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ABSTRACT

The consumer attention for products with healthy properties is increased in time, and fruit juic-
es, for their ease of consumption, can satisfy this demand providing them bioactive compounds.
The grape juice has numerous health benefits demonstrated by several studies such as, among
other, the antioxidant activities and the positive functions of their phenolic compounds. This work
is aimed at blending grape and others fruits in a new fruit juice made only with natural ingredi-
ents of local production. The grape juice (cv Barbera) has substituted water and its percentage
was fixed (70%). It was mixed with apple (cv Golden delicious), pear (cv Williams) and peach (cv
Red Haven) juices to obtain 25 different prototypes. In each of these at least two fruit juices were
present and added in a percentage variable from O to 25%, with a step of 5%. The objectives of
this study were to check the feasibility of the mixing process and the evaluation of the samples
overall pleasantness.

Other sensory aspects of samples were also evaluated by consumers with a JAR (just-about-
right) structured scale. The results didn’t reveal particular technological problems regarding the
blending process. The Brix mean value of the samples was about 15.3, with a significant reduc-
tion compared to that of the grape juice (about 19). The pH mean value of the samples (3.44) was
significantly higher than that of the grape juice (3.36). The titrable acidity and the antioxidant ca-
pacity mean value of the samples was, namely, 6.22 g L'! and 535.18 mg L''. The penalty analy-
sis of the liking test pointed out the importance of the persistence in mouth. The overall pleasant-
ness was significantly (p<0,01) positively correlated with the °Brix/acid ratio (r=0.54) and sam-
ples with the highest percentage of pear juice were generally preferred.
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INTRODUCTION

Fruit consumption has a positive impact on
health (O’NEIL et al., 2011) and, including also
vegetables, five are their daily servings (FSA,
2010), though this advice is generally ignored
(WOOTTON-BEARD and RYAN, 2011). In this re-
gard, the “Dietary Guidelines for Americans”
consider the 100% fruit juice as alternative to
whole fruit (USDA, 2010). Indeed, fruit juic-
es in general are deemed as one of the main
sources of bioactive compounds for diet (ROD-
RIGUEZ-ROQUE et al., 2014). Even if the link
between weight and sweetened beverages, in-
cluding fruit juice 100%, must to be taken into
account, referring to these latters, there is no
consistent association (O’'NEIL et al., 2011) and,
actually, these have demonstrated to improve
nutrient adequacy among children and adoles-
cents of 2-18-year-olds (O'NEIL et al., 2012).
Also grape has proved to have numerous health
benefits, such as antioxidant activity and the
functions of flavonoid compounds (VISLOCKY
and FERNANDEZ, 2010; WOOTTON-BEARD and
RYAN, 2011). Grape-based products may pre-
vent cardiovascular deseases, decrease oxida-
tive stress and protect against atherosclero-
sis. Results from animal models suggest that
especially purple grape juice more effective-
ly improves blood lipids (VISLOCKY and FER-
NANDEZ, 2010). From a organoleptic and sen-
sory perspective, grape juice is characterised
by a high concentration of sugars and acids,
a low pH and, generally, a very poor odour/
aroma. Thus, grape juice has a high-energy
value, which reduces the nutritional, while
its high acidity and low odour/aroma intensi-
ty can reduce consumer preference. OJEDA et
al. (2009) highlighted the too high sugar con-
tent of the pure grape juice and, for this rea-
son, it is important to reach a right sugar/ac-
ids balance to develop appreciable grape juice.
To reach this result it is necessary to use the
optimal grape variety and/or mixing it with
other fruit. The blending, indeed helps to im-
prove flavour, taste, and nutritive value and it
reduces the cost of production, improves stor-
ability and inhibits microbial growth (BHARD-
WAJ and PANDEY, 2011). As reported by BATES
and MORRIS (2001), the reasons for producing
blends are many and all attributable to ad-
just and improve acceptability. The aim of this
work was to develop an innovative concept of
fruit juice obtained by mixing grape with oth-
er fruit juices to reduce its sugar concentra-
tion, acidity and to improve its olfactory pro-
file. The tested fruit juices (peach, pear and ap-
ple) were chosen based on their appreciation
by consumers, low acidity and sugar content,
high antioxidant activity and high odour/aro-
ma intensity. The use of grape must would also
help to reduce the wine surplus that, current-
ly, amounts to, approximately, 30 million hec-
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tolitres world wide (RAMOS et al., 2012; AYL-
WARD, 2012).

