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Determinação do Teor de Ácido Ascórbico e Capacidade Antioxidante dos 
Frutos de Buchenavia tomentosa Eichler 

Resumo: Neste estudo, cinco soluções extratoras diferentes foram utilizadas para avaliar o teor de ácido 
ascórbico das polpas in natura e liofilizada dos frutos de Buchenavia tomentosa Eichler. Também foram 
avaliadas as capacidades antioxidantes da polpa liofilizada por diferentes ensaios. As concentrações de 
ácido ascórbico encontrados na polpa dos frutos in natura variaram entre 7315,70 e 13272,63, já na polpa 
liofilizada os teores estiveram entre 1337,67 a 1503,33 mg 100 g-1. O teor de compostos fenólicos totais 
foi igual a 161,58 ± 24,69 mg de ácido gálico g-1 e o de flavonoides igual a 5,93 ± 0,40 mg de quercetina 
100 g-1 de polpa. As atividades antioxidantes obtidas nos ensaios DPPH e FRAP foram de 50,29 ± 0,61 g de 
polpa desidratada g-1 de DPPH e de 3303,81 ± 50,47 mM de sulfato ferroso g-1, respectivamente. Em 
contrapartida, para o sistema β-caroteno/ácido linoleico a amostra comportou-se como pró-oxidante, 
devido ao elevado conteúdo de ácido ascórbico. 
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Abstract 

In this study, five different extractive solutions were used to evaluate the ascorbic acid content of the in 
natura and lyophilized pulps of the Buchenavia tomentosa Eichler fruits. In addition, the lyophilized 
extract was submitted to different tests to determine the antioxidant activities. The fruit pulps presented 
ascorbic acid contents between 7315.70 and 13272.63 in fresh pulp and between 1337.67 to 1503.33 mg 
100 g-1 in the lyophilized pulp. The content of total phenolic compounds was 161.58 ± 24.69 mg of gallic 
acid g-1 and of flavonoids equal to 5.93 ± 0.40 mg quercetin 100 g-1 of pulp. The obtained antioxidant 
activities in the DPPH and FRAP assays were 50.29 ± 0.61 g of dehydrated pulp g-1 DPPH and 3303.81 ± 
50.47 mM ferrous sulfate g-1, respectively. In contrast, for the β-carotene/linoleic acid system the sample 
behaved as a pro-oxidant because of the high content of ascorbic acid. 
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1. Introduction 

 

The demand for exotic fruit species of high 
quality and with high nutrients content is 
attracting attention. The fruit species high 
levels of bioactive compounds, with potential 

to of promoting health and prevent various 
degenerative diseases. The Cerrado biome is a 
promising region of exotic fruit species with 
great potential to better the diet of Brazilian 
population. However, despite the rich 
diversity of plants, little is known about the 
Cerrado fruits species. Therefore, studies that 
make possible the understanding of the 
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nutritional value of the existing fruits in 
Brazilian Cerrado become necessary.1 

The Buchenavia tomentosa Eichler specie, 
an endemic Cerrado plant, still presents in the 
literature few reports about its chemical 
properties. However, in folk medicine the 
administration of tea from the bark of its stalk 
is used to treat diabetes.2-4 This species 
belongs to the Combretaceae family, is 
popularly known as “Mirindiba”, 
“Emburidiba” and “Tarumarana”, being 
present in the cerrado, semi-deciduous forest, 
ciliary forest, gallery forest and dry forest.2,6  
This species has average height ranging from 
2 to 6 meters and trunk diameter between 21 
and 35 cm, with sapopemas and gray upper 
branches.2,3,5  

Although the medicinal properties of B. 
tomentosa are little known, some biological 
activities have been demonstrated for other 
species of the Buchenavia genus. The anti-HIV 
and cytotoxic activity of B. capitata leaves and 
the inhibitory activity of the fatty acid 
synthase enzyme, an important enzyme in the 
lipid biosynthesis of eukaryotic cells, 
presented by the ethanolic extract of the B. 
parviflora root, were reported.7,8 In relation to 
B. tomentosa, some studies describe the 
antifungal activity of the ethanolic extracts of 
its fruits against standard strains of Candida 
albicans, C. parapsilosis, C. krusei, C. glabrata 
and C. neoformans.9,10  

