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Abstract
The Amazon Rainforest presents a great diversity of wild fruits that constitute an important part of the diet of many 
families. The present study investigated the nutritional composition of pequiá (Caryocar villosum (Aubl.)), camapu 
(Physalis angulata L.), tucumã (Astrocaryum vulgare Mart.), uxi (Endopleura uchi (Huber.)), and bacaba (Oenocarpus 
bacaba Mart.). Gravimetric methods were used to determine moisture and ash after drying in an oven and a muffle furnace, 
respectively. Total  phenolics by Folin-Ciocalteu method, carotenoids by HPLC-DAD, and minerals by atomic absorption 
spectrophotometry were used. C. villosum obtained the highest concentration of carbohydrates and K; P. angulata showed the 
highest concentration of Mg; A. vulgare obtained the highest concentration of dietary fiber and carotenoids; E. uchi had the 
highest concentration of Ca and the highest total energy value; and O. bacaba showed the highest concentration of proteins, 
P, and total phenolics. It was observed that the species A. vulgare presented the highest concentrations of the main nutrients 
analyzed; carbohydrates manifested in greater quantity in the species C. villosum, while phenolics were in the species A. 
vulgare and O. bacaba. The nutritional values found in these fruits are superior to those of other species consumed in Brazil, 
especially those arising from genetically improved crops.

Keywords: regional foods; Amazonian fruits; vitamins; nutritional value.

Practical Application: These fruits are widely consumed in their place of cultivation and are part of the families’ eating habits. 
They are sold at fairs and markets in the region, with fixed prices that fluctuate according to their production seasonality; they 
are consumed in nature and also through other forms of preparation that result in by-products being consumed and sold locally.
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1 INTRODUCTION
The Brazilian flora, distributed along its biomes, contains 

a wide variety of food resources, among them wild fruits, 
which are used to feed families and for the commercialization 
of these species in fairs and markets, becoming an important 
source of income for these families (Polmann et al., 2021). 
It is worth mentioning that, from the point of view of food 
security, these species can be acquired at low cost since many 
propagate in native environments, in the forest, in agrofor-
estry backyards, and close to homes (Dawson et al., 2014). 
However, although these species are part of the food habits 
of many families, their nutritional composition is still poorly 
known due to the lack of studies on them (Paula Filho et al., 
2015; Souza et al., 2012).

The Amazon biome, due to the richness of its flora, has a 
wide variety of food species, mainly fruits, which, together with 
cassava flour (Manihot esculenta Crantz.) and fish, represent the 
staple food of rural populations residing in this region (Mach-
ado et al., 2021). Considering the relationship of these species 
with the diets of many families, it is assumed that these fruits 

can be sources of various nutrients. However, this assumption 
is still in a hypothetical field since many species of wild fruits 
in the Amazon biome have not yet been properly studied (Faria 
et al., 2021).

This is a partially accepted hypothesis since the works that 
have been dedicated to investigating the nutritional concentra-
tion of some of these species have been inconclusive, which may 
occur mainly due to cultivation conditions and the sampling 
procedure of the investigated species (Gibson et al., 2010).

Although these species are part of the food base of popula-
tions in the Brazilian Amazon, studies on nutritional factors and 
malnutrition carried out in this region have found a prevalence 
of malnutrition in these populations (Khambalia et al., 2011).

Considering these aspects, the present study aimed to in-
vestigate the concentration of macronutrients and fiber, carot-
enoids, total phenolics, antioxidant activity, and minerals in five 
species of Amazonian fruits that were collected directly from the 
forest and, in this way, contribute to filling a gap in information 
that still exists on the composition and recommendations for 
daily intake of nutrients from these species.
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2 MATERIALS AND METHODS

2.1 Collection and preparation of the samples

The species were collected in May 2017 at the Rio Cajari 
Extractive Reserve (latitude S 00°90’27’’ and longitude W 
51°85’32’’), Amapá, Brazil (Figure 1), packed and transport-
ed in Styrofoam boxes with ice to avoid degradation of the 
samples, so that the other chemical analyses were carried out 
in the following hours. Five replicates were performed for 
each species, and each replicate was represented by a different 
location; around 1 kg of material was collected per replicate 
from at least three different plants. The samples were protected 
from light and transported in polystyrene boxes for 3 h to the 
Embrapa Amapá.

In the laboratory, the samples were washed and dried on 
paper towels. Three quarters of the samples were dried in an oven 
(105 ± 1°C for 24 h) to perform the analysis of macronutrients, 
fibers, and minerals, and one quarter of the fresh samples were 
packed in aluminum foil, placed on ice inside Styrofoam boxes, 
and transported immediately by air for 16 h to the laboratory 
at the Universidade Federal de Viçosa (FUV), Brazil, for the 
analysis of carotenoids, total phenolics, and antioxidant activity.