MATERIALS AND METHODS
Juice production

The grape juice (cv Barbera) was provided by
Terre dei Santi (Castelnuovo Don Bosco, Asti,
Italy), while the other fruit juices were provided
by Valter Valle Farm (San Damiano d’Asti, Asti,
Italy). The apple, pear and peach juices were ob-
tained from the Golden delicious, Williams and
Red Haven cultivars, respectively. For juice pro-
duction, fruits were directly pressed, and the
juice was filtered and stored at +1°C until use.
Because the aim of this study was to develop a
new grape-based juice, the percentage of grape
juice was fixed (70%) and the other fruit juices
were added in percentages from O to 25%, with
a step of 5% (Table 1).

Table 1 - Experimental plan of blending.

Sample code  Barbera juice (%) Fruit juices (%)
Pear Peach Apple

S-1 70 0 5 25
S-2 70 0 10 20
S-3 70 0 15 15
S-4 70 0 20 10
S-5 70 0 25 5
S-6 70 5 0 25
S-7 70 5 5 20
S-8 70 5 10 15
S-9 70 5 15 10
S-10 70 5 20 5
S-1 70 5 25 0
S-12 70 10 0 20
S-13 70 10 5 15
S-14 70 10 10 10
S-15 70 10 15 5
S-16 70 10 20 0
S-17 70 15 0 15
S-18 70 15 5 10
S-19 70 15 10 5
S-20 70 15 15 0
S-21 70 20 0 10
S-22 70 20 5 5
S-23 70 20 10 0
S-24 70 25 0 5
S-25 70 25 5 0

This ratio was defined taking into account
that, generally, in a fruit juice, the fruit/wa-
ter ratio is approximately 35:65 (FUGEL et al.,
2005) and in this study water was replaced
by grape juice. Because for each beverage at
least two fruit juices must be present, a total
of 25 mixed juices were obtained. The proto-
types were then bottled, pasteurised (105°C,
25 min) and stored at ambient temperature.



Three replicates for each of the 25 recipes are
been prepared.

Reagents

Folin-Ciocalteu reagent, sodium hydroxide,
glucose, fructose, phosphoric acid, methanol,
sulphuric acid, caesium chloride, tartaric, mal-
ic and citric acids were purchased from Sigma-
Aldrich (Milano, Italy). Ultrapure water was ob-
tained from a Milli-Q gradient A10 instrument
(Millipore Corporation, Billerica, USA).

Analyses

Density, extract, pH, sulphur dioxide, titrable
acidity, total sugars, glucose, fructose, ashes
and potassium of grape must were determined
in accordance with the Commission Regula-
tion (EEC) No. 2676/90 of 17 September 1990,
while tartaric, malic and citric acids were de-
termined by HPLC (CANE, 1990). The polyphe-
nolic composition of the grape must and fruit
juices (total polyphenols, anthocyanin and fla-
vonoid contents) was determined by spectro-
photometry (DI STEFANO et al., 1989). The glu-
cose, fructose, total sugars, ashes, titrable
acidity, pH, tartaric acid, malic acid, citric acid
and potassium of the fruit juices and beverag-
es were determined in accordance with Italian
Standard Methods (DM 03/02/1989). The fruit
juice antioxidant capacity, expressed as Vita-
min-C Equivalent Amount or VEAC Index, was
determined according to KIM et al. (2002). The
colour was measured using a Konica Minolta
spectrophotometer CM-5 (Minolta Corp, Osa-
ka, Japan) in the CIELab colour system with
a D65 illuminant. The parameters measured
were L* (whiteness or brightness/darkness), a*
(redness/greenness) and b* (yellowness/blue-
ness). Each sample was evaluated in a 40-mL
cuvette (1-cm thickness). All evaluations were
performed in triplicate.

Liking test

As reported by MAMMASSE and SCHLICH
(2014), literature recommend a range from 50
to 100 consumers in hedonic tests and gener-
ally no replication are needed. Taking into ac-
count this and the limited quantity of samples,
the liking test was executed once by recruiting
50 consumers (22 males and 28 females, aged
26-65 years).

They have received an invitation and volun-
tarily have participated to the tests. All tests
were conducted individually, and social interac-
tion was not permitted. The test was performed
inside an air-conditioned meeting room with
white light. The temperature was approximately
21 °C, and the relative humidity was approxi-
mately 50%. Tests were performed from 11 a.m.
over 5 days. For each session, five experimental

beverage samples (approximately 30 mL each)
were presented in a completely randomised and
balanced order. The samples were offered to
the consumers in coded plastic cups. Natural
bottled water was provided to each participant
for palate cleansing. To decrease fatigue, there
was a 5 minutes break between each sample.
During each break, the consumers rinsed their
mouths with water. All beverages were evalu-
ated for specific parameters by consumers on
a Just-about-right (JAR) structured scale, and
then the consumers were asked to express the
overall pleasantness of each product.