Its fruiting occurs in the months of 
June, July, August and September. Its fruits are 
elliptical or spherical drupe with diameter 
ranging from 2 to 5 cm, fleshy pericarp yellow, 
sweet when ripe, containing a single seed. 
They are eatable and eagerly sought by wild 
animals.3 Although there were few studies 
involving B. tomentosa, fruit pulp studies 
demonstrated a high ascorbic acid content. 
Elanne (2014) found average ascorbic acid 
levels of 2374.16 mg 100 g-1 for the in natura 
fruit pulps of B. tomentosa, using colorimetric 
titration for its determination.11 

Ascorbic acid, popularly known as 
vitamin C, is a compound with important 
nutritional characteristics, being essential for 
humans. This bioactive compound is involved 

in several biological processes, including 
collagen and adrenaline synthesis, formation 
of bile acids and some neurotransmitters, 
hormone biosynthesis and in cell division and 
expansion.12,13 In addition, ascorbic acid plays 
an important role in the elimination of 
reactive oxygen species, which are 
responsible for cell damage, and which can 
lead to various abnormalities in the body, such 
as inflammation, cardiovascular disease, 
cancer and aging.12,14 The interest in finding 
natural antioxidants present in foods has 
increased considerably, mainly due to their 
potential nutritional and therapeutic effects.15  

The ingestion of fresh fruits into the human 
diet is a simple way to provide the body 
sufficient amounts of ascorbic acid. Much of 
this ingested bioactive compound comes from 
fruits and vegetables, its main sources being 
citrus fruits, acerola, guava, papaya, tomatoes 
and vegetables raw leaves.15 Therefore, the 
determination of the ascorbic acid content in 
fruits is of great importance for dietary 
guidance and attendance of fruit quality. 

There are several chemical methods able 
to evaluate the ascorbic acid content in 
different foods.7 Highlighting High-
Performance Liquid Chromatography (HPLC), 
being a reliable and generally simple method. 
Analysis of ascorbic acid by HPLC is an easy, 
fast and accurate method. However, for the 
quantification of this compound, it is initially 
necessary to extract it from the tissues with 
acid solutions to prevent its oxidation. Among 
the acids used in the extractive solutions used 
are metaphosphoric acid, oxalic acid, acetic 
acid, trichloroacetic acid and combinations 
thereof, or the same solutions combined with 
ethylenediaminetetraacetic acid (EDTA).15 

In this context, the present study was 
performed to determine the ascorbic acid 
content of the fresh and freeze-dried pulp of 
B. tomentosa fruits by HPLC, the evaluating 
the extraction condition influence. In addition, 
to evaluate the antioxidant properties of the 
extract obtained from the pulp of these fruits 
by the DPPH radical scavenging methods, 
ferric iron reducing antioxidant power (FRAP) 
and protection against the oxidation of the β-
carotene/linoleic acid system. 
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2. Materials and Methods 

 

2.1. Fruits obtention 

 

The fruits came from native plants, located 
in the city of Gurupi-TO. These were harvested 
manually in the month of August 2015 in the 
early hours of the morning and packed in 
plastic bags and frozen at -20 °C. Next, they 
were transported to the Laboratory of Organic 
Chemistry of the Department of Natural 
Sciences of the Federal University of São João 
del-Rei. The fruits were washed and the pulps 
were removed manually, and the obtained 
pulp was divided into two fractions. One of the 
fractions was sent to the in natura fruit 
analysis and the second fraction was 
submitted to the lyophilization process. 

 

2.2. Sample preparation 

 

The quantification of the humidity content 
of the in natura sample was performed based 
on the procedure described by AOCS (1994), 
adapted by Pimentel et al.16,17 For 
determination, 5 g of the in natura fruit pulp 
were emerged in 80 mL of cyclohexane (C6H12) 
in a 250 mL flask, which was coupled to a dean 
stark. The system was refluxed for 2 hours. 
Quantification was performed in 
quadruplicate. 

 

2.3. Ascorbic acid extraction 

 

To evaluate the best ascorbic acid 
extraction condition of the lyophilized and in 
natura pulp of the B. tomentosa fruits, five 
extractive solutions were used. These 
solutions were prepared with a solution based 
of NaH2PO4 (1 mmol L-1) and EDTA (1 mmol L-

1) in deionized water, varying only in relation 
to the acids used and their concentrations. 
The following solutions were used: solution 
containing metaphosphoric acid at 1 %,7 

metaphosphoric acid 3 %,7 oxalic acid 0.5 %,18 
perchloric acid 10 % and metaphosphoric acid 
1 %,19 and acetic acid 8 %, EDTA 2 mmol L-1, 
sulfuric acid 0.15 mol L-1 and metaphosphoric 
acid 3 %.20 

The same extraction procedure was used 
for all extractive solutions. For ascorbic acid 
extraction, 0.5 and 1.0 g of lyophilized and in 
natura pulp, respectively, were weighed. 
Next, 10 mL of the extractive solution ware 
added. The resulting mixture was 
homogenized, placed in an ultrasonic bath for 
5 min and then centrifuged at 3000 rpm. The 
supernatant was collected and filtered on 0.45 
μm PVDF micropore filter for HPLC 
subsequent analysis. 

