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Abstract

The objective of this research was to analyze the industrial potential of a bacaba powder (Oenocarpus bacaba) obtained by different
drying methods, evaluating antioxidant activity, spectroscopic and morphological behavior and addition to the composition
of inorganic elements. The content of anthocyanins, flavonoids and carotenoids of each powder were determined as well as the
total phenolic compounds. The structure of the granules of the powder were visualized via scanning electron microscopy (SEM)
and the elemental composition was attained by the X-ray spectroscopic energy dispersive system (EDS). The data suggest that
the freeze-drying method is more efficient in obtaining the bacaba powder material. The increase in temperature applied in
the convection drying process caused a reduction in the bioactive compound content and elements with antioxidant activity,
it severely damaged the morphology of the plant membrane and influenced the composition of the spectral bands. Thus, this
study indicates that the freezer-drying method could be particularly useful for obtaining bacaba powder in oft-season periods,
and that bacaba itself is a raw material that could be exploited by several industrial segments.
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Practical Application: Research with new ingredients applicable to different industrial segments promotes the search for new
products and by-products derived from unconventional fruits from the amazon region, such as bacaba (Oenocarpus bacaba).
This power as high bioactives content and functional terms which is active in the prevention of cardiovascular diseases, coupled

with a high thermal and oxidative stability, with potential for application in several industrial segments.

1 Introduction

The great Amazonian biodiversity has been the focus of vast
researches in favor of the development, improvement and design
of agrotechnological products. Natural products obtained from
Amazon plants have potential application in several industrial
sectors including pharmaceuticals, chemicals, dermocosmetics,
oleochemicals and biofuels. In this context, the bacaba (Oenocarpus
bacaba), a tree belonging to the Arecacea botanical family,
emerges as a prospective market option, with the long and
productive harvest extending from April to December being a
particularly attractive feature. The bacaba fruit has a high content
of lipids, reduced content of sugars and proteins, and is a source
of bioactive compounds, pigments and natural antioxidants.
The consumption of this fruit is predominantly in the form of a
drink, which is produced and consumed similarly to that of acai
(Euterpe oleracea Mart.), with these fruits competing commercially
due to their off-season (Finco et al., 2016; Lauvai et al., 2017;
Pinto et al., 2018; Nascimento et al., 2019).

The different genotypes of bacaba have been the focus of
research, particularly in the evaluation of antioxidant activity
and phenolic compounds, in natura, as in the research of
Carvalho et al. (2016) and Brabo de Sousa et al. (2018), as well

as the investigation of extracts in the induction of apoptosis
and cell adipogenesis as a novel cancer treatment (Finco et al.,
2016; Lauvai et al., 2017). In the industrial segment, studies
have concentrated on the isolation of its energy constituents,
lipid content and residual oils using gases in a supercritical state
(Pinto et al., 2018; Nascimento et al., 2019).

Studies investigating the bacaba fruit have emphasized
the fresh state, and/or the isolation of its products and by-
products. However, research in general has not directed efforts
to maximizing the isolation of high-quality products to meet the
demand still required when the fruit is in the oft-season. In this
sense, the economic potential of this fruit could be augmented
if technologies are applied that increase its stability and reduce
its humidity, especially in the edaphoclimatic conditions typical
of the growing region, thereby improving its commercialization
to different parts of the world, as occurs with acai (Pinto et al.,
2018; Nascimento et al., 2019).

To this end, alternative methods, such as the application
of convective drying technology, could be employed as one
of the ways to offer the product in-between seasons. This
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method stands out for the feasibility and simplicity of the
process, which thus affects the cost and benefit (Morais et al.,
2019). The freeze-drying process is another promising
method in drying food (Costa et al., 2019), as its operation
is based on the sublimation process with high pressures
and low temperature. Due to the specific conditions of
each method, the product must be evaluated in terms of
possible changes in bioactivity, spectroscopic composition
and morphological structures after the application of each
drying method.

Given this context, this research aimed to evaluate the
industrial potential of bacaba (Oenocarpus bacaba) in powder
obtained by the convective and lyophilized methods, assessing
antioxidant, spectroscopic and morphological changes, in order
to present this raw material as an alternative for the most diverse
industrial segments.

2 Material and methods

2.1 Raw material and sample preparation

In order to carry out the present research, about 5 kg of the
bacaba pulp (Oenocarpus bacaba) was obtained from the market
in the city of Belém, Par4, Brazil. The samples were transported
in plastic bags of low-density polyethylene (LDPE) and stored at
a temperature of 20 °C until use in the Food Science Laboratory
at the Faculty of Nutrition (FANUT), Federal University of
Para (UFPA).