For JAR evaluation, consumers rated the
samples on a 5-point JAR scale (1 = much too
low, 2 = a little too low, 3 = just about right-JAR,
4 = a little too much, and 5 = much too much)
for five sensory parameters: colour, odour, aro-
ma, sweet taste and persistence in the mouth.
For the overall pleasantness evaluation, a seg-
ment of known length (100 mm), limited to the
extremes of two adjectives of opposite mean-
ing (bipolar scale) was used. Consumers were
asked to mark the line that corresponded to
their degree of overall pleasantness. The data
were collected on a paper card. According to
PAGES et al. (2014), the 5 JAR variables were
reduced to 3 for data evaluation: “not enough”
(by grouping the “much too low” and “a little
too low” responses), “JAR” and “too much” (by
grouping the “much too much” and “a little too
much” responses). This grouping of variables
leads to simpler analyses, and it allows for ob-
taining more stable results because non-JAR
categories are associated with higher frequen-
cies (PAGES et al., 2014).

Statistical analysis

Compositional data and overall pleasantness
were examined by one-way analysis of variance
(ANOVA) with Tukey’s test (p<0.05) as a multiple
range test with XLSTAT 2011 (Addinsoft SARL,
California, USA) and then used for a Principal
Component Analysis, also performed with XL-
STAT 2011 (Addinsoft SARL, California, USA).
The °Brix/acid ratio and the overall pleasant-
ness were subjected to Pearson’s test (r). The
JAR data were subjected to a penalty analysis
with XLSTAT-MX 2014.2.07 (Addinsoft SARL,
California, USA).

RESULTS AND DISCUSSION
Compositional aspects

The compositions of grape and fruit juices
used for beverage production are reported in Ta-
ble 2, while the composition of the obtained bev-
erages are reported in Tables 3 and 4.

As highlighted by MORALES-DE LA PENA
et al. (2010), the overall quality of a fruit juice
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Table 2 - Composition of grape and fruit juices used for beverages production. Data are expressed as mean * SD.

Fruit juices Grape juice
Pear Peach Apple
Glucose (g L) 19.08+0.2 39.78+0.2 20.41x0.2 Glucose (g L) 86.94 +0.2
Fructose (g L) 75.43+0.4 41.59+0.5 61.94:0.2 Fructose (g L) 94.82 +0.09
Ashes (g Kg) 2.6+0.03 4.310.02 2.7+0.02 Ashes (g L) 3.4 20.1
Potassium (mg Kg™) 1720+0.2 354216 1540+0.4 Potassium (mg Kg™) 122345
°Brix 13.5+0.4 11.5+0.3 11£0.2 °Brix 19+0.3
Total Acidity (g L) 4.3+0.2 4.85+0.3 41301 Total Acidity (g L) 6.26+0.04
pH 3.730.03 3.79+0.01 3.76+0.01 pH 3.36+0.05
Tartaric acid (g L) 0.281+0.01 0.233+0.02 0.26+0.03 Tartaric acid (g L) 2.73+0.02
Malic acid (g L) 0.312+0.03 0.892+0.02 1.028+0.01 Malic acid (g L) 2.35+0.03
Citric acid (g L) 0.588+0.03 0.788+0.04 nd Citric acid (g L) 0.1 £0.01
Polyphenols (mg Kg) 126.745 81.9+4 96.5+4 Polyphenols (mg L) 446 +6
Density (g L) 1.07715 +0.0004
Extract (g L) 206.6+0.4
Free Sulphur Dioxide (mg L) nd
Total Sulphur Dioxide (mg L) 11.2£0.4
Anthocyanins (mg L") 228 £1.74
(nd - not determined).

