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The consumption of fruit juice and nectars in Brazil has increased in response to the increasing demand for
healthful, delectable and convenient products. Orange nectars and grape juice are well accepted by consumers
and promiseimportant sources of bioactive compounds. Dueto thisincrease in the consumption, the objective
of this work was to perform a physicochemical evaluation of six different brands of orange and grape
nectars marketed in Brazil, as well as an analysis of their pH, Brix, acidity, ascorbic acid, anthocyanin and
total carbohydrate content. The values of all the parametersin the six brands showed variations, although the
most significant differences were found in the vitamin C and anthocyanin levels. All the nectars met the
minimum required content of 5% of the recommended daily intake of vitamin C. One brand of each flavor did
not state the percent daily value on its label, while the othersindicated a higher percent daily value of vitamin
C than the aforementioned content, with level s exceeding the tolerance limit by up to 75%, 88% and 249.22%
for orange and grape, respectively. Fruit nectars are suitable alternatives for the intake of vitamins and other
compounds important for health, but the information on the labels of these products may differs from

laboratory findings.
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INTRODUCTION

Chronic degenerative diseases are among the leading
causes of death in the world, which is why people have
tended to increase their consumption of fruits and
vegetables, aswell asjuices. These foods contain vitamins
and antioxidants, which are known to provide protection
against numerous diseases (Stefler and Bobak 2015; Zhang
etal., 2015; Singh et al., 2015; and Oszmianski et al., 2015).

Fruitsprovide afull range of nutrientssuch asvitaminA,
vitamin C, and phytochemicals, aswell asfibersand e ements

essential for health. Therefore, fruit juice can be a practical
alternative to obtain these compounds, and is also more
convenient and practical than consuming thefruit itself. Allied
to this, consumers are showing a tendency to substitute
carbonated beverages for better quality foods. All these
factorshave motivated peopleto increase their consumption
of fruit juices and nectars, leading to the expansion of the
fruit and vegetable agro-industry and particularly the fruit
juice industry, which has gained a prominent place in Brazil’s
economy (Matsuuraet al., 2002; Branco et al., 2007; O’Neil
etal., 2015; and Souvereinet al., 2015).
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In 2013, Brazil’s production of 43.6 million tons of fruit
raised its position to third among the world’s fruit producers,
and its 30% growth in fresh fruit production over the past
14 years demonstrates the evol ution and importance of this
activity in the country’s economy. The Brazilian industry of
juices, nectars, and fruit and pulp drinks consumes 53% of
the total of processed fruits, 24% of which is destined for
the domestic market and 29% for the international. The
estimated processed fruit market was approximately 55.1
millionlitersin2012 (Branco et al., 2007; and IBRAF, 2015).

Fruit juiceis characterized for containing 100% of fresh
fruit, without preservatives, dyes or artificial sweeteners.
Nectar is a bottled beverage with lower pure juice content
varying from 25% to 99%, depending on current regul ations.
Nectar may contain sweeteners, dyes and preservatives,
which are additivesthat are usually cheaper than the soluble
solids of fruit, making it more affordable for consumers
(Venéancio; Martins, 2012).

It is estimated that approximately 75% of the oranges
grown in Brazil are destined for the production of juice
(Branco et al., 2007; and IBRAF, 2015). Asfor grapes, the
consumption of grapejuiceincreased from 15,832,130 liters
in 2005 to 90,253,140 litersin 2014, and a 5% increaseis
expected in 2015 (Teixeiraet al., 2014; and Dusman et al .,
2014; Comunicado Técnico 137 — Malacridaand Mota, 2005;
and Embrapa, 2012).

The consumption of fruit juice can be an interesting
aternative to drinks that do not contain added vitamins
and other nutritionally important components. However,
this consumption should be cautious, since fruit juice may
have a high calorie content owing to the addition of sugars,
or because the product may not meet the expected quality
(Hebden et al., 2015; Crowe-Whiteet al., 2015; Hong et al .,
2015).

Inview of theincreasing consumption of fruit juiceand
nectar in Brazil, the purpose of this study was to analyze
the physicochemical characteristics of the nectars most
widely consumed in the domestic market (orange and grape)
to assess the quality of these products.

MATERIAL AND METHODS

Raw Materials and Analyses

The orange and grape nectars analyzed in this study were
purchased from local businesses between April and May
2015. Six widely consumed brandswere selected, which are

hereinafter referredto asA, B, C, D, E and F. Orange nectars
of brands A to E were analyzed, and brand A was evaluated
in the traditional and kids versions. Six brands of grape
nectar were analyzed, with brand A evaluated in the
traditional and kidsversions, and brand C in the traditional
and premium versions.