 

2.4. Ascorbic acid content determination 

 

The ascorbic acid content of the in natura 
and lyophilized sample was determined by 
means of high-performance liquid 
chromatography based on the Cabral et al. 
procedures, followed by small modifications. 

21  

The chromatographic analyzes were 
performed in a HPLC Agilent® 1220 (Palo Alto, 
CA, EUA) constituted by single module 
(G4286B), containing an automatic injector 
model (G1313) and UV-Visc detector. The data 
were acquired and the instrument controlled 
by the Agilent Open LAB Chromatography 
Data System® (CDS) software. 
Chromatographic separations of ascorbic acid 
were made using a column Phenomenex® 
Gemini C18 (150 mm x 4.6 mm, 5 µm) and 
mobile phase composed of deionized water, 
conteining NaH2PO4 (1 mmol L-1), EDTA (1 
mmol L-1), adjusting the pH 3.0 with H3PO4 at 
a flow rate of 1.0 mL min-1. The obtained 
chromatographic data were acquired at 245 
nm. All chromatographic methods were 
performed at 25 ± 3 °C and the samples 
injection volume was 20 µL. The obtained 
ascorbic acid content was expressed in mg 100 
g-1 of humidity-free fruit. 
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For the quantification an analytical curve 
was prepared, based on the procedures 
described by Valente et al., with ascorbic acid 
concentrations equal to 75, 100, 125, 150, 
175, 200 μg mL-1, being analyzed under the 
same conditions of the samples.19 The 
extractions were done in triplicates. The 
equation of the line obtained through the 
analytical curve of ascorbic acid was 𝑦 =
 2𝑥106𝑥 + 1𝑥107 with  𝑅2 = 0.99.  Analyzes 
of variance were performed to verify the 
influence of the ascorbic acid extraction 
condition on lyophilized and in natura pulps. 
The Tukey's test (5 %) was used to compare 
the mean effects, being all the analyzes 
performed by the SISVAR program.22 

 

2.5. Extract preparation for antioxidant 
activity determination 

 

The extraction was carried out following 
the methodology adapted from Pérez-Jiménez 
& Saura-Calixto (2005).23 Initially, 10 g of 
lyophilized pulp was homogenized in 50 % 
methanol, being this solution kept under 
stirring for 60 min. Subsequently, the solution 
was centrifuged for 15 min at 3200 rpm and 
the supernatant transferred to a 100 mL 
volumetric flask. In the residue from the first 
extraction, 70 % acetone was added under 
stirring, being mixture kept at rest for 60 min 
at room temperature. Afterwards, the mixture 
was centrifuged under the same conditions 
described above and the collected 
supernatant was transferred to the volumetric 
flask containing the first supernatant. Finally, 
the volume of the supernatants was filled with 
distilled water and the extract packed into 
vials protected from light and stored at ± 8 
°C.23 

 

2.6. Total phenolic compounds content 
determination 

 

For the total phenolic compounds content 
determination by the Folin-Ciocateau 
spectrophotometric method, the 
methodology described by Zhou et al. was 

used, followed by modifications.24 For the 
analysis, 500 μL of Folin-Ciocalteu reagent (1 
mol L-1) and 500 μL sodium carbonate (20 % 
m/v) were added to 50 μL of the extract. The 
readings were performed at 765 nm after 60 
min and the results were expressed as mg 
gallic acid g-1 dehydrated pulp.24 

 

2.7. Flavonoid compounds content 
determination 

 

The flavonoid content was determined by 
the calorimetric method using quercetin as 
reference, following the adapted 
methodology described by Bao et al.25 In an 
aliquot of 0.5 mL of the extract was added 2 
mL of distilled water and 0.15 mL of 5 % 
NaNO2. After 5 min, 0.15 mL of AlCl3.6H2O 
(10 %), leaving the system at rest for 5 min. 
Then, 1 mL of 1 mol L-1 NaOH was added over 
the reaction mixture, which was stirred and 
held for 15 min. Subsequently, the readings 
were performed on a spectrophotometer at 
415 nm. Calculations were performed from 
analytical curve and the results expressed in 
mg quercetin 100 g-1 of dehydrated pulp.25 

