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1 Introduction
The Cerrado is the second largest biome in Brazil and the 

richest Savannah in the world, and it is considered one of the 
worldwide hotspots for the conservation of biodiversity It has 
diverse natural resources, especially native fruits with high 
nutritional value and sensory appeal, which can be eaten fresh or 
processed (Vieira et al., 2010). The baru plant (Dipteryx alata Vog) 
is a good example of Cerrado native species.

The fruit of the baru tree is a drupe that contains one seed 
known as baru almond (Figure 1). The roasted seed can be eaten 
or used as an ingredient in the local gastronomy, replacing the 
cashew nut, peanut or other oilseeds. Baru almond is used as 
a raw material for small and medium-sized food industries, 
which contributes to the economy of the Brazilian Midwest 
(Collevatti et al., 2013). Baru pulp is covered by a thin light-brown 
peel and has a sweet taste, but it is less frequently consumed than 
the almond. Nevertheless, peel and pulp have been included in 
some recipes for breads, cakes and cereal bars (Lima et al., 2010; 
Rocha & Santiago, 2009; Vieira et al., 2010).

Baru almond has been reported as rich in good quality 
protein, lipids (especially oleic acid), fibers and minerals 
(Fernandes et al., 2015; Fernandes et al., 2010). Besides, the almond 
has been picked out as a good source of antioxidant nutrients 

(Fernandes et al., 2015) and other bioactive compounds, such as 
phenolic compounds (Lemos et al., 2012). In contrast, there are 
comparatively few data about the chemical composition of baru 
pulp, but it has been reported that it contains high concentrations 
of sugars, fibers and minerals (Freitas et al., 2014). No scientific 
study about the proximate composition of baru peel, separated 
from the pulp, has been found in the literature up to now.

Studies have shown that phenolic compounds have 
anti-inflammatory, anti-proliferative and anti-infectious properties, 
as well as exerting a protective effect against oxidative stress 
related to diabetes, cancer, cardiovascular and neurodegenerative 
diseases (Del Rio et al., 2013). Considering the applicability of 
baru peel and pulp in processed foods for human consumption 
and the health-benefits of phenolic compounds, it is worth 
studying the nutrients and phenolic content of the whole baru 
fruit, including its peel and pulp. The chemical characterization 
of peel and pulp, compared to the almond, can stimulate the 
consumption of whole fruit and the economic investments on 
processed foods with baru. Thus, the aim of this study was to 
evaluate the proximate composition, the total phenolic contents 
and the antioxidant capacity of the peel and pulp of baru fruit 
compared to raw and roasted baru almonds.
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Abstract
Baru (Dipteryx alata Vog.) is a native fruit of the Brazilian Savannah that can be used in the food industry and may contribute 
to the economy of the Brazilian Midwest. The proximate composition, the phenolic content and the antioxidant capacity of the 
peel, pulp and raw and roasted baru almond were examined and compared. Peel showed higher concentrations of dietary fibers 
(24.1 g/100 g) followed by pulp and roasted almond (18 g/100 g and 16 g/100 g, respectively), and raw almond (12.0 g/100 g). 
However, the almonds presented the highest lipid and protein concentrations compared to baru peel and pulp. In addition, raw 
almond showed the highest total phenolic contents (1,107.0 mg GAE/100 g) and antioxidant capacity, but the roasted almond, 
and baru peel with its pulp, also presented high phenolic contents. The correlation coefficients between phenolic content and 
antioxidant capacity (via ABTS and FRAP) were strong and significant. The chemical composition of baru peel has not previously 
been reported. The results showed promising prospects for the consumption of baru pulp with its peel, the fruit component 
richest in fiber, whose phenolic content and antioxidant capacity are comparable to those of the baru almond.
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Practical Application: Baru pulp with its peel has a promising prospect as a food ingredient due to their high amounts of 
fiber, phenolic content and antioxidant capacity. Therefore, the whole baru fruit represents an attractive option for consumers 
and food industries.
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2 Materials and methods
2.1 Fruit collection and sample processing

Baru fruit was collected in the outskirts of Senador Canedo 
county (Goiás State, Brazil), during the maturation period, after 
natural fall from the tree. The fruits were peeled by hand, and 
half the almonds were roasted using a conventional electric 
oven at 140 °C for 30 min (Fernandes  et  al., 2010), and the 
other half remained raw, both with skin. Peel, pulp, raw and 
roasted almonds (Figure  1) were ground separately using a 
domestic multiprocessor, vacuum packed and then stored at 
–18 °C until analysis.

