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Abstract

The encapsulation of Brazil nut oil with rice protein and gum
arabic as a wall material has been successfully demonstrated in
previous studies carried out by this group. This process generated a
product that maintains the functional properties of the oil and also can
be used to produce other foods. In order to evaluate microparticles as a
possible ingredient in food formulations, a brownie recipe was created
containing encapsulated Brazil nut oil. The oil microparticles were
produced by lyophilization and their physical characteristics were
analyzed. They were added to the brownie recipe to assess the global
acceptance and texture. Thermogravimetric analysis demonstrated the
ability of the particles to withstand high temperatures (= 280 °C). The
rheology tests demonstrated the Newtonian fluid behavior of the
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emulsion. The brownie containing the microparticles showed 8.05 +
1.12 global acceptance and 7.71 + 1.8 for texture, while the brownie
with crude Brazil nut oil had 7.27 + 1.76 global acceptance and 7.25 +
1.85 for texture. These results make it possible to use the oil in new
products, in addition to contributing to reduce the disposal of residues
from the nut production process, as well as reducing the loss of quality
of the oil.

Key words: Bertholletia excelsa, microencapsulation, sensory
analysis, brownie, rice proteins.

1 INTRODUCTION

The Brazil nut (Bertholletia excelsa) is an oilseed consumed worldwide
for 1its intrinsic nutritional qualities and gustatory appeal [1].
Products derived from Brazil nuts have been gaining space in the
market, such as oil [2]. The crude oil in the seed consists of
unsaturated (= 80%) and saturated (= 14%) fatty acids. The group of
unsaturated fatty acids consists of around 25% monounsaturated
fatty acids and 21% polyunsaturated fatty acids [1,3]. Several
methods are used to conserve this oil to maintain the stability of its
bioactive compounds.

Due to its good nutritional and commercial value, potentially
able to provide benefits to human health, Brazil nut oil has become an
important target of studies and investments. One of the ways to add
value to Brazil nut oil is to apply technologies that increase its useful
life and maintain and/or improve its natural characteristics.
Encapsulation, for example, is a technique that has been applied in
several areas, mainly in industrial sectors such as textiles, food
production and pharmaceuticals. This process consists of storing
compounds of interest by enclosing them in protective capsules, thus
stabilizing the product during storage [4, 5]. The encapsulating
material then becomes natural packaging, providing protection from
damage caused by the environment and ensuring stability of the
encapsulated product [6].

After being isolated from the natural state, vegetable oils,
such as from Brazil nuts, are subject to lipid oxidation, which leads to
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loss of nutritional quality, in addition to the formation of unpleasant
taste and the generation of toxic compounds harmful to health [7.8].
Therefore, the preservation of Brazil nut oil is necessary to maintain
its original qualities.

Materials derived from natural products have been
extensively investigated for medical applications as well as
composition of new food products and cosmetics. The demand for
protein concentrates has been growing due to their functionality and
low price. These protein concentrates can be byproducts of the
production of foods. The use of byproducts from food processing is a
sustainable alternative for the use of residues, which would otherwise
be discarded. Vegetable protein concentrates stand out due to the
increased demand by consumers for sustainable technologies and the
increase of restrictive diets for health reasons [9,10].

The success of using proteins as wall materials depends on
their functional properties, not on their nutritional quality. The
functional properties reflect how proteins will interact with other
materials. These properties are related to the physical, chemical and
conformational characteristics of proteins. Knowledge of the
correlation between structure and functional properties of proteins is
essential for their application in food making. Plant proteins are
highly diverse and complex, thus attracting extensive research efforts
[11].

A previous study demonstrated the good performance of rice
proteins and gum arabic as a wall material for storing Brazil nut oil
[12]. The protein fraction of rice grains is considered hypoallergenic
and hypocholesterolemic [13]. The four most common protein fractions
of rice are albumin, which has good solubility in water, globulin,
which is soluble in saline solutions, glutelin, which has good solubility
in acidic media, and prolamin, which is soluble in alcohol [14].