The samples were dried, the inedible parts were discarded, 
and the edible parts were homogenized in a food processor, 
packed in polyethylene bags and aluminum foil, and stored at 
-4 ± 1°C until chemical analyses.

The dried samples were later transported from the Embrapa 
Amapá to the FUV, where the other analyses of macronutrients, 
fibers, and minerals were carried out.

2.2 Macronutrient and fiber analysis

Moisture was investigated by gravimetry after drying in an 
oven at 105°C, proteins by the micro-Kjeldahl method, and lip-
ids by gravimetry after extraction in ethyl ether using a soxhlet 

apparatus (AOAC, 2010). Feed fiber by enzymatic-gravimetric 
method and ash by gravimetry after drying in a muffle furnace 
at 550°C (Detmann et al., 2012).

Carbohydrates were determined by the difference using 
the Equation 1:

[100 - % moisture - % lipids - % proteins - % dietary fibers - % ash]
 (1)

The total energy value was estimated considering the con-
version factors of 4 kcal g-1 of protein or carbohydrate and 9 
kcal g-1 of lipids (Frary & Johnson, 2005).

2.3 Analysis of total phenolics and antioxidant activity

It was carried out at the laboratory of the FUV, using five 
repetitions for each species analyzed according to the meth-
ods proposed by Bloor (2001), using an extraction solution 
(methanol:water = 60:40 v/v) in a fresh sample to obtain the 
supernatant, where the antioxidant tests were performed and the 
total phenolics determined according to Singleton et al. (1999). 
The substrate reading was performed by absorbance at 765 nm 
using a Shimadzu UV-VIS spectrophotometer. An analytical 
curve of gallic acid at concentrations ranging from 0.01 to 0.1 
g L-1 was prepared using the regression equation (Y = 0.1045x + 
0.0052; R2 = 0.984) to express the results in milligrams of gallic 
acid equivalents.

The method for determining the antioxidant capacity was 
based on the decolorization of a solution composed of stable 
DPPH* radicals (Duarte-Almeida et al., 2006). The free radical 
scavenging activity (FRSA) of the extracts was performed ac-
cording to the method proposed by Blois (1958). Absorbance 
was measured at 517 nm.

The equation used to eliminate the DPPH* radical was as 
Equation 2:

A B

C D E

Figure 1. Unconventional food plants collected in the Rio Cajari Extractive Reserve, Amapá, Brazil, 2017. (A) Tucumã; (B) Pequiá; (C) camapu; 
(D) uxi; and (E) bacaba.



Food Sci. Technol, Campinas, 43, e17823, 2023 3

PAULA FILHO et al.

Radical-scavenging activity (%) = 100%-{(Abssample-Absblank/Abscontrol) x100}
 (2)

Where:

Abscontrol: the absorbance of the control (DPPH* solution without 
the sample);

Abssample: the absorbance of the test sample (DPPH* solution 
plus test sample);

Absblank: the absorbance of the extraction solution by itself, 
without sample or DPPH* solution.

2.4 Extraction and analysis of carotenoids

They were carried out in five replications at the FUV, Brazil, 
using methods validated in this same laboratory (Cardoso et al., 
2013; Paula Filho et al., 2015).

For the extraction of carotenoids, the following reagents 
were used for analysis: acetone, petroleum ether, and glacial 
acetic acid. For the analysis of the compounds, the following 
HPLC-grade reagents were used: ethyl acetate, methanol, 
and acetonitrile.

The vitamin A value was calculated according to the recom-
mendations of the Institute of Medicine (IOM, 2011), where 1 
retinol activity equivalent (RAE) corresponds to 1 μg of retinol, 
12 μg of β-carotene, and 24 μg of other provitamin carotenoids.

2.5 Determination of minerals

Minerals were extracted from dry samples, according to 
Malavolta et al. (1997). Three replicates were used, and each 
replicate was analyzed in triplicate by means of nitric-perchloric 
digestion, in which two extracts were prepared. In extract 1, 0.5 
g of dry sample of the species was weighed, 2 drops of kerosene 
and 4 mL of p.a. 65% nitric acid were added, and digestion was 
carried out for approximately 12 h. In extract 2, 5 mL of extract 
1 were added to 20 mL of distilled water and stirred for 30 min; 
then, the solution was prepared, consisting of 0.5 mL of extract 
2 + 21 mL of distilled water + 2.5 mL of solution 725 + 1 mL of 
2% vitamin C, which was then shaken and measured.