2.2 Proximate composition analysis and energy value 
estimation

The moisture was determined by drying samples at 105 °C, 
and ash was obtained by incineration in an oven at 550 °C 
(Association of Official Analytical Chemists, 2010). The nitrogen 
content was analyzed by micro-Kjeldahl method and converted 
to crude protein using the factor 6.25 (Association of Official 
Analytical Chemists, 2010). Total lipids were determined as 
described by Bligh & Dyer (1959). Total dietary fiber was 
measured by Association of Official Analytical Chemists (2010), 
and the carbohydrate was estimated by difference, subtracting 
the values obtained for moisture, ash, protein, lipids, and dietary 
fiber from one hundred. The energy value of the samples was 
determined using the Atwater conversion factors of 4 kcal/g for 

proteins and carbohydrates, and 9 kcal/g for lipids. The analyses 
were performed in triplicate.

2.3 Evaluation of total phenolic compounds and antioxidant 
capacity

Sample extracts were obtained according to the method 
described by Zhang et al. (2014), with modifications. Raw and 
roasted samples of baru almond (0.05 g), peel and pulp (0.1 g) 
were dissolved in 10 mL of 50% ethanol solution. This mixture 
was vortexed for 30 seconds and then homogenized in an 
automatic shaker for 1 h. The solution was centrifuged at 18°C 
and 5000 rpm for 10 min. The supernatant was filtered for the 
investigation of the phenolic compounds and antioxidant capacity.

The phenolic contents were performed according to Singleton 
& Rossi (1965), with adaptations. An aliquot of 0.25 mL of the 
extract was mixed with 0.25 mL of the solution of Folin Ciocalteu 
reagent (1: 2) and 2.5 mL of bi-distilled water. After standing 
for 5 min at room temperature, 0.25 mL of sodium carbonate 
solution (10%) was added and the mixture was placed at rest 
for 60 min, at room temperature, and protected against light. 
The absorbance was measured at 765 nm using the UV/Vis 
V-630 spectrophotometer (Jasco, Tokyo, Japan). The results 
were expressed as milligrams of gallic acid equivalent per 100 g 
(mg GAE/100 g) of the sample (fresh weight).

The test of antioxidant potential by ABTS method (ABTS 
2,2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonate) was 
performed as described by Re et al. (1999), with modifications. 

Figure 1. Baru fruit components: A) whole fruit; B) fruit with sectioned parts; C) baru pulp; D) baru peel; E) different sizes of the baru almond 
(with skin).
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The ABTS radical was formed from the reaction of 140 mM 
potassium persulfate with 7 mM ABTS stock solution, kept 
at room temperature and protected against light for 16 h. 
Subsequently, a 30 µL aliquot of each extract was homogenized 
with 3 mL of the ABTS radical. After incubation for 6 min at 
room temperature, the absorbance was read at 734 nm and the 
results were expressed in Trolox equivalents per gram (μmol 
TE/g) of sample (fresh weight).

The DPPH (2,2-diphenyl-1-picryl-hidrazila) radical scavenging 
method was carried out according to Brand-Williams et al. (1995), 
with modifications. An aliquot of 0.1 mL of sample extract was 
dissolved with 3.9 mL of the DPPH solution (60 mmol/L), and 
kept at room temperature, protected against light, for 120 min. 
The absorbance was measured at 515 nm. The trolox standard 
curve was built from the inhibition percentage versus the 
trolox concentration (50 mg/L to 250 mg/L). The values were 
expressed in Trolox equivalents per gram (µmol TE/g) of sample 
(fresh weight).

The FRAP (Ferric Reducing Antioxidant Power) assay was 
performed as previously described by Benzie & Strain (1996). 
An aliquot of 90 uL extract reacted with 2.7 mL of FRAP reagent 
(0.3 M, pH 3.6 acetate buffer, 10 mM TPTZ and 20 mM ferric 
chloride) and 270 uL of ultra-pure water. This mixture was 
incubated at 37 °C for 30 min. Afterwards, the absorbance was 
read at 595 nm, and the results were expressed as µmol of trolox 
equivalents per gram (μmol TE/g) of sample (fresh weight). 
Trolox was used as the standard for the calibration curve, in 
concentrations that varied from 100 µmol/L to 800 µmol/L.

2.4 Statistical analysis

Values are given as mean and standard deviation of 
three replicates. Analysis of variance (ANOVA) and test for 
mean comparisons (Tukey, 5% probability) were performed. 
The correlation between total phenolic contents and antioxidant 
capacity was analyzed by using the Pearson’s correlation coefficient 
with 5% probability. Statistical calculations were performed 
using the statistical packages Action (StatCamp, São Carlos, 
Brazil) and Statistica 7.0.