Total soluble solids, expressed in °Brix, weredetermined
from readings taken with an Abbe refractometer equipped
with adigital thermometer. The pH levelswere determined
using a digital pH meter with automatic temperature
compensation. The total carbohydrates content, expressed
in% (m/m), and acidity, expressed as% (v/v) of citricacidin
orange nectar and tartaric acid in grape, were determined
according to the methodol ogy described by the Adolfo Lutz
Ingtitute (IAL, 2008). Anthocyanins, expressed as mgAT/
100 g, were analyzed using the method described by Lees
and Francis(1972), with modifications, and absorbancewas
read in a spectrophotometer at 535 nm. Vitamin C content,
expressed asmg/100mL of nectar, wasdetermined according
to the method described by Terada et al. (1978), with
spectrophotometric readings taken at 520 nm. The Ratio
was calculated based on the ratio of total solids (°Brix) to
citric acid in the case of orange nectars, and to tartaric acid
in that of grape nectars.

All the analyses were performed in triplicate, and the
values presented in Tables 1 and 2 represent the mean
results.

Theresults presented in this paper were compared with
data published in the literature and specific legislation on
orange and grapejuice, given that Brazilian legislation and
the Codex Alimentarius (2005) do not establish standards
of identity and quality for orange and grape nectars.

Statistical Methodology

The average valuesof pH, °Brix, acidity (% v/v), vitamin C
(mg/100 mL) anthocyanins (mg AT/100 g), total
carbohydrates (% m/m) and ratio were compared by analysis
of variance (ANOVA), complemented with Tukey’s test and
Student’s t test (Bussab and Morettin, 2013), using the
BioEstat 5.0 statistical software program (Ayreset al., 2007).
Significancelevel wasbased on ** p<0.005

RESULTS

Table 1 showsthat the pH levelsof thefive brandsof orange
nectar under study did not differ. The Brix level varied, with
the kids version of brand A showing the highest average.
Thelevelsof acidity varied significantly among the brands,
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Table1: Physicochemical Par ameter sof Orange Nectar AccordingtotheBrand
Brand pH Brix Acndrty.((,ntnc Vitamin C Anthocyanin | Total Carbs Ratio
Acid) (mg/100 mL) | (mgAT/100g) | (% m/m)
A 3.13 £0.16a* 12.63 +0.42b [0.5816+0.1950bc | 80.20+5.33¢ | 1.05+0.39ab | 8.16+0.69a | 23.7933 £9.2785a
Al 3.21 £026a 14.70 £0.10d |0.6728+£0.0039bc | 75.33 £ 1.88¢c | 0.78£0.19ab [10.58 £0.14a| 21.8500£0.1929a
B 3.70£0. 3% 11.70 £0. 00a|0.6030£0.0039bc | 35.10 = 1.91a| 0.28 £0.09a | 7.52+0.92a | 19.2967+0.2194a
Cl 3.05+0.12a 11.63 £0.06a |0.4570£0.0082ab| 43.57 £1.72b| 1.95+025B | 8.54+0.09a | 28.4533£0.7722a
D 3.50+ 0. 53a 13.00£0. 17b| 0.2485+0.0145a [45.07 £1.99b [ 0.84+ 0.60ab | 7.54+ 0.04a | 47.1867+£2.6841b
El 340£0.11a 1343 £0.49¢c| 0.7588+0.0121c [ 50.40 £1.59b| 1.72+0.75b | 9.14 £ 1. 34a| 17.7167+£0.9404a
Note: * Means followed by at least one same letter do not differ, after setting the parameter (ANOVA, complemented with Tukey’s test
and Student’s t-test. Significance level: p<0.005). Al: kids version of brand A; C1: Premium version of brand C; E1: handmade version
of brand E.

except in the case of brands A and B. The highest average
acidity was found in brand E and the lowest in brand D.
Vitamin C levelsvaried significantly only in the traditional
and kidsversionsof brand A, which showed extremely high
levels. The highest levels of anthocyanins were found in
brands C and E, but total carbohydrates showed no
variations.

AscanbeseeninTable 2, among the grapejuice brands
analyzed, only brand B differed significantly interms of pH
level. Brix levelsvaried, with brand E showing the highest
and brand B the lowest average. Asfor acidity, three of the
brands showed variations, while brands C, D and F did not.
The highest average acidity was found in brand B and the
lowest inbrand E. Significant variationsinvitamin C levels

were found in the traditional and the kids version of brand
A, with the latter showing avery high level of thisvitamin.
Brands D and E showed the highest anthocyanins contents,
while brandsA and C showed the highest total carbohydrate
levels.