The mineral measures were obtained through a solution 
analyzed in an atomic absorption spectrophotometer with an 
induced argon plasma source and with the following conditions: 
power of 1,300 W, refrigerant air flow of 15 L min-1, auxiliary 
air flow of 0.7 L min-1, carrier air flow of 0.5 L min-1, sample 

introduction rate of 1.5 mL min-1, and use of a Perkin Elmer 
nebulizer.

Only K was determined by flame photometry (Malavolta 
et al., 1997).

2.6 Experimental design and statistical analysis of data

A completely randomized design was used with five repli-
cations for carotenoid analysis and three replications for mac-
ronutrient and fiber analyses. To assess the range of linearity of 
analytical standards, data obtained from peak areas were used for 
linear regression analysis and to calculate the correlation coeffi-
cient (R2). To compare the means of the treatments that presented 
differences, the Duncan test was used at a level of 5% probability. 
Statistical analysis was performed using the SAS software (Sta-
tistical Analysis System), version 9.2 (2008), licensed for FUV.

3 RESULTS
All the analyzed fruits presented concentrations of the 

investigated nutrients, among which the species A. vulgare 
stood out, which presented the highest concentrations of the 
investigated nutrients (dietary fiber, DPPH, β-carotene, vitamin 
A, Cu, and Fe).

3.1 Macronutrients and fiber

The physical characteristics of fruit species influence the 
composition of some macronutrients; for example, a species 
with a higher moisture content tends to have a lower fiber 
content, and vice versa (Dembitsky et al., 2011). Among the 
five species analyzed in the present study (Table 1), P. angulata 
L. is a berry-type fruit, while the others are of the drupe type. 
Considering these differences, it is noted that P. angulata L. has 
more water in its structure and a lower fiber concentration than 
the other analyzed species.

3.2 Total phenolics and antioxidant activity

The concentration of total phenolics can contribute to increas-
ing the antioxidant capacity of the species (Chandrasekara & Sha-
hidi, 2010). In the present study, O. bacaba presented the highest 
concentration of total phenolic compounds (Table 2); however, 
it did not present the highest antioxidant activity. This difference 
can be explained by the fact that the concentration of other com-
pounds, such as flavonoids, coumarins, anthocyanins, and rutin, 

Table 1. Centesimal composition and total energy value in fruits collected in the Rio Cajari Extractive Reserve, Amapá, Brazil.

Values expressed in dry matter; mean of three repetitions; TDF: total dietary fiber.
Means followed by the same letter on the line do not differ by the test of Duncan at the 5% level of significance.

Variables (g 100 g-1) C. villosum P. angulata A. vulgare E. uchi O. bacaba
Moisture 27.2 ± 2.4d 79.1 ± 4.7a 56.5 ± 0.9b 44.3 ± 0.4c 46.7 ± 0.5c

Proteins 1.10 ± 0.05c 1.16 ± 0.01c 1.85 ± 0.01b 0.88 ± 0.03d 3.27 ± 0.05a

Lipids 25.81 ± 0.15c 2.60 ± 0.25e 18.29 ± 0.59d 50.86 ± 0.17a 30.27 ± 1.47b

TDF 2.44 ± 0.01b 1.90 ± 0.17e 3.07 ± 0.06a 2.37 ± 0.05c 2.30 ± 0.14d

Ash 0.94 ± 0.01a 0.54 ± 0.01d 0.73 ± 0.04c 0.85 ± 0.04b 0.73 ± 0.03c

Carbohydrates 42.51 ± 2.42a 14.71 ± 1.14c 19.50 ± 0.91b 0.77 ± 0.15d 16.74 ± 1.09c

Total energy value (kcal 100 g-1) 406.76 ± 8.22a 86.87 ± 4.45e 250.06 ± 3.78d 464.33 ± 1.94a 352.50 ± 8.97c
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which were not investigated in the present study, influences the 
antioxidant activity of plant sources (Eberhardt et al., 2000).

The species C. villosum and E. uchi did not have these pa-
rameters analyzed because the samples had degraded between 
the collection and analysis sites, caused by the high geographic 
distance and transport time.

3.3 Carotenoids

Among the total carotenoids analyzed, only β-carotene 
was found, which in this case is equivalent to the proportion of 
β-carotene. If other carotenoids (β-cryptoxanthin and lycopene) 
were identified, the amount of total carotenoids would increase 
and the proportion of β-carotene would decrease, which in this 
case was predominant (Figure 2, Table 3).