Therefore, microparticles consisting of Brazil nut oil, rice
proteins and gum arabic (RCP+GA) can be used to preserve the
functional compounds of the nut oil for inclusion in the formulation of
different types of food products [12]. For this purpose, we evaluated
the physical characteristics of the nut oil microparticles and used
them in the formulation of a recipe for brownies, to assess their
overall acceptance and texture compared to traditional brownies and
those containing crude nut oil.
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2 MATERIALS AND METHODS

2.1 Materials

The Brazil nut samples used in this work were collected according to
the Brazilian biodiversity law under the National System for Genetic
Heritage and Associated Traditional Knowledge Management (SisGen
- AFAD928). The nuts were obtained from a processing plant in the
state of Para. The whole seeds, without shell and pelicule, were
inserted in a mechanical press to obtain the oil. Then, the crude oil
was left to stand, protected from light and refrigerated for 48 hours.
The supernatant was collected and stored under refrigeration (-18 °C)
in an amber flask until analysis. Rice protein concentrate (RCP)
(GrowthSuplements, Brazil) and gum arabic (GA) (Nexira Brasil,
Brazil) were used as wall materials.

2.2 Oil characterization

2.2.1 Parameters that determine the quality of the oil

The peroxide index and acidity index were determined to certify the
oil quality [15]. The presence of aflatoxins was evaluated, for which
purpose extraction was performed with methanol: water (55:45) and
0.1N hydrochloric acid. After stirring, centrifugation (15 minutes at
3000 g and 25 °C) and filtration, a solution of sodium chloride (10%)
and hexane was added to the sample. The sample was submitted to
high-performance liquid chromatography (Column XBridge™ C18, 5
um, 4.6 x 250 mm, flow of 0.8mL/min. with an injection volume of 40
uL), which allowed the detection of aflatoxins type B1, B2, G1 and G2
[15,16].

2.2.2 Characterization of fatty acids

In addition, the fatty acid profile was determined by gas
chromatography according to the protocol of Hartman and Lago (1973)
[17], with modifications. After extraction, the methyl esters resulting
from the derivatization of the samples were analyzed in an Agilent
7890 chromatograph with a flame ionization detector operating at 280
°C. The analysis was performed in an HP FFAP capillary column (25
m x 0.2 mm x 0.30 um). The initial temperature was 150 °C, which
was increased to 180 °C at a rate of 30 °C/min, from 180 to 200 °C at
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20 °C/min, from 200 to 230 °C at 3 °C/min, with the final temperature
of 230 ° C held for 10 minutes. The pressure program was 15 psi for
10 min, increased to 25 psi at a rate of 5 psi/min and final pressure of
25 psi for 11 minutes. One pL of sample was injected into an injector
heated to 250 °C operated in 1:50 flow division mode. Identification
was performed by comparing retention times with the standards of
NuChek Prep Inc. (Elysian, MN, USA) and quantification was
performed by internal normalization.

2.3 Emulsion rheology

Rice protein concentrate, gum arabic and Brazil nut oil were
homogenized in the proportions 2: 3: 1 in an Ultra-Turrax®
homogenizer for 5 minutes at 10,000 rpm and 25 °C [12].The
rheological behavior of the emulsion was evaluated using HAAKE
MARS 1II oscillatory rheometer (Thermo Scientific, Karlsruhe,
Germany) with titanium smooth plate-plate geometry with 60 mm
diameter (PP60Ti), MARS II universal temperature controller
(Thermo Scientific, Karlsruhe, Germany) at 25 °C and gap of 1 mm. To
obtain the flow curve, approximately 2 mL of emulsion was used in
each analysis, with a shear rate that varied from O to 300 s'1. The
analyses were performed in triplicate and the data were adjusted to
rheological models using the RheoWin Data Manager software,
version 4750002 (Thermo Scientific, Karlsruhe, Germany).

2.4 Microencapsulation and characterization of particles

2.4.1 Microencapsulation

The emulsion was quickly frozen and subjected to freeze-drying
(CHRIST model Alpha 1-2 LD plus, Germany). After lyophilization,
the samples were ground manually into a fine powder (granulometry
less than 100 mesh according to the US Standard). The
microencapsulation yield of freeze-dried Brazil nut oil was calculated
by the ratio between the total powder produced and the amount of dry
material contained in the emulsion.

2.4.2 Thermogravimetric analysis

The thermal stability of Brazil nut oil particles with rice protein and
gum arabic were evaluated in a TGA-200 automatic
thermogravimetric analyzer (Las Navas Instruments, South Carolina,
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USA). The analyses were performed in a nitrogen atmosphere at a
flow rate of 100 mL.min-1, with heating from 25 to 550 °C at a rate of
10 °C.min-t. The analyses were performed in triplicate.

