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ABSTRACT:

Brazilian Cerrado fruits have a great diversity of bioactive compounds, with significant relevance for fresh consumption and
industrial processing. The uvaia (Eugenia pyriformis Cambess) stands out among these fruits, seeing that this species contains
high phenolic compounds and ascorbic acid levels. However, its technological and nutritional potential is still little explored
industrially. This research aimed to develop three uvaia nectar formulations and to evaluate its stability during 90 days of
storage. The formulations were made with 30%, 40%, and 50% of uvaia pulp, corresponding to F1, F2, and F3 formulations,
respectively, which were characterized for pH, total titratable acidity, soluble solids, ascorbic acid, and total phenolics during
0, 30, 60, and 90 days of storage at room temperature. A significant pH reduction was observed after 30 days of storage for
all nectars. The acidity and ascorbic acid levels increased in proportion to the addition in the pulp concentration of the
formulations. The ascorbic acid content reduced over the storage period and remained higher for the formulations F2 and
F3. The concentration of phenolic compounds was higher in the nectar containing relevant levels of uvaia pulp concentration,
which increased throughout 30 days of storage, however, with a decrease after this period. The formulations containing 40%
and 50% of uvaia pulp showed higher concentration and better stability of bioactive compounds. Uvaia can be considered
an effective raw material for the development of a novel beverage with important nutritional and bioactive properties.
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RESUMO

Os frutos do cerrado possuem uma grande diversidade de compostos bioativos, sendo interessantes para o
consumo in natura e apos processamento industrial. A uvaia (Eugenia pyriformis Cambess) se destaca entre estes
frutos, pois apresenta alto conteldo de compostos fendlicos e acido ascérbico. Entretanto, o seu potencial
tecnolégico e nutricional ainda é pouco explorado industrialmente. A presente pesquisa teve o objetivo de
desenvolver trés formula¢gdes de néctar de uvaia e avaliar a sua estabilidade durante 90 dias de armazenamento.
Para tanto, foram elaboradas trés formulacdes de néctar contendo 30% (F1), 40% (F2) e 50% (F3) da polpa de uvaia,
analisadas quanto aos parametros pH, acidez total titulavel, sélidos sollveis totais, acido ascorbico e compostos
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fendlicos totais, durante 0, 30, 60 e 90 dias de armazenamento a temperatura ambiente. O pH dos néctares foi
significativamente reduzido ap6s 30 dias de armazenamento. O aumento da acidez e do contelddo de acido
ascorbico foi proporcional a elevacdo da concentragao de polpa utilizada na formulagdo da bebida. O contetdo de
acido ascorbico foi reduzido ao longo do periodo de armazenamento e permaneceu mais elevado para as
formulacdes F2 e F3. A concentracdo de compostos fenélicos foi maior no néctar com maior proporgédo de polpa
de uvaia, sendo este parametro aumentado durante os 30 dias de armazenamento e reduzido apds este periodo
para todas as formula¢des de néctar. As formulacdes contendo 40% e 50% de polpa de uvaia apresentaram maior
concentracdo e melhor estabilidade de compostos bioativos. A uvaia pode ser considerada uma importante matéria-
prima para o desenvolvimento de uma bebida inovadora e com importantes propriedades nutritivas e bioativas.

Palavras-chave: Bebida; Frutas; Compostos bioativos; Compostos fendlicos; Acido ascérbico; Armazenamento.

1 Introduction

The national production of nectar has increased significantly in recent years. In 2010, the production of the
beverage reached 743,749.00 liters, thus increasing to 1,815,018.00 liters in 2019. Although a reduction of 17.3%
in nectar consumption was observed between 2015 and 2016, there was a market growth from 2017 to 2019, with
a 68.9% increase in the nectar consumption (Associagdo Brasileira das Industrias de Refrigerantes e de Bebidas
Nao Alcodlicas, 2020). Probably, the evolution of the nectar market is due mainly to changing consumption habits,
combined with the development of new beverages and consumer convenience.

The development of new beverages is necessary for the maintenance and growth of the productive sector.
Thus, the use of Cerrado fruits in nectar formulations may be an interesting alternative, seeing that these
fruits contain a great diversity of bioactive compounds (phenolic compounds, carotenoids, vitamins, and
dietary fibers), with great relevance for the production of a healthy beverage (Matsuura & Rolim, 2002;
Neves et al., 2011; Morzelle et al., 2011).