 

2.8. Determination of antioxidant activity 
by the DPPH method 

 

The evaluation of the antioxidant activity 
of the B. tomentosa fruits pulp by means of a 
DPPH free radical neutralization assay was 
performed according to the methodology 
adapted from Yepez et al.26 Initially, five 
different dilutions of the obtained extract (5 
to 75 %) were prepared. Then, a methanolic 
DPPH radical solution was prepared by 
dissolving 2.4 mg of DPPH in methanol and the 
volume was made up to 100 mL in a 
volumetric flask. Finally, the solution was 
homogenized and transferred to an amber 
glass bottle. For the analysis, 0.1 mL of each 
extract dilution was added to 3.9 mL of the 
DPPH solution, and the readings were 
performed at 515 nm after 40 min of 
incubation in the absence of light. For the 
White one it was used pure methyl alcohol. At 



 
 Damasceno, E. T. S. et al. 

  
 

776 Rev. Virtual Quim. |Vol 11|  |No. 3|  |771-784| 

 

the same time, a control containing 0.1 mL of 
methanol, acetone and water was prepared in 
the same concentrations of extract extraction 
solution with 3.9 mL of the DPPH radical. The 
antioxidant capacity was expressed in g of 
dehydrated pulp g-1 DPPH.26  

 

2.9. Determination of antioxidant activity 
by reduction of ferric (FRAP) 

 

The evaluation of the antioxidant potential 
of the pulp extracts of the B. tomentosa fruits 
before the FRAP assay was performed by the 
method described by Pulido et al. with 
modifications.27 For the analysis, five different 
dilutions (in triplicate) of the extract in the 
previously prepared methanol/acetone 
solvents were used. The FRAP reagent was 
prepared from the 25 mL acetate plug (0.3 mol 
L-1), 2.5 mL, of a TPTZ (10 mmol L-1) solution 
and 2.5 mL of FeCl3 (20 mmol L-1, in aqueous 
solution). In the assay, in the dark 
environment 90 μL of each dilution of the 
extract was homogenized with 270 μL of 
distilled water and 2.7 mL of the FRAP reagent, 
and the solution was incubated in a water 
bath at 37 °C for 30 min. The absorbance was 
measured at 595 nm using the FRAP reagent 
as blank. The result was expressed in μM 
ferrous sulphate g-1 dehydrated pulp.27 

 

2.10. Determination of antioxidant 
activity by inhibition of the oxidation of the 
β-carotene/linoleic acid system 

 

The determination of the antioxidant 
capacity of B. tomentosa fruits pulp in the β-
carotene/linoleic acid assay was performed 
according to the method described by Rufino 
et al.28 Initially a solution of the β-
carotene/linoleic acid system was prepared 
using 20 mg of β-carotene and 1 mL of 
chloroform. Then 40 μL of linoleic acid, 530 μL 
of Tween 40 and 50 μL of the β-carotene 
solution were added in an erlenmeyer, under 
stirring. After evaporation of the chloroform, 
water, previously saturated with oxygen, was 
added until the resulting solution had an 
absorbance between 0.6 and 0.7 nm at 470 
nm. 

For the analysis, four dilutions of the 
previously prepared extracts (25, 50, 75 and 
100 %) of the lyophilized pulp were used. To 
prepare the reaction mixture, 0.4 mL of each 
dilution was added in test tubes containing 5 
mL of the β-carotene/linoleic acid solution, 
the tubes were shaken and then kept in a 
water bath at 40 °C. The absorbance was first 
read at 470 nm of the reaction mixture after 2 
min and then every 15 min up to 120 min. 
Water was used as white. The reduction of the 
absorbance of the system without antioxidant 
was considered as 100 % of oxidation, being 
determined this way: 

 

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =  𝐴𝑏𝑠𝑖𝑛𝑖𝑡𝑖𝑎𝑙  – 𝐴𝑏𝑠𝑓𝑖𝑛𝑎𝑙 

 

The decrease in absorbance values of the 
dilutions with the system was correlated to 

establish the oxidation percentage, according 
to the following equation: 

 

% 𝑂𝑥𝑖𝑑𝑎𝑡𝑖𝑜𝑛 =
[( 𝐴𝑏𝑠 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛)sample 𝑥 100]

(𝐴𝑏𝑠 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛)system 
 

 

