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1 Introduction
The Brazilian Savannah, known as Cerrado, produces several 

native fruits, which have been investigated as potential sources 
of antioxidant substances (Souza et al., 2012). Cagaita (Eugenia 
dysenterica DC), cerrado cashew (Anacardium othonianum Rizz.) 
and gabiroba (Campomanesia adamantium (Cambess.) O. Berg) 
are used as food, as well as nutraceuticals in folk medicine, with 
the potential of contributing to the economy of the Cerrado. 
These fruits exhibit high moisture contents (Cardoso et al., 2011; 
Pereira et al., 2012) and substantial amounts of total phenolic 
compounds (Rocha et al., 2011). The literature has reported the 
effect of cagaita pulp on the prevention of diet-induced obese 
mice (Donado-Pestana et al., 2015), of cerrado cashew’s leaves 
against ulcers and gastritis (Luiz-Ferreira et al., 2010), and of 
gabiroba against liver toxicity (Fernandes et al., 2015). However, 
the factors and mechanisms related to these effects remain 
unknown, as well as the phenolic composition and antioxidant 
potential of these native fruits.

Considering the diversity of antioxidant substances present 
in foods, several methods have been developed to assess the 
antioxidant capacity of foods. Thereby, the combination of at least 
two methods is recommended to provide more comprehensive 
results of the antioxidant capacity of fruits (López-Alarcón & 
Denicola, 2013).

Reliable data regarding the content of bioactive compounds 
and the antioxidant capacity of fruits are important tools for 

public health, as the regular consumption of fruits and vegetables 
is associated with a reduced risk of developing cardiometabolic 
diseases (Cavallo  et  al., 2016). In addition, the information 
about the phytochemical contents helps to add commercial and 
industrial value to the fruits.

Given the importance of research on natural antioxidants 
and the scarcity of data related to the bioactive potential of 
Brazilian native fruits, the objectives of the present study 
were to assess the content of total ascorbic acid and phenolic 
compounds, to estimate and correlate the antioxidant capacity 
measured by different methods, and to identify and quantify 
the flavonoid content of the edible portions of cagaita, cerrado 
cashew and gabiroba.

2 Material and methods
2.1 Samples

Cagaita, cerrado cashew and gabiroba were collected in areas 
representing the Cerrado biome, in the central region of Goiás 
State, Brazil. The specimens were confirmed by the herbarium 
of the Federal University of Goiás (UFG). The edible parts of 
cagaita (peel and pulp) and cerrado cashew (pseudofruit) were 
extracted manually, and the edible part of gabiroba (pulp) was 
extracted using an industrial depulper. Thereafter, the samples were 
freeze dried, vacuum-sealed and stored under refrigeration and 
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dim light. The moisture content of the samples was determined 
by drying under vacuum (Association of Official Agricultural 
Chemists, 2010).

2.2 Total ascorbic acid (vitamin C) analysis

The ascorbic acid content was extracted with metaphosphoric 
acid (0.3%) and analyzed using a liquid chromatograph composed 
of an automatic display, quaternary pump and diode-array detector 
(DAD). The total ascorbic acid content was estimated after a 
reduction of dehydroascorbic acid with 10 mM of dithiothreitol 
(Hassimotto et al., 2008). The results were expressed in mg of 
total ascorbic acid per 100 g of fresh weight (mg.100 g–1 FW).

2.3 Preparation of fruit extracts

The extracts were prepared with methanol 70% (0.5 g of 
freeze dried sample and 25 mL of solvent) using a magnetic 
stirrer for 120 min at 4 °C. The extracts obtained were filtered 
using filter paper and kept in amber glass bottles until analysis 
(Abe et al., 2010). These extracts were used to determine the 
total phenolic content and antioxidant capacity.

2.4 Total phenolic content analysis

The total phenolic content was analyzed according to the 
methodology described by Singleton & Rossi (1965), and it was 
quantified using a standard curve for gallic acid (16 to 100 mg.L–1). 
The results were expressed as mg of gallic acid equivalents (GAE) 
per 100 g of fresh weight (FW).

2.5 Evaluation of antioxidant capacity

The DPPH (2,2-diphenyl-1-picryl-hidrazila) radical scavenging 
method was carried out according to Brand-Williams et al. (1995). 
The ferric reducing antioxidant power (FRAP) test was conducted 
according to the technique described by Pulido et al. (2000). 
The absorption capacity of oxygen radicals (ORAC method) 
was analyzed as proposed by Dávalos et al. (2004). Trolox was 
used as the standard for the calibration curve. The results were 
expressed as µmol of Trolox equivalents (TE) per g of FW.