Figure 1 showsthe variables of pH, Brix, acidity, vitamin
C, anthocyanins, total carbohydrates, and ratio of the orange
and grape nectars of the six analyzed brands. As can be
seen, Brix, acidity, anthocyanins and total carbohydrate
levels varied significantly among different brands of the
same flavor. Only brand D of grape nectar and brand B of
orange nectar showed significant variations in pH levels.
Among the grape nectars, the highest Brix levelswere found
in brands D and E and the lowest in brand B. Among the

Table 2: Physicochemical Parameter sof GrapeNectar AccordingtotheBrand
I R i e R
A 1288 £0.10a* 13.30+0.26¢| 0.5438+0.0039¢ |30. 40 £ 4.42bc| 4. 84 +1.89b | 10.05 £ 0.07¢| 24.6433+0.6586b
Al |297+£0.21ab 12.83 £0.51b | 04763+0.0078c | 81.87+1.63¢ [ 273 £0.35a |9.62 +0.07bc |26.9433+0.8048bc
B 3.52+0.10b 11.33 £0.32a| 0.7000+£0.0043f ({30.40= 1. 04bc| 1.39£0.09a | 691 £0.30a | 18.8100+0.0520a
Cl 2.85+£009a 13.17+£0.12¢ | 0.5125+0.0082d | 21.01 £ 1.50a | 3.67+1.09ab | 8.67 +£0.09b |29.4667+0.3164cd
C  [3.03+£0.22ab 12.33 £0.15b | 0.4248+0.0121b | 29.67 £021b | 3.06+0.25ab [ 10.07 +£0.19¢ |29.0567+1.1060cd
D 2.74+0.43a 14.33+0. 06d| 0.4268+0.0039b [46.13 £1.55d| 7.74 £0.59c | 9.09 £ 0.48b | 33.5900+0.3897¢
E 2.81£0.09a 15.10 £0. 10e| 02320+0.0043a [43.20£2.17d| 7.63 £0.63c | 8.50 £0.56b| 48.8733+2.0710f
F o ]1298+0.19ab 12.97+0. 12b| 04200+£0.0103b | 3573 £0.45¢c | 2.67 £0.44a | 8.27 £ 0.05b |30.8867+0.8460de
Note: * Means followed by at least one same letter do not differ, after setting the parameter (ANOVA, complemented with Tukey’s test
and Student’s t-test. Significance level: p < 0.005). Al: kids version of brand A; C1: Premium version of brand C.
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Figure1: Comparison of the Physicochemical
Parameter sof Orangeand Grape Juicesasa Function
of theBrand

»

orange nectars, the kids version of brand A showed the
same Brix level asthe other brands.

As for acidity, brand E of the orange nectars showed
the highest citric acid content, while brands D (orange) and
E (grape) showed the lowest levels. The highest total
carbohydrate contents were found in the kids version of
brand A of orange nectar and in brand C of grape nectar.

The highest levels of vitamin C were found in the
traditional and kids versions of brand A of orange nectar,
and in the kids version of brand A of grape nectar. As for
anthocyanins, brand B of orange nectar showed the lowest
levelsand brand C (Premium) the highest. Among the grape
nectars, the highest levels of anthocyanins were found in
brands D and E.

The ratio of total soluble solids (°Brix) to acidity also
showed high values. The results for orange nectar indicate
minimum and maximumvaluesof 17.72+0.94 and 47.19+2.68,
respectively. Among the grape nectars, brand E showed the
highest ratio.

A comparison of the traditional and kids versions of
brand A of orange nectar revealed differencesin Brix and
total carbohydrate levels, with the kids version showing
higher values. In contrast, a comparison of the traditional
and kids versions of brand A of grape nectar indicated a
difference only in vitamin C content, with the kids version
showing the higher content.

Thetraditiona and Premium versionsof brand C of grape
nectar showed differences in Brix, vitamin C and total
carbohydratelevels. Vitamin C and carbohydrate levelswere
higher inthetraditional version, whilethe Brix content was
higher inthe Premium version.

DISCUSSION

The quality of processed fruit nectars can be considered
adequateif their characteristicsare similar to those of fresh
fruit; however, their bioactive components may undergo
numerous transformations during processing and storage
(Kabasakaliset al., 2000; Limaet al., 2000; and Silvaetal.,
2005). Vitamin C (ascorbic acid) can be used asameasure of
the nutritional quality of fruit based products, since it is
highly vulnerable to these variables. Therefore,
pasteurization, sterilization and high hydrostatic pressure,
which can be applied to preservefruit nectars, may interfere
with the original characteristics of the fruit ( Ozkan et al.,
2004; Spinolaet al., 2013; Cunhaet al., 2014; and Polydera
etal., 2014).

