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Abstract – Uvaia (Eugenia pyriformis Cambess) is a fruit tree native to the Atlantic Forest 
and that features peculiar aroma and flavor. Although this fruit is highly popular locally, its 
commercial farming is virtually nonexistent. In addition, limited studies on this fruit have been 
conducted. Therefore, the present study aimed to investigate the physical, chemical, and functional 
characteristics of two uvaia fruit populations grown in Salesópolis, SP, Brazil, in order to determine 
their potential for being consumed both in natura and processed. Uvaia fruits were evaluated as 
for skin color, whole fruit weight, longitudinal and transversal diameters, seed percentage, pulp 
yield, pulp firmness, pH, total soluble solids (TSS), total titratable acidity (TTA), TSS/TTA ratio, 
total soluble sugars, soluble and total pectins, total carotenoids, yellow flavonoids, total phenolic 
compounds, ascorbic acid, and in vitro antioxidant capacity (DPPH and ORAC assays). The total 
mineral content was also determined. Comparison among the two populations revealed that uvaia 
fruits showed significantly different firmness values, large fruits showing suitable characteristics 
for the fresh fruit market. However, small fruits were sweeter and richer in antioxidants, allowing 
the consumption of both natural and processed fruits. Thus, this native fruit denotes an important 
source of nutrients and bioactive compounds, especially iron.
Index Terms: Eugenia pyriformis C.; Mineral and chemical characterizations; Antioxidant 
capacity; Phenolic compounds; Post-harvest quality.

Características dos frutos de duas populações de 
uvaias cultivadas no município de Salesópolis-SP

Resumo – A uvaia (Eugenia pyriformis Cambess) é um fruto nativo da Mata Atlântica que apresenta 
características de aroma e sabor bastante peculiares. Embora seja apreciado por populações locais, o 
cultivo comercial é praticamente inexistente, assim como os trabalhos de pesquisa. Em vista disso, 
este trabalho teve como objetivo caracterizar frutos de duas populações de uvaia cultivadas em 
Salesópolis, SP, com relação aos aspectos físicos, químicos e funcionais, com vistas a determinar o 
potencial para consumo in natura e/ou para processamento. Os frutos de duas populações de uvaia 
(frutos grandes e frutos pequenos) foram colhidos manualmente, quando atingiram o completo 
amadurecimento. Foram avaliados quanto à coloração da casca, peso do fruto inteiro, diâmetros 
longitudinal e transversal, porcentagem de sementes, rendimento em polpa, firmeza da polpa, pH, 
teor de sólidos solúveis totais (SST), acidez titulável total (ATT),  relação SST/ATT, açúcares 
solúveis totais, pectinas solúvel e total, carotenoides totais, flavonoides amarelos, compostos 
fenólicos totais, ácido ascórbico e  capacidade  antioxidante (DPPH e ORAC). Os teores de minerais 
totais (Fe, Mn, Cu, Zn, P, K, Ca e Mg) também foram determinados.  Quando comparadas as duas 
populações, pode-se observar que as uvaias apresentaram diferenças expressivas na firmeza, sendo 
que os frutos do tipo grande apresentaram características vantajosas para a comercialização in 
natura. No entanto, os frutos do tipo pequeno mostraram-se mais doces e mais ricos em compostos 
antioxidantes, o que valoriza seu consumo nas formas in natura e processada. Portanto, esta fruta 
nativa constitui uma importante fonte de nutrientes e de compostos bioativos, com destaque para 
o Fe.
Termos para Indexação: Eugenia pyriformis C.; Caraterização química e mineral; Capacidade
antioxidante, Compostos fenólicos, Qualidade pós-colheita.
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Brazilian territory presents highly diverse biomes, 
among which the Atlantic Forest may be highlighted for 
covering an area of 1,315,460 km2 as well as encompassing 
17 states. Nowadays, only 8.5% of the original 100+ ha 
forests remain (SOS MATA ATLÂNTICA, 2016). This 
biome stands out as one of the most damaged by the 
anthropological action. On the other hand, it presents a 
great diversity of native species.

