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ABSTRACT: The baru almond has a high nutrient and phytochemical density, such as monounsaturated fatty acids, dietary fiber,
vitamin E, zinc, and phenolic compounds. This study aimed to optimize the extraction conditions of total phenolic compounds
from baru almond (with and without skin) and baru almond skin using a fractional factorial 2*' and the Box-Behnken designs,
and to analyze the influence of the extraction factors on total phenolic content and antioxidant capacity (by ABTS, DPPH, and
FRAP assays) in the extracts obtained. The optimal extraction conditions were: for whole baru almond (with skin) - 79% ethanol
and 2 mg mL"" solid-solvent ratio at 85 °C; for baru almond without skin - 68% ethanol and 20 mg mL"" solid-solvent ratio during
34 min; and for baru almond skin - 40% ethanol and 0.2 mg mL"" solid-solvent ratio at 66 °C. On these conditions, whole baru
almond showed high phenolic content and antioxidant capacity, and the almond skin featured about 10% of phenolics and a very
high antioxidant capacity. The experimental designs used revealed the baru almond skin as an abundant source of antioxidant
compounds. We recommend the consumption of whole baru almond, and the use of its skin in different food systems.
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Compostos fendlicos totais e capacidade antioxidante da améndoa
de baru e subprodutos avaliados em condigdes de extragao otimizadas

RESUMO: A améndoa de baru contém um alto teor de nutrientes e fitoquimicos, como acidos graxos monoinsaturados, fibra
dietética, vitamina E, zinco e compostos fenolicos. Este estudo otimizou as condi¢des de extragao de fenélicos da améndoa de
baru (com e sem pelicula) e da pelicula da améndoa usando os delineamentos fatorial fracionado 2*' e Box-Behnken, e analisou
a influéncia dos fatores de extragéo no conteudo de fendlicos e na capacidade antioxidante (pelos ensaios ABTS, DPPH e FRAP)
nos extratos obtidos. As condi¢des otimizadas de extragéo foram: para améndoa de baru integral (com pelicula) - etanol a 79%
e razdo solido-solvente de 2 mg mL" a 85 °C; para améndoa sem pelicula - etanol a 68% e razao sélido-solvente de 20 mg mL"
durante 34 min; e para a pelicula da améndoa - etanol a 40% e razao sdlido-solvente 0,2 mg mL" a 66 °C. Nessas condicdes, a
améndoa de baru integral teve alto conteido de fendlicos e capacidade antioxidante, e a pelicula apresentou cerca de 10% de
fendlicos e capacidade antioxidante muito alta. O desenho experimental usado revelou a pelicula como uma fonte abundante
de compostos antioxidantes. Recomendamos o consumo da améndoa de baru integral e o uso de sua pelicula em diferentes
sistemas alimentares.

Palavras-chave: compostos bioativos; Dipteryx alata Vog.; antioxidante natural; fitoquimicos; polifendis
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Introduction

The fruit of baru tree (Dipteryx alata Vog.), a plant native
to Cerrado, Brazil, contains a single seed coated by a hard
skin. This edible seed is popularly known as baru almond
(or baru nut) and consumed roasted, whole, or without skin
(Sousa et al., 2011). Baru almond is rich in nutrients, such
as monounsaturated fatty acids, dietary fiber, vitamin E,
and zinc, and the whole baru almond (with skin) is a source
of phenolic compounds and has a high antioxidant capacity
(Fernandes et al., 2015; Santiago et al., 2018) compared to
other oilseeds (Rodriguez-Bencomo et al., 2015; Ozer, 2017).
However, the seed without skin contains significantly lower
phenolic compounds content and antioxidant capacity (Lemos
etal., 2012). These data suggest that the phenolic compounds
of whole baru almond are concentrated in its skin.

Phenolic content and antioxidant capacity are often
determined in food extracts and may vary according to
the characteristics of the food matrices, food processing
conditions,andotherfactorsrelatedtotheextractionprocedure
(Bodoira & Maestri, 2020). Reports on the standardization of
the extraction conditions of phenolic compounds are scarce
in the literature, because of the considerable number of
variables involved in these analyses. Nevertheless, factors as
solvent concentration, solid-solvent ratio, temperature, and
time have been controlled experimentally in food (Odabas
& Koca, 2016; Bodoira et al., 2019). In this context, factorial
designs associated with response surface methodology are
valuable statistical tools for defining the best extraction
conditions of phenolic compounds, for example, in arecanut
(Chavan & Singhal, 2013), and hazelnut skin (Odabas & Koca,
2016).