Orange nectar is greatly appreciated in Brazil because
of itsfamiliar flavor, wide acceptability and ready availability,
given that the country’s citrus industry accounts for 60%
of the global citrus fruit production. Brazilian regulations
specify that orange juice must contain minimum levels of
25.00% vitamin C and 10.5° Brix, aswell asaratio of total
soluble solids to total titratable acidity, in g/100 g of citric
acid, of at least 7.0 (Brasil, 2000; Branco et al., 2007; and
Neves, 2010). Given its characteristics, nectar is more
affordable for the consumer; however, Brazilian legidation
and the Codex Alimentarius (2005) do not establish
standards of identity and quality for orange nectars.

Branco et al. (2007) analyzed orangejuice and reported
Brix, pH and total carbohydrate valuessimilar to those found
in this study. However, they reported vitamin C levels of
57.62+0.648 mg/100 mL, whilethis study found 80.20+5.33
mg/100mL of vitamin Cin brand A of orange nectar. Frata
(2006) analyzed sweetened orange j uice and orange nectar
and found concentrations of soluble solids varying from
11.11to 13.17 °Brix, titratable acidity valuesranging from
0.38t00.67 g of citric acid per 100 grams of product, and a
ratio of 16.82 to 32.14. The acidity levels reported by the
aforementioned author corroborate those of the present
study (Table 1), but he found lower ratios than those
obtained in this study.

Theratios obtained in this study were found to be higher
than those reported by Kimball (1998), who pointed out the
preference of consumersfor citrusjuiceswith aratio ranging
from15to 18. Based onthisinformation, it can be suggested
that orange beverage processing plants produce their
products with balanced proportions of sugar and titratable
acidity. Thisratio changes because the addition of sugar in
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nectar increases its soluble solids content, and the ideal
concentration is obtained by adding water. The diluted
beverage, in turn, requires an adjustment in acidity, which
is achieved by adding citric acid.

According to Brazilian regulations, orange juice must
contain at least 10.5 of soluble solids and aratio of at least
7.0 (Brasil, 2000). Theratio found in al the orange nectar
brands analyzed in this study proved to be satisfactory.

As for vitamin C, our study shows that only the
traditional and kids versions of brand A presented very
high values, leading to the inference that it is likely this
vitaminisadded to orange nectar. Silvaet al. (2005) anayzed
the vitamin C content in 10 brands of processed juice and
reported lower values than those found in this study. The
pH and Brix levelsreported by the af orementioned authors
were similar to those found in this study.

Brazilian regulations specify that it isoptional to provide
information about vitamins on product labels, but when
such information is provided, it must indicate that the
content corresponds to at least 5% of the Recommended
Daily Intake (RDI) per serving (Brasil, 2003). All the five
brandsanalyzed inthis study (with brand A in thetraditional
and kids versions) met this requirement. However, five
nectars stated ahigher Daily Value (%DV) of vitamin C than
the vitamin C content displayed on their labels, and the
brand E label did not display the %DV.

Resolution No. 360 of 2003 of the Collegiate Board of
Directors (RDC) also alows a tolerance limit of 20.00%
higher or lower than the values of nutrients declared on the
label. Upon comparing the vitamin C content of the orange
nectars determined analytically against the nutrition
information stated on the labels, five of them were found
not to be noncompliant with the regulations, because the
contents stated on their labels exceed the tolerance limit by
up to 75.88%. Still with regard to labeling, it wasfound that
all the orange nectars analyzed in this study can be
considered “rich” in vitamin C and in “sources” of this
vitamin, since they reach values higher than 7.5% and 15%,
respectively, of the RDI in 100mL of beverage.

Valente-Mesquita et al. (2002) analyzed the vitamin C
content of seven brands of processed juices and reported
that thelabel sof two brandsdid not include thisinformation,
three cited higher levels than those found in the analysis,
and one cited alower level than was found in the analysis.
Silva et al. (2005) studied ten brands of orange juice and
found that six of them contained vitamin C levels different

from those specified onthe label, whilethe other four brands
did not provideinformation about the content of this nutrient
ontheir labels.

The lowest and highest anthocyanin levels found in
thisstudy were 0.28+0.09 and 1.72+0.75, respectively. Latado
et al. (2008) analyzed the anthocyanin levels in eight
varieties of blood oranges and Valencia oranges and found
low or zero levels of this compound in juice; however, 60
days of storage at low temperatures enabled a significant
accumulation of this compound. Brazilian regulations do
not include recommended dietary reference values for this
parameter.