3 Results and discussion
3.1 Proximate composition

Baru peel showed the highest content of dietary fiber, and 
the pulp presented the highest concentration of carbohydrates. 
The almonds had the highest energy values due to their high 
amount of lipids. The high concentration of proteins in the raw 
and roasted almonds is also noteworthy (Table 1).

There is no information about the chemical composition of 
baru peel, separated from the pulp, in the literature. The high 
amount of fiber in baru peel (Table 1) is due to the presence 
of cellulose, lignin and hemicellulose, which are the main 
components of the fruit epicarps (Marques et al., 2010). In general, 
carbohydrate is the highest nutrient in the fruit pulp, and baru 
pulp predominantly contains sugars (23 g/100 g) and fibers 
(20 g/100 g), the contents of which increase during the storage 
period of the baru fruit (Alves et al., 2010). The amount of the 
total carbohydrates found in the present study was slightly 
lower, and the dietary fiber content was higher than that of the 
baru pulp studied by Alves et al. (2010) (Table 1). Probably, the 
profile of carbohydrates varies according to the region the baru 
fruit comes from and its degree of maturity.

Baru peel has the potential to be included in the human diet 
due to its high amount of fiber and to its soft texture. The use of 
baru pulp with its peel can improve the nutritional and functional 
profiles of processed foods, by increasing the fiber and phenolic 
contents and decreasing the energy value (Lima et al., 2010; 
Rocha & Santiago, 2009). The roasted baru almond had higher 
concentrations of all components analyzed than the raw almond, 
except for carbohydrates (Table 1). This fact can be explained 
by the difference between the moisture contents of the raw 
(9.9 g/100 g) and roasted (6.8 g/100 g) almonds. Compared to all 
the baru components, the almond showed the highest amounts 
of protein and lipid. The protein and lipid concentrations in raw 
and roasted almonds were lower than those observed in other 
studies (Table 1). Nevertheless, the difference between moisture 
contents may have influenced these results.

The protein content of the baru almond was higher than 
that of many edible seeds and nuts studied by Freitas & Naves 

Table 1. Proximate composition and energy value of the peel, pulp, and raw and roasted almonds of the baru fruit compared to the literature data.

Baru sample
Component (g/100 g) Energy value

(kcal/100 g) Reference
Moisture Protein Lipid Carbohydrate Dietary fiber Ash

Peel 16.3a ± 0.4 2.5 d ± 0.1 2.7c ± 0.2 51.5b ± 0.7 24.1a ± 0.5 2.9b ± 0.1 240c ± 3 Present study
Pulp 14.9b ± 0.1 3.2c ± 0.1 3.7c ± 0.1 57a ± 2 18b ± 2 3.1a ± 0.1 276b ± 6 Present study
Raw almond 9.9c ± 0.1 21.3b ± 0.1 36.3b ± 1.4 18c ± 1 12.0c ± 0.4 2.7c ± 0.1 483a ± 1 Present study
Roasted almond 6.8d ± 0.1 22.9a ± 0.2 40.6a ± 1.1 11d ± 1 16b ± 1 3.1a ± 0.0 501a ± 9 Present study

Literature data
Pulp 13.8 ± 0.6 4.2 ± 0.7 3.7 ± 0.1 54.9 19.1 ± 0.2 4.3 ± 0.3 269.8 Alves et al. (2010)
Raw almond 6.1 ± 0.2 23.9 ± 0.6 38.2 ± 0.4 15.8 ± 0.6 13.4 ± 0.3 2.7 ± 0.1 502 ±3 Takemoto et al. (2001)
Roasted almond 3.7 ± 0.3 26 ± 2 42 ± 2 13.6 11.6 ± 0.2 3.3 ± 0.1 535.4 Fernandes et al. (2010)

3.2 ± 0.1 28.9 ± 0.3 42.4 ± 0.6 10.8 11.7 ± 0.2 3.0 ± 0.0 574 ± 6 Fernandes et al. (2015)
3.6 ± 0.2 31 ± 1 41 ± 2 9 ± 2 12 ± 1 3.0 ± 0.1 532 ± 12 Czeder et al. (2012)
3.5 ± 0.1 29.9 ± 0.4 41.9 ± 0.4 12.2 9.2 ± 0.2 3.2 ± 0.0 546.2 Sousa et al. (2011)

