juice samples

Color values
a b Chroma Hue
27614033bc” 7.60+1.47b  0.79+044b  7.65+1.49 536+2.30bc
28.57+098ab 7.73+0.11b  0.76028b 7.77:0.09b 5.74+2.11bc
2540£050d 342071c  -0.66t025¢ 344+0.62c 621+292bc
2685+042cd 796+t1.06b 128+053b 111809 8.38+30%
29450352 122642502 3.03+0.80a 12.64+2.61a 13731 32bc
2664+028cd 8.14+0.40b 0900206 820:0.43b 6.14+1.61bc
2547+031d  383t0.79 -0.88:029c 386+0.77c 7.31¥2.52bc
25.56+041d  3.10:036c 025023c 3.13+034c  5.49+0.28bc
2686+048cd 2.96:045¢ -152+0.44c  3.0840.3% 11.14+0.38ab
] 2866+0.60ab 6.33:095bc 0.56+047bc 6.36:0.97bc 4.36+0.29ac

Sample”

- Q m m Y9 Q w >

—

"Values with different letters within the same column are significantly different at
5% level by Duncan’s Multiple Range Test. The results are expressed as the means
+ SD (=3).

2)Sample's A to J are the same as in Table 1.

Bioactive radical
activity

Figure 1 shows the phenolic concentration of the blended

compounds and % scavenging

juice samples. The sample containing 90% Campbell + 10%
Kyoho had the highest total phenolics whereas the juice
sample with 25% of all the grape varieties had the lowest
total phenolics. In a previous study made by Frankel et al.
(25) about Concord grape juice blends it was reported that
the total phenolic content and antioxidant activity were 1474
mg/L and 64%, respectively which shows that the result
obtained for the grape juice blend in this study is comparable
to there results. Figures 2 and 3 show that the juice with
90% Campbell + 10% Steuben had the highest radical
scavenging activity and total flavonoid content whereas the
sample with 25% of all the grape varieties had the lowest
radical scavenging activity while the juice with 50% Campbell
+ 50% MBA showed the lowest total flavonoid content. Figure
4 displays the total anthocyanin content of blended grape
juice. The results showed that as the concentration of
Campbell juice increases there is also a significant increase
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in the amount of total anthocyanin content in which the juice
with 90% Campbell + 10% MBA had the highest content
of 503.19£3.30 mg/L while the juice sample with 25% of
all the grape varieties had the lowest content of 269.02+0.18
mg/L. Blending four grape varieties decreased almost 46%
of the total anthocyanin of the juice. The observations pointed
out that the samples with 90% Campbell + 10% different
varieties such as Kyoho, Steuben and MBA had the highest
total phenolic, total anthocyanin and total flavonoid
compounds and showed the highest radical scavenging
activity, whereas the sample with 25% of different grape
varieties had the lowest bioactive compounds. This shows
that increasing the concentration level of Campbell juice
significantly increased the bioactive compounds of the
blended juice. Furthermore, it is expected that the combination
of MBA and Campbell will give higher bioactive compounds
because it is darker and believed to have more bioactive
compounds but the juice samples blended with Steuben
showed a higher amount of total phenolics, total flavonoid
and radical scavenging activity values while the juice samples
blended with MBA showed a higher amount of total
anthocyanin only which can be related to its low pH.
According to Brouillard (26) anthocyanins are more stable
at low pH than in high pH thus gives brighter and stable
color and these colored forms of anthocyanin must be strongly
stabilized by other natural component that are present in the
berries. Furthermore, Gao and Mazza (27) reported that there
are free phenolics that exist in plant materials which can
affect the interactions of phenolic compounds in the juice.
Blending four different grape varieties together significantly
lowered the bioactive compounds of the resulting blended
juice sample which can be suggested that the blending of
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Fig. 1. The effect of campbell juice concentrations and grape juice
variety on the total phenolic content of the blended grape juice. The
results are expressed as the means = SD (n=3).

Samples A to J are the same as in Table 1.
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Fig. 2. The effect of campbell juice concentrations and grape juice

variety on the % radical scavenging activity of the blended grape
juice. The results are expressed as the means * SD (n=3).