3.4 Minerals

Ash concentration reflects the amount of minerals present 
in a food source. In the present study, all investigated minerals 
were identified in the analyzed species (Table 4). The elements 
detected in greater amounts were Ca, K, and Mn.

4 DISCUSSION

4.1 Macronutrients and fiber

In Table 1, the highest concentration of dietary fiber was 
found in A. vulgare. This is a globose fruit, 4.4–6.5 cm in 

diameter, orange in color, with a fleshy and sweet mesocarp. 
The Brazilian Food Composition Table (NEPA, 2011) shows 
dietary fiber values for this species equivalent to almost four 
times the values found in the present study (12.7 g 100 g-1); 
however, the probable reason for this difference is unknown. 
In addition to these results, only one study was found in which 
the authors (Santos et al., 2018) found dietary fiber values higher 
than those of the present study (35.95 g 100 g-1); however, it is 
noteworthy that it is the species A. huaimi Mart., and the samples 
were collected in another Brazilian biome, the Atlantic Forest.

The drupe fruit species (C. villosum, A. vulgare, E. uchi, 
and O. bacaba) showed the highest concentrations of lipids. 
There are results for the concentration of lipids in a study car-
ried out on native fruits of the Amazon (Berto et al., 2015), in 

Figure 2. Carotenoid of chromatogram in fruits of A. vulgare collec-
ted in the Rio Cajari Extractive Reserve, Amapá, Brazil.

Table 3. Carotenoids in fruits collected in the Rio Cajari Extractive Reserve, Amapá, Brazil.

Means followed by the same letter on the line do not differ by the test of Duncan at the 5% level of significance.
Values expressed on fresh matter; mean of five repetitions; nd: not detected.

Compounds (mg 100 g-1) C. villosum P. angulata A. vulgare E. uchi O. bacaba
Carotenoids nd 1.41 ± 0.65b (100) 31.56 ± 3.13a (100) nd 0.99 ± 0.47b (100)
Vitamin A value (RAE μg 100 g-1) nd 117.69 ± 53.97b 2,630.28 ± 260.95a nd 82.63 ± 42.16b

Table 4. Minerals in fruits collected in the Rio Cajari Extractive Reserve, Amapá, Brazil.

Means followed by the same letter on the line do not differ by the test of Duncan at the 5% level of significance.
Values expressed on fresh dry; mean of three repetitions.

Minerals (mg 100 g-1) C. villosum P. angulata A. vulgare E. uchi O. bacaba
P 27.17 ± 2.65b 21.87 ± 2.87c 25.97 ± 1.98b 38.04 ± 2.52a 39.47 ± 3.44a

K 26.25 ± 1.24a 24.37 ± 1.07d 25.97 ± 1.22b 25.03 ± 0.78c 24.88 ± 1.17c

Ca 42.94 ± 3.25b 37.88 ± 2.45d 43.67 ± 3.62b 57.82 ± 3.26a 38.96 ± 3.28c

Mg 10.31 ± 2.11c 12.27 ± 3.75a 11.62 ± 3.28b 9.98 ± 3.65c 9.44 ± 2.81d

Cu 0.73 ± 0.21d 0.95 ± 0.32b 1.38 ± 0.73a 0.69 ± 0.28d 0.87 ± 0.23c

Mn 4.53 ± 1.55b 3.93 ± 1.38c 4.68 ± 1.52b 5.24 ± 1.77a 3.58 ± 1.23c

Fe 2.17 ± 0.82c 3.55 ± 1.32b 4.06 ± 1.43a 3.26 ± 0.99b 1.47 ± 0.69d

Zn 1.06 ± 0.26b 0.77 ± 0.06c 0.62 ± 0.12c 1.27 ± 0.43a 0.86 ± 0.07c

Table 2. Average concentration of total phenolics in fruits collected in the Rio Cajari Extractive Reserve, Amapá, Brazil.

Means followed by the same letter on the line do not differ by the test of Duncan at the 5% level of significance; *gallic acid equivalent; **radical scavenging activities of hydro-alcohol 
of samples of fruits.

Values expressed on fresh matter; mean of five repetitions; nd: not detected.

Compounds C. villosum P. angulata A. vulgare E. uchi O. bacaba
Total phenolics (mg de EAG* 100 g-1) nd 20.4 ± 8.22c 35.63 ± 9.76b nd 60.66 ± 11.79a

DPPH (% ARR**) nd 52.51 ± 11.49b 90.01 ± 1.6a nd 89.99 ± 1.53a
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which the authors found values for C. villosum (14.63 g 100 g-1) 
and E. uchi (20.48 g 100 g-1) lower than those found here. It is 
worth mentioning that these differences may be related to the 
harvesting time and fruit maturation point.