Samples were first washed and dried then processed by
either the lyophilized or convective methods to obtain the
bacaba powder, LB or CB respectively. For the LB powder,
freeze-drying in a lyophilizer, model Liotop SL-404, was carried
out for 48 h followed by milling in a Reffinox miller, model
Willye TE-650, (Tecnal, Sdo Paulo, Brazil). Subsequently, a
solid-liquid extraction was carried out in Soxhlet apparatus
to obtain the oil (Association of Official Analytical Chemists,
2000). The oil extraction and other analyses were performed
in triplicate.

For the CB powder, the convective drying process was
carried out in a greenhouse with air circulation (Tronh brand,
model 170) at 60 °C (Morais et al., 2019). The pulp was placed
on a tray, in order to allow perpendicular air flow and simulate
the thin-layer drying process. The dry sample was then ground
in a knife mill (Willye, TE-650).

2.2 Analyses of bioactive compounds

Extract preparation

Dried and pulverized LB and CB samples were then
extracted with a 70% (w/v) ethanol solution in water
according to the percolation process. To obtain the crude
extracts (CE), the resulting solution was concentrated
in a rotary evaporator, model Laborota 4000 (Heidolph,
Schwabach, Germany), under low pressure and controlled
temperature (40 = 5 °C).

Total polyphenol content

The polyphenol content of the CEs was analyzed according
to the Folin-Ciocalteu assay, as reported by Aliakbarian et al.
(2011), using an UV-Vis spectrophotometer (model UV-1800,
Shimadzu, Tokyo, Japan) at 725 nm wavelength. The results
were calculated based on a gallic acid standard curve using the
following regression equation y = 0.0017x (R* = 0.9966).

Flavonoid content

The flavonoid content of the CEs was analyzed following
the assay reported by Francis (1982), using an UV-Vis
spectrophotometer (model UV-1800, Shimadzu, Tokyo, Japan)
at 374 nm wavelength.

2.3 Antioxidant activity - DPPH and ABTS method

The antioxidant activity of CEs was determined according to
either the assay of 2,2-diphenyl picrylhydrazyl radical (DPPH)
inhibition or to 2,2’-azino-bis (3-ethylbenzothiazoline) 6-sulfonic
acid radical cation (ABTS"). To determine the antioxidant activity
according to the DPPH method, 75 pL CE aliquots were first
diluted (1:150) and mixed with 2,925 uL of a 25.0 mg L' DPPH
methanolic solution, which was also used as a blank (Tepe et al.,
2007). The mixture was then kept in the dark at room temperature
for 30 min, and the absorbance read at 515 nm on a UV/Vis
spectrophotometer. The ability to capture the DPPH radical was
expressed as yield of scavenging (Y, ) according to Equation 1:

(o) =

s x 100 )
b
where A, is the absorbance of the blank (DPPH) at the start
and A_is the absorbance of the sample (DPPH plus the CE)
after 30 min.

The antioxidant activity was finally expressed as concentration
of 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox), taken as a reference antioxidant, through a calibration
curve (y = 0.0774x - 0.0611) correlating the percentage inhibition
(y) with Trolox concentration (x). The value of IC50 was defined
as the final concentration, expressed in mg mL" of the CE, able
to reduce the initial DPPH concentration by 50%.

The antioxidant activity of the CEs was also determined
according to the ABTS method (Re et al., 1999), with some
modifications. For this purpose, 50 pL CE aliquots were diluted
and added to 1.0 mL of ABTS* solution, and the absorbance of
samples was read at 734 nm after 2 min of reaction. Antioxidant
activity was calculated using a standard Trolox curve expressed
in ug L. The results were expressed in mg of Trolox equivalent
antioxidant capacity per 100 g of crude extract (mgTEAC 100 g CE).

2.4 Infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR) analyses were
carried out using a Perkin Elmer spectrometer, model Frontier
98737 (Waltham, MA, USA) at 25 °C in the 4000-400 cm™
wavenumber range. The sample spectra were registered by
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averaging 20 scans with a resolution of 4 cm™ in transmission
mode.

2.5 Morphological analysis by scanning electron microscopy

The degreased samples of bacaba were deposited on a
sample holder with the aid of carbon tape and metallized with
Au/Pd using a metallizer, model SC7620 (Quorum Technologies,
Lewes, UK). Metallization was performed for 2 min with 5 mA
current. Electromicrographs were obtained using a scanning
electron microscope, model VEGA 3 (Tescan, Cranberry
Township, PA, USA), with an electron beam current of 85-90 nA
and an acceleration voltage of 10.0 kV. The micrometric scales
were designed in the same optical conditions. The analysis of
elementary minerals was carried out in the same equipment with
a coupled energy dispersive X-ray spectrometer (EDS) system,
installed at the Nanomanipulation Laboratory (PPGF/UFPA).