After the percentage of oxidation of each 
dilution determination, the obtained values 
were subtracted from 100, to find the 

antioxidant activity, which was expressed as 
percentage of protection, for each dilution of 
the sample.
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3. Results and Discussions 

 

3.1. Ascorbic acid content determination 

 

Fruits are complex samples that contain 
large amounts of potentially interfering 
compounds. Therefore, in addition to the 
chromatographic method, the choice of the 
sample preparation process is important for 
an effective quantification of ascorbic acid.29 

The moisture content of the fresh pulp of B. 
tomentosa fruits was 47 %, and for each 5.00 

g of fruit pulp was found 2.35 ± 0.62 g of 
water. The analysis of the moisture content 
was carried out with the aim of using the same 
amount of moisture free pulp of the fruits of 
B. tomentosa in natura and lyophilized in the 
extraction process to compare the ascorbic 
acid contents. Thus, the water content was 
considered for calculations of the ascorbic 
acid determination in the in natura sample of 
B. tomentosa. 

The levels of ascorbic acid found in the 
lyophilized and in natura pulps of the B. 
tomentosa fruits submitted to the different 
extractive solutions are shown in Figure 1. 

 

 

Figure 1. Ascorbic acid contents in freeze-dried and in natura pulps of B. tomentosa fruits, 
submitted to different extractive solutions 

 

1*= Metaphosphoric acid 1 %; 2*= 
Metaphosphoric acid 3 %; 3*= Oxalix acid 
0.5 %; 4*= Perchloric acid 10 % and 
metaphosphoric acid 1 %; 5*= Acetic acid 8 %, 
EDTA 2 mmol L-1, H2SO4 0.15 mol L-1 and 
metaphosphoric acid 3 %.  Average values 
followed by the same letter in the columns do 
not differ significantly of the Tukey test (p = 
0.05). 

According to Figure 1, it is possible to 
observe the high values of ascorbic acid found 
in the freeze-dried and in natura samples of B. 
tomentosa. The highest average ascorbic acid 

content was 13272.6 mg 100 g-1 for the in 
natura sample and the lowest was 7315.7 mg 
100 g-1. As for the lyophilized sample, there 
was not a great variation between the 
observed levels, being these between 1147.3 
mg 100 g-1 and 1503.3 mg 100 g-1. Although 
differences in ascorbic acid levels were 
observed in the in natura and lyophilized 
pulps, the two presented high contents of this 
compound. 

The ascorbic acid sources are classified in 
different levels, according to the present 
levels in the foods, being: high source 
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(contains of 100-300 mg 100 g-1 of fruit); 
(contains 50-100 mg 100 g-1 fruit) and low 
source (contains 25-50 mg 100 g-1 fruit).30 
Note that B. tomentosa fruits can be classified 
as a source high ascorbic acid. 

The B. tomentosa fruits studies are still 
recent and therefore there are no data in the 
literature on this fruit parameters. When 
comparing the B. tomentosa fruits ascorbic 
acid contents with the contents of some exotic 
tropical fruits, it is possible to observe that the 
contents of B. tomentosa fruits are much 
higher than those presented on bacuri fruits 
(2.4 mg 100 g-1); cajá (26.5 mg 100 g-1); 
carnauba (78.1 mg 100 g-1); gurguri (27.5 mg 
100 g-1); jambolão (112.0 mg 100 g-1); jussara 
(186.0 mg 100 g-1); murta (181.0 mg 100 g-1) 
and cupuaçu (3.3 mg 100 g-1).31,32 

The ascorbic acid levels found for the fruits 
of B. tomentosa were also higher than those 
presented by fruits such as acerola and 
cashew, fruits recognized for having high 
contents of this compound. Studies evaluating 
the ascorbic acid content of these fruits found 
average values ranging from 441 to 494 mg 
100 g-1 in acerola pulp, and 109 and 115 mg 
100 g-1 for cashew pulp.33 Other studies have 
also shown lower ascorbic acid levels for 
acerola, compared to the values obtained for 
B. tomentosa, ranging from 1114.07 mg 100 g-

1 to 1456.22 mg 100 g-1.34 This shows the 
potential of B. tomentosa fruits as a source of 
ascorbic acid. 

