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Abstract

The mango and cajarana are pleasant-tasting fruits, yellow in color, have ascorbic acid with antioxidant
properties that slow down oxidation and help the immune system to promote well-being. The production of
blends can improve nufritional and sensory characteristics, combining macro and micronutrients that may be
present in a higher concentration in one fruit and deficient in another, increasing the possibility of obtaining new
flavors constituting a new product. The study had as objective the elaboration of blends of mango cv. espada
and cajarana and to defermine the physical-chemical characteristics and color parameters. Three formulations
were prepared: F1 - 50% mango pulp and 50% cajarana pulp; F2 - 90% mango pulp and 10% cajarana pulp and
F3 - 10% mango pulp and 90% cajarana pulp. The formulations were evaluated for physicochemical parameters
of water activity, moisture content, ash, total soluble solids, pH, total titratable acidity, ascorbic acid, proteins,
lipids, total sugars, reducers, non-reducers and color parameters. The data obtained were submitted to analysis
of variance and comparison between means by the Tukey fest. The blends caused significant changes in most
of the parameters evaluated, with an increase in the moisture content, ash, total titratable acidity, proteins and
lipids as the concentration of the cajarana pulp was increased. The increase in the proportion of mango pulp
favored the achievement of lighter blends, with a predominance of yellowness. However, the development of
blends from this study presents itself as a viable alternative for the use of fruit pulps, both in terms of nutrition,

complementing the nutrient content through this mixture as a very promising product for the market.
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Introduction

During the last decades, the population is
increasingly looking to insert plant products with a
high content of vitamins, anthocyanins and phenolic
compounds into their usual diet, this interest comes from
several studies that report that the consumption of these
components can bring health benefits (Corbo et al., 2014;
Henrique et al., 2016; Buniowska et al., 2017).

Mango (Mangifera indica L.) belongs to a group
of fropical fruits that has become increasingly important
in the market and has significant commercial value.
Features such as juiciness, exotic flavor and nutritional
value stand out so that this fruit is widely consumed. In
addition, mango is a rich source of health-promoting
compounds,
quercetin and mangiferin (Lauricella et al., 2017).

The total world production of mango was around
50 million tons in the year 2017, this crop is among the

such as carotenoids, ascorbic acid,

most important in the global scenario. Countries such
as India, China, Kenya, Thailand, Indonesia, Mexico and
Pakistan account for more than 75% of mango production
worldwide (Fao, 2020). In addition to consumption as ripe
fruit, these are generally processed into juices, jams and
drinks (Ravani & Joshi, 2013; Asif, 2016).

The fruits of the cajaraneira (Spondias dulcis
Parkinson or Spondias cythera Parkinson) have different
names, such as cajarana, cajd-mango, cajd-ando,
among others depending on the region where it is
grown. Due to its nutritional composition, the presence of
bioactive compounds such as anfioxidants, carotenoids
and vitamins, cajarana has gained space among
scientific studies seeking to explore its properties and
product development (Lima et al., 2012).

The cajarana has aroused interest in the food
industry due fo its potential fo be used in the production
of juices, jellies, nectar, ice cream and some beverages
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such as wines and liqueurs, with low manufacturing costs
(Cheuczuk et al., 2018).

In Brazil, the standards of identity and quality of
fruit juice and pulp are regulated by Normative Instruction
n° 49 (Brasil, 2018a) and Normative Instruction n® 37 (Brasil,
2018b). In the normative instruction, the standards for
mango are contemplated without specifying the variety
and for cajd (Spondias lutea L.) which is of the same
genus as cajarana, and there is no standard for cajarana.
The quality of fruit pulp is related to the preservation of
sensory, physical-chemical and nutrient characteristics,
which must be close to that of fresh fruit, thus meeting
the demands of consumers and the legislation itself. Thus,
values of parameters such as pH, total soluble solids, total
solids, total acidity, total sugars, ascorbic acid, among
others, are menfioned in the legislafion for each type of
fruit, according to their characteristics.