The concentration of lipids influences the result of the 
total energy value of the fruits, making this nutrient the main 
aggregating component in the calculation of the energy available 
in plant food sources. In the present study, this was reflected 
in the fact that the species that presented the highest concen-
tration of lipids also presented the highest total energy value. 
However, different results were found for the same species in 
other available sources, such as 262.00 kcal 100 g-1 for A. vulgare 
(NEPA, 2011), 296.55 kcal 100 g-1 for C. villosum (Berto et al., 
2015), and 302.56 kcal 100 g-1 for E. uchi (Berto et al., 2015).

However, as already pointed out, this difference may be 
associated with a series of factors, such as sampling and har-
vesting of species, as well as environmental factors (soil fertility, 
availability of water, and light, among others), that can influence 
the nutritional composition of these native species.

4.2 Total phenolics and antioxidant activity

The literature presents some results on the concentration 
of total phenolic compounds in O. bacaba (1,759.27 mg EAG 
100 g-1) (Barreto et al., 2009) and in P. angulata (36.92 mg EAG 
100 g-1) (Medina-Medrano et al., 2015), where concentrations 
higher than those found in the present study were observed. 
The differences may be related to a number of other parameters 
that were not investigated. However, the values found in the 
present study showed statistical significance and conveyed the 
antioxidant capacity of wild fruit species to fight free radicals 
that can promote oxidative stress and cellular aging (Almeida 
et al., 2011).

Regarding the FRSA, the percentages of A. vulgare and O. 
bacaba stood out. The literature shows some results that differ 
from those found in the present study for O. bacaba (34.25% 
of ARR) (Finco et al., 2012) and P. angulata (3.05% of ARR) 
(Medina-Medrano et al., 2015). However, the results found in 
the present study for total phenolics and antioxidant activity 
show that there was a relationship between these compounds, 
which indicates the influence and contribution of total phenolics 
to antioxidant activity in plant sources (Kevers et al., 2007).

Regarding the concentration of phenolic compounds and 
the oxidant activity in these fruit species, the identification of 
these parameters occurred through a methodology used in 
conventional fruit analysis, which contributes to these species, 
still little known in the conventional market, establishing them-
selves as potential sources of nutrients that can contribute to 
the food security of many families, especially those residing in 
rural areas of the Amazon.

4.3 Carotenoids

The highest concentrations of β-carotene were found in A. 
vulgare, which may be associated with the red pigmentation of 
the pulp of this fruit (Table 3). A study by Rodriguez-Amaya 
(1996) showed concentrations of 10.7 mg 100 g-1 of β-carotene 

for this fruit. These results represent one-third of the values 
found in the species analyzed in the present study, which re-
inforces the high concentration of this nutrient in A. vulgare.

Regarding the vitamin A content observed in the analyzed 
species, there are results for A. vulgare in the Brazilian food 
composition table (NEPA, 2011), which presents an RAE value 
equivalent to 1,181 μg 100 g-1, which represents only 45% of that 
found in the present study.

In general, there is a lack of studies that investigate these pa-
rameters in wild fruit species that enable comparison with oth-
ers, which demonstrates the originality of the present research.

4.4 Minerals

The E. uchi species showed high concentrations of some 
minerals when compared to the others. The results found, al-
though high in comparison to the other fruits, are inferior to 
those of other works found in the academic literature for P 
(10.82 mg 100 g-1), Mg (80.77 mg 100 g-1), and other minerals 
(Berto et al., 2015).

Some studies on the concentration of minerals for species of 
the genus Astrocaryum present results closer to those found for 
A. vulgare (Santos et al., 2018). However, it is worth noting that 
the concentration of minerals alone is not a reliable indicator 
of their amounts absorbed by the body, as some minerals such 
as Ca, Fe, Zn, Cu, and Mg can form insoluble complexes with 
anti-nutritional factors (phytate, oxalate) and consequently 
decrease their bioavailability (Leal et al., 2010).

It is known that wild fruits are part of the eating habits of 
riverine populations in the Amazon (Machado et  al., 2021); 
however, there are records of factors linked to malnutrition in 
these populations (Khambalia et al., 2011). This reality leaves 
some doubts, since several of the fruits consumed by this popu-
lation group have high concentrations of some macronutrients, 
vitamins, and minerals. One of the possible causes may be 
related to the bioavailability of these compounds in these plant 
sources, making it necessary to carry out studies to investigate 
this situation.