2.5 Sensory analysis and determination of the acceptability
index

The sensory evaluation trials took place in the sensory analysis
laboratory of Embrapa, respecting the recommendation of Brazil’s
National Health Council (CNS) Resolution 466/12, after the
volunteers had signed the informed consent form (project approved by
the relevant  ethics committee under number CAAE
17721219.1.0000.9047. Before sensory analysis, the brownies were
evaluated for the presence of microorganisms (coliforms at 45 °C and
35 °C, salmonella spp., filamentous fungi and yeasts, aerobic
mesophiles and Bacillus cereus) [18].

A total of 108 untrained tasters were recruited who met the
selection and inclusion criteria. The tasters were given three samples
of brownies formulated with the following ingredients: wheat flour,
eggs, brown sugar, cocoa powder, bar chocolate and chemical yeast.
They differed by the presence of crude Brazil nut oil, encapsulated
Brazil nut oil and traditional vegetable oil, used as a control. All were
baked at an average temperature of 180 °C + 20 for approximately 1
hour.

The tasters rated their acceptance of the product based on two
attributes: overall acceptability and texture. The perception of these
attributes was measured on a nine-point hedonic scale (1 = disliked
extremely; 5 = neither liked nor disliked; 9 = liked extremely).

To calculate the acceptability index (AI), the results of the
sensory analysis were applied in the expression: Al (%) = A x 100/B,
where “A” refers to the average score obtained for the product
attribute and “B” the maximum score given to the product attribute.
For Al to be considered satisfactory, the attributes must have a result
greater than or equal to 70% [19].

2.6 Statistical analysis

The data obtained in analyses were submitted to analysis of variance
(ANOVA) and the Tukey test at 5%, using Excel® and R. The enabled
evaluating the significant differences of the data.
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3. RESULTS AND DISCUSSION

3.1 Oil characterization

Brazil nut oil showed 1.1 + 0.13 mgKOH/g acidity and 1.3 + 0.15
meq/Kg peroxide index after the extraction process. These values are
well below what Brazilian regulations [20] recommend as a limit for
acidity index (up to 4.0) and peroxides (up to 15.0) for unrefined
pressed oils. The values of acidity and peroxides are reference
parameters that attest to the quality and food safety of the oil [21].
Therefore, these values indicate the good state of conservation of the
seeds and consequently of the oil [28]. In addition, they demonstrate
that the oil extraction process did not cause oxidative damage to the
byproduct. Values higher than those found in this study were reported
by other authors, when characterizing nut oil extracted by ultrasound
[22]. Extraction by hydraulic or mechanical pressing is the most
common way to obtain Brazil nun oil. Besides being economical and
practical, it preserves the original characteristics of the product
[23,24].

Another way to check the quality of the oil is to evaluate the
presence of mycotoxins, in particular aflatoxins, which are secondary
metabolites of fungi, mainly from species Aspergillus species
belonging to section Flavi, which can be found in nut seeds [27].
Depending on the dose, nutritional status, age and genus, these
aflatoxins can lead to the appearance of a considerable number of
pathologies. AFB1, AFBs, AFG: and AFG:z are the most studied, and
AFB: and AFG: are considered to have the greatest toxicogenic and
carcinogenic power [25, 37]. The results indicated that the presence of
aflatoxins of type AFG:1 and AFG2 was not detected and traces of AFB:
and AFB: were found below the detection limit (0.5 pg/Kg). Although
current Brazilian regulations do not provide values for nut oil, the
results found are low and demonstrated the quality of the product.
Other authors have used the same extraction method to detect
aflatoxins in decontaminated peanut oil samples, and noticed a
reduction in contamination levels when applying the treatment [16].
This result confirms the effectiveness of the extraction method applied
in this work. A study carried out with edible oils from Sudan, used the
same extraction method as in the present study and detected different
levels of aflatoxins [26].
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The investigation of contaminants in Brazil nuts is common, since the
extractive process can lead to contamination by microbiological agents
that produce aflatoxins, thus generating contamination of the nut [27,
36]. The evaluation of the presence of aflatoxins in the nut oil carried
out in this work confirmed its quality, since neither the nuts nor the
oil underwent purification [39].

Gas chromatography allowed the evaluation of the profile of
fatty acids present in the Brazil nut oil used in this study. Table 1
shows the values for each fatty acid identified in this study, compared
to studies carried out by other authors. It is possible to perceive the
consistency of our results with the data presented in other studies.
The results of the majority components are very similar to the reports
in the literature. The presence and characteristics of these fatty acids
vouch for the excellent quality of this byproduct. In addition, these
results are in agreement with the peroxide and acidity index obtained,
since there was no degradation of unsaturated fatty acids, indicated
by comparison with other studies.