The mixtures of pulps, juices and nectars are
called blends, designed to improve the nutritional and
sensory characteristics of the components consumed in
isolation, it is configured as an alternative to processing
surplus fruit during the harvest and adding value to the
product (Gadelha et al., 2019). Through this combination,
numerous products canbe developed with characteristics
that can be chosen according to the profile of the
consumer to be reached (Lemos et al., 2013).

The consumption of fruit pulp is constantly
growing, so it is believed that a blend with regional fruits
(mango cv. espada and cajarana) may be an alternative
for the technological use of these raw materials, seeking
their
competitive market products with higher levels of certain

commercial valorization and offering fo the
nufrients and varied flavors. In this sense, the objective of
this study was to prepare mango and cajarana blends
and determine the physical-chemical characte ristics
and color parameters.

Material and Methods
The experiment
Agricultural Products Processing Laboratory (LAPPA) at
the Federal University of Campina Grande. The fruits were
selected according to their integrity, those with injuries

was conducted at the

were discarded, washed in running water to remove
dirt and sanitized in chlorinated solution (200 ppm of
active chlorine) for 15 min and rinsed in running water,
with subsequent drying at temperature environment and
extraction of fruit pulps.

For the preparation of the blends formulations,
three formulations were made: F1 - 50% mango cv.
espada pulp and 50% cajarana pulp; F2 - 90% mango cv.
espada pulp and 10% cajarana pulp and F3 - 10% mango

cv. espada pulp and 90% cajarana pulp. The pulps were
homogenized (about 40 seconds), packed in plastic
packaging, sealed and kept at ~-18°C until experimental
analysis. The formulations prepared were evaluated in
friplicate.

Color analysis was performed by direct reading
using the MiniScan HunterLab XE Plus spectrophotometer,
model 4500 L, with a Cielab color system. The parameters
determined were: L*, which represents the luminosity, that
is, the fransition from black (0) to white (100); a* which
represents the fransition from the intensity of the green
color (-a*) to the red color (+a*); b* the transition from
the intensity of the blue color (-b*) to the yellow color
(+b*); from these values, the chroma values (C*) and the
hue angle values (h) were calculated. The water activity
was performed using the Aqualab model 3TE equipment
(Decagon Devices, Inc.).

The physical-chemical parameters of pH were
analyzed in a digital pHmeter, moisture content through
direct drying in a vacuum oven (70°C); ash by muffle
incineration at 550°C; total acidity titratable by titration
with 0.1 N NaOH; total soluble solids (°Brix) by direct
reading on a digital refractometer; protein content
quantified according to the Kjeldahl method, where the
fotal nitrogen content is determined and the total protein
content is calculated by multiplying the nitrogen content
by a factor of 6.25; total and reducing sugars were
determined by the Fehling method by hof titration, and
non-reducing sugars obtained by the difference between
total and reducing sugars. All analyzes were performed
according to the analytical procedures of the Adolfo Lutz
Institute (IAL, 2008).

The lipid content was determined by the
methodology of Bligh & Dyer (1959) with chloroform,
methanol and water. The ascorbic acid conftent was
determined by titration with 2.6 dichlorophenolindophenol
(DCFI) obtaining the
permanent using oxalic acid (Benassi & Antunes, 1988)

sodium until light pink color,
as an extracting solution, following the procedure AOAC
(2009).

The experiment was installed in a completely
randomized design, with three replications. The data were
subjected to analysis of variance (ANOVA) and according
to the significance of the F test, the Tukey test was applied
at 5% probability, using the computer program ASSISTAT,

version 7.7 Beta (Silva & Azevedo, 2016).

Results and Discussion
Table 1

physicochemical

formulations of mango and cajarana pulps.

shows the average values of the

characterization of the blends
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Table 1. Physico-chemical characterization of blends formulated with different concentrations of mango and cajarana pulps.