To our knowledge, there is no record in the literature about
the polyphenol content and antioxidant capacity of the baru
almond skin. Thus, this study aimed to optimize the extraction
conditions of phenolic compounds from the baru almond
(with and without skin) and the baru almond skin using a
fractional factorial 2*' and the Box-Behnken designs. This
experimental approach was used to investigate the influence
of solvent concentration, solid-solvent ratio, temperature, and
time on the total phenolic content and antioxidant capacity in
the extracts obtained.

Materials and Methods

Samples and extracts preparation

Baru almonds were purchased from a local collector in the
municipality of Caiaponia (16°50'08.9”S 51°54'43.5”W), located
in the Southern region of Goias State, Brazil, during the harvest
period of the fruit (August 2015). The baru almond was roasted
in a drying oven (140 °C for 20 min). The skin was removed
from the almond to obtain the following samples: whole baru
almond, baru almond without skin, and isolated skin. These
samples were ground and stored at -20 °C until analysis.

Baru almond extracts were obtained according to Chavan
& Singhal (2013). Briefly, samples were mixed with different
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ethanol concentrations and solid-solvent ratios at different
temperatures and times, in an ultrasonic bath at 40 kHz and
107 W. The extracts were centrifuged (3000 x g, 10 min, 25 °C)
and filtered. The supernatant was collected and mixed with an
ethanol solution to obtain a 10 mL solution. This solution was
used to determine the total phenolic content and antioxidant
capacity.

Total phenolic compounds

The total phenolic content was determined by the Folin-
Ciocalteu method (Singleton & Rossi, 1965). The absorbance
of the solutions was recorded at 765 nm, and the total
phenolic content was estimated from the calibration curve of
gallic acid (Concentration= [Absorbance - 0.0322]/0.0088; r =
0.9991) and expressed as mg of gallic acid equivalents 100 g*
of fresh weight (mg GAE 100 g).

Antioxidant capacity

The 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS) method was carried out according to Re et al.
(1999). Aliquots (30 uL) of the extracts were mixed with 3
mL of the ABTS solution. After 6 min at room temperature,
the absorbance of the extracts was read at 734 nm. The
antioxidant capacity was calculated from the calibration curve
of Trolox (Concentration = [0.6867 - Absorbance]/0.0003; r =
-0.9994).

The antioxidant capacity was also evaluated using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) method (Brand-Williams
et al., 1995). An aliquot (0.1 mL) of each extract was added to
3.9 mL of DPPH solution (25 mg L), and this solution was kept
at room temperature for 120 min, in a dim light environment.
The absorbance of the extracts was recorded at 517 nm, and
the results were calculated from the calibration curve of Trolox
(Concentration = [0.5867 - Absorbance]/0.0005; r = -0.9994).

Ferric Reducing Antioxidant Power (FRAP) assay was
performed according to Benzie & Strain (1996), with the
modifications proposed by Pulido et al. (2000). An aliquot (2.7
mL) of the FRAP reagent (acetate buffer 300 mM, 2,4,6-tris(2-
pyridyl)-s-triazine 10 mM, and iron chloride 20 mM) was mixed
with 90 pL of each extract and 270 ulL of ultrapure water. After
30 min at 37 °C, the absorbance was measured at 595 nm. The
antioxidant capacity was calculated from the calibration curve
of Trolox (Concentration = [Absorbance + 0.0073]/0.0013; r
= 0.9995), and the results were expressed in pmol of Trolox
equivalents g* of fresh weight (umol TE g%).

Experimental design

A fractional factorial 2** design was carried out to evaluate
the influence of the extraction factors on the dependent
variables. The Box-Behnken design was performed with
three levels and three independent variables (factors), with
five replicates at the central point, totalizing seventeen
experiments (Lundstedt et al., 1998). The extraction factors
were ethanol concentration (X,, ), solid-solvent ratio (X, me o
temperature (X, ), and time (X, ). Each factor was coded
at three levels (-1, 0, 1), representing lower, moderate, and
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higher values (Table 1). The experimental data were fitted by
a second-order polynomial model to obtain the regression
coefficients and to perform the response surface analysis,
according to Equation 1.