Another fruit with a high content of 
ascorbic acid is camu-camu (Myrciaria dubia), 
a native Amazon Region fruit, the ascorbic 
acid content determined in the pulp of this 
fruit was 1882 mg 100 g-1.31 Other contents of 
this compound found in camu-camu were 840 
mg 100 g-1 for the lyophilized extract.35 In 
another study, camu-camu presented a value 
of 2061.04 mg 100 g-1 in predominantly red 
fruits.36 Although the ascorbic acid content in 
the B. tomentosa fruits lyophilized pulp were 
lower than those found in in natura pulp, 
these levels are still very high when compared 
to the values obtained for other fruits, which 
are considered by the literature as rich in 

ascorbic acid, including acerola and camu-
camu fruits. 

According to statistical analysis, Figure 1 
shows that for the lyophilized pulp there was 
no significant variation in the ascorbic acid 
content in relation to the extraction condition, 
demonstrating that the extraction conditions 
do not influence the ascorbic acid content 
obtained after the freeze-drying process of 
the fruit pulp of B. tomentosa. As for for the 
pulp of the fruit in natura, it is possible to 
observe that when using the solution of acetic 
acid 8 %, EDTA 1 mmol L-1, sulfuric acid 0.15 
mol L-1 and metaphosphoric acid 3 %, the 
content ascorbic acid was significantly higher 
than those found with the use of other 
extractive solutions (13272.6 mg 100 g-1). 
Thus, the influence of the extraction 
conditions on the ascorbic acid content in the 
in natura pulp is observed. During the 
extraction process, ascorbic acid degradation 
can occur and the presence of 
metaphosphoric, acetic and sulfuric acids will 
aid in the inhibition of its oxidation, while 
EDTA will complex the metal ions present, in 
order to obtain a higher acid content end of 
extraction.20 

The higher ascorbic acid content found in 
the pulp in natura in relation to those 
presented by the lyophilized pulp may be 
justified in view of a possible decrease in the 
oxidative ascorbic acid processes, as well as 
their less adherence to the fibers and tissues 
when the pulps are in natura. Other 
justifications for the found differences 
between the ascorbic acid contents can also 
be related to the sensitivity to heat, moisture 
content, oxygen, pH, temperature, light, and 
the presence of metallic ions.37-39 The loss in 
the acid content of the lyophilized pulp is 
considered high because it is a lyophilization 
process, which is considered as the best fruit 
drying method when compared to the others. 
It is important to note that, due to the porous 
structure of lyophilized products, inadequate 
storage can lead to oxidative reactions that 
will influence the ascorbic acid content in the 
final product.40 
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The ascorbic acid content determination of 
in foods is important both for its nutritional 
value and for the fact that it is used by the 
food industry as an antioxidant additive.41 The 
importance of this nutrient rich ingredients is 
even more relevant, considering that this 
compound is not synthesized by the human 
organism, being indispensable its intake in the 
diet. Studies show that the reduction in the 
risk of developing degenerative diseases is 
due to the combination of micronutrients, 
antioxidants, phytochemical substances and 
fibers present in foods of plant origin. In view 
of this, fruits with good sources of ascorbic 
acid represent an alternative to the insertion 
in the diet.42 

 

3.2. Phenolic compounds and flavonoids 
content determination 

 

The lyophilized pulp extract from the B. 
tomentosa fruits exhibited high amounts of 
phenolic compounds of 16,158.00 ± 24.69, in 
which the results were expressed as mg of 
gallic acid 100 g-1 of dehydrated pulp. Phenolic 
compounds have received attention from 
researchers because of their nutritional and 
medicinal effects, with emphasis on 
protection against free radicals. These 
compounds have been shown to be the main 
agents of the antioxidant activity presented by 
fruits and vegetables, responsible for 
preventive actions of cardiovascular diseases, 
cancer, among other degenerative diseases 
related to aging. The antioxidant activity of 
phenolic compounds occurs through distinct 
mechanisms, but the most important is the 
ability to reduce free radicals.43 

Denardin et al. evaluated the total phenolic 
contents of different fruits, such as araca, 
butia, pitangas (red e purple), and 
blackberries (Xavante and Cherokee). 
Observed the highest levels of 799.80 ± 54.7 
and 816.50 ± 63.6 (mg of gallic acid 100 g-1 
fresh weigh) to fruits purple pitanga and 
blackberries cultivar Xavante, respectively. 
These contents are lower than that found for 
the lyophilized pulp of B. tomentosa fruits of 
16,158.00 ± 24.69 mg of gallic acid 100 g-1.43  

Studies realised by Velderrain-Rodrígues et 
al. with pineapple, mango and papaya fruits 
showed total phenolic compounds expressed 
as mg of gallic acid per 100 g of fruit, 107.63 ± 
1.01, 274.30 ± 9.32, 212.17 ± 2.40 mg 100 g-1, 
respectively.44 These levels were also lower 
than found in B. tomentosa extract. The B. 
tomentosa phenolic compounds content was 
also superior to that found in lyophilized pulps 
of Brazilian tropical fruits such as acerola 
(12,466 ± 1256 mg of gallic acid 100 g-1) and 
guava (1152 ± 52 mg of gallic acid 100 g-1).45 
This shows the B. tomentosa fruit potentiality 
as a source of phenolic compounds in relation 
to other fruits. 