Parameters analyzed F1 F2 F3 Teste F
Total titratable acidity (% citric acid) 0.65 £0.02° 0.27+0.02¢ 0.97+0.04¢ 557.1356
pH 3.03+0.01° 3.83+0.03¢ 2.77+0.01¢ 2322.6286"
Total soluble solids (°Brix) 14+0.00° 16+0.00° 12+0.00¢° 3600.0000™
Moisture content (%) 85.06+0.18° 82.01+0.42¢ 86.77+0.08° 238.9566™
Water activity (a,) 0.98+0.00° 0.98+0.01¢ 0.99+0.01¢ 21.8824™
Proteins (%) 0.65+0.05° 0.66+0.003° 0.91+0.13¢ 8.0528™
Total sugars (%) 21.45+0.00° 25.80+0.55¢° 18.48+0.00¢ 394.2360"
Non-reducing sugars (%) 9.69+0.00¢° 11.60£2.34° 5.76%0.00° 14.6761"
Reducing sugars (%) 11.29+0.00¢ 13.61+2.14¢ 12.39+0.00@ 2.6391
Ascorbic acid (mg/100g) 2.78+0.25¢° 2.62+0.33¢ 2.76%0.25° 0.3004
Lipids (%) 0.21+0.00° 0.25+0.03¢ 0.28+0.01¢ 0.7409 ™
Ashes (%) 0.35x0.01° 0.38+0.14¢ 0.57+0.16¢ 1.9263 ™

The means followed by the same letter, on the same line, do not differ statistically. The Tukey test was applied at the level of 5% probability. F1 - 50% mango pulp and 50% cajarana pulp; F2 - 90% mango
pulp and 10% cajarana pulp; F3 - 10% mango pulp and 90% cajarana pulp. ** - significant at the 1% probability level (p < 0.01). * - significant at the 5% probability level (0.01 < p < 0.05) and ns - not

significant (p = 0.05).

For the values of total fitratable acidity, it is
observed that there was a statistical difference between
the three formulations, however, there is a decrease in this
parameter in F2, which may be associated with a higher
proporfion of mango pulp in the formulation, on the other
hand, higher content of cajarana pulp (F3) provided an
increase in total titfratable acidity. According fo current
legislation (Brazil, 2018b) for mango and cajd pulp, the
minimum requirements for this parameter correspond to
0.3 and 0.9% citric acid respectively, indicating that the
cajarana pulp confributes with a greater proportion of
acidity and that all formulations met the requirements
when compared to the confent required for the mango
pulp, however when comparing with the values for the
cajd pulp, only F3 met the requirements for having the
highest proportion of cajarana pulp.

In the three formulations, the pH values were
below 4.0, being classified as very acidic food. These
low values are chosen by the industry as a good pH
range in processing, due to the fact that under these
conditions there is a minimization of enzymatic activities
and microbial development (Gadelha et al., 2019).
According to the legislation (Brazil, 2018b) the minimum
pH required for the mango pulp is 3.5 and for the cajd 2.2,
with the blends showing higher values than the cajd pulp.
Higher pH values were determined by Silva et al. (2013)
in papaya and acerola blends ranging from 4.47 to 4.77.

The values of total soluble solids increased
according fo the greater amount of mango pulp in
the formulation (F2), in confrast to the F3 with a higher
concenftration of cajarana pulp, presenting lower values.
According to Brasil (2018b) the minimum content of total
soluble solids in the mango and cajd pulp must be 11 and
9, respectively. Given these values, the blends showed
higher values than the recommended for the mango
pulp, indicating that factors such as variety, maturatfion
stage, high average temperatures and high luminosity

influence the photosynthetic activity of the plants,
leading to an increase in the total soluble solids content
in the fruits (Kluge et al., 2015).

The values found in this work for the contents of
titratable acidity, pH and soluble solids, corroborate those
verified by Faraoni et al. (2012) where they characterized
pasteurized and frozen mango pulp, and obtained an
acid content of 3.98%, pH 3.98, and soluble solids 20.08
°Brix.