K K
Y =P + ZBiXi + ZBiiXiz +ZZBinin (1)
i=1 i=l

Where: Y is the dependent variable, X and Xj are the
independent variables (factors), and k is the number of tested
variables (k = 3). The regression coefficient was defined by
B, for interception (constant), B, for linear coefficient, B, for
quadratic coefficient, and B”. for interaction coefficient of
variablesiand j.

Analysis of variance (ANOVA) was used to evaluate
significant differences between linear and quadratic
interactions, and the model fitting of the responses (dependent
variables: total phenolic content and antioxidant capacity) was
estimated by the determination coefficient (R? adJ.) and by the
lack-of-fit. Simultaneous optimization of multiple responses
was performed using a global desirability test (Hossain et al.,

Table 1. Experimental Box-Behnken design and coding levels
used in the experiments with three independent variables (X,,
X,, and X,).

X, = ethanol concentration (%); X, = solid-solvent ratio (mg mL?); X, = temperature (°C)
for whole baru almond and isolated skin, and time (min) for baru almond without skin.
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2011), and the correlation between the dependent variables
was tested by the Pearson coefficient (p < 0.1). The statistical
analyses were performed using Statistic software, version 7.0,
and Design-Expert, version 11.

Results and Discussion

Model fitting

According to the fractional factorial design, ethanol
concentration, solid-solvent ratio, and temperature were
the independent variables that influenced the total phenolic
content and antioxidant capacity for whole baru almond
and isolated skin (p < 0.05). For baru almond without skin,
the temperature was not a significant factor. The fractional
factorial design is a useful tool for an experimental design
that the behavior of the extraction process is unknown. This
tool enables the factors selection influencing the responses,
as well as the reduction of the experiments number required
to determine the optimum extraction conditions (Candioti et
al., 2014).

The optimization of the extraction process was carried out
using a second-order polynomial model. The experimental
results showed interactions between linear and quadratic
coefficients for all responses, and the independent variables
showed a high predictive power for estimating the total
phenolic content and antioxidant capacity. The values of
the adjusted determination coefficient (Rzadj), from 0.93 to
0.99 (Table 2), indicated a strong correlation between the
experimental and predicted values of the responses. Values
of RZadj above 0.8 are usually recommended for chemical
studies (Lundstedt et al., 1998), and it is used for evaluating
the quality of the model fitting. In addition, the polynomial
model contribution was significant (p < 0.0032) and the lack-
of-fit was no significant (p > 0.05). However, the total phenolic

Table 2. Regression coefficients of the second-order
polynomial model for total phenolic content and antioxidant
capacity of whole baru almond, baru almond without skin and
isolated skin.

TPC: total phenolic content (mg of gallic acid equivalents 100 g* of fresh weight); ABTS,
DPPH and FRAP (umol of Trolox equivalents g* of fresh weight).
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content in the whole baru almond and baru almond without
skin, and the antioxidant capacity (ABTS) in whole baru
almond presented significant lack-of-fit (p < 0.05) (Table 2).
Thus, the statistical models generated were able to explain
the influence of the main factors affecting the extraction
efficiency of the phenolic compounds in whole baru almond
and baru almond without skin, and the antioxidant capacity
by the ABTS method. The study showed a good fit with the
experimental data, and these results indicate that the model
employed can be used to predict the responses. A good fit of
the model was reported in a study with arecanut (Rzadj =0.95
for TPC; RZadj = 0.97 for FRAP) (Chavan & Singhal, 2013), and
with hazelnut skin (RZadj =0.94 for TPC) (Odabas & Koca, 2016).