The B. tomentosa fruits also exhibited 
considerable amounts of total flavonoids of 
593.0 ± 0.40 mg quercetin 100 g-1 of 
dehydrated pulp, when compared to 
lyophilized pulps of other Brazilian tropical 
fruits. Studies conducted by Paz et al. show 
levels of total flavonoid compounds 
(expressed mg epicatechin per g of fruit) of 
672 ± 40 (açaí), 158 ± 23 (acerola), 184 ± 31 
(caja), 217 ± 27 (guava), 70 ± 1 g (mango), 46 
± 6 (pineapple), 252 ± 21 (soursop) and 178 ± 
32 (tamarind), demonstrating the B. 
tomentosa fruit pulp potential as a source of 
flavonoid compounds when compared to 
other Brazilian fruits.45 

This research revealed the presence of 
considerable amounts in the analysed fruit of 
flavonoids and total phenolic compounds, as 
well as a high content of ascorbic acid, 
underlining the benefits of this fruit as a highly 
nutritious food. 

 

3.3. Antioxidant capacity determination 

 

The B. tomentosa fruits lyophilized pulps 
had presented relevant antioxidant activities 
through the FRAP (3,303.81 ± 50.47) and DPPH 
(50.29 ± 0.61) assays, in which the results 
were expressed as mM of ferrous sulphate g-1 
dehydrated pulp and g of dehydrated pulp g-1 
DPPH, respectively. The DPPH and FRAP 
assays are simple and can be used to analyze 
different  antioxidant  mechanisms  presented
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by the compounds, since these are based on 
different concepts.43 The analyzing method of 
the antioxidant potential through the free 
radical sequestration capacity DPPH analyzes 
the radical's reactivity to hydrogen-donating 
molecules, whereas the FRAP method is based 
on the ability of the antioxidant compounds to 
reduce the ferric complex of [2,4,6-tri(2-
pyridyl)-1,3,5-triazine] (TPTZ) [(Fe+3–
(TPTZ)2]+3.46 

The antioxidant activity against the FRAP 
method presented by the B. tomentosa fruits 
was higher than those presented by other 
fruits such as butia (9.32), araça (89.09), 
blackberries Xavante (52.51) and Cherokee 
(66.60), and purple pitanga (81.62), all results 
being expressed in μM ferrous sulfate g-1 
sample.43 Rufino et al. evaluated the 
antioxidant activity of other Brazilian fruits 
under the FRAP method, such as acerola 
(Malpighia emarginata), açaí (Euterpe 
oleracea), camu-camu (Myrciaria dubia) and 
puçá-preto (Mouriri pusa), also found for 
these fruits less ability to reduce the ferric 
complex in relation to B. tomentosa (3,303.81 
± 50.47 μM ferrous sulfate g-1 sparing), with 
activities ranging from 32.1 ± 6.5 to 279.0 ± 1.5 
μM ferrous sulfate g-1 extract, being the 
smallest and highest activity hit by the fruits 
açaí and camu-camu, respectively.31  

By means of the DPPH free radical 
scavenging assay, it was observed that 50.29 ± 
0.61 grams of the obtained extract from the 
lyophilized B. tomentosa fruits pulp were able 
to neutralize 1 gram of DPPH. Considering the 
results reported in the literature by Rufino et 
al. for other fruits recognized as having high 
antioxidant activity, B. tomentosa fruits 
showed high antioxidant potential, since their 

activity was higher (lower g value of extract g-

1 of DPPH) than those presented by fruits such 
as acerola (670 ± 64.5), açaí (4264 ± 1381), 
camu-camu (478 ± 1.2) and puçá-preto (414 ± 
14.4), also determined in g of sample g-1 of 
DPPH.31  Another study carried out with fruits 
from the Brazilian Cerrado region also showed 
a lower capacity to neutralize the DPPH radical 
than that obtained for B. tomentosa fruits. The 
value found by the authors was 721.85 ± 0.95 
for the araçá, 951.52 ± 0.42 for the buriti, 
337.88 ± 0.59 for the cagaita, 1310.23 ± 0.42 
for the yellow mombin, 2681.91 ± 1.27 for the 
mangaba and 148.59 ± 9.02 for the marolo.1 

