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ABSTRACT

This work proposes the use of microwaves in the processing
of babassu coconut peeling. The babassu is a palm tree,
originating from the biomes of the Amazon, Atlantic Forest,
and Cerrado covering over twenty-five million hectares, with
impact financial, social, and ecological in the life of more the
three hundred thousand local families from North, Northeast,
and Midwest regions of Brazil. The workers of Babassu
coconut the overwhelming majority of cases are women.
These women are active in the breaking, processing, and
commercial of the product, with low productivity and
efficiency. From the use of electromagnetic waves in the
process of peeling coconut, it is possible to increase
productivity with better use of the peel and epicarp of the
fruit, which has an economic value in the production of a
nutritious flour marketed in several localities. The advantage
in using microwaves is the reduction of the ductility of the
epicarp of babassu, to the point of breaking it with your
hands, something which requires over twenty tons of force
per square inch in the fruit in nature. For the tests performed,
the best results were two 180-second periods, with a 30-
second rest, at the highest power of the magnetron. From the
results, it can be considered that the process can be used for
the processing of the fruit with better use of its parts,
improving productivity.
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I. INTRODUCTION:

Babassu coconut is the palm tree of the family Arecaceae, knowledge in scientific researches as
Orbignya phalerata and Attalea speciosa. The fruit is most used by Amerindians and the rural
population in the Amazon, which is native to Brazil’s North, Northeast, and Midwest, including
the Amazon, Atlantic Forest, and Cerrado biomes. The palm tree covers over 25 million hectares
(96,526 square miles), in the North, Northeast and Midwest regions of the Brazilian, in states of
Piaui, Maranhdo, Tocantins, and Para. A population of over three hundred thousand families’
lives from the processing of the different parts of the fruit, with 102,000 tons of babassu kernels

was commercialized in Brazil [1-4].

F From the 1950 decade were performed government research and incentives for the
development and beneficiation of babassu producing regions [5]. In 2017, at least 300,000
families were identified working as babassu coconut breakers, and with the kernel oil production,
in the state of Maranh&o (Brazil) alone. Even with all 21st-century technological development,

the reality of thousands of families is still manual production with features similar to the 1950s

[6].

The microwave is using in food processing since the 1950s in industrial and personal
applications. According to [7], its application includes “tempering, vacuum drying, freeze-
drying, dehydration, cooking, blanching, baking, roasting, rendering, pasteurization,
sterilization, and extraction” [7-10]. In [11] was performed an investigated the trend of structure
and dielectric properties during microwave freeze-drying process banana chips. The work of [12]
was evaluated the effect of microwave heating of wheat grains on the browning of dough and
quality of chapattis, concluding that the microwave heating controlled the enzymatic browning in
the dough. A study of the power absorption and temperature distribution by microwave applied
to the reheating of instant rice was developed by [13]. Other works have developed numerical
methods and simulations for better uses of electromagnetic waves, in a range of microwaves in
food [14-15]. In the work of [16], the dielectric characterization of the Tommy mango was
performed out, by electromagnetic waves, to show the time of internal ripening of the fruit,

optimizing the logistics for better use of the product.
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This paper is developed of peeling babassu coconut with reduction of ductility of the fruit by
electromagnetic waves, in the microwave’s range, for fruit processing. This paper is composed of
three more parts beyond this introduction. Section Il presents the materials, methods, and
theoretical fundamentals used in the development of the work. Results and discussions are

presented in section 111, and section IV shows the final considerations.
Il. MATERIALS AND METHODS

Babassu consists of four parts: epicarp, mesocarp, endocarp, and kernel, the parts are used in
several applications, the mesocarp and kernel in human alimentation, the epicarp in furnaces for
their high burning factor, and the endocarp in the production of charcoal [3-5]. Fig. no.1 shows
the babassu coconut with the respective percentages and approximate thickness of each part,
adapted from [5], [17].

Mesocarp
20.4%
5 to 10 mm of tickness.
|, Rich in starch, use as
"I human food and binder.

Epicarp

12.6% ﬁ
2 mm of tickness. !‘ ’
Used in upholstery, § &
packaging,
furnace burning, etc.

Endocar
Kernel 58.4% P
8.7% 20 to 30 mm of tickness.
It produces between Used as a substitute
1and 8 kernels, used for fuel for firewood,
human consumption, aesthetic, handicrafts, pharmaceutical
and pharmaceutical products. industry, etc.
() (b)

Figure No. 1: Babassu coconut: a) external vision; b) internal vision.
- Epicarp is a very rigid fibrous compound that requires a lot of effort to be removed;
- Mesocarp, non-fibrous layer, used for human consumption;

- Endocarp, fibrous and rigid layer that serves as a shell for almonds;
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- Kernel, the noblest part of the fruit, with various applications such as food, medicine

production, and aesthetic products.