is evaluated by a few parameters such as sol-
uble solids, pH and acidity. The grape juice
displayed a total soluble solids content of 19
°Brix with approximately 170 g L! of sugars,
while the peach, apple and pear juices exhibit-
ed 11.5, 11.0 and 13.5 °Brix, respectively. The
mean value of °Brix for new beverages was ap-
proximately 15.3, with a significant reduction
with respect to grape juice, approximately 19.
The obtained value is similar to that of a fruit
juice (GUNATHILAKE et al., 2014) and ideal for
the formulation of nutraceutical food beverages
(SARAVANAN and ARADHYA, 2011a). The content
of fructose in apple juice (approximately 62 g
L!) was higher than that reported by WU et al.
(2007) but lower than that reported by WILL et
al. (2008) and MARKOWSKI et al. (2009). Addi-
tionally, the fructose content of pear juice (ap-
proximately 75 g L'!) was higher than that re-
ported by COLARIC et al. (2006). Acidity is one
of the most important quality parameters for
fruit juices (BHARDWAJ and PANDEY, 2011), as
confirmed by AL BITTAR et al. (2013), who in-
cluded this factor in the sensory analysis of
an innovative grape juice enriched in polyphe-
nols. Nevertheless, LIU et al. (2006) highlight-
ed that: “high acidity has a negative influence
on the palatability of table grapes, as well as
the suitability for wines”. The value of the total
acidity, expressed as tartaric acid, of the grape
juice used in this study (6.26 g L'!) is compa-
rable to that reported for juices made with dif-
ferent grape cultivars (MARSELLES-FONTANET et
al., 2013; LIU et al., 2006; SOYER et al., 2003).
The main organic acid in grape is tartaric acid,
which has a pK, of 3.04, followed by malic acid,
which has a pK, of 3.40 (LIU et al., 2006). The
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grape juice had a tartaric acid content of 2.73 g
L, similar to juice reported by LIU et al. (2006).
The pH value also plays an important role in the
preparation of beverages (BHARDWAJ and PAN-
DEY, 2011). The blending process here studied
is aimed to increase the pH value of grape must
(3.36). Our obtained results indicated that the
addition of fruit juice with pH values of 3.79
(peach), 3.76 (apple) and 3.73 (pear) increased
the pH of grape juice so that it reached a mean
value of 3.44 in the prepared beverages. In his
research on the properties of fruit juices used
for functional beverages, GUNATHILAKE et al.
(2014) reported a pH of 3.60 for apple juice,
while ANDRES et al. (2014) in their evaluation
of the bioactive compounds in non-fermented
beverages highlighted that the pH ranged be-
tween 3.20 and 4.01, in agreement with SAARE-
LA etal. (2011). Typically, the pH values of fruit
juices are below 4, or even 3, depending on the
fruits used. The amount of organic acids in the
fruit juices depended on the cultivar: apple dis-
played the highest amount of malic acid, with a
content of 1.028 g L', while pear juice had the
highest citric acid content (0.588 g L!). AGUI-
LAR-ROSAS et al. (2007) reported a malic acid
content below 0.35 g L! for the same cultivar,
whereas BURON-MOLES et al. (2014) reported
a malic acid content of 1.4 g L'!. For beverag-
es, the most abundant organic acid was malic
acid, with a mean content of 2.84 g L!, while
the mean tartaric acid amount in these samples
was 2.39 g L'!. For this compound, the concen-
tration was similar among all of the beverages
because the same quantity of grape must was
used and because the quantity of tartaric acid is
very low for fruit juice. The highest values were
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Table 4 - Polyphenol composition (PHEN - total polyphenols; TAI - anthocyanins; TFI - flavonoids; VCEAC - antioxidant ca-
pacity) and CIELab values of samples obtained by mixing grape juice and fruit juices of pear, peach and apple and results of
ANOVA analysis with Tukey'’s test. Data are expressed as mean * SD. For sample code see Table 1. Values in each column

having different letters are significantly different at p<0.05.

Sample PHEN TAI TFI VCEAC L¥(D65) a*(D65) b*(D65)
code (mg L) (mg L) (mg L) (mg L)

S-1 3845:495cd  84sldlabc  540.5:44.55cdefgh 593.83:10.40a 68.14:286ab  32.18:0.46 1120043
s2 3805:2.12bcd  845:2.12abc  478:4.24 ghikl  578.38+104 ab 6475:0.01b  339:0.10  11675:0.15
s3 366:1416fy  82:2.82abcd 407562051 | 526.17+4.16 abcd 6628:045ab  3356:0.19  11.36:0.26
S-4 362:07gh  825:106abc  497:4.95fghik  468.09:20.28 cd 66.63:0.19ab  32.72:051  10.52:0.27
S5 265.5+6.36 0 80:0.00abcde  447+2.83 ik 464411040 d 66.65:198ab  34.84:172  11.23:0.30
56 4025:495ab  885:071a  6125:0.71abc  534.26:4887abcd  64.89:025b  32.94:040  1131:0.28
7 4055:354a 88+0.00 ab 576+141abcd  476.91+728 cd 64.13:093b  3275:0.07  10.89:0.01
S8 3855:2.12cd  80.5¢0.71abcde 546.5:778bedefy  492.35:4783 bed 6385:152b  3352:2.33  10.97+119
59 3805:2.12de  815:0.71abcd  545:566cdefy  53059+29.12abcd  65.63+125ab  33.85:0.76  1146:0.59
510 3625:2.121gh  80.5:0.71abcde  517+141defghi  480.59:10.40 cd 66.21:321ab  344:277 1125100
S-11 3385:4.95(k  79.5:0.71abcde 4905:71fghik  53794+18.72abcd  6796:2.23ab  338:133  10.9:0.72
S-12 377+141def  82£0.00abcd  581:141abcd  57765:0.00 ab 66.62:040ab  33.49:194  9.45:0 47
S13 334:000 kI 675:0.71gh  5155:4.95defghi  551.18:0.00 abcd 675:221ab  3166£0.46  9.810.01
S-14 325+4.24kim  635:2.12h 493.5+4.95 fghilk 510:2.08abcd  6851+162ab  3266+177  10.04+0.04
S-15 3145:071mn  68.5:2.12 gh 4301556 K 506.32:144abcd  70.09:0.14ab  30.79:181  9.77:0.95
S-16 3095:071n  655:0.71 gh 436+9.90 kI 510.74:1560abcd  74.03:4.72a 3121116 9.26+127
S-17 350¢4.24hi  72+141efgh  5525:6.36bcdef  583.53:12.48a 66.6:0.62ab  32.86+114  11.09:0.09
S-18 342:142if  69.5:2.12fgh 514283 defghi 551173328 abed 68:2.18ab  33.46:128  10.93:0.60
519 333:114jkI  67:0.00 gh 503:0.00 efghij  540.88:6.24abcd  69.48+160ab  32.71:105  10.76+0.69
S-20 321141 Imn  64.5:2.12 gh 469:849hikl  55118:20.12abcd  6782:271ab  3363:210  9.95:0.09
S-21 36542419 68:0.00 gh 571:141abcde  546.76:12.48abcd  6749:049ab  326:143 1056141
S22 3955:0.71abc  80:707abcde  618:49.5ab 576.91+728 ab 63.95:163b  34.42:086  11.88:0.30
S-23 376:2.83defy  73+141defg  556:0.00 abcdef 548.24:000abcd  70.73:576ab  32.09:122  10.05:186
S-24 407707 a 78:141cdefl  6275:4.95a 585+3743 a 65571238  32.27:023  1168:0.23
S-25 3905778 bcd  79:5.66bcde  576:46.67abcd  556.32+1.04 abed 66.51:028ab  32.82:091  10.89:0.59