In this context, uvaia fruits (Fugenia pyriformis Cambess) could stand out, and this species is characterized
by yellow-orange color, as well as presenting adequate properties for the production of beverages, ice cream,
and jams (Reitz et al., 1988; Silva et al., 2008; Gomes, 2012; Tomaz et al., 2019). Uvaia has high phenolic
compounds and ascorbic acid contents when compared to other Brazilian fruits (Rufino et al., 2010;
Silva et al., 2014; Zillo et al., 2014), which improves its antioxidant potential, contributing to the reduction
of oxidative stress and the risk of developing cardiovascular diseases (Lopes et al., 2018).

Thus, the potential of uvaia fruits should be explored, aimed to develop a high-quality beverage with
important sources of nutrients and bioactive compounds. Owing to the lack of studies on the industrial
processing of these fruits, the present research aimed to develop three uvaia nectar formulations and to
evaluate the physicochemical stability of the nectars during storage.

2 Material and methods

2.1 Raw materials

The nectars were obtained from uvaia fruits (E. pyriformis Cambess) grown in the Fruit Sector of the
Federal Institute of Education, Science, and Technology of the Tridngulo Mineiro (Instituto Federal de
Educacado, Ciéncia e Tecnologia do Triangulo Mineiro (IFTM)), in the Uberaba campus. The other
ingredients were commercial sucrose and mineral water.
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2.2 Preparation of the fruit nectar

The uvaia fruits were harvested at the Fruit Sector of the IFTM, in the Uberaba campus, and immediately
taken to Fruit and Vegetable Processing Sector at IFTM. The fruits were washed under running water for
removing impurities and superficial microorganisms, and then immersed in a sanitizing solution containing
50 ppm of free residual chlorine for 10 minutes, and again washed under running water.

The uvaia fruits were pulped in a stainless steel brush type pulping machine equipped with a 1.0 mm
diameter sieve. The pulp was placed in plastic containers and stored at 20 °C.

The nectar formulations were made with the addition of 30%, 40%, and 50% of uvaia pulp (corresponding
to Formulations 1, 2, and 3, respectively), by using mineral water and crystal sugar to standardize the total
soluble solids at 15 °Brix.

The nectars were subjected to heat treatment at 90 °C for 5 minutes and hot-filled in 200 mL glass bottles
(sterilized), capped with a plastic screw cap, cooled under running water, and stored at room temperature.

2.3 Characterization of uvaia pulp and nectar

The characterization of uvaia pulp and nectars was carried out at the IFTM Bromatology Laboratory, in the
Uberaba campus. The pulp was characterized for pH, and these samples were measured in a potentiometer (TEC-11,
Tecnal), and then underwent quantification of Total Soluble Solids (TSS) using a bench refractometer (AR200,
Reichert) and the results were expressed as °Brix (Instituto Adolfo Lutz, 2008), total Titratable Acidity (TA) by
titration of the sample with 0.1M NaOH and the results expressed as g citric acid 100 mL! (Instituto Adolfo Lutz,
2008), ascorbic acid according to the Tillman’s method (2,6-dichlorophenol-indophenol) and the results expressed
as mg ascorbic acid 100 mL™" (Instituto Adolfo Lutz, 2008). The uvaia nectars were characterized for TSS using a
bench refractometer (AR200, Reichert) and the results expressed as °Brix (Instituto Adolfo Lutz, 2008), total TA by
titration of the sample with 0.IN NaOH and the results expressed as g citric acid.100 mL™ (Instituto Adolfo Lutz,
2008), ascorbic acid according to the Tillman’s method (2,6-dichlorophenol-indophenol) and the results expressed
as mg ascorbic acid 100 mL™! (Instituto Adolfo Lutz, 2008), and the total phenolic compounds by Folin and Ciocalteu
method (Folin & Ciocalteu, 1927) during the storage (0, 30, 60, and 90 days).

2.4 Statistical analysis

A Completely Randomized Design (CRD) was used, in a 3 x 4 factorial scheme, with three replications,
considering the nectar concentrations (30%, 40%, and 50% of uvaia pulp) as the first factor, and the time of
storage (0, 30, 60, and 90 days) as the second factor.

The results were subjected to analysis of variance by the F test, and the significant differences were
analyzed by Tukey’s test (p < 0.05), and regression analysis was used for the storage periods (Ferreira, 2000).

3 Results and discussion

The uvaia pulp presented higher acidity levels when compared with many traditional fruits such as acerola, passion
fruit, strawberry, grape, and guava (Kuskoski et al., 2006; Sousa et al., 2020). The pH and the total soluble solids of
the pulp were close to those found by Scalon et al. (2004), which found average values of 2.87 and 6.2° Brix,
respectively. Rufino et al. (2010) reported lower ascorbic acid content in uvaia pulp when compared with this study,
similarly to other authors, who also reported lower ascorbic acid levels in other Cerrado fruits, including puga-preto,
gurguri, caja, ata, ciriguela, and bacuri (Souza Filho et al., 2002; Rufino et al., 2010) (Table 1).