Although the fruit pulp extract of B. 
tomentosa presented high antioxidant activity 
against the FRAP and DPPH methods, it did not 
exhibit relevant activities in the protection of 
the oxidation of the β-carotene/linoleic acid 
system, as presented in Table 1. In the 
whitening of the β-carotene/linoleic acid 
system the antioxidant capacity is determined 
by measuring the products of the degradation 
of linoleic acid by oxidation.46 

According to the Table 1 presented results 
in, it was observed that at concentrations 
below 0.5 g L-1 the extract exhibited pro-
oxidant activity, and antioxidant activity was 
observed only at concentrations of 0.5 and 
0.75 g L-1. The presence of pro-oxidant activity 
in the β-carotene/linoleic acid bleaching assay 
is usually presented by fruits with a high 
ascorbic acid content, since ascorbyl radical 
formation may occur during the oxidation of 
the system.47,48 Pro-oxidant activity against 
the β-carotene/linoleic acid protection assay 
was also observed for the acerola, fruit which 
also presents high levels of ascorbic acid.49  
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Table 1. Antioxidant analysis of B. tomentosa fruit extract by the β-carotene/linoleic acid 
method 

Concentrations 

(g L-1) 

Antioxidant activity 

(% de inhibition) 

0.1 -23.76 ± 9.78 

0.2 -22.14 ± 8.83 

0.5 9.69 ± 6.49 

0.75 25.49 ± 4.71 

 

The high antioxidants potential presented 
by the B. tomentosa fruits extract in the DPPH 
and FRAP assays may be associated to the high 
levels of ascorbic acid and phenolic 
compounds presented by this fruit. Alves et al. 
evaluated the antioxidant capacity of the 
cashew, gabiroba, and cagaita fruits, by 
different methods, including the DPPH and 
FRAP assays, and found a significant 
correlation between the antioxidant capacity 
and the ascorbic acid content.50 

In another study, using the FRAP method 
to evaluated the antioxidant capacity of 
Brazilian tropical fruits, the authors reported a 
positive correlation between ascorbic acid 
content and antioxidant capacity.31 A strong 
correlation between the content of phenolic 
compounds and the antioxidant capacity, 
through the DPPH and FRAP assays, has also 
been reported in studies with Brazilian fruits, 
including caju-do-cerrado, gabiroba, cagaita 
and camu-camu fruits.31,50 The results 
obtained by these authors suggest that 
ascorbic acid and phenolic compounds may be 
the most important contributors to the 
antioxidant capacity presented by the B. 
tomentosa fruit extract studied in this study. 

 

4. Conclusion 

 

According to the obtained results 
concluded that the B. tomentosa fruits pulps 
present high levels of ascorbic acid. However, 
the in natura pulp presents higher contents of 
this compound when compared to the 
lyophilized pulp under the same extraction 

methods. Despite this difference, it can be 
stated that these fruits present high levels of 
ascorbic acid when compared with other fruits 
recognized for having high amounts of this 
compound. In relation to the different 
extraction conditions, no influence was 
observed on the ascorbic acid contents 
presented in the lyophilized pulp. For the in 
natura pulp, the extractive solution composed 
of 8 % acetic acid, EDTA 2 mmol L-1, sulfuric 
acid 0.15 mol L-1 and 3 % metaphosphoric acid 
showed to be more efficient for the extraction 
of ascorbic acid in relation to the others. 

The B. tomentosa fruits represent a 
promising source for the development of 
foods with functional, once this research also 
revealed the presence of considerable 
amounts of phenolic compounds and 
flavonoids when compared with other fruits. 
Moreover, was possible to observe that this 
fruit exhibits health-protection potential, with 
a pronounced antioxidant capacity towards 
the assay of the DPPH radical and reduction of 
iron ion (FRAP). However, considering its high 
ascorbic acid content, it acts as a pro-oxidant 
in the assay that evaluates the protection 
capacity of the β-carotene/linoleic acid 
system. The results indicate that this fruit is an 
excellent source of phenolics compounds and 
ascorbic acid, and have a great antioxidant 
potential, suggesting their use as a food 
functional. However, others studies are 
required to identify and quantify the phenolic 
compounds present, as well as determine the 
contribution of the major constituents to the 
antioxidant activity presented by the fruit. 
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