Silva et al. (2016) when analyzing a blend of
pineapple with acerola, observed values of 0.73% of
fitratable acidity, pH 3.40 and 10.26 °Brix. Santos et al.
(2016) evaluated the content of soluble solids and pH of
mango and cajd pulps, and detected levels (15.3 and
10.8 °Brix; 4.07 and 3.24, respectively). Guimardes et al.
(2020) evaluated the cajarana fruit with an average pH
value of 2.90, soluble solids 13.16 °Brix and 0.86% acidity.
Chaves Neto & Silva (2019), found an average pH of 2.28;
soluble solids 14.61 °Brix and 0.92% acidity in fruits from
different microregions in the state of Paraiba, levels close
fo those reported in this research.

As for the moisture confent,
approximate values between F1 and F3, showing a
frend in the reduction of water as the mango pulp
increased (F2). However, there is a statistical difference
between the formulations. According to Brasil (2018b)
the maximum content of moisture content in the mango
and cajd pulp must be 88.5 and 90.5, respectively, with
the blends showing lower values. The moisture content in

there are

fruits is directly related to their perishability, thus making
it necessary to use technological conservation processes
in order to reduce losses in the industry (Khakimov et al.,
2016).

Lemos et al. (2013) and Siva et al. (2016)
evaluated the moisture content in a blend of “ortonique”
orange and beet and pineapple pulp with acerola
blend, however the values found (90.87 and 92.00%) were
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higher than the values observed for the blends evaluated
in this work. According to the Food Composition Table
(TACO, 2011), mango contains 85.8% and cajarana 86.9%
moisture content, which is lower than the other blends
and similar to those found in this study.

The levels of water activity showed high results,
with no significant difference between formulations F2
and F3, however, differing from formulation F1. The values
in this parameter presented in this work are close to those
reported by Silva et al. (2014) in umbu pulp, where it
obtained 0.99, and by Oliveira et al. (2017) in mango cv.
Rosa pulp of 0.982.

For the protein content in the blends, it was
found that there was an increase in the formulation
with 90% (F3) of the cajarana pulp, differing statistically
from other formulations F1 and F2. This higher content
may be related to the amount of protein present in the
fruit of the cajarana. According to TACO (2011) the
cajarana fruit contfains 1.3 g/100g and mango with 0.9
g/100g of protein. Low protein values were also found
by Lago-Vanzela et al. (2011) and Damiani et al. (2011)
in cajarana pulp, obtaining contents of 1.01 and 0.78%,
respectively, and by Czaikoski et al. (2016) that obtained
1.09% of mango pulp.

Regarding the total sugar content, it was found
that the higher the concentration of the cajarana
pulp, the lower the total sugar content, as observed in
formulation F3. Lima et al. (2012) in their experiment with
cajarana pulp, obtained average values for total sugars
of 12.42%, lower than those presented in the present study.
Lemos et al. (2013) evaluating blend of orange and beet
obtained for total sugar content, average 8.93%, while
Sousa et al. (2018) 12.43% in buttermilk pulp.

The formulation with the highest amount of
cajarana pulp (F3) showed a lower content of non-
reducing sugars. Research carried out by Lemos et al.
(2013) when evaluating orange and beet blend obtained
an average of 2.10% for this parameter. Sousa et al. (2018)
found 1.01% in fruits of the seriguela (Spondias purpurea)
and Lima et al. (2012) in their study with backwoods pulp
obtained lower values for non-reducing sugars of 6.12
and 5.99%, when compared to F1 and F2.

It was observed that the formulations analyzed
showed no statistical difference for the content of
reducing sugars. In other studies, higher values reported
by Sousa et al. (2018) are found in seriguela pulp 11.42%
of reducing sugars, while Damiani et al. (2011) obtained
3.63% in this parameter in cajarana fruits.

Regarding the content of ascorbic acid present
in the three formulations, they were considered low,
ranging from 2.62 to 2.78 mg/100g, and did not differ
statically from each other. According to TACO (2011),
mango and cajarana have 7.9 mg/100g and 26.7
mg/100g, respectively, and according to Brasil (2018b)
the minimum content of ascorbic acid in mango and
cajd pulp must be 6.1 and 6.8 mg/100g. These low values
found in blends are probably due to significant changes
that occur in the presence of oxygen and as a function
of the pH of the medium, among other conditions,
leading fo significant losses during processing or storage
(Tarrago-Trani et al., 2012). The content of ascorbic acid
in foods has an important function in processing, having
a reducing action and is widely used as an antioxidant
agent to stabilize color and flavor (Gadelha et al., 2019).