In general, the concentration of macronutrients and vita-
mins found in the analyzed fruits is quantitatively equivalent 
to the most consumed fruits in Brazil (banana (Musa spp.), 
orange (Citrus x sinensis (L.)), apple (Malus domestica Borkh.), 
watermelon (Citrulus lanatus (Thunb.), among others), as ob-
served in the Brazilian Food Composition Table (NEPA, 2011).

5 CONCLUSION
The fruit species analyzed in the present study showed a 

high concentration of macronutrients and vitamins when com-
pared to the most consumed fruits in Brazil. This condition, 
as well as its antioxidant potential, indicates the possibility 
of these species being recommended in diets, as well as the 
development of agronomic protocols that allow their cultiva-
tion, since these species are still found in native environments 
with little, or none, program that allows their multiplication 
among farmers.
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It is important to highlight the positive aspects of these 
fruits for the promotion of food and nutritional security of 
the families that consume them, which are the fact that they 
spontaneously propagate in native environments, close to the 
residences of these families, without demanding financial costs 
for their production and management, in addition to allowing 
the acquisition of these nutrients without financial costs, bene-
fiting the families that consume them, and depending on these 
species for daily consumption.

Moreover, in the scenario of facing the problem of hunger 
in Brazil, especially in some municipalities in the Amazon, this 
information is new for agro-food science and may motivate 
further studies and the implementation of food programs.

REFERENCES
Almeida, M. M. B., Sousa, P. H. M., Arriaga, A. M. C., Prado, G. M., 

Magalhães, C. E. C., Maia, G. A., & Lemos, T. L. G. (2011). Bioac-
tive compounds and antioxidant activity of fresh exotic fruits from 
northeastern Brazil. Food Research International, 44(7), 2155-2159. 
https://doi.org/10.1016/j.foodres.2011.03.051

Association of Official Analytical Chemists (AOAC) (2010). Official 
methods of analysis of the Association of Official Analytical Chem-
ists. AOAC.

Barreto, G. P. M., Benassi, M. T., & Mercadante, A. Z. (2009). Bioac-
tive compounds from several tropical fruits and correlation by 
multivariate analysis to free radical scavenger activity. Journal 
of the Brazilian Chemical Society, 20(10), 1856-1861. https://doi.
org/10.1590/S0103-50532009001000013

Berto, A., Silva, A. F., Visentainer, J. V., Matsushita, M., & Souza, N. 
E. (2015). Proximate compositions, mineral contents and fatty 
acid compositions of native Amazonian fruits. Food Research 
International, 77(Part 3), 441-449. https://doi.org/10.1016/j.
foodres.2015.08.018

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free 
radical. Nature, 181, 1199-1200. https://doi.org/10.1038/1811199a0

Bloor, S. J. (2001). Overview of methods for analysis and identifica-
tion of flavonoids. Methods in Enzymology, 335, 3-14. https://doi.
org/10.1016/s0076-6879(01)35227-8

Cardoso, L. M., Oliveira D. S., Bedetti, S. F., Ribeiro, S. M. R., & Pin-
heiro-Sant’Ana, H. M. (2013). Araticum (Annona crassiflora Mart.) 
from the Brazilian Cerrado: chemical composition and bioac-
tive compounds. Fruits, 68(2), 121-134. https://doi.org/10.1051/
fruits/2013058

Chandrasekara, A., & Shahidi, F. (2010). Content of Insoluble Bound 
Phenolics in Millets and Their Contribution to Antioxidant Ca-
pacity. Journal of Agricultural Food Chemistry, 58(11), 6706-6714. 
https://doi.org/ 10.1021/jf100868b

Dawson, I. K., Learkey, R., Clement, C. R., Weber, J. C., Cornelius, J. P., 
Roshetko, J. M., Vinceti, B., Kalinganire, A., Tchoundjeu, Z., Mas-
ters, E., & Jamnadass, R. (2014). The management of tree genetic 
resources and the livelihoods of rural communities in the tropics: 
Non-timber forest products, smallholder agroforestry practices 
and tree commodity crops. Forest Ecology and Management, 333, 
9-21. https://doi.org/10.1016/j.foreco.2014.01.021

Dembitsky, V. M., Poovarodom, S., Leontowicz, H., Leontowicz, M., 
Vearasilp, S., Trakhtemberg, S., & Gorinstein, S. (2011). The mul-
tiple nutrition properties of some exotic fruits: Biological activity 
and active metabolites. Food Research International, 44(7), 1671-
1701. https://doi.org/10.1016/j.foodres.2011.03.003

Detmann, E., Souza, M. A., & Valadares Filho, S. C. (2012). Métodos 
para análise de alimentos. Universidade Federal de Viçosa.