2.6 Extraction and analysis of flavonoids by HPLC

The extraction of flavonoids was performed according to the 
method described by Hassimotto et al. (2007). The flavonoids 
were analyzed using a liquid chromatograph composed of an 
automatic display, quaternary pump and diode-array detector 
(DAD). The column used was a Prodigy ODS3, 5 μm, 250 × 4.6 mm 
(Phenomenex Ltd., USA) at a temperature of 25 °C, flow of 
1 mL/min and a running time of 45 min. The eluted compounds 

were monitored at 270 nm and 525 nm (determination of 
anthocyanins). The flavonoids were quantified using external 
standards, and the identification of peaks was performed by 
comparison with the retention time of the commercial flavonoid 
standards, the absorption spectrum available in the library of the 
analysis system, and the mass spectra data obtained by liquid 
chromatography-electrospray ionization-mass spectrometry 
(LC-ESI-MS/MS). The results were expressed as mg aglycone 
per 100 g of FW (Hassimotto et al., 2007).

The identification of anthocyanins was carried out with 
an Esquires-LC mass spectrometer (MS) with an electrospray 
ionization (ESI) interface. HPLC run conditions were the same 
as described for flavonoids determination. Mass spectrometer 
conditions were as follows: capillary temperature of 275 °C, 
source voltage of 3.5 kV, positive mode for anthocyanins and 
negative mode for other flavonoids. The analysis was carried out 
using full scan from m/z 100 to 2000. The identity of flavonoids 
was confirmed against commercial standards.

2.7 Statistical analysis

The results were reported as mean and standard deviation of 
three replicates. One-way analysis of variance (ANOVA) followed 
by Tukey test was used to compare the means (p < 0.05). Analyses 
of the Pearson’s correlation coefficient were performed between 
the ascorbic acid content or the total phenolic content and the 
antioxidant capacity, and between the methods used to estimate 
the antioxidant capacity (p < 0.05). The statistical calculations 
were performed using the Statistica software.

3 Results and discussion
Gabiroba showed higher ascorbic acid content than that 

observed in cagaita and cerrado cashew (Table  1). The total 
ascorbic acid content of cagaita was lower than that reported 
for cagaita (34.11 mg.100 g–1) from Minas Gerais State, Brazil 
(Cardoso et al., 2011). Cerrado cashew presented lower ascorbic 
acid content than that of the common cashew (190 mg.100 g–1) 
(Rufino et al., 2010). The common cashew was used for comparison 
because no comparable data of the cerrado cashew’s ascorbic acid 
content is available in the literature. The content of vitamin C in 
gabiroba (Table 1) is similar to that found in other tropical fruits, 
such as guava (66 mg.100 g–1) and pineapple (61 mg.100 g–1) 
(Valente et al., 2011).

Regarding the total phenolic compounds (Table 1), gabiroba 
showed the highest phenolic contents compared to the other 
fruits studied, and its content is approximately 50% higher 
than that observed by Malta et al. (2013) for whole gabiroba 
from Goiás State, Brazil (851 mg GAE.100 g–1). Notably, the 

Table 1. Moisture, total ascorbic acid and phenolic contents of Brazilian Savannah native fruits.

Constituent
Fruit

cagaita cerrado cashew gabiroba
Moisture (g.100 g–1) 92.60 ± 0.01a 85.59 ± 0.01b 80.87 ± 0.04c

Total ascorbic acid (mg.100 g–1 FW) 10.63 ± 0.05b 5.48 ± 0.10c 61.49 ± 0.62a

Total phenolics (mg GAE.100 g–1 FW) 141.95 ± 2.12b 160.74 ± 6.48b 1,222.59 ± 40.31a

Significant difference (Tukey’s test, p < 0.05) is represented by different letters in the same row. FW: fresh weight; GAE: gallic acid equivalents.



Antioxidant composition of Brazilian fruits

Food Sci. Technol, Campinas, 37(4): 564-569, Oct.-Dec. 2017566

phenolic content of gabiroba is similar to that of fruits rich 
in phenolics, such as camu-camu (1,176 mg GAE.100g–1) and 
Barbados cherry (1,063 mg GAE.100 g–1). It is also higher than 
the content observed in marolo, another native fruit from 
Cerrado (739 mg GAE.100 g–1) (Rufino et al., 2010; Souza et al., 
2012). No significant difference between the values of phenolic 
compounds in the cagaita and cerrado cashew was observed 
(Table 1), and these values are in accordance with those reported 
in the literature (Rocha et al., 2011). The phenolic contents of 
cagaita and cerrado cashew were higher than those observed 
in cultivated fruits, such as papaya (53 mg GAE.100 g–1) and 
pineapple (38 mg GAE.100 g–1) (Almeida et al., 2011).