Effect of extraction factors on total phenolic content

For whole baru almond, increasing the ethanol
concentration and reducing the solid-solvent ratio yielded
higher values of the total phenolic content (p < 0.0001)
(Figure 1a) than did other combinations of the experimental
conditions. In contrast, decreasing the ethanol concentration,
and employing extraction times above 30 min, increased the
recovery of the total phenolic contents from the baru almond
without skin (Figure 1b). The sample mass reduction was also
significant when combined with the decrease in ethanol,
at 20 min (p < 0.001). Ethanol, a low-toxicity solvent with
hydrophilic properties, is used to extract bioactive compounds
under experimental and industrial conditions (Shi et al.,

Figure 1. Effect of interactions among extraction factors (solvent concentration, solid-solvent ratio, temperature, and time) on
total phenolic content (TPC) and antioxidant capacity (by ABTS, DPPH, and FRAP assays) in whole baru almond (a, d, g, j), baru
almond without skin (b, e, h, k), and isolated skin (c, f, i, I). GAE: gallic acid equivalents; TE: Trolox equivalents.
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2005). For isolated skin, ethanol concentrations around 60%
and moderate solid-solvent ratio (Figure 1c), and temperature
(65 °C) generated better phenolic compounds recovery (p <
0.001). These results are compatible to those reported for
chestnut bur (Vazquez et al., 2012), in which reducing the
solvent concentration (from 90% to 50%) and increasing the
temperature (from 25 to 75 °C) yielded higher total phenolic
contents over 30 min of extraction.

Effect of the extraction factors on antioxidant capacity (ABTS,
DPPH and FRAP)

According to the ABTS assay, increases in solvent
concentration (75%) and temperature (above 65 °C) (Figure
1d), and the solid-solvent ratio of 5 mg mL! (p < 0.01)
improved the antioxidant capacity of whole baru almond. For
baru almond without skin, lower ethanol concentration and
solid-solvent ratio caused significant increases in antioxidant
capacity (Figure 1e). For isolated skin, improved antioxidant
capacity was observed with an ethanol concentration of 40%,
the solid-solvent ratio of 0.2 mg mL?, and a temperature of
65 °C (Figure 1f).

Regarding the DPPH assay, the solid-solvent ratio of 2 mg
mL? yielded better results for antioxidant capacity than did
other rates, in whole baru almond (Figure 1g). The ethanol
concentration of 90% and a temperature of 65 °C were
positively associated with increases in the antioxidant capacity
of whole baru almond (p < 0.02). For baru almond without
skin, a solid-solvent ratio lower than 20 mg mL* and a low
concentration of ethanol (65%) resulted in antioxidant capacity
above 26 umol TE g? (Figure 1h). For isolated skin, ethanol
concentrations between 40% and 90% and temperature of
65 °C yielded a higher antioxidant capacity (above 3000 umol
TE g?) than did other experimental conditions (Figure 1i).

The ethanol concentration of 60% and the solid-solvent
ratio of 2 mg mL?' (Figure 1j) generated an antioxidant
capacity higher than 120 umol TE g, for whole baru almond,
according to the FRAP assay. For baru almond without skin,
ethanol concentration below 65% and the solid-solvent ratio
of 40 mg mL! (Figure 1k), after extraction for 35 min, showed
an antioxidant capacity above 4 umol TE g* (p < 0.0006). For
isolated skin (Figure 1l), the ethanol concentration of 60% at
a temperature above 65 2C and a solid-solvent ratio below 0.4
mg mL? featured an antioxidant capacity higher than 1800
umol TE g (p < 0.04), over 30 min of extraction.

In our study, three antioxidant capacity assays were used

because of their different principles and fundamentals, as
well as the variety of the antioxidant compounds present in
the samples (Fernandes et al., 2015; Siqueira et al., 2015).
Furthermore, the use of at least two in vitro methods to
estimate the antioxidant capacity is recommended in order to
ensure reliable results (Lopez-Alarcén & Denicola, 2013).
Optimized extraction conditions

The ethanol concentrations of 40% and 80% showed better
phenolic compounds’ recovery and antioxidant capacity than
did other concentrations for all samples analyzed (Table 3).
Vazquez et al. (2012) reported similar results in the chestnut
bur, in which ethanol and methanol concentrations from 50%
to 90% yielded high phenolic contents.

Lower solid-solvent ratios improved the phenolic
compounds’ recovery and antioxidant capacity in all samples
(Table 3). These results are consistent with those observed
for peanut skin (Ballard et al., 2010), in which lower mass
generated better phenolic compounds’ recovery and
antioxidant capacity, as determined by ORAC assay. This finding
can be explained by increases in the diffusion coefficient of
the solution, since lower mass concentrations increase the
contact surface and the sample solubility, and thus optimize
the extraction process (Shi et al., 2005).