Duarte-Almeida, J. M., Santos, R. J., Genovese, M. I., & Lajolo, F. M. 
(2006). Avaliação da atividade antioxidante utilizando sistema 
beta-caroteno/ácido linoléico e método de seqüestro de radicais 
DPPH•. Food Science and Technology, 26(2), 446-452. https://doi.
org/10.1590/S0101-20612006000200031

Eberhardt, M. V., Lee, C. Y., & Liu, R. H. (2000). Antioxidant ac-
tivity of fresh apples. Nature, 405, 903-904. https://doi.
org/10.1038/35016151

Faria, J. V., Valido, I. H., Paz, W. H. P., Silva, F. M. A., Souza, A. D. L., 
Acho, L. R. D., Lima, E. S., Boleti, A. P. A., Marinho, J. V. N., Salva-
dor, M. J., Santos, E. L., Soares, P. K., Lópes-Mesas, M., Maia, J. M. 
F., Koolen, H. H. F., & Bataglion, G. A. (2021). Comparative eval-
uation of chemical composition and biological activities of trop-
ical fruits consumed in Manaus, central Amazonia, Brazil. Food 
Research International, 139, 109836. https://doi.org/10.1016/j.
foodres.2020.109836

Finco, F. D. B. A., Kammerer, D. R., Carle, R., Tseng, W. H., Boser, S., 
& Graeve, L. (2012). Antioxidant Activity and Characterization 
of Phenolic Compounds from Bacaba (Oenocarpus bacaba Mart.) 
Fruit by HPLC-DAD-MSn. Journal of Agricultural Food Chemistry, 
60(31), 7665-7673. https://doi.org/10.1021/jf3007689

Frary, C. D., & Johnson, R. K. (2005). Energia. In Mahan, L. K., & 
Escott-Stump, S. (eds.). Krause: alimentos, nutrição e dietoterapia 
(pp. 20-34). Rocca.

Gibson, R. S., Bailey, K. B., Gibbs, M., & Ferguson, E. L. (2010). A Re-
view of Phytate, Iron, Zinc, and Calcium Concentrations in Plant-
Based Complementary Foods Used in Low-Income Countries and 
Implications for Bioavailability. Food and Nutrition Bulletin, 31(2), 
134-146. https://doi.org/10.1177/15648265100312S206

Institute of Medicine (IOM). (2011). Dietary Reference Intakes (DRIs): 
Vitamin A, Vitamin K, Arsenic, Boron, Cromium, Copper, Iodine, 
Iron, Manganese, Molybdenium, Nickel, Silicon, Vanadium and 
Zinc, Natl. National Academic Press.

Kevers, C., Falkowski, M., Tabarat, J., Defraigne, J., Dommes, J., & 
Pincemail, J. (2007). Evaluation of Antioxidant Capaciy during 
storage if select fruits and vegetables. Journal of Agricultural Food 
Chemistry, 55(21), 8596-8603. https://doi.org/10.1021/jf071736j

Khambalia, A. Z., Aimone, A. M., & Zlotkin, S. H. (2011). Burden of 
anemia among indigenous populations. Nutrition Reviews, 69(12), 
693-719. https://doi.org/10.1111/j.1753-4887.2011.00437.x

Leal, A. S., Gonçalves, C. G., Vieira, I. F. R., Cunha, M. R. R., Gomes, 
T. C. B., & Marques, F. R. (2010). Evaluation of mineral concentra-
tion and anti-nutritional factors phytate and oxalate in multimix 
from the Metropolitan Region of the City of Belo Horizonte/MG. 
Nutrire, 35(2), 39-52.

Machado, C. C., Prata, E. M. P., & Kinupp, V. F. (2021). Human food dy-
namics in highly seasonal ecosystems: a case study of plant-eating 
in riverine communities in Central Amazon. ournal of Ethnobiol-
ogy, 41(2), 247-262. https://doi.org/10.2993/0278-0771-41.2.247

Malavolta, E., Vitti, G. C., & Oliveira, S. A. (1997). Avaliação do estado 
nutricional das plantas: princípios e aplicações. POTAFOS.