Uvaia (Eugenia pyriformis Cambess) is a fruit 
tree native to the Atlantic Forest and that belongs to the 
Myrtaceae family. Uvaia fruits present pleasant aroma and 
flavor and are highly variable in color – which ranges from 
yellow to orange –, size, shape, and firmness.

The physical ,  chemical ,  and biological 
characterizations of fruits has been arousing great 
interest of the scientific community, as these denote 
important tools for the understanding of their nutritional 
and biological values, as well as for the future human 
consumption. These characterizations therefore stand out 
as important early-stage instruments for the knowledge of 
the genetic material, aiming at its further multiplication.

According to Sartori et al. (2010), uvaia fruits 
have economic potential for both in natura and processed 
consumptions. However, it is still little exploited, so 
minor information concerning their characteristics are 
available. In this context, this study aimed to characterize 
uvaia fruits from two populations grown in Salesópolis, 
SP, Brazil in relation to their physical and chemical 
aspects and antioxidant capacity, as well as to evaluate the 
potential of each fruit group for in natura and/or processed 
consumptions.

Both of the investigated uvaia populations were 
grown in Salesópolis, SP, Brazil and comprised seven, 
7 years-old plants of each type. The plants, which are 
originated from seeds, were screened by the grower as 
large or small fruits. Approximately 100 fruits of each 
type were manually harvested as soon as they reached 
complete ripening (November 2014) based on the outer 
peel color. Then, the fruits were carefully transferred 
to the Postharvest Laboratory of Horticultural Products 
(LPV-ESALQ/USP) in Piracicaba, SP, Brazil, where they 
were again selected for the absence of defects in order to 
obtain uniform batches.

Initially, 30 fruits from each population were 
distributed in 3 repetitions for physical analyses, each 
fruit being evaluated as for: a) skin color: on a Minolta® 
colorimeter, model CR-300, through two readings at 
equidistant points within the equatorial region of each 
whole fruit, the results being expressed as luminosity 
(L*), hue angle (ºhue), and chromaticity (C); b) whole 
fruit weight: by weighing on an analytical balance, the 
results being expressed as grams (g); c) longitudinal (LD) 
and transverse diameters (TD): measured with a digital 
caliper, the results being expressed as centimeter (cm); d) 
seed percentage: obtained dividing the number of seeds 

by the whole fruit weight and multiplying by 100; e) pulp 
yield: calculated as the difference between the whole fruit 
weight and the seed-free pulp weight, being multiplied by 
100 to be expressed as percentage; f) firmness: measured 
by the applanation procedure described by Calbo and Nery 
(1995), the results being expressed as gf cm-2.

Concerning the chemical analyses, the pulp 
resulting from 50 fruits was homogenized and submitted, 
in triplicates, to the following analyses: a) pH, total 
soluble solid (TSS) content, and total titratable acidity 
(TTA): measured according with AOAC (2012) and 
expressed as °Brix (TSS) and percentage of citric acid 
(TTA); b) TSS/TTA ratio: obtained by the relationship 
between TSS content and TTA values; c) total soluble 
sugars: determined in accordance with Dubois et al. 
(1956) and expressed as g of glucose 100 g-1; d) soluble 
and total pectins: extracted according with McCready 
and McComb (1952) and quantified through the Bitter 
and Muir (1962) technique, the results being expressed 
as % galacturonic acid 100 g-1. Pulp samples were also 
frozen in liquid N2 immediately after extraction, upon 
collection, and stored at -80 ºC before being evaluated 
for the contents of total carotenoids (LICHTENTHALER, 
1987), yellow flavonoids (FRANCIS, 1982), and phenolic 
compounds (WOISKY; SALATINO, 1998). The ascorbic 
acid content was quantified by titrating the samples with 
2,6-dichlorophenolindophenol sodium solution, according 
with Strohecker and Henning (1967), the results being 
expressed as mg 100 g-1. Finally, antioxidant capacity 
was determined via both DPPH free radical scavenging 
(TIVERON et al., 2012) and ORAC (MELO et al., 2015) 
methods.