Like orange juice, grape juice is aso popular among
Brazilian consumers and interest in its consumption is on
the rise due to its nutritional attributes. Grapes are arich
source of phenolic compounds such as anthocyanins, as
well as vitamin C. These nutrients reduce oxidative stress
and cantherefore help prevent aging and numerous diseases
(Mazza, 1995; Francis2000; Singhaet al., 2015; Silvaetal.,
2015; and Singh et al., 2015).

Rizzon et al. (2006), who studied the composition of
grapejuicefromthe | sabel, Bordeaux and Concord cultivars
of Vitislabrusca and from the Cabernet Sauvignon cultivar
of Mitisvinifera, reported Brix and pH valuessimilar to those
found in this study. Lacerda et al. (2008) analyzed the
physicochemical variablesof agrapevariety (Mitislabrusca)
and found mean Brix and titratable acidity levelssimilar to
those found in the grape nectars analyzed in this study
(Table2). They a so reported finding avitamin C content of
17.54¢/100g. Vilas-Boaset al. (2004) studied several grape
varieties and concluded that the BRS Violeta variety
contains the highest levels of anthocyanins and vitamin C,
as well as better physicochemical characteristics than the
juice of the other cultivars they analyzed. The values they
reported were higher than those found in this study, possibly
because they analyzed juice and not nectar. Nassur et al.
(2014) studied handmade juices of several grape varieties
and reported Brix and pH levels similar to those found in
our study, but higher levelsof total carbohydrates. However,
the aforementioned authors did not analyze the vitamin C
content.

Grape nectar, whose chemical composition may vary
depending on the raw material and the process used, still
lacks legally established quality and identity parameters.
Based on Brazilian legidation (Brasil, 2003), it was found
that all the grape nectars met the minimum required content
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of 5% of the RDI per serving, and only one (brand F) did not
include the %DV on its label, while the others contained
higher levels of %DV of vitamin C than those stated on
their labels. With regard to thelegally established tolerance
limit of 20.00% higher or lower than the levels of nutrients
stated on the label, seven of the nectars were found not to
be in compliance, since the contents stated on their labels
exceeded the tolerance limit by up to 249.22%. Also
according to Brazilian regulations, all the grape nectars
analyzed in this study can be considered “rich” and
“sources” of vitamin C (Brasil, 1998; and Brasil, 2005).

Thelowest and highest levels of anthocyaninsfound in
thisstudy were 1.39+0.09 and 7.74+0.59, respectively. Ina
study on grape juice, Malacrida and Motta (2005) found
much higher levels of anthocyanins than these. These
authors also found many variations in different brands and
explained that the cultivar, maturity, year of production, and
differences in processing (such as type and time of
extraction, heat treatment, enzymatic treatments and storage
conditions) may interfere in the anthocyanin content of
grapes and therefore of juices. They also stated that the
grape varieties most commonly used injuice productionin
Brazil are Concord, | sabel, Bordeaux and Jacquez, and that
the latter two varieties are the richest in anthocyanin
pigments. Nassur et al. (2014) also found higher
anthocyanin levels than those observed in our study. As
mentioned earlier, thereisno regulationin Brazilianlegidation
on anthocyanin concentrations.

Asfor theratio, all the grape nectar brands analyzed in
this work showed satisfactory values.

Based on the results, it is clear that there are flaws in
Brazilian legidation on fruit nectars, whichlead to consumer
misinterpretations, since it was found that neither the
Ministry of Agriculture, Livestock and Food Supply (MAPA)
or the Codex Alimentarius have Standards of Identity and
Quality (SIQ) for orange and grape nectars. Therefore, itis
recommended that these parameters be determined, since
several deficiencies, which include the absence of mandatory
statements and/or labeling, the presence of incorrect and/
or confusing expressions, and underestimated or
overestimated information on nutrient contents on labels,
may not meet the expectations of consumerswhen they opt
for this type of product, since they do so because they
intend to consume a healthful product.

It should be noted that the lack of physicochemical
parameters for orange and grape nectars in Brazilian

regulations, as well as frequent changes and conflicting
information found on labels, demonstrate the indifference
of producers in meeting the limits required by law, which
can cause consumers to become confused when choosing
and purchasing these products.

CONCLUSION

Fruit nectars are a good alternative to carbonated drinks
and contain good levels of bioactive compounds that
provide health benefits and the consumption of these
products has increased among Brazilian people. However,
attention should be paid to their labels, which are often not
corroborated by laboratory findings and are therefore
noncompliant with current legidation, leading consumers
to purchase products based on allegations that do not
confirmtheir expectations.
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