Babassu is a fruit from which all layers can be used for many different applications [1-5]:
- Pharmaceuticals, with products for the treatment of various pathologies;

- Human feed, using the mesocarp and the kernel;

- Artisanal production of epicarp and endocarp;

- Substitutes of industrial products such as Styrofoam, glue, fuel, etc.;

- Aesthetics, with the use of kernel oil in soaps, creams, body oils, among others.

The babassu peeling by electromagnetic waves was performed at the Signal Acquisition and
Processing Laboratory (LAPS) of the State University of Maranhdo (UEMA), Campos |, Séo
Luis—MA, Brazil, using the commercial microwave, with the low-cost commercial device,
operating in the 2.45 GHz range, with a voltage of 400 V, with a power ranging from 900 W to
1100 W. The magnetron emits high power non-ionizing waves through a coupled antenna.
Energy over a medium causes the molecules to vibrate, warming material with conductivity (=),

which can reduce the fruit’s ductility, making it easier to peel. [18-19].

An important factor in using electromagnetic waves is the penetration of the wave into the
material. With babassu, the parts of the fruit are susceptible to wave incidence, i.e. the
electromagnetic wave acts on the fruit layers, being linked to the wave penetration depth, skin
effect (8). This effect is observed in materials that have conductivity (o), being a function of the
resonance frequency (f) of the radiator and the magnetic permeability (n) of the medium, with

wave penetration depth given by:

§=— (1)

..|," mf ,'.,LI:F’

The assumption for the use of electromagnetic waves in babassu peeling is that the shell is not a
perfect dielectric, having conductance and that on the incidence of the wave the epicarp must

change its structure, being susceptible to breakage more easily, that is, the ductility of the fruit to
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be reduced. Another advantage of electromagnetic waves in the microwave range is that in this
frequency range (0.3 GHz - 300 GHz), the waves are considered non-ionizing, not promoting the

alteration of the materials that receive their energy [7-8].
I11.RESULTS AND DISCUSSIONS:

Fig. no. 2 presents the test of the use of electromagnetic waves in babassu peeling. As observed
in Fig. no. 2(a) the fruits are arranged in the microwave device without special order or criteria.
Several tests were performed until the best results were reached. For best results, the maximum
power of magnetron was used in two time periods, with an incidence of 180s, a delay of the 30s,
and a new incidence of 180s. From the use of the technique, it is possible to remove the epicarp
without loss of the mesocarp and can be fully used, promoting gains in product quality and
quantity. This can be verified by the results obtained in the tests performed and visualized in Fig.
no. 2(b), and Fig. no.2(c), with the result, shows in Fig.no. 2(d).

(b)

Epicarp
Y

Mesocarp

(d)

Figure No. 2: Process of the use of electromagnetic waves in the babassu peeling: a)
arrangement of fruits in the microwave; b) aperture of the fruit; c) peeling; d) open fruit
with the indication of the epicarp and mesocarp.
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The process promotes the removal of water from the fruit, especially in the outer parts. This
characteristic makes the epicarp more ductile, facilitating its removal. The mesocarp is also
benefited by the process, because the product will be with lower humidity, which facilitates
producing mesocarp flour, without altering its characteristics.

One difficulty of the project is the irradiated power combined with the wave incidence time since
the babassu parts do not yet have the dielectric characterization, the tests were done with
different incident powers and a different time. Finding a parameter of the optimal power/time
ratio for peeling is critical to the process, by the longer incidence time of the electromagnetic
wave promotes the burning of kernels, because the wave goes through the epicarp, mesocarp,
and endocarp, causing the kernel to vibrate, and it heats, reaching full burning. In this process,
the kernel releases part of its oil, which spreads through the endocarp speeding up burning the
fruit. Thus, the permanence time under the electromagnetic wave and the power of the
magnetron is essential in the project's execution. The permanence of the babassu under the wave
for an excessive period promotes the burning of the fruit from the inside out, and without

adequate time there not the reduction of the ductility of the epicarp of babassu coconut.

It was also found that the arrangement and number of fruits in the device did not influence the
last result. Here, it can be verified that the wave hits both the epicarp and the kernel, with the
possibility of burning in the kernel. From the observed results, it can be considered that the use
of electromagnetic waves, in the microwave range, in the peeling of babassu coconut, can be
used for the processing of the fruit with better use its parts, with commercial devices, with no

adaptations for use, by the low-cost process.
IV.FINAL CONSIDERATIONS:

In this work, was presented a method of the peeling of the babassu coconut by electromagnetic
waves, operating in the range of microwaves, and low-cost processes. The difficulties of using
electromagnetic waves in peeling are about the time of the incident of the electromagnetic wave
on the fruit. Staying for a brief period does not allow fruit peeling and staying by exceeding time
promotes the burning of the kernels. From the results presented, it was possible to evaluate that
the use of electromagnetic waves is a viable possibility to the reduction of ductility of fruit, and

easy peeling. For best results, the maximum power of magnetron was used in two times, with an
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incidence of 180s, a delay of 30s, and a new incidence of 180s. From the observed results, it can
be considered that the process can be used for the processing of the fruit with better use of its

parts, improving productivity.
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