2.6 Statistical analysis

The results of the evaluation of the bioactive compounds of
the dry products were subjected to analysis of variance (ANOVA)
and Tukey’s complementary test, for comparison of means, using
the Statistica® version 7.0 program (StatSoft, 2000).

3 Results and discussion

The results of bioactive compounds and antioxidant activity
of bacaba pulp powders obtained by both the lyophilized (LB)
and convective (CB) drying methods are given in Table 1. The
highest values were found in the freeze-dried bacaba powder
(LB). The analysis of variance (ANOVA) indicated a significant
difference (p < 0.05) between the means for the different products.

The polyphenol content found, regardless of the drying
process used, was lower than the reported average value of agai
at 3268 mg GAE 100 g (Santos et al., 2015), and of the same
order of magnitude or higher than other species of bacaba
(Oenocarpus distichus Mart.) (81.86 to 363.01 mg GAE 100 g'!
db) and for other fruits native to the Amazon region, such as
inaja (109.75mg GAE 100 g"), tucuma (127.27 mg GAE 100 g")
(Santos et al.,, 2015), bacuri (521 mg GAE 100 g'), cupuagu
(305 mg GAE 100 g*) and abiu (430 mg GAE 100 g) (Becker et al.,
2018). Like flavonoids and anthocyanins, polyphenols help as
antioxidants by reducing the action of free radicals, as well as
acting in other systems as supporting elements in the prevention
of human health problems (Finco et al., 2016; Lauvai et al., 2017;
Nascimento et al., 2019).

Table 1. Bioactive compounds and antioxidant capacity.

The levels of flavonoids found were higher than bacaba
and its multiple genotypes (9.53 to 38.19 mg 100 g"') (Brabo
de Sousa et al., 2018), inaja (34.14 mg 100 g') and pupunha
(48.57 mg 100 g'), and similar to that obtained for lyophilized
bacaba of the same species (62.02 mg 100 g) reported by
Santos et al. (2015).

Anthocyanins, on the other hand, presented averages of 21.32
and 17.15 mg 100 g for LB and CB respectively, showing that
the temperature affects the conformation of the flavylium cation,
destabilizing the sugar molecules present in the anthocyanin
structures, thereby resulting in the generation of degradation
compounds, rupture of double bonds, cleavage of B and C rings
of the basic chemical structures of anthocyanins, inducing
chemical and sensory modifications (Méndez-Lagunas et al.,
2017). Carvalho et al. (2016) obtained similar results for bacaba,
which varied from 10.5 to 25.8 mg 100 g . Silva et al. (2017) found
higher values in the fruits of bacabi (40.31 mg 100 g') and agai
(73.54 mg 100 g), which belong to the same botanical family as
bacaba. Anthocyanins, in addition to being responsible for the
red/purple coloration of many fruits, are potentially beneficial
to health due to their antioxidant activity and anticarcinogenic
power (Méndez-Lagunas et al., 2017).

The levels of total carotenoids expressed in P-carotene
were, on average, 1068.3 and 908.17 ug 100 g for LB and CB
respectively. The reduction in the value for the form obtained by
convective drying is a result of the carotenoid thermosensitivity.
Santos et al. (2015) evaluated fresh bacaba fruit and found a value
2700 pg 100 g and reported lower levels of carotenoids from
other Amazonian fruit sources, such as inaja (400 pg 100 g),
bacuri (100 pg 100 g') and pequia (400 pug 100 g).

In contrast, higher values of total carotenoids were found
in other species of Amazonian fruits typically considered high
content sources of carotenoids, such as tucuma (8390 pg 100 g*),
pupunha (3180 pg 100 g*) (Noronha Matos etal., 2019), pajura
(13000 pg 100 g*) and buriti (14200 pg 100 g') (Berto etal., 2015).

Britton and Khachik (2009) classify the carotenoid content of
foods as: low (0-100 pg 100 g*), moderate (100-500 pg 100 g),
high (500-2000 pg 100 g') and very high (22000 ug 100 g*).
Based on this classification, LB and CB can be characterized as
foods with a high concentration of carotenoids.