lated with the composition of each single fruit
juice and the different percentages used for bev-
erage production. In fact, there were no differ-
ences between the beverages for the CIELab pa-
rameters a* and b* only, and this is due to the
high grape must percentage used.

Sensory aspects

Concerning the overall pleasantness, the ANO-
VA highlighted significant differences among the
25 experimental beverages (Table 5).

Even if the content of grape juice was kept
constant in all of the beverages at 70%, the dif-
ferent percentages of other fruit juices can in-
fluence the acceptability. The most appreciated
samples (S-22, S-24 and S-23) had the highest
pear juice percentages, while the least appre-
ciated (S-14, S-12, S-1 and S-16) had the low-
est pear juice concentrations. The least appre-
ciated was beverage S-14, which was obtained
with a mix of apple, pear and peach juices at
the same percentage (10%). Penalty analysis
was used because with this test it is possi-
ble to identify the sensory attributes that have
the largest influence on consumer liking and
provides directions for product reformulation
(ARES et al., 2014) and also allows one to de-
termine if a specific product attribute is “just
about right” (TAYLOR, 2013). Penalty analysis
combines JAR variables and overall liking tests
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to find correlations between a decrease in con-
sumer acceptance and attributes not at the JAR
level. This analysis, based on multiple compar-
isons, is aimed to identify and determine if the
rankings on the JAR scale are related to sig-
nificantly different results in the liking scores
for each sensory attribute studied on the JAR
scale. This can be achieved by evaluating the
mean decrease in overall liking versus percent-
age of not-JAR variables (i.e., the low percentage
of not-JAR evaluation determines a low mean
decrease in overall liking). When some not-JAR
categories receive at least 20% (Pareto princi-
ple) responses for an attribute, this becomes a
candidate for penalty analysis. Penalty analy-
sis uses the 20% cut-off theory on the percent-
age of not-JAR consumers based on the Pareto
principle (i.e., the Pareto principle recognises
that “80% of effects occur from 20% of causes”
or the 80-20 rule) and signifies several common
occurrences in everyday phenomena. Therefore,
the 20% cut-off is used as a general rule for pen-
alty analysis (NARAYANAN et al., 2014). In Fig.
1 are reported the JAR scores for each param-
eter used in the beverage evaluation.

The colour was judged “just right” by 50% of
the consumers, odour by 37%, aroma by 38%
and persistence in the mouth by 39%. In gen-
eral, the “JAR” value was chosen by a high-
er number of assessors: the higher frequen-
cy was highlighted by the “a little too low” val-



Table 5 - Mean values of overall pleasantness and results of ANOVA and Tuckey’s test. Data are expressed as the mean +SD.

Values with different letters are significantly different at p<0.05.