The analysis of total phenolic compounds may be affected 
by the processing of the samples, the method and solvent 
used in the extraction, the quality of the standards, as well as 
the specific characteristics of each species and subspecies of 
the fruits (Bohn et al., 2015). These factors could explain the 
differences observed among the total phenolic contents of the 
fruits analyzed in this study and the values identified in the 
literature for these fruits. Despite these differences, the results 
indicate that these fruits are important sources of phenolic 
compounds, mostly gabiroba.

In the present study, three methods were performed to estimate 
the antioxidant capacity of the fruits due to the diversity of the 
antioxidant compounds of the food matrix, which can generate 
different results depending on the method used (López-Alarcón 
& Denicola, 2013). In addition, the lack of standardization of 
the methods used to assess the antioxidant capacity limits the 
possibility of comparison between published data, also because 
the results are expressed in different units of concentration. 
For this reason and due to data scarcity about the antioxidant 
capacity of the fruits analyzed, other fruits were used for the 
discussion of our results.

The antioxidant capacity, assessed through the DPPH, FRAP 
and ORAC assays, showed significant variation among samples, 
with gabiroba exhibiting the highest capacity (Figure 1). The values 
observed through the DPPH for cagaita (12 μmol TE.g–1), cerrado 

cashew (10 μmol TE.g–1) and gabiroba (77 μmol TE.g–1) were 
higher than those reported for other Brazilian native fruits, such 
as cerrado guava (4 μmol TE.g–1) and cambuci (9 μmol TE.g–1) 
(Genovese et al., 2008).

Regarding FRAP results (Figure 1), the antioxidant capacity 
of cagaita (7.8 μmol TE.g–1) and cerrado cashew (14 μmol TE.g–1) 
were lower than those of fruits from the Colombian Amazon, 
such as guava (39.9 μmol TE.g–1) and aguaje fruit (buriti) 
(27.8 μmol TE.g–1). However, the value observed for gabiroba 
(110.2 μmol TE.g–1) was comparable to that of another exotic 
fruit, the banana-passion fruit (114 μmol TE.g–1) (Contreras-
Calderón et al., 2011).

Concerning the results obtained through the ORAC method 
(Figure 1), the antioxidant capacity of cagaita (26.2 μmol TE.g–1) 
and cerrado cashew (9.2 μmol TE.g–1) were lower than those 
of other Brazilian fruits, such as murici (33.5 μmol TE.g–1) 
and guapeva (39.7 μmol TE.g–1) (Malta et al., 2013). The value 
observed in gabiroba (82.5 μmol TE.g–1) is in accordance with 
that reported by Malta et al. (2013) (80.3 μmol TE.g–1).

The comparison between the results of DPPH, FRAP and 
ORAC showed strong and significant correlation coefficients 
(Figure 1). This fact suggests that these methods have similar 
characteristics for analysing the antioxidant capacity of cagaita, 
cerrado cashew and gabiroba. Candido et al. (2015) also observed 
a significant correlation between the results of the antioxidant 
capacity (through DPPH, FRAP, ORAC and ABTS) of buriti pulp 
(Mauritia flexuosa L.f.) from the Cerrado and Amazon biomes.

The total ascorbic acid content was positively and significantly 
correlated with the antioxidant capacity evaluated through all the 
methods used (Table 2), particularly with DPPH. Other studies 
using FRAP have reported a positive correlation between the 
ascorbic acid content and the antioxidant capacity in tropical fruits 
(Rufino et al., 2010) and in cashew fruit (Queiroz et al., 2011). 
In contrast, some studies reported a minimal or negative correlation 
between the vitamin C content and the antioxidant capacity in 
exotic fruits (Almeida et al., 2011; Contreras‑Calderón et al., 

Figure 1. Antioxidant capacity of Brazilian Savannah native fruits evaluated through different methods (DPPH, FRAP and ORAC), and the 
Pearson’s correlation coefficients between the methods. A different letter means significant difference through the Tukey’s test (p < 0.05).
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2011). A strong correlation was also observed between the 
total phenolic content and the antioxidant capacity, for the 
three methods tested (Table 2). This correlation is reported in 
other studies, indicating the relevant contribution of phenolic 
compounds to the antioxidant capacity of fruits (Almeida et al., 
2011; Celli et al., 2011; Rufino et al., 2010; Souza et al., 2012).