Regarding the antioxidant capacity of bacaba powders, the
results indicate both were efficient in sequestering the ABTS
radical, with averages of 75.5 and 63.45 pmol Trolox g for LB
and CB respectively. Similar results were found by Brabo de

Bioactive substances LB CB
Total polyphenols (mg GAE 100 g*) 290.93b +7.35 1118.11a +5.35
Flavonoids (mg 100 g) 54.25a+1.18 43.35b + 3.47
Anthocyanins (mg 100 g) 21.32a £ 1.50 17.15b + 4.23
Carotenoids (mg 100 g) 1068.30a + 10.50 908.17b + 5.75
ABTS (umol Trolox g) 75.50a + 5.50 63.45b + 4.35

DPPH (gg")

1550.10a £ 15.50

1757.30b + 10.35

Data represent the mean + standard deviation of the triplicates. Means followed by different lower-case letters in the same line differ statistically by Tukey post-hoc test (p<0.05). LB:
Lyophilized bacaba; CB: Convective-dried bacaba; GAE: Gallic acid equivalent; ABTS: 2,2’-azino-bis (3-ethylbenzothiazoline) 6-sulfonic acid; DPPH: 2,2-diphenyl picrylhydrazyl.
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Sousa et al. (2018) with another variety of bacaba, whose values
ranged from 18.77 to 77.99 uM Trolox g*. Rufino et al. (2010)
found higher values with other Amazonian matrices, such as agai
(64.5 uM Trolox g'! db) and carnatiba (16.4 uM Trolox g db). The
antioxidant ability is related to the high concentration of chemical
groups such as the polyphenols present in the fruit, which act
in the deactivation of free radicals (Brabo de Sousa et al., 2018).

The primary antioxidant capacity determined by the DPPH
assay, expressed as IC50, showed averages of 1550.10 and 1757.3 g
fruit g for LB and CB, respectively. For different genotypes
of fan bacaba, Brabo de Sousa et al. (2018) reported values of
1510.48 to 6721.47 g DPPH g'! fruit. Furthermore, Rezaire et al.
(2014) evaluated agai and pataud and found higher values of
2447 g DPPH g fruit and 2292 g DPPH g fruit, respectively.
These comparative data are relevant as they indicate an inversely
proportional relationship; the lower the IC50 value, the greater
its radical scavenging capacity, meaning greater antioxidant
capacity since a smaller amount of sample will be needed to act
in the 50% reduction of the initial concentration of the DPPH
radical (Brabo de Sousa et al., 2018).

The data presented in Table 1 indicate that the temperature
of the convective drying, at 60 °C, acted considerably on the
contents of bioactive compounds in the bacaba powder obtained
by this method, reflecting their respective thermosensitivity. The
high bioactive concentration was, however, maintained in the
form obtained though freeze-drying (Méndez-Lagunas et al.,
2017; Nemzer et al., 2018).

Other compounds can be found in dry products, these
can be observed through chemical groups, spectral bands and
specific vibration modes, as shown in Figure 1.

The FTIR spectra of LB and CB show absorption bands
at similar frequencies, with small variations in intensity. Both
have bands that varied between 3009 - 2850 cm™ related to the
methylene stretching vibration (-CH,), with different intensities
(Lei et al., 2018; Se et al., 2018).

Other bands that varied between 1758.5 cm™ and 1746.1 cm™
are present with strong intensity and are characteristic of the
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carbonyl group (C=0), methyl esters, ketones and aldehydes
frequently found in materials that contain a long chain fatty
acid profile and is related to the stretching elongation of the
triacylglycerol ester bond (-C=0) and flexion of the aliphatic
groups CH, and CH, (-C-H) or the vibration of the amino groups
(N=C), respectively (Santos et al., 2020).

Of note are the prominent bands at 1157 cm™ and 1160 cm™
in LB and CB, respectively, which are characteristic of the carbonyl
functional group (C-0O), esters, ethers and carboxylic acids, are
commonly named as a fingerprint region of the sample. Band
absorption in this region is similar in both bacaba powders, with
high intensity that may be linked to the high amount of oleic
groups present in these samples. The last prominent bands are
around 721.68 cm™ and 720.1 cm™! for LB and CB, respectively,
and are associated with the presence of rocking vibration (—~CH,)
n- (vibration outside the Cis plan), related to the aliphatic chain
of fatty acids linked to the sequence of chains and aromatic
rings of fatty acids and carbon-carbon bonds (Pinto et al., 2018;
Se et al., 2018; Santos et al., 2020).

The morphological structures of each powder obtained
by the different drying methods were analyzed (Figure 2). The
morphology of the Iyophilized bacaba pulp (Figure 2a) presented
more conserved structures, with granules of irregular shape and
surface, and bundles of fibers with small recesses wrapped in
fibrillar conformations being distinguishable.