Sample code Fruit juices Overall Tuckey test
pleasantness (p< 0.05)
pear (%) peach (%) apple (%)
S-22 20 5 5 56.98 a
S-24 25 0 5 55.3 ab
S-23 20 10 0 55.14 ab
S-8 5 10 15 5418 abc
S-9 5 15 10 54.08 abc
S-2 0 10 20 54.04 abc
S-25 25 5 0 53.07 abcd
S5 0 25 5 53.36 abcde
S-11 5 25 0 52.36 abcdef
S-3 0 15 15 50.82 abcdefg
S-4 0 20 10 50.56 abcdefg
S-6 5 0 25 50.54 abcdefg
S-7 5 5 20 49.72 abcdefg
S-10 5 20 5 48.9 abcdefg
S-21 20 0 10 48.38 abcdefg
S-15 10 15 5 46.36 abcdefgh
S-20 15 15 0 457 bcdefgh
S-17 15 0 15 43.8 cdefgh
S-18 15 5 10 429 defgh
S-19 15 10 5 42.68 efgh
S-13 10 5 15 42.6 efgh
S-16 10 20 0 42.46 fgh
S-1 0 5 25 41.96 fgh
S-12 10 0 20 40.86 gh
S-14 10 10 10 36.36 h

ue for only the odour. Fig. 1 also demonstrates
that the “much too much” and “much too low”,
although they may affect the overall pleasant-
ness, do not weigh significantly on it because
of their low frequency in the responses of con-

sumers. The variables can then be grouped
into two main groups with “a little too much”
or “a little too low”. The first group corresponds
to “much too much”, while the second corre-
sponds to “not enough” for the parameters of

Distribution
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0%

odor

B muchtoo low m alittle too low
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sweet taste pe rsistence
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Fig. 1 - Distribution of JAR scores for each sensory attribute evaluated.
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Fig. 2 - Penalty
analysis from JAR Means drops vs %
data. Not-JAR data 20 persistence in
with a frequency - mouth
<20% of total re- -1
18 + sweet taste
sponses are not
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colour, aroma, sweet taste and persistence in
the mouth. In Fig. 2 are displayed the distribu-
tion of frequency and then their effect on the
mean drop in overall pleasantness.

Sweet taste, aroma and persistence in mouth
exhibited a higher effect on the overall pleasant-
ness if classified as “not enough”. Also impor-
tant for determining the overall pleasantness
was the odour, if classified as “not enough”.

When the sensory parameters were classified as
“too much”, they had less impact on the over-
all pleasantness. A principal component analy-
sis was also performed to highlight the correla-
tion between chemical-physical parameters and
overall pleasantness. The first two components
explained 72.82% of the variance (Fig. 3).

The first component explained 50.74% of the
variance and was mainly correlated with the to-

Biplot (F1 and F2 axes: 72,82 %)

Fig. 3 - Distri-
bution on plane
defined by the

F2 (22,09 %)
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tal soluble solids, glucose and fructose contents,
which corresponded to 12.1, 11.8 and 11.2%,
respectively, of the total variance explained by
this axis. The second component that explained
22.08% of the total variance is associated with
the flavonoids, total polyphenols and antiox-
idant capacity, accounting for 20.7, 16.7 and
13.5%, respectively, of the total variance ex-
plained by this axis. The overall pleasantness
was positively correlated with the contents of
the total soluble solids and fructose and nega-
tively correlated with the pH, citric acid content
and L*. Because the overall pleasantness is lo-
cated in the upper right graph quadrant, all of
the beverages placed in the same quadrant are
the most appreciated. In particular, the highest
appreciation was found for the S-22, S-24 and
S-23 samples, as also demonstrated by Table 5.
The less appreciated samples are on the lower
left side of the graph. They can be grouped into
two groups: S-16, S-15, S-14, S-20 and S-19 in
the lower left quadrant of the PCA graph and
S-13, S-18, S-17, S-21 and S-12 in the upper
left quadrant. The first group exhibited a more
transparent colour, with a high value for L* and
higher pH and citric acid contents. The second
group demonstrated a low overall pleasantness
but a high antioxidant capacity. In this group,
it must be highlighted that beverage S-14, with
the same percentages of fruit juice (10-10-10),
had the lowest appreciation and the highest pH.

CONCLUSIONS

One of the first internationally accepted de-
scriptions of functional food has been provided by
DIPLOCK et al. (1999) according to which: “a food
product can be considered functional if together
with the basic nutritional impact it has beneficial
effects on one or more functions of the human or-
ganism...”. Taking this into account, and also of
the scientific evidence regarding the benefits of the
products based on grapes to human health, the re-
sults obtained in this study have shown that these
experimental fruit juices have functional charac-
teristics. Additionally, as reported by BHARDWAJ
and PANDEY (2011), it may be concluded that the
formulation of mixed beverages can satisfy con-
sumer tastes and preferences. In particular, the
overall pleasantness results indicate a tenden-
cy of consumers to prefer samples with the high-
est percentage of pear juice, followed by samples
containing mixtures of peach and apple juices.

ACKNOWLEDGEMENTS

This study was funded by Regione Piemonte through the
“Regional Operational Programme” - Regional Competi-
tiveness and Employment - F.E.S.R. 2007/2013. The au-
thors thank all of the consumers and the technical opera-
tor, Mrs. Maria Rosa Lottero - CRA-ENO, for her collabora-
tion in the liking test.