Values are means ± standard deviation (n= 3). In the same column, means with different letters differ significantly by Tukey test (p ≤ 0.05).
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(2010). Moreover, it is important to mention that the baru almond 
has good-quality protein, as demonstrated by the results of Net 
Protein Ratio (NPR) and Protein Digestibility-Corrected Amino 
Acid Score (PDCAAS) biological indices (Fernandes  et  al., 
2010; Freitas & Naves, 2010). Concerning the lipid content of 
the baru almond, it was lower than that reported for nine out 
of ten edible seeds and nuts (42.1 to 66.2 g/100 g) (Freitas & 
Naves, 2010). Consequently, the baru almond has a lower energy 
value compared to other oilseeds, such as Brazil nut, cashew nut, 
hazelnut, pecan and pistachios (Freitas & Naves, 2010). Besides, 
the lipids of the baru almond have a healthy fatty acid profile, with 
high unsaturated to saturated fatty acids ratio (5.4:1) (Alves et al., 
2016). The carbohydrate content of the baru almond was higher 
than those reported in the literature (Fernandes et al., 2010; 
Sousa et al., 2011; Takemoto et al., 2001) (Table 1). The dietary 
fiber content indicates that the baru almond is a good source of 
fiber. However, the combination of baru pulp and its peel has a 
higher concentration of dietary fiber than the almond.

The variations between the baru composition described 
in our study and the literature data (Table  1) can be mainly 
explained by the moisture content differences. The moisture 
variation can be result of the differences in the environmental 
conditions during the period of the baru harvest, such as rainfall 
and relative humidity variations, and the storage conditions of 
the fruit.

3.2 Total phenolic content and antioxidant capacity

The baru almond showed the highest phenolic content and can 
be considered a high source of phenolics, but the raw almond had 
around 50% more phenolics than the roasted almond (Table 2). 
The effect of heat treatment applied to foods, such as roasting, 
causes evaporation of intracellular water, which can result in 
increased availability of nutrients and bioactive compounds in the 
matrix (Mazzeo et al., 2011). However, according to our results, 
the roasting caused a reduction of 34% in the phenolic content 
of the baru almond. In contrast, previous report (Lemos et al., 
2012) showed that the value of polyphenols in the raw almond 
(568.9 mg GAE. 100 g) was almost the same as that of the roasted 
baru almond (531.8 mg GAE/100 g), and both values were lower 
than those found in our study (Table 2). These differences may 
be due to genetic variability that affects baru almond phenotype 
(Soares et al., 2008), and because of the different conditions used 
for total phenolic extraction.

Baru peel presented a higher total phenolic content than 
that of the pulp, in line with what has been reported for other 
native fruits (Omena et al., 2012). Fruit peel usually has more 
phenolics than the pulp, since these compounds are natural 
metabolites, which protect plants against external aggressive 
agents (Crozier et al., 2009). Baru pulp can also be considered 
a good source of phenolics compared to conventional fruits. 
Chen et al. (2014) analyzed pulp from 33 fruits, and 31 showed 
lower phenolic contents than that of baru pulp. On the other 
hand, Souza  et  al. (2012) found higher concentrations of 
phenolics in the pulps of two Cerrado native fruits: marolo 
(789.4 mg GAE/100 g) and murici (334.4 mg GAE/100 g). 
The amount of total phenolic compounds of the pulp with peel 
(769.2 mg GAE/100 g) is close to that found in the roasted baru 
almond, and higher than the values reported for 10 popularly 
consumed Brazilian fruits, including red grape (Vitis vinífera L.) 
and açaí (Euterpe oleracea) (Koehnlein et al., 2016). Therefore, 
the use of baru pulp with its peel should be considered as a 
by-product with potential health-benefits.

Vasco et al. (2008) analyzed the total phenolic compounds 
of 17 fruits from Ecuador and reported that only blackberry, 
cherry peel, banana and passion fruit had contents above 
1000 mg GAE/100 g. These authors classified the fruits with 
content above 1000 mg as fruits with a high phenolic content, 
and those with 250 to 400 mg GAE/100 g as fruits with an 
intermediate phenolic content. According to the ranges specified, 
and comparing our data with those of other oilseeds like hazelnut, 
walnut and pistachio (Arcan & Yemenicioğlu, 2009), the baru 
almond and the pulp with its peel can be considered as fruit 
components with high phenolic concentrations (Table 2).

Regarding the antioxidant capacity, evaluated through 
ABTS, DPPH and FRAP assays, the raw almond had the highest 
antiradical capacity, and the values found in the roasted almond 
were 7% to 24% lower than those of the raw baru almond. 
Roasting may have decreased the antiradical capacity of the 
almond. A similar tendency was observed by Lemos et al. (2012), 
via the DPPH test, in raw baru almond (288.4 µmol TE/g), as 
compared to the roasted (149.1 µmol TE/g) almond (both with 
skin), whose values are higher than those found in our study.