Several compounds are responsible for the antioxidant capacity 
of fruits, including certain vitamins, minerals and phenolic 
compounds. Flavonoids stand out among these compounds 
because they exhibit an increased capacity for scavenging free 
radicals and for chelating metal ions, thus protecting the tissues 

from oxidative damages. Flavonoids are usually found in the fruit 
matrix in free form (aglycones), bound to sugars (glycated) or to 
acyl groups, whose forms affect the quantitative determination 
of these compounds (Bohn et al., 2015).

Flavonoid profiles varied considerably among the fruits 
analyzed. Five quercetin (m/z 301) derivatives were detected 
in cagaita (1.94 ± 0.15 mg quercetin eq.100 g–1). This value is 
ten times higher than that observed in commercial frozen pulp 
of cagaita produced in São Paulo State, Brazil (Genovese et al., 
2008). The quercetin pentoside ([M-H]-, m/z 433; MS/MS, 301) 
was the major flavonol (Figure 2 and Table 3). The quercetin 
content found in cagaita was lower than that detected in 
fruits such as Barbados cherries (4.1 to 5.3 mg.100 g–1), apples 
(3.7 to 7.5 mg.100 g–1) and Brazilian cherries (5.5 to 6.2 mg.100 g–1) 
(Hoffmann-Ribani et al., 2009).

Two myricetin derivatives were detected in cerrado cashew 
(1.20 ± 0.07 mg myricetin eq.100 g–1) (Figure 2 and Table 3). 
The anthocyanins composition (0.83 ± 0.04 mg peonidin eq.100g–1) 
of the cerrado cashew was represented by four aglycones: cyanidin 
(m/z 287), delphinidin (m/z 317), pelargonidin (m/z 271) and 
peonidin (m/z 301). The major anthocyanin was identified as 
peonidin 3-glucoside with [M]+ at m/z 463 and MS/MS fragment 
at m/z 301 [M-162]+ (Figure 2 and Table 4). It is worth adding 
that this is the first study to identify and quantify the flavonoid 
content of the cerrado cashew.

Table 2. Significant Pearson’s correlation (p < 0.05) between the total 
ascorbic acid or total phenolic contents and the antioxidant capacity 
(evaluated through DPPH, FRAP and ORAC) of the Brazilian Savannah 
native fruits.

Parameters Regression model r
TAA x DPPH y= 1.2348x + 1.1503 0.9983
TAA x FRAP y= 1.8365x – 3.4803 0.9896
TAA x ORAC y= 1.2278x + 7.5362 0.9887

TP x DPPH y= 0.0617x + 1.7023 0.9981
TP x FRAP y= 0.0927x – 3.0946 0.9985
TP x ORAC y= 0.0602x + 8.6654 0.9701

TAA: total ascorbic acid; TP: total phenolic compounds.

Figure 2. Chromatogram obtained by HPLC of flavonoids from cagaita, cerrado cashew and gabiroba (270 nm), and of anthocyanins from 
cerrado cashew (525 nm). The identified peaks and correspondent compounds are described in Tables 3 and 4.
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Catechin (23.32 ± 1.64 mg.100 g–1) was detected only in 
gabiroba (Figure  2 and Table  3). The substantial content of 
catechin found in gabiroba could be associated with its higher 
antioxidant capacity than those of cagaita and cerrado cashew. 
Studies have demonstrated that catechin has anti-inflammatory, 
antioxidant, cardioprotective and anticancer properties 
(Afzal et al., 2015; Shahid et al., 2016). These evidences stimulate 
the usual consumption of food sources of catechin, such as 
gabiroba. However, in vivo studies are required to confirm the 
in vitro antioxidant capacity of gabiroba by investigating its 
health benefits and related mechanisms (Fernandes et al., 2015; 
Giampieri et al., 2014).

The results of this study highlight the importance of Brazilian 
Savannah native fruits as relevant sources of natural antioxidants 
for healthy diets and for the food industry. Nevertheless, additional 
studies are necessary to increase the productivity of these fruits 
and their availability in the market.

4 Conclusions
Brazilian Savannah native fruits - cagaita, cerrado cashew 

and gabiroba - represent sources of ascorbic acid and phenolic 
compounds, with important antioxidant capacity. The flavonoids 
composition of cerrado cashew, with peonidin 3-glucoside as its 
main anthocyanin, is an unprecedented result in the literature. 
Gabiroba (C. adamantium) stands out from other fruits due to 
its relevant contents of vitamin C and phenolic compounds, 
particularly catechin, and its potential health benefits.
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