Medina-Medrano, J. R., Almaraz-Abarca, N., González-Elizondo, M. 
S., Uribe-Soto, J. N., González-Valdez, L. S., & Herrera-Arrieta, 
Y. (2015). Phenolic constituents and antioxidant properties of 
five wild species of Physalis (Solanaceae). Botanical Studies, 56, 
24. https://doi.org/10.1186/s40529-015-0101-y

Núcleo de Estudos e Pesquisa em Alimentação (NEPA) (2011). Tabela 
Brasileira de Composição de Alimentos. UNICAMP.

https://doi.org/10.1016/j.foodres.2011.03.051
https://doi.org/10.1590/S0103-50532009001000013
https://doi.org/10.1590/S0103-50532009001000013
https://doi.org/10.1016/j.foodres.2015.08.018
https://doi.org/10.1016/j.foodres.2015.08.018
https://doi.org/10.1038/1811199a0
https://doi.org/10.1016/s0076-6879(01)35227-8
https://doi.org/10.1016/s0076-6879(01)35227-8
https://doi.org/10.1051/fruits/2013058
https://doi.org/10.1051/fruits/2013058
https://doi.org/
https://doi.org/10.1016/j.foreco.2014.01.021
https://doi.org/10.1016/j.foodres.2011.03.003
https://doi.org/10.1590/S0101-20612006000200031
https://doi.org/10.1590/S0101-20612006000200031
https://doi.org/10.1038/35016151
https://doi.org/10.1038/35016151
https://doi.org/10.1016/j.foodres.2020.109836
https://doi.org/10.1016/j.foodres.2020.109836
https://doi.org/10.1021/jf3007689
https://doi.org/10.1177/15648265100312S206
https://doi.org/10.1021/jf071736j
https://doi.org/10.1111/j.1753-4887.2011.00437.x
https://doi.org/10.2993/0278-0771-41.2.247
https://doi.org/10.1186/s40529-015-0101-y


Food Sci. Technol, Campinas, 43, e17823, 2023 7

PAULA FILHO et al.

Paula Filho, G. X., Barriera, T. F., Pinheiro, S. S., Cardoso, L. M., 
Martino, H. S. D., & Pinheiro-Sant’Ana, H. M. (2015). ‘Melão 
croá’ (Sicana sphaerica Vell.) and ‘maracujina’ (Sicana odorifera 
Naud.): chemical composition, carotenoids, vitamins and minerals 
in native fruits from the Brazilian Atlantic forest. Fruits, 70(6), 
341-349. https://doi.org/10.1051/fruits/2015035

Polmann, G., Badia, V., Danielski, R., Ferreira, S. R. S., & Block, J. M. 
(2021). Non-conventional nuts: An overview of reported composi-
tion and bioactivity and new approaches for its consumption and 
valorization of co-products. Future Foods, 4, 100099. https://doi.
org/10.1016/j.fufo.2021.100099

Rodriguez-Amaya, D. B. (1996). Assessment of the Provitamin A 
contents of foods – The Brazilian Experience. Journal of Food 
Composition and Analysis, 9(3), 196-230. https://doi.org/10.1006/
jfca.1996.0028

Santos, M. M. R., Fernandes, D. S., Cândido, C. J., Cavalheiro, L. 
F., Silva, A. F., Nascimento, V. A., Ramos Filho, M. M., Santos, 
E. F., & Hiane, P. A. (2018). Physical-chemical, nutritional and 
antioxidant properties of tucumã (Astrocaryum huaimi Mart.) 
fruits. Semina: Ciências Agrárias, 39(4), 1517-1532. https://doi.
org/10.5433/1679-0359.2018v39n4p1517

Singleton, V. L., Orthofer, R., & Lamuela-Raventós, R. M. (1999). Analy-
sis of total phenols and other oxidation substrates and antioxidants 
by means of Folin-Ciocalteu reagent. Methods in Enzymology, 299, 
152-177. https://doi.org/10.1016/S0076-6879(99)99017-1

Souza, V. R., Pereira, P. A. P., Queiroz, F., Borges, S. V., & Carneiro, 
J. D. S. (2012). Determination of bioactive compounds, antiox-
idant activity and chemical composition of Cerrado Brazilian 
fruits. Food Chemistry, 134(1), 381-386. https://doi.org/10.1016/j.
foodchem.2012.02.191

https://doi.org/10.1051/fruits/2015035
https://doi.org/10.1016/j.fufo.2021.100099
https://doi.org/10.1016/j.fufo.2021.100099
https://doi.org/10.1006/jfca.1996.0028
https://doi.org/10.1006/jfca.1996.0028
https://doi.org/10.5433/1679-0359.2018v39n4p1517
https://doi.org/10.5433/1679-0359.2018v39n4p1517
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/j.foodchem.2012.02.191
https://doi.org/10.1016/j.foodchem.2012.02.191