Regarding the lipid content, there was no
significant difference between the samples. The low
levels of lipids in the blends are consistent with the studies
carried out by Lago-Vanzela et al. (2011) and Marques et
al. (2010) who found values of 0.23% of lipids in cajarana
pulp and 0, 61% in mango pulp, respectively.

The ash content of the blends increased
according to the increase in the proportion of cajarana
between the
elaborated samples. The F3 sample had a higher ash
content compared to the other samples, which can be
justified by the greater amount of cajarana. According
o TACO (2011) the ash content of cajaranais 0.4 g/100g.
Damiani et al. (2011), Sousa et al. (2018) and Guimardes
et al. (2020) obtained higher values when they studied
the characterization of cajd-manga (0.45%). seriguela
(0.38%) and cajarana fruits (0.89%).

Table 2 shows the average values of the physical
color analysis.

pulp, with no statistical differences

Table 2. Average values of the color parameters (L*, +a*, +b*, C* and h*) of mango blends with cajarana.

Parameters analyzed F1 F2 F3 Teste F
Luminosity (L*) 48.94+0.14° 46.12+0.12¢ 47.50+0.15° 292.1449"
Redness (+a*) 10.54+0.16° 10.09+£0.21° 9.38+0.09¢ 38.3201™

Yellowness (+b*) 53.62+0.34° 56.23+0.58° 44.05+0.24¢ 704.0121™
Chroma (C*) 54.65+0.38° 57.13+0.62° 45.04+0.27¢ 700.3509 ™
Hue angle (h* - °) 78.88+0.52° 79.82+0.86° 78.02+0.37¢ 86.7780 "

The means followed by the same letter, on the same line, do not differ statistically. The Tukey test was applied at the level of 5% probability. F1 - 50% mango pulp and 50% cajarana pulp; F2 - 90% mango
pulp and 10% cajarana pulp; F3 - 10% mango pulp and 90% cajarana pulp. ** - significant at the 1% probability level (p < 0.01). * - significant at the 5% probability level (0.01 < p < 0.05) and ns - not

significant (p 2 0.05).
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There was a statistical difference between the
blends for allthe color parameters studied. In the luminosity
parameter (L*), there was an increase according to the
proportions of the cajarana pulp, that is, the fruit mixtures
became clearer with the addition of this raw material.
The yellowness value (+ b*) increased gradually with the
addition of the percentage of mango, as well as the
parameter +a*, which decreased following the reduction
in the proportion of cajarana pulp. However, there is a
predominance of yellowness, with higher levels, reflecting
the color of the pulps used, when fruits are ripe.

Lemos et al. (2013) with orange and beet blend,
obtained L* (8.99), a* (6.93) and b* (2.24). Silva et al. (2016)
blend of pineapple and acerola L* (28.32), a* (35.30) and
b* (28.38). Santos et al. (2016) mango pulp and cajd L*
(18.47-22.00 and 18.29-24.30), h* (66.11-20.03 and 80.73-
88.80°), C* (14.14-26.03 and 14.12-19.24), respectively.
The parameters related to color, no matter how much
influence the health quality of the product, may be
related to its acceptance by the consumer (Santos et al.,
2016).

Conclusions

The blends of mango pulp and cajarana caused
significant changes in most of the parameters evaluated,
with an increase in the moisture content, ash, total
fitratable acidity, proteins and lipids as the concentration
of the cajarana pulp was increased. The increase in the
proportion of mango pulp favored the achievement
of lighter blends, with a predominance of yellowness.
The variability in the results in relafion to the evaluated
characteristics can be directly related to the influence
that certain content present in each pulp had on
another. However, the study showed a way to use these
pulps in the preparation of blends, complementing their
nufritional contents and the product is very promising.
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