REFERENCES

Aguilar-Rosas S.F., Ballinas-Casarrubias M.L., Nevarez-
Moorillon G.V., Martin-Belloso O. and Ortega-Rivas E.
2007. Thermal and pulsed electric fields pasteurization
of apple juice: effects on physicochemical properties and
flavour compounds. J. Food Eng. 83: 41.

Al Bittar S., Périno-Issartier S., Dangles O. and Chemat F.
2013. An innovative grape juice enriched in polyphenols
by microwave-assisted extraction. Food Chem. 141: 3268.

Andrés V., Villanueva M.J., Mateos-Aparicio I. and Teno-
rio M.D. 2014. Colour, bioactive compounds and antiox-
idant capacity of mixed beverages based on fruit juices
with milk or soya. J. Food Nutr. Res. 1 (53): 71.

Ares G., Dauber C., Fernandez E., Giménez A. and Varela P.
2014. Penalty analysis based on CATA questions to iden-
tify drivers of liking and directions for product reformu-
lation. Food Qual. Prefer. 32: 65.

Aylward D. 2012. Demarcation: a dynamic methodology for
quality grading within the Australian wine industry. Int.
J. Qual. Innov. 2:18.

Bates R.P. and Morris J.R. 2001. Juices and beverages
blends. Ch. 9. In: “Principles and practices of small and
medium scale fruit juice processing”. Bates R.P., Cran-
dall P.G. and Morris J.R.. (Ed. FAO), p. 95-100. FAO Ag-
ricultural Services Bulletin - Rome.

Bhardwaj R.L. and Pandey S. 2011. Juice Blends—A way of
utilization of under-utilized fruits, vegetables, and spic-
es: a review. Crit. Rev. Food Sci. 51: 563.

Buron-Moles G., Torres R., Amoako-Andoh F., Vinas I., Teix-
ido N., Usall J., Keulemans W. and Davey M.W. 2014.
Analysis of changes in protein abundance after wounding
in ‘Golden Delicious’ apples. Postharvest Biol. Tec. 87: 51.

Cane P. 1990. Il controllo della qualita dei vini mediante
HPLC: determinazione degli acidi organici. Enotecni-
co 26: 67.

Colaric M., Stampar F., Solar A. and Hudina M. 2006.
Influence of branch bending on sugar, organic acid and
phenolic content in fruits of ‘Williams’ pears (Pyrus com-
munis L.). J. Sci. Food Agr. 86: 2463.

Commission Regulation (EEC) No. 2676/90 of 17 Septem-
ber 1990 determining Community methods for the anal-
ysis of wines.

D.M. 03/02/89 - Approvazione dei metodi ufficiali di anali-
si per le conserve vegetali - parte generale.

Di Stefano R., Cravero M.C. and Gentilini N. 1989. Meto-
di per lo studio dei polifenoli dei vini. Enotecnico 25: 83.

Diplock A.T., Aggett P.J., Ashwel M., Bornet F., Fern E.B.
and Roberfroid M.B. 1999. Scientific concepts of func-
tional foods in Europe: Consensus Document — Brit. J.
Nutr. 81 S1-S27. Supplement Number 1.

Food Standard Agency. 2010. Eatwell: 8 tips for making
healthier choices. Available from:http://www.food.gov.
uk/multimedia/pdfs/publication/eatwell0708.pdf. Ac-
cessed 2014 August 8.

Fuagel R., Carle R. and Schieber A. 2005. Quality and au-
thenticity control of fruit purees, fruit preparations and
jams—a review. Trends Food Sci. Tech. 16: 433.

Gunathilake K.D.P.P., Yu L.J. and Vasantha Rupasinghe
H.P. 2014. Reverse osmosis as a potential technique to
improve antioxidant properties of fruit juices used for
functional beverages. Food Chem. 148: 335.

Kim D.O., KiW.L., Lee H.J., Lee C.Y. 2002. Vitamin C Equiv-
alent Antioxidant Capacity (VEAC) of phenolic phytochem-
icals. J. Agric. Food Chem. 50: 3713.

Jayasena V. and Cameron I. 2007. °Brix/Acid Ratio as a
predictor of consumer acceptability of Crimson seedless
table grapes. J. Food Quality. 31: 736.

Liu H.F., Wu B.H., Fan P.G., Li S.H. and Li L.S. 2006. Sugar
and acid concentrations in 98 grape cultivars analyzed by
principal component analysis J. Sci. Food Agric. 86: 1526.

Mammasse N., Schlich P. 2014. Adequate number of con-
sumers in a liking test. Insights from resampling in sev-
en studies. Food Qual. Prefer. 31: 124.