The characterization of uvaia pulp demonstrated its great technological potential for industrialization,
mainly due to its greater acidity, which can contribute to the reduction of microbial growth, as well as its
maintenance ascorbic acid content.

Braz. J. Food Technol., Campinas, v. 24, €2020257, 2021 | https://doi.org/10.1590/1981-6723.25720 3/8



Manufacture of uvaia nectar and evaluation of physicochemical stability during storage
Justino, J. P. T. et al.

Table 1. Characterization of uvaia pulp.

Parameters Uvaia pulp
Total Titratable Acidity (TA) in citric acid 2.34 g 100 mL"!
Total Soluble Solids (TSS) (°Brix) 5.5
Ascorbic acid 46.2 mg 100 mL"!
pH 2.47

Significant changes were observed among the nectar formulations during the storage for the parameters pH,
ascorbic acid, and phenolic compounds, at a 5% significance level, whereas the total acidity levels differed only
among the formulations. No significant differences were observed for the soluble solids content of the beverages
among the formulations and storage times, remaining at values close to 15° Brix (data not shown).

The results showed that the average pH value of the nectars was 3.44 at the beginning of storage, which reached
an average value of 3.09 after 90 days, with no significant differences among the formulations (Table 2).

The pH values considerably reduced throughout 30 days of storage for all formulations. After this period,
significant changes in pH were observed among the formulations, with similar results until the end of 90 days
(Figure 1). Mattietto et al. (2007) also reported a significant pH reduction of mixed caja and umbu nectar
during the 30 days of storage, and Maeda et al. (2007) found a reduction in pH during the storage of camu-
camu nectar. Probably, the organic acid composition of the uvaia pulp may have affected the pH values of
the beverage during storage.

Table 2. Mean pH values and analysis of variance of uvaia nectar formulations throughout the storage.

Time of storage (days)

Formulations pH
0 30 60 90
F1 3.41+£0.01° 3.10+0.017 3.14+0.017 3.12+0.012
F2 3.48 +£0.06* 3.10+0.01 3.09+0.01° 3.08 £ 0.002
F3 3.43+0.01° 3.12+0.02° 3.08£0.01° 3.06 + 0.00°

Means followed by the same letter do not differ by Tukey's test (p>0.05). Different superscript letters indicate significant differences among
the formulations for the same time of storage. F1 = 30% of uvaia pulp; F2 = 40% of uvaia pulp; F3 = 50% of uvaia pulp.
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Figure 1. Regression analysis of the pH values of uvaia nectar formulations stored at room temperature.
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The total TA levels of the nectars were proportional to the uvaia pulp concentrations used in the
formulations, for all storage periods (Table 3), with no significant regression analysis for this parameter. This
behavior is due to the acidic character of uvaia fruits, as observed in the characterization of the pulp. The
acidic character of uvaia can be a relevant factor for the preservation of the beverage, once it allows reducing
the development of undesirable microorganisms and increases the oxidative stability of ascorbic acid during
the storage. The acidulating potential of organic acids combined with pH reduction is an important
mechanism for reducing microbial growth and ascorbic acid degradation (Bedetti et al., 2013; Massager,
2005; Maeda et al., 2006; Tomaz et al., 2019)

Table 3. Mean total Titratable Acidity (TA) values and analysis of variance of uvaia nectar formulations throughout
the storage.

Time of storage (days)

Formulations Total TA (g citric acid 100 mL‘l)
0 30 60 90
F1 0.66 +=0.01° 0.72 +0.04¢ 0.63 +£0.01° 0.66 = 0.01°
F2 0.87 £ 0.00° 0.95+0.01° 0.80 + 0.05% 0.86 + 0.02°
F3 1.10+0.01? 1.21 +0.042 1.01 +£0.02?2 1.12+0.02?

Means followed by the same letter do not differ by Tukey's test (p > 0.05). Different superscript letters indicate significant differences among
the formulations for the same time of storage. F1 = 30% of uvaia pulp; F2 = 40% of uvaia pulp; F3 = 50% of uvaia pulp.

The results in Table 4 show that, concerning the freshly prepared beverage, the ascorbic acid concentration was
higher for the formulation F3, due to the higher uvaia pulp concentration. Similar ascorbic acid concentrations were
observed for the formulations with the addition of 40% and 50% of pulp after 30 and 90 days of storage, indicating
that these formulations can provide the same content of this vitamin during the periods studied.