The lowest values of antioxidant capacity were obtained in 
baru peel and pulp (Table 2). Considering the ABTS and DPPH 
results, the value of the pulp with its peel is comparable to that 
of baru almonds. Contreras-Calderón  et  al. (2011) reported 

Table 2. Total phenolic compounds and antioxidant capacity assessed by different methods in the peel, pulp, and raw and roasted almonds (with 
skin) of the baru fruit (fresh weight)1.

Sample Total phenolics
(mg GAE/100 g)

Antioxidant capacity
(µmol TE/g)

ABTS DPPH FRAP
Peel 477c ± 27 60c ± 2 45c ± 2 50.0c ± 0.2
Pulp 292d ± 1 49d ± 2 21.2d ± 0.1 24.2d ± 0.2
Raw almond 1,107a ± 44 100a ± 4 81.0a ± 0.8 157a ± 3
Roasted almond 728b ± 41 77.0b ± 0.6 76b ± 1 126.8b ± 0.6
1 Values are means ± standard deviation (n= 3). In the same column, means with different letters differ significantly by Tukey test (p ≤ 0.05). GAE: gallic acid equivalent, TE: Trolox equivalent.
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the antioxidant capacity value of 65.3 µmol TE/g in cupuaçu 
peel, by the ABTS method, which was close to that of baru peel. 
Omena et al. (2012) analyzed the antioxidant capacity of peel 
from the Cerrado native fruits jenipapo, siriguela and umbu, 
by ABTS and FRAP methods, and all the values reported were 
lower than the antioxidant capacity of baru peel evaluated via 
the same methods (Table 2). The antioxidant capacity of baru 
pulp, by the ABTS assay, was higher than that of other Cerrado 
native fruits, such as jenipapo (7.3 µmol TE/g), passion fruit 
(10.8 µmol TE/g) and graviola (35.9 µmol TE/g) (Souza et al., 
2012). The values of antioxidant capacity of 33 conventional fruits 
(Chen et al., 2014), assessed by the FRAP method, were from 
0.5 to 15.6 µmol TE/g, lower than that of baru pulp (Table 2).

The correlations between total phenolic compounds and 
antioxidant capacity were strong and significant for ABTS and 
FRAP results. Probably, phenolics are the main compounds 
responsible for the antioxidant capacity of baru fruit, mostly 
gallic acid, catechin and ferulic acid (Lemos  et  al., 2012), 
and tannin (Marin et al., 2009), as reported for baru almond. 
Furthermore, the significant correlations between the ABTS 
and FRAP, and between the FRAP and DPPH assays, suggest 
that the FRAP may be the most suitable method to assess the 
antioxidant capacity in these food matrices (Table 3). However, a 
combination of assays are recommended for the antioxidant 
capacity analysis, as ABTS and DPPH measure the scavenging 
capacity of reactive oxygen species, and FRAP determines the 
metal chelating capacity (Huang et al., 2005).

Concerning the DPPH test, the values found for raw and 
roasted almonds and for baru pulp with its peel were higher 
than those reported for the pulp of buriti (Mauritia flexuosa L.f.) 
native to the Amazon and Cerrado biomes (Cândido et al., 2015).

In order to verify if the antioxidant capacity of foods may 
be reproduced in vivo, studies about the effect of the antioxidant 
compounds on animal tissues should be carried out. The roasted 
baru almond protected tissues of male adult Wistar rats against 
oxidative stress (Fernandes et al., 2015; Siqueira et al., 2012). 
Moreover, Bento et al. (2014) reported that the daily intake of 
20 g of roasted baru almond significantly reduced the serum 
concentrations of total cholesterol, LDL cholesterol and 
non-HDL cholesterol in mildly hypercholesterolemic subjects. 
Concerning the therapeutic use of the baru almond, we suggest 
in vivo studies using the combination of baru pulp and its peel 
to investigate the potential health-benefits related to its dietary 
fiber and polyphenol contents.

4 Conclusion
The combination of the peel and pulp of baru fruit provides 

high fiber, low energy, and similar phenolic content and antioxidant 
capacity when compared to the baru almond. The nutrients and 
phenolic contents of baru indicate the potential use of whole fruit 
(peel, pulp and almond) in healthy diets and as an ingredient of 
health foods. However, further studies are required to confirm 
their nutritional and health benefits, especially for the peel and 
pulp of baru.
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