Markowski J., Baron A., Mieszczakowska M. and Plocharski

Ital. J. Food Sci., vol. 27 - 2015 9



W. 2009. Chemical composition of French and Polish
cloudy apple juices. J. Hortic. Sci. Biotech. ISAFRUIT,
Special Issue: 68.

Marsellés-Fontanet A.R., Puig-Pujol A., Olmos P., Minguez-
Sanz S. and Martin-Belloso O. 2013. A comparison of the
effects of pulsed electric field and thermal treatments on
grape juice. Food Bioprocess Technol. 6: 978.

Morales-de la Pena M., Salvia-Trujillo L., Rojas-Grati M.A.
and Martin-Belloso O. 2010. Impact of high intensity
pulsed electric field on antioxidant properties and quali-
ty parameters of a fruit juice-soymilk beverage in chilled
storage. Food Sci. Technol.-Leb. 43: 872.

Narayanan P., Chinnasamy B., Jin L. and Clark S. 2014.
Use of just-about-right scales and penalty analysis to de-
termine appropriate concentrations of stevia sweeteners
for vanilla yogurt. J. Dairy Sci. 97: 3262.

Ojeda H., Escudier J.L., Albagnac G., Sivry A. and Guyot P.
2009. Diversification des produits de la vigne: création
d’une filiere « Jus de Raisin ». Revue des CEnologues 30.

O'Neil C.E. and Nicklas T.A. 2012. Fruit juice consumption
is associated with improved nutrient adequacy in chil-
dren and adolescents: the National Health and Nutri-
tion Examination Survey (NHANES) 2003-2006. Public
Health Nutr. 15: 1871.

O’Neil C.E., Nicklas T.A., Zanovec M. and Fulgoni V.L. III.
2011. Diet quality is positively associated with 100% fruit
juice consumption in children and adults in the Unit-
ed States: NHANES 2003-2006. Nutr. J. Available from:
http://www.nutritionj.com/content/10/1/17.

Pages J., Berthelo S., Brossier M. and Gourret D. 2014. Sta-
tistical penalty analysis. Food Qual. Prefer. 32: 16.

Ramos V., Ramalho P., Vivas C. and Sousa A. 2012. Global
competitive dynamics and innovation in the Brazilian wine
sector: an analysis of Vale do Sao Francisco pole. Con-
ference Proceedings of 35th World Congress of Vine and
Wine; Izmir, Turkey, 18 - 22 June 2012. Paris, France:
The International Organization of Vine and Wine (OIV).

Rodriguez-Roque M.J., Rojas-Grati M.A., Elez-Martinez P.,
Martin-Belloso O. 2014. In vitro bioaccessibility of health-
related compounds as affected by the formulation of fruit
juice- and milk-based beverages. Food Res. Int. 62: 771.

Saarela M., Alakomi H.L., Matto6 J., Ahonen A.M., Puhakka
A. and Tynkkynen S. 2011. Improving the storage sta-
bility of Bifidobacterium breve in low pH fruit juice. Int.
J. Food Microbiol. 149: 106.

Saravanan K. and Aradhya S.M. 201 1a. Potential nutraceu-
tical food beverage with antioxidant properties from ba-
nana plant bio-waste (Pseudostem and Rhizome). Food
Funct. 2: 603.

Soyer Y., Koca N. and Karadeniz F. 2003. Organic acid profile
of Turkish white grapes and grape juices. J. Food Com-
pos. Anal. 16: 629.

Taylor K.B.S. 2013. Evaluation of flavor variation in Swiss
cheese from five factories using selected ion flow tube
mass spectrometry (sift-ms), descriptive sensory anal-
ysis, and consumer testing. Thesis. Graduate Program
in Food Science and Nutrition. The Ohio State Universi-
ty. Columbus.

U.S. Department of Agriculture, U.S. Department of Health
and Human Services. 2010. Dietary Guidelines for Amer-
icans, 2010. 7% Edition, Washington, DC: U.S. Govern-
ment. Printing Office, December 2010.

Vislocky L.M. and Fernandez M.L. 2010. Biomedical effects
of grape products. Nutr. Rev. 68: 656.

Will F., Roth M., Olk M., Ludwig M. and Dietrich H. 2008.
Processing and analytical characterization of pulp-en-
riched cloudy apple juices. Food Sci. Technol.-Leb. 41:
2057.

Wootton-Beard P.C. and Ryan L. 2011. Improving public
health?: The role of antioxidant-rich fruit and vegetable
beverages. Food Res. Int. 44: 3135.

Wud., Gao H., Zhao L., Liao X., Chen F., Wang Z. and Hu X.
2007. Chemical compositional characterization of some
apple cultivars. Food Chem. 103: 88.

Paper received September 11, 2014 Accepted November 18, 2014

10 1tal. J. Food Sci., vol. 27 - 2015