The total mineral (Fe, Mn, Cu, Zn, P, K, Ca, Mg) 
contents were determined in accordance with Malavolta 
et al. (1997) through inductively coupled plasma – atomic 
emission spectrometry (ICP-OES). The results were 
expressed as mg kg-1 of fresh weight.

According to the grower, two uvaia types were 
identified in Salesópolis, SP, Brazil, namely: large and 
small fruits. Both are typified by the yellow-orange color 
(L*= 65.64±0.89; ºh= 71.61±1.86), which is characteristic 
of such species (SCALON et al., 2004). However, large 
uvaia fruits presented a less intense color (47.71) than their 
small counterparts (53.63), as indicated by chromaticity 
values   (Table 1). Currently, native tropical fruits have been 
attracting consumer because of desirable characteristics 
such as intense color, freshness, and taste (LIMA et al., 
2016).

In addition to appearance, other characteristics 
(Table 1) ought to be taken into account for both in natura 
and processed consumption. The mean weights of the 
two fruit populations are different (8.25 to 22 g). Larger 
uvaia fruits (LD= 3.08 cm; TD= 3.92 cm) led to higher 
pulp yield (94.47%) and lower seed percentage (5.53%), 
which is very attractive to the consumers. Although small 
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uvaia fruits presented a pulp yield higher than 80%, value 
which is considered suitable by Sartori et al. (2010), 
showed a higher seed percentage per fruit, making them 
less desirable for commercial applications than their larger 
analogues. The number of seeds may be related to the size 
of some fruits. This physiological aspect arises from the 
action of gibberellin, a hormone whose biosynthesis takes 
place in seeds and which acts directly on cell expansion 
and, as a result, on fruit growth.

Both uvaia types had a quasi-round shape 
(0.82±0.05), indicating the homogeneity of such variable. 
Small fruits were stronger (151.62 gf cm-2) than large fruits 
(81.98 gf cm-2) (Table 1), which may be attributed to the 
higher percentage of seeds.

The average pH and total titratable acidity of uvaia 
fruits of both types were 2.99 and 1.66, respectively. Large 
fruits presented a TSS content of 7.75 °Brix, whereas 
small fruits had 10.50 °Brix (Table 1), the latter resulting 
in a higher TSS/TTA ratio and suggesting a more pleasant 
flavor. The TSS values for both uvaia types obtained here 
were higher than those obtained by Zillo et al. (2013) and 
Oliveira et al. (2010). The same was observed for the TSS/
TTA ratio (RUFINO et al., 2009). It is worth mentioning 
that, although the TSS/TTA ratio values are low, they are 
higher than those of camu-camu (2.48) and close to those 
of acerola (5.21) and passion fruit (4.74) (RUFINO et al., 
2010; SANTOS et al., 2016).

The total soluble sugar contents ranged from 
4.41 (large fruits) to 5.61 g glucose 100 g-1 (small fruits) 
(Table 1), which correlate well with the TSS values found. 
The soluble and total pectin contents were 0.17-0.18 
and 0.95% galacturonic acid 100 g-1 pulp, respectively. 
Together with soluble solids and pH, pectins play an 
extremely important role in fruit texture, structure, and 
preservation, denoting the main factor taken into account 
by the agribusiness (especially for jelly manufacturing), 
besides contributing to the taste and attractiveness of 
processed foods (GARRIDO et al., 2015).

The uvaia fruits studied here presented average total 
carotenoid contents equal to 23.17 µg g-1 (Table 2). These 
compounds are not only pigments responsible for the 
color of several fruits, as uvaia, but also known to possess 
remarkable anti-inflammatory and antioxidant properties, 
which in turn are associated with the reduction of chronic-
degenerative diseases such as cancer and cardiovascular 
diseases (KAULMANN; BOHN, 2014).

