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Abstract

The organic chemical composition of some of them has
already been published, but the inorganic part is rarely
cited. Arising from this interest and few studies on the
chemical composition of regional plants, it is understood
that this type of study should be done, because it is an
extreme necessity for industrial areas which are above
reported. With this in mind, this work will study the native
fruit known as tucuma. It is possible to observe that the
inorganic chemical composition in the fruit of Tucuma is
based on 23 elements: Na, Mg, Al, Si, S, P, K, Ca, Sc, Mn,
Fe, Cu, Zn, Rb, Sr, Zr, Y, Cr, Co, Ti, V, Br, Mo. Among them,
only 5 were found in all samples: Ca, K, Rb, Cu and Zn. It
was possible to observe that none of the components
found are harmful to both plants and humans, therefore
demonstrating that it can and should continue to be part
of the Amazonian diet.
Keywords: Tucumd; EDXRF; Elemental
Nutrition; Amazonian fruit

composition;

Introduction

It is a notorious worldwide perception that the Amazon is an
extremely vast environment that needs more in-depth studies
about zoology and botanic, as well as their relations [1].
Observing the botanic of this biome, we can see the enormous
potential that regional fruits can arouse. The food industries,
pharmaceutical and cosmetic industries have begun to take an
interest in this new source of raw matter [2]. Seeking works in
the literature, it is clear that little has been properly studied,
especially regarding the Amazonian fruits [3]. Although they
are beginning to be studied, the focus is mostly on their
morphological structures [4] or reproductive properties [5].
Regarding the chemical composition, the studies which are

commonly found is about the lipid and protein plant fractions
[5,6].

The organic chemical composition of some of them has
already been published, but the inorganic part is rarely cited
[7]. Arising from this interest and few studies on the chemical
composition of regional plants, it is understood that this type
of study should be done, because it is an extreme necessity for
industrial areas which are above reported [8,9]. With this in
mind, this work will study the native fruit known as tucuma.

The plant has great economic importance in the Amazon
region, and therefore it has become the study object of many
researchers in the fields of botany and agronomy [4-6]. From
the plant, almost everything is used, the pulp, for example, is
used in cooking in several regional dishes as well as being used
by natives as feed for animals [10]. Of the leaves, fibers that
are drawn along with the endocarp (seed) are used on a large
scale in the production of crafts. Currently the oil extracted
from the fruit is undergoing studied in relation to biofuel
production, among other applications [11].

In Brazil, there are specific laws governing the presence of
metals in natural products marketed. Bioactive oils or plant
extracts used as personal care products, cosmetics and
perfumes should be free of As, Pb, Cr, Cd, Te, Ta and Sb. In
feed, there are maximum limits for the following elements: As,
Pb, Cd, Sn, Cu and Hg. Quality control tests for heavy metals
should also be indicated for herbal registration [12].

Energy Dispersion X-ray Fluorescence (EDXRF) is a method
that has been used in the most varied fields of studies where
chemical composition is important [13-15]. EDXRF using a
Lithium-Silicon detector is a multi-elementary technique in
which a unique quantitative analysis provides data about all
the elements present with an atomic number between 11 and
92, that is, between sodium and uranium [16,17]. It is a non-
destructive technique, with the possibility of analysis of solid
or liquid samples, thick or thin, without pre-treatments, such
as acid aperture, which can be a source of contamination and
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false positives in the analyses [18]. Another interesting point is
the ability of the technique to perform a screening of the
sample, sweeping the periodic table almost in its entirety in a
single analysis and the possibility of a semi-quantitative study
[19].

The research was motivated by its unprecedented character,
considering that in all literature published until today the
whole focus of research was focused on two aspects: the main
is the botanical study and the secondary the study of organic
composition. The main objective of this research was to study
the fruit of the tucuma in order to identify and characterize
the inorganic chemical elements that compose it.

Methods

Samples

A total of 30 samples of the fruit of Tucuma (Astrocaryum
aculeatum), purchased from street vendors in the city of
Manaus-AM, were analyzed. The fruits were sanitized; the
shells were removed with stainless steel knife, separated and
studied in nature. The analyses were made with all parts of the
fruit: shell, pulp, endocarp and seed. These parts were
examined as structures closer to the boundaries between
them. With this, it was possible to obtain a profile of alteration
of the elements along the interior of the fruit.

Spectrometry analyses

For the inorganic composition of the fruit, the analytical
technique used was the X-ray fluorescence by energy
dispersion, which consists of the excitation of the elements
present in the sample by X-rays generated in a Rh tube. All
analysis was performed utilizing an EDXRF spectrometer,
model EDX-700 from Shimadzu®©, belonging to the

Table 1: Concentration of Elements.
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Laboratory of Tests and Research in Fuels, Federal University
of Amazonas. This equipment is capable of detecting Na (Z =
11) to U (Z = 92) elements present in the sample. X-ray data
were obtained utilizing a Rhodium tube, with voltage from 0 to
40 KeV, collected after 200s. The medium used was the
vacuum. The X-rays emitted by the samples were detected by a
silicon semiconductor activated with high resolution Si (Li)
lithium, capable of producing electronic pulses proportional to
the energies of X-rays. The spectral images were generated in
the equipment software itself. All elements were identified by
their Ka or La energies. The samples were studied in triplicate
Figure 1.
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Endocarp
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Figure 1: Subdivision of Tucuma.
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Results

It is possible to observe that the inorganic chemical
composition in the fruit of Tucuma is based on 23 elements:
Na, Mg, Al, Si, S, P, K, Ca, Sc, Mn, Fe, Cu, Zn, Rb, Sr, Zr, Y, Cr, Co,
Ti, V, Br, Mo. Among them, only 5 were found in all samples:
Ca, K, Rb, Cu and Zn.