In Figure 2b of the bacaba pulp obtained by convective
drying, it was not possible to distinguish the structures, even in an
enlarged form. The outer surface of the material had involutions
and were similar to amorphous structures (Costa et al., 2019)
with intense unstructured appearance and apparent destruction
of plant parenchyma due to dehydrated material residues. These
findings may be related to the drying temperature applied to
the material during this method.

The structural and morphological differentiation between
internal and external surfaces show that freeze-drying maintains
the integrity of the material, with a surface and bundles of fibers
being more apparent.
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Figure 1. FTIR spectrum of the (a) lyophilized bacaba, LB, and (b) convective-dried bacaba, CB.
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SEM HV: 30.0 kV VEGA3 TESCAN
SEM MAG: 1.01 kx Det: SE 50 pm

View field: 206 ym  Date(m/dly): 11/28/19
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SEM HV: 30.0 kV WD: 7.15 mm
SEM MAG: 312 x Det: SE
View field: 666 pm Date(m/d/y): 11/28/19
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Figure 2. Scanning electronic micrography of (a) freeze-dried bacaba powder and (b) convective-dried bacaba powder under different degrees

of magnification.

These data are related to the functional technological
properties that may be present in this raw material. Spongy and
fibrillar surfaces indicate its potential for use in the bakery and
pasta segments in particular, as these food formulations require
a matrix for absorbing and retaining materials like water, oil and
other liquid compounds. This fact, combined with the results
of the bioactive compounds, indicate a material with relevant
nutritional, technological and functional action applicable to
several industrial segments. Examples of these applications
in the design of new products may be the inclusion of bacaba
powder as a functional enrichment component in fronzens
formulations, in yourtes as in research by Coskun & Karabulut
Dirican (2019), or as a base of probiotics similar to the food
bases developed by Ribeiro et al. (2019).

Furthermore, in the morphology of the sample scanning
zone (Figures 2a and 2b), there is the presence of material
rich in carbon and other minerals, inferred through the EDS
spectrum. It should be noted that elements in quantities less
than 0.02% by mass cannot be detected. The elements hydrogen
(H), lithium (Li) and beryllium (Be) could not be detected by
this technique. The main micronutrients in mass proportion
are shown in Table 2.

With parameters and patterns for each mineral element
taken from a database, the interpretation of EDS energies and
the intensity of the X-ray beams produced over the area of the
granules of LB and CB could be made.

The spectra of the micronutrients obtained by EDS from
the SEM reveal carbon as the predominant element, with no
difference between the samples. This major organic constituent is
the basis of all plant compounds and human reactions, commonly
linked to oxygen, hydrogen and other chemical compounds,
and forming carbon dioxide present in the atmosphere, oceans,
rivers and lakes.

Food Sci. Technol, Campinas, v42, 62820, 2022

Table 2. Elements (minerals) present in CB and LB powders.

Elements CB% LB%
C 56.91 60.35
O 40.84 33.24
S 0.17 0.51
Al - 0.17
Cl 0.24 0.44
K 1.45 4.37
Ca 0.09 0.40
Cu 0.06 0.31

Mn - 0.05
Total: 100 100

Carbon also forms the base or skeleton of the main energy
sources, sugars, proteins and lipids, at the cellular level, specifically
in mitochondrial ridges, producing energy for human reactions
via the Krebs cycle.

The convective drying method led to a bacaba powder,
which presented a higher oxygen content, making this form
more prone to oxidation reactions (40.84%), as well as lower
sulfur and potassium contents, compared to the form obtained
by freeze-drying.

The higher levels of sulfur and potassium in the composition
of the LB form is justified, on the one hand, because sulfur is
directly linked to the presence of sulfur proteins and participation
in the production of enzymes and hormones, acting on the
detoxification metabolism, in addition to being necessary for
absorption of other minerals, such as selenium and zinc, which
are vital elements for the immune system. On the other hand,
potassium is related to the maintenance of muscle contraction
processes with participation in the sodium and potassium
“pump” in muscular energy systems. Thus, both these elements
are crucial for maintaining health.
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4 Conclusions

Comparative data on the implementation of bacaba pulp
drying techniques showed that the freeze-dried powder is a
promising material for dietary applications. Its bioactive and
antioxidant profile was superior to the powder obtained by
convective drying. This behavior indicates the thermosensitivity
of these compounds to the more drastic convective drying
process. The patterns seen in the microscopy also confirm
greater destruction of membrane structures in the matrix that
had been submitted to convective drying. These data present
the bacaba powder obtained by freeze-drying as a viable raw
material for obtaining bacaba in the off-season, as well as for
its bioactive antioxidants that could be applicable in several
industrial segments for its functional benefits to human health.
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