On the other hand, small fruits were distinguished 
by presenting, respectively, 1.2 and 1.4 times greater 
contents of total phenolic compounds and yellow 
flavonoids than large uvaia fruits (Table 2). These results 
corroborate that uvaia presents intermediate levels of 
phenolic compounds according to the classification 
proposed by Rufino et al. (2010). These levels are close to 
those of cupuaçu (510 mg GAE 100 g-1) and higher than 
those found in blackberry fruits (300 mg GAE 100 g-1) 

(SOETHE et al., 2016).
Large and small uvaia fruits presented similar 

ascorbic acid contents (average of 116.51 mg 100 g-1). 
One may state that these fruits denote good sources of 
ascorbic acid (100 to 300 mg 100 g-1), being similar to 
strawberry, guava, and pineapple, but greater than orange, 
lemon, and papaya (CAVALINI et al., 2015; REIS et al., 
2015). Concerning the antioxidant capacity, the ORAC 
and DPPH assays led to average values of 15.45 and 17.31 
mmol Trolox 100 g-1 lyophilized pulp, respectively. The 
obtained levels were higher than those found in blackberry 
fruits of the cultivars ‘Tupy’ and ‘Guarani’ (SOETHE et 
al., 2016) as well as in kiwi fruits grown either in organic 
or conventional systems (0.62 and 0.51 mmol Trolox 100 
g-1, respectively) (D’EVOLI et al., 2013). These results 
demonstrate the intermediate antioxidant capacity of 
uvaia fruits.

The whole uvaia fruit (peel + pulp) has been shown 
to be an important source of mineral elements (Table 3), 
which play several vital roles in synergy with vitamins, 
enzymes, hormones, and other nutritional co-factors in 
order to regulate thousands of biological functions of 
the human body (HAMZA et al., 2014; PEREIRA et al., 
2014). These data suggest that potassium (K) contents 
were greater that those of the other minerals, followed 
by phosphorus (P), calcium (Ca), and magnesium (Mg).

The potassium levels found in 100 g of this fruit 
(99.15 mg) were similar to those identified in watermelon 
(104 mg 100 g-1), higher than that found in apple (75 mg 
100 g-1), and lower than that of cashew (124 mg 100 g-1) 
(TACO, 2011). Magnesium levels (5.65 mg 100 g-1), in 
turn, were similar to those of traditional fruits, including 
‘Aurora’ peach (4 mg 100 g-1), plum, ‘Argentina’ apple, 
and ‘Itália’ grape (5 mg 100 g-1) (TACO, 2011). Regarding 
phosphorus, uvaia (10.85 mg 100 g-1) presented similar 
contents to acerola (9 mg 100 g-1), carambola and papaya 
(11 mg 100 g-1), and apple (9-11 mg 100 g-1) (TACO, 
2011). Calcium contents were similar to those reported 
by Sartori et al. (2010) for the same fruit (10 mg 100 
g-1 of pulp) and by Brazilian Food Composition Table 
(TACO, 2011) for jabuticaba, ‘Tommy Atkins’ mango, 
and watermelon (8 mg 100 g-1), as well as for ‘Itália’ grape 
(7 mg 100 g-1).

The contents of potentially toxic micronutrients 
(e.g., copper (Cu); 0.95 mg kg-1) are below the maximum 
tolerance threshold in food products allowed by the 
ongoing legislation: 10 mg kg-1 (BRASIL, 1998). This 
indicates the reliability of the in natura consumption as 
well as of the use in numerous preparations without the 
risk of intoxication. Manganese (Mn) and zinc (Zn) were 
present in moderate levels (0.16 and 0.11 mg 100 g-1, 
respectively).