Table 1 - Fatty acids profile of Brazil nut oil

Fatty Acid Oil used in this work San[t;gs] e*t al. Sant;)]s*zt al. (;;1{)2(;;:
(C 12:0) Lauric - - 0.767 -
(C 14:0) Myristic 0.05 +0.00 0.06 0.565 0.07
(C 16:0) Palmitic 14.15+0.08 14.24 14.04 16.74
(C 16:1) Palmitoleic 0.30 =0.00 0.01 0.016 0.43
(C 17:0) Margaric 0.07 +0.00 - - 0.14
(C 18:0) Stearic 10.99 £0.03 11.19 10.63 9.97
(C18:1) (@ 9) Oleic 37.6+0.04 36.26 34.55 28.52
(C 18:2) (w 6) Linoleic 35.41 +0.01 37.53 40.15 36.04
(C 18:3) (w 3) Linolenic 0.07 +0.00 0.08 0.085 0.11
(C 20:0) Arachidonic 0.3+0.00 - - 0.17
(C20:1) (@9) Gadoleic - - - 0.09
(C 22:0) Behenic - - - -
C22:1 Erucic - 0.28 0.436
(C 22:2) Docosahexaenoic - 0.06 0.108

Data are expressed as mean + SD (n = 3). * Oil extracted by organic solvent, ** Oil
extracted by supercritical CO2/(-) = Not supplied by the authors (@ 9) = omega 9, (& 6) =

omega 6, (w 3) = omega 3/Profile displayed in percentage values.

3.2 Rheological Behavior

The rheological properties reveal the relationship between stress and
deformation of a given material. This relationship can generate
important information about the structure, stability and possible
impacts on the manufacturing process of many products [30]. Figure
1 shows the rheological behavior of the emulsion in this study at 25
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°C. The emulsion was classified as having Newtonian behavior (r2 =
0.9995), according to the viscosity, which was constant (0.11 Pas +
0.00) regardless of the shear rates. The small variation in viscosity
may be associated with better stability in conditions of thermal stress.
Therefore, regardless of the tension to which the fluid is subjected
during a given processing type, the viscosity and resistance to flow
will be the same, as long as the temperature and pressure conditions
are maintained.

Newtonian behavior was also observed by other authors
working with emulsions containing linseed oil, gum arabic and whey
protein concentrate [31]. The literature also reports the Newtonian
behavior of emulsions composed of avocado oil and maltodextrin/whey
isolate as wall material [32]. Vegetable proteins have the same
rheological behavior as whey proteins, making them alternatives to

the use of animal proteins.
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Figure 1: Rheological behavior and viscosity of emulsion with protein concentrate of
rice, Brazil nut oil and gum arabic. Data are expressed as mean (n = 3).

3.3 Thermogravimetric analysis
Figure 2 shows the results obtained from the thermogravimetric
analysis carried out on Brazil nut oil particles with rice protein
concentrate. The particles showed greater loss of mass starting from
280 °C. [33] performed thermogravimetric analyses of isolated soy
protein and noticed a reduction in mass starting at 200 °C. This same
behavior was observed in another work with pure soy protein isolate,
with a reduction in the range of 200 to 400 °C [34]. The thermal
stability of pure gum arabic was evaluated in another study, and the
mass loss was observed in the range of 200 to 400 °C [35].

In the present study, the particles showed greater thermal
resistance than the other wall materials alone (compared with results
obtained by the mentioned authors for another isolated plant protein).

EUROPEAN ACADEMIC RESEARCH - Vol. VIII, Issue 2 / May 2020
913



Tamires Sousa de Oliveira; Otniel Freitas-Silva; Daniela De Grandi Castro Freitas-S4;
Ariane Mendonga Kluczkovski; Maraysa Rodrigues Furtado; Pedro Henrique Campelo-
Application of Brazil nut oil microparticles in a brownie recipe

We believe the compounds present in the microparticles were
protected by the wall material, since encapsulation increases the
thermal resistance of the particles [35].

T

200
Temperature (°C)

Figure 2: Thermogravimetric behavior of microparticles of Brazil nut oil, RCP + GA.
Data is expressed as mean (n = 3).