The extraction time of 34 min generated total phenolic
contents higher than those observed in other times, for baru
almond without skin, and temperature of 85 °C optimized the
extraction of the phenolics in whole baru almond, and of 66
°C, in the isolated skin (Table 3). In the pistachio skin, 45 min
of the polyphenols extraction was more effective than shorter
extraction times (Rajaei et al., 2010).

The global desirability test was suitable for simultaneously
predicting ideal conditions of independent and dependent
variables (total phenolic content and antioxidant capacity).
According to the desirability range (between 0 and 1) proposed
by Candioti et al. (2014), our results (0.80-0.99, Table 3)
confirm the reliability of the statistical model generated.

Predicted and experimental results

The total phenolic content of whole baru almond
evaluated under optimized conditions (Table 4) was higher
than that reported in the literature (388 mg GAE 100 g?)
(Siqueira et al., 2015). Moreover, the total phenolic content
of whole baru almond was higher than those reported for
peanut (430 mg GAE 100 g!) and almond (87.5 mg GAE 100 g?)
(Ozer, 2017). According to the DPPH assay (Table 4), whole
baru almond showed an antioxidant capacity higher than

Table 3. Optimized extraction factors for total phenolic content and antioxidant capacity of whole baru almond, baru almond

without skin, and isolated skin.

NS: non-significant factor (p > 0.05) in the fractional factorial 2** design.

Rev. Bras. Cienc. Agrar., Recife, v.15, n.4, e8530, 2020

5/7



Total phenolic compounds and antioxidant capacity of baru almond and by-products evaluated under optimizing extraction conditions

Table 4. Experimental (exp) and predicted (pred) results of total phenolic content (mg GAE 100 g*) and antioxidant capacity
(umol TE g*) of whole baru almond, baru almond without skin, and isolated skin.

TPC: total phenolic content; GAE: gallic acid equivalents; TE: Trolox equivalents; ABTS: 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); DPPH: 2,2-Diphenyl-1-picrylhydrazyl;

FRAP: Ferric Reducing Antioxidant Power.

those reported for baru almond (67 umol TE g?) (Siqueira et
al., 2015), and for single-roasted pistachio (9.76 umol TE g?)
(Rodriguez-Bencomo et al., 2015). Regarding the FRAP assay, the
value reported for roasted baru almond (126.8 umol TE g?)
(Santiago et al., 2018) was lower than that observed in our
study for whole baru almond (Table 4).

Previous report with baru almond without skin (Lemos
et al.,, 2012) showed a higher concentration of phenolic
compounds (111.3 mg GAE 100 g!) and lower antioxidant
capacity (1.39 umol TE g?) than those of the present study
(Table 4). Nevertheless, the polyphenols content of the baru
almond without skin (Table 4) was higher than that reported
for chestnut bur (43 mg GAE 100 g?) (Vazquez et al., 2012).

The total phenolic content of the isolated skin was similar
to that observed in the roasted pistachio skin (10,400 mg GAE
100 g?) (Grace et al. 2016), but significantly higher than those
reported for almond skin (703 mg GAE 100 g*) (Smeriglio et
al., 2016). The isolated skin of the baru almond also showed
an antioxidant capacity significantly higher than those of the
almond skin (ABTS = 69 pmol TE g*; ORAC = 162 pumol TE g?)
(Smeriglio etal., 2016). To our knowledge, this is the first report
about the total phenolic content and antioxidant capacity of
the baru almond skin. Here we confirmed our hypothesis
that the high content of polyphenols of whole baru almond
is mainly due to its skin, a rich source of these compounds.
Thus, we recommend the exploitation of this agro-industrial
by-product as a source of natural antioxidants, and the use of
whole baru almond and its skin in the formulation of enriched
foods and nutraceuticals with antioxidant properties.

Conclusions

The Box-Behnken design associated with the response
surface methodology was suitable for optimizing the
extraction conditions of the phenolic compounds in the baru
almond and by-products.

On optimized extraction conditions, whole baru almond
(with skin) showed a high phenolic content and antioxidant
capacity compared to other oilseeds, and the baru almond skin
featured about 10% of phenolics and a very high antioxidant
capacity.

Therefore, we recommend the consumption of whole
baru almond, and the use of its skin in different healthy
food systems and nutraceuticals as a rich source of natural
antioxidants.
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