Iron (Fe) is a widely studied and one of the most 
cited microelements because of its essential character, 
which in turn is due to the role that it plays in hemoglobin, 
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myoglobin, and cytochrome, besides being a component 
of several enzymatic systems and metabolic processes 
(SAINI et al., 2016). The recommended daily intake of 
Fe is approximately 10 mg for men and 20 mg for women 
(OMS, 1998). The iron contents found in 100 g of uvaia 
(3.38 mg) was shown to be promising among the 60 fruits 
compiled by Brazilian Food Composition Table (TACO, 
2011), including açaí pulp (8.45 times greater). Our 
findings have also been reported by Pereira et al. (2014) 
for fruits from the same species at the Embrapa Temperate 
Agriculture experimental station in Pelotas, RS, Brazil.

Uvaia trees that produce large fruits present 
desirable characteristics for in natura commercialization, 
namely: higher pulp yield, fruit weight, and size. However, 
small fruits are firmer, sweeter, and richer in antioxidant 
compounds (total carotenoids, yellow flavonoids, and 
phenolic compounds) and may be considered for both in 
natura and processed consumptions.

As for mineral composition, uvaia stands out as 
an important source of nutrients. It can be used as a 
supplement to meet the daily requirements for minerals, 
particularly Fe as uvaia features higher iron contents that 
traditional fruits.
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– process #308521/2015-3 (research productivity grant) 
and 458123/2014-5 (research funding); and the grower 
Hugo Daibs, from Salesópolis, SP, Brazil, for providing 
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Table 1. Physical and chemical characteristics of two uvaia (Eugenia pyriformis Cambess) populations harvested in 
Salesópolis, SP, Brazil.

Variable
Uvaia type (populations)

C.V. (%)
large fruits small fruits

Chromaticity (C) 47.71 53.63 6.01

Whole fruit weight (g) 22.00 8.25 11.05

Seeds (%) 5.53 12.55 9.50

Pulp yield (%) 94.47 87.45 0.94

Longitudinal diameter (LD) (cm) 3.08 2.00 8.03

Transverse diameter (TD) (cm) 3.92 2.75 11.38

Firmness (gf cm-2) 81.98 151.62 47.49

pH 3.06 2.96 3.59

Total soluble solids (TSS) (ºBrix) 7.75 10.50 5.92

Total titratable acidity (TTA) (% citric acid) 1.63 1.67 4.49

TSS/TTA ratio 4.85 6.14 7.08

Total soluble sugars (g glucose 100 g-1) 4.41 5.61 3.88

Soluble pectins (% galacturonic acid 100 g-1 pulp) 0.17 0.18 7.50

Total pectins (% galacturonic acid 100 g-1 pulp) 0.95 0.95  5.56
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Table 2. Bioactive compounds of two uvaia (Eugenia pyriformis Cambess) populations harvested in Salesópolis, 
SP, Brazil.

Variable Uvaia type (populations)

large fruits small fruits C.V. (%)

Total carotenoids (µg g-1) 20.7 25.6 12.60

Yellow flavonoids (mg 100 g-1) 7.30 10.29 9.27

Total phenolic compounds (mg GAE 100 g-1)1 402.69 483.25 0.43

Ascorbic acid content (mg 100 g-1) 110.51 122.51 6.25

Antioxidant capacity – ORAC assay 

(mmol Trolox 100 g-1 lyophilized pulp)
13.79 17.09 9.74

Antioxidant capacity – DPPH assay 

(mmol Trolox 100 g-1 lyophilized pulp)
16.77 17.84 4.34

1GAE: gallic acid equivalent.

Table 3. Contents of inorganic elements in whole uvaia (Eugenia pyriformis Cambess) fruits (peel + pulp), reported 
as mg kg-1, and contribution per fresh fruit, reported as mg.

Mineral Average mg/fruit
(Average fruit weight=12.48 g)

P 108.47±6.48 1.35
K 991.45±127.44 12.37
Ca 75.97±8.10 0.95
Mg 56.53±6.12 0.71
Cu 0.95±0.28 0.01
Fe 33.83±21.20 0.42
Mn 1.59±0.14 0.02
Zn 1.15±0.21 0.01
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