The polynomial adjustments showed that the average ascorbic acid concentrations reached minimum
values at day 56, 66, and 90 of storage, for the formulations F1, F2, and F3, respectively (Figure 2). Although
the formulation F2 exhibited a lower ascorbic acid concentration at 66 days of storage, i.e., a small reduction
of 7.8% was observed from 60 to 90 days. In contrast, the formulation F3 containing a higher pulp content
showed a 27% reduction of the ascorbic acid concentration during this period. This behavior could indicate
that the content of this acid remained almost stable in formulation F2 after 60 days of storage.

Ascorbic acid has antioxidant, anti-inflammatory, antihypertensive, and hypolipidemic properties, and can
act in the prevention of various diseases such as cancer, osteoporosis, septicemia, eye problems, and
cardiovascular disease (Daud et al., 2016). Thus, the nectars with the addition of 40% and 50% of uvaia pulp
can contribute to the supply of higher levels of this vitamin, even after storage at room temperature.

Table 4. Mean ascorbic acid levels and analysis of variance of uvaia nectar formulations throughout the storage.

Time of storage (days)

Formulations Ascorbic acid (mg 100 mL")
0 30 60 90
F1 13.6 £0.3¢ 7.0+1.7° 7.2+2.0¢ 8.4+0.8°
F2 18.6 + 1.3 12.8 +0.32 11.0+1.1° 11.8+£0.92
F3 22.4+0.6* 14.8+£0.7% 13.7+0.72 10.8 £1.22

Means followed by the same letter do not differ by Tukey's test (p > 0.05). Different superscript letters indicate significant differences among
the formulations for the same time of storage. F1 = 30% of uvaia pulp; F2 = 40% of uvaia pulp; F3 = 50% of uvaia pulp.
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Figure 2. Regression analysis of ascorbic acid levels of uvaia nectar formulations stored at room temperature.

The phenolic compounds levels were higher (48.7%) in the freshly prepared nectar formulations F2 and
F3. An increase in the concentration of these compounds was observed after 30 days of storage for all
formulations, with higher levels for the nectar with the addition of 50% of uvaia pulp (F3). After 60 days of
storage, a reduction of the phenolic compounds levels was observed, with a sharp reduction at day 90, with
no difference among the formulations (Table 5, Figure 3).

The regression analysis showed that the phenolic compounds levels were higher at days 33, 26, and 33 of storage
for the formulations F1, F2, and F3, with values of 296.68, 444.88, and 563.98 mg gallic acid 100 mL™",
respectively. After these periods, the concentration of phenolic compounds reduced significantly, with a 98%
reduction at 90 days of storage (Figure 3). Probably the increase in the phenolic compounds levels on the 30™ day
was due to the release of these compounds from the uvaia pulp during storage.

Phenolic compounds have antioxidant activity and can act in the sequestration of free radicals, thus
contributing to the reduction of oxidative stress and the prevention of chronic diseases (Lagha-Benamrouche
& Madani, 2013; Lopes et al., 2018). The present results indicated that the nectar must be consumed until 30
days of storage for the best use of these compounds. In contrast, a reduction of ascorbic acid concentrations
was observed throughout 30 days of storage, with a tendency for stability after this period. Maeda et al.
(2006) pointed out that some naturally-occurring compounds in fruits, such as flavonoids, can reduce the
ascorbic acid degradation. These compounds can act in the complexation of metal ions and as a receptor for
free radicals, reducing the oxidation of ascorbic acid. Thus, we believe that some phenolic compounds may
have led to a reduction of oxidation reactions, promoting the stability of ascorbic acid after 30 days of storage.

Table 5. Mean total phenolic compounds levels and analysis of variance of uvaia nectar formulations throughout the

storage.
Time of storage (days)
Formulations Phenolic compounds (mg gallic acid 100 mL™)
0 30 60 90
Fl 182.3+17.5° 344.9 +38.7¢ 180.0 + 18.5¢ 8.9 £ 0.6
F2 3579+ 67.7° 488.8£9.1° 270.4 £42.2° 9.4+0.4*
F3 352.6 + 18.5° 606.7 + 55.52 392.4 +44.7° 7.2+1.12

Means followed by the same letter do not differ by Tukey's test (p > 0.05). Different superscript letters indicate significant differences among
the formulations for the same time of storage. F1 = 30% of uvaia pulp; F2 = 40% of uvaia pulp; F3 = 50% of uvaia pulp.
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Figure 3. Regression analysis of the phenolic compounds concentration of uvaia nectar formulations stored at room
temperature.

4 Conclusions

The nectar formulations containing 40% and 50% of uvaia pulp showed higher concentrations of ascorbic
acid and phenolic compounds and better stability during the storage. For better use of these compounds, the
nectar must be consumed in approximately 30 days of storage when stored at room temperature. The present
study showed that uvaia has great technological and nutritional potential, and can contribute to the
development of innovative beverages, with important sources of nutrients and bioactive compounds.
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