3.4 Sensory analysis

The microbiological safety of the three brownie recipes analyzed was
confirmed the tests, which that found the absence of Salmonella spp.
and Bacillus cereus, and non-significant quantities of aerobic
mesophilic bacteria (<5.0 x 10 CFU/mL), total fungi (<1.0 x 10
CFU/mL) and coliforms at 35 °C and 45 °C (<1.0 x 10 CFU/mL).

The participants of the taste trial were 65.74% women and
34.26% men. The majority of them were graduate students (61.11%),
with ages between 26 and 45 years (56.48%). The evaluators reported
the frequency of individual consumption of brownies, and 54.63%
reported consuming them rarely and 44.44% reported consuming
them frequently. Even though they were untrained evaluators, most
were able to identify important differences between the products. This
behavior was assessed according to the individual free comments
about each sample reported by the tasters. Figure 3 shows the
distribution of comments about what consumers liked and disliked,
gathered in groups of attributes for each sample.
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Figure 3: Frequency of the comments about the attributes liked and disliked in the
brownies evaluated by consumers.

Table 2 shows the average favorable scores of the brownies: control,
with microparticles of Brazil nut oil + RCP+GA and with crude Brazil
nut oil only. The statistical treatment of the data revealed there were
no significant differences in overall acceptability (p-value <0.05)
between the control brownie and the one containing the
microparticles. The brownie containing crude nut oil was less accepted
by the evaluators (p-value <0.05). The acceptability index corroborates
these values. In general, these results reflect the good acceptance of
the new product compared to the traditional recipe.

Table 2: Results of acceptance evaluation of brownies with
microparticles of Brazil nut oil + RCP+GA.

Samples Overall Texture Acceptability Index
acceptability (%)
Control brownie 816+ 1.150 7.23+ 1.50 90.7
RPC+GA brownie 8.05+1.12 7.71+ 1.8 89.4
Brazil nut oil 7.25+
7.27+ 1.76° 80.8
brownie 1.854

a, b, ¢, d different letters represent significant differences (p-value<0.05). Results are
presented as mean =+ standard deviation (n=3). RCP+GA: rice protein concentrate +
gum arabic.

These results also reveal that the change in the brownie formulation
with the addition of RCP + GA microparticles did not negatively
influence the product. Most tasters reported consuming brownies
(rarely or frequently), which means that a large number of those in
this study knew how to identify significant differences in the product.
In addition, it can be seen that the direct addition of Brazil nut oil in
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brownies may have negatively affected the product (which showed less
acceptability). Brazil nut oil is a product with great nutritional and
functional value, due to its composition, especially unsaturated fatty
acids [2, 29]. However, the exposure of these fatty acids to heat,
moisture, oxygen and light present in the environment can lead to loss
of product quality and important sensory changes [12]. The RCP + GA
microparticles probably promoted the protection of the Brazil nut oil’s
components against such negative effects of the production process,
likely reflected in the better acceptance of the product. The brownie
containing the RCP + GA microparticles is an alternative product that
met consumer expectations. This product has components of Brazil
nut oil in proper for consumption, which can generate health benefits.

The values shown in Table 2 demonstrated the maintenance of the oil
inside the particles during the cooking process, which possibly led to a
gradual release of the oil into the mixture. The thermogravimetric
analysis (section 3.3) of RPC + GA revealed that the particles started
losing weight at approximately 270 °C. The brownies were baked at
180° C, so the particles still maintained their structures and
prevented possible oxidative damage to the oil. After tasting the
brownies, the participants stated in few words what attributes they
most liked and disliked in the brownies. These answers were gathered
in five categories: aroma, texture, flavor, appearance and no answer,
as indicated in Figure 3. The flavor of the brownie with Brazil nut
crude oil was disliked in higher proportion (% of comments), which
can be related to the thermal stress suffered by the oil during baking.

4 CONCLUSIONS

Studies to improve the performance of use of plant proteins as wall
materials are still needed. However, the results of this study showed
that encapsulation of Brazil nut oil in particles made of vegetable
protein and gum arabic helped to maintain the properties of the oil.
The reuse of byproducts, such as Brazil nut oil, reduces the production
of wastes and generates an alternative product for consumption of
functional components.

The RPC + GA particles used to encapsulate the Brazil nut oil
employed in the brownie recipe generated a high-quality product with
the same characteristics as the product traditionally consumed,
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according to the evaluators. This reiterates that the Brazil nut oil
encapsulated in RCPA+GA particles analyzed in this study can be
used as an ingredient in food formulations and/or supplements in
specific diets.
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