Samples A to ] are the same as in Table 1.
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Fig.3. The effect of campbell juice concentrations and grape juice
variety on the total flavonoid content of the blended grape juice.
The results are expressed as the means £ SD (n=3).

Samples A to ] are the same as in Table 1.
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Fig. 4. The effect of campbell juice concentrations and grape juice

variety on the total anthocyanin content of the blended grape juice.
The results are expressed as the means * SD (n=3).

Samples A to ] are the same as in Table 1.

these four grape varieties is detrimental to the bioactive
compounds of the final blended grape juice. In this study
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it can be noted that maybe the interactions of components
of the four grape varieties in the blended juices, instead of
stabilizing the phenolic compounds, leads to the lowering
of the bioactive compounds of the final blended grape juice.

Sensory evaluation

Table 4 illustrates the panelists mean scores for
acceptability test of the blended grape juice samples. Main
et al. (28), Ghazanfar and Camire (29) reported that blending
of fruit juices such as cranberry, blueberry, Venus and
Concord grapes affects the sensory attributes of the final
blended product. They also noted that percentage of specific
juice in the blend and the type of blending juice also affects
the final blended juice. In addition, Tipton et al. (30)
investigated the characteristics of blueberry juice blended with
Sunbelt, Venus grape juices, and
Thompson Seedless concentrate. They reported that the
intensity of blueberry-related sensory attributes increased with
increased concentration of blueberry juice.

Concord, Reliance,

37 A|158 A6Z (2008)

color and aroma and was also rated as like very much. Thus,
this means that the panelists preferred the sweet sour blend
of Campbell and Kyoho at the same level of concentration.
In addition, the combination of Campbell and MBA gave
a dark purple grape juice and a good grape juice aroma which
are more preferred by the panelists as compared to other
grape juice combinations. The panel members rated color
and aroma of juice sample with 50% Campbell + 50% Steuben
as like slightly while sample with 90% Campbell + 10%
Steuben was rated in terms of taste and overall acceptability
as slightly dislike and neither like or dislike, respectively.
Both juice samples with 50% and 10% Steuben are the least
acceptable in terms of the sensory parameters such as color
and aroma, and taste and overall acceptability, respectively
which implies that the grape juice blend with Steuben is not
preferred by the panelists. Juice sample with 25% each of
the four grape varieties was rated as like moderately by the
panel members in all the sensory attributes.

Table 4. The mean scores of sensory evaluation of blended grape juice

Blended grape juice samples

Sensory Attributes

A? B C D E F G H I ]
Color 2602089  4.00£1.00a  200£071bc  3.00100ab 3.00:0.55ab 240:055bc 240:045bc 220£045bc  180:045c  3.80:1.10a
Aroma 320:146a  400:14la  340t122a 3400452 2.60:045a 320:083% 280083 3001008 240:1.00a  3.20:045
Taste 240:045b  380:1.13ab 360:10lab 460:1.10a 380:1.18ab 4.00£134ab 440:1.10a  520£130a 5001502  340:0.89ab

Overall acceptability ~ 2.40t0.58b  4.40£0.50ab 2.80£0.81ab 4.40+1.10ab 4.20+1.26ab 3.80+1.50ab 4.20£1.00ab 4.60£1.17a

3.80£1.26ab  3.80+0.96ab

)Values with different letters within the same row are significantly different at 5% level by Duncan’s Multiple Range Test.

Samples A to J are the same as in Table 1.

The results of this study showed that there is no significant
difference between blended juice samples in terms of aroma
which suggests that grape variety had no effect on the aroma
and it might be inferred that Campbell grape juice masked
the aroma of the other grape variety thus the panelist did
not detect the differences in aroma. Sensory evaluation also
revealed that samples containing 50% Campbell juice was
rated higher for taste and overall acceptability, whereas the
sample with 90% Campbell juice was rated higher for color
and aroma, respectively. This means that lower concentration
of Campbell juice was more preferred in terms of taste and
overall acceptability while higher concentration of Campbell
juice was more preferred in terms of color and aroma. The
juice sample with 50% Campbell + 50% Kyoho is the most
acceptable in terms of taste and overall acceptability and was
rated as like very much while the juice sample with 90%
Campbell + 10% MBA is the most acceptable in terms of
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