Na Mg Al Si P K Ca Mn Cu Zn Rb
'S";:L"a' 2.1755 0.6865 0 0 1.9842 0.0363 0.0147 0 0.0806 1.1794 0.0027
5::;"3' 11.023 0 0 14.4327 43435 15.0209 0.7781 0 0.0822 3937 0.004
Internal

8.1006 1.1558 3633 4.5863 22.4499 5.8799 0.7161 0.0227 0.0805 1.105 0.0052
Endocarp
External

109696 25179 2.482 4.7071 18.1245 1.5379 02715 | 0.012 0.083 0.7875 0.0075
Endocarp
Internal Pulp |  0.4405 0 0.5671 4.5694 11977 6.6644 04569 | 0.0139 0.0805 1.18 0.0034
ﬁﬁfgma' 0 0 0 137855 | 0 7.4191 0.955 0 0.0809 0.3936 0.0037
Internal
Shatl 11.1966 1.7432 0.6403 139521 0 39781 02211 0.0032 00818 11805 0.0101
gﬁt:""'a' 3.1701 2.4534 13.762 0 3.9531 2.7823 0.135 0 0.0819 0.3936 0.0076
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Some elements could not be quantified because of the lack
of standards. The mean values of the elements analyzed in
Table 1 are therefore presented.

Discussion

The inorganic composition of the fruit is intrinsically linked
to the assimilation of nutrients by plants [20]. So the
Astrocaryum aculeatum absorbs its mineral nutrients mainly
by way of inorganic ions removed from the soil. Among these
elements, the division is established in two
classes:Macronutrients and Micronutrients [20]. The first is
necessary in large quantity, within the standards, for the
metabolic functioning of the plant as well as K, Ca, Mg, P, S and
Si, and already the second, exemplified by Fe, Mn, Na, Zn, Cu
and Mo, in small quantities can perform their functions to
assist in the bioprocesses occurring in the organism of the
plant [21].

The factor that propitiated some different values was the
chemical composition of the Amazonian soil besides the
distinct origin of the studied specimens. The pH of the soil is
one of the variables that must be taken into account in the
absorption of nutrients, since the acidity promotes the
weathering of rocks, which in turn releases larger amounts of
cations and anions, and further increases the solubility of
carbonates, sulfates and phosphates [22].

This fact occurs in the Amazonian ecosystem as a whole.
Although there is an abundance of biodiversity in the flora,
this is not due to the pH of the Amazonian soil, because its
composition is considered as acidic favoring the non-growth of
the plants in general [23]. Although the phenomenon
described as "litter" promotes soil neutralization by means of
decaying organic matrices, which come from fallen dry leaves,
fallen mature fruits, among other organic matter [24].

According to the methods, the internal and external study
environments were divided into the following parts of the
fruit: Seed, Endocarp, Pulp and Bark. Based on the EDXRF
analysis, different concentrations were obtained in each of the
parts. Graphs 1-3 represent the concentration of the elements
found in the plots and their variations. The differences in the
intensities of the elements are also related to the function of
each part of the fruit.

According to Figure 2 Graph 1, it is observed that the Si is in
most parts with the exception of the internal seed and the
outer shell. This happens because this element provides some
assistance in the structural reinforcement of the plant,
increasing the resistance of the

cell wall as well as in the regulation of evapotranspiration
[23]. The Amazonian soil is composed mainly of latosol and
argisol, the Si comes as a common element observed [25].

In the case of Na, it has high concentrations in some parts of
the tucumad, although it is a micronutrient. However, some
plants get better development with considerable amounts of
NaCl because the Amazonian soil is acidic. In other words, the
high concentration of this ion is inasmuch as the NaCl content
in the soil [26].

© Copyright iMedPub
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Figure 2: Graph 1- Higher concentrations.
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When it comes to the content of P, this element has five
basic functions that justify its presence in the fruit. Two of
them manifest their essence from the moment in which the
functions of the seed and the endocarp are analyzed, being
that of storage of the genetic material, which confers a high
amount of phosphorus due to the molecular grouping of DNA
and RNA, and the transport and transduction of substrates in
order to produce chemical energy in the form of adenosine
triphosphate (ATP), respectively [27].

K is present in almost all parts, except in the internal seed,
however in the outermost seed a high concentration is
observed due to the function of this ion in the fruit, which is
the regulation of the osmotic potential causing the inner part
does not lose so much water to the external environment [28].

Among the tested concentrations, it is also obtained in a
ratio average amount which was shown by Figure 3 Graph 2.
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Figure 3: Graph 2 — Medium Concentrations.
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It is observed that the concentration of magnesium is
justified in the external and internal shell due to the presence
in chlorophyll a and b, although it has no biochemical function,
this element has the function of maintaining the steric
configuration without providing any dysfunctional factor
molecule. In the external and internal endocarp and internal

3



International Journal of Applied Science - Research and Review

seed, the function is that of enzyme activator, mainly because
of the energy storage function in the form of ATP in the
endocarp [27]. Aluminum is already present in relevance in the
external endocarp. Because this ion provides a toxic effect for
the plant [20], it is necessary to analyze its concentration in
relation to pH level of Amazonian soil according to Table 2
established by Cochrane et al. [28].

Table 2: South American Chemical Soil Concentration.

P K Ca Mg Al
pH (mg/kg) % % cmol/kg %
High (>7.3) 7> 0,3 >4,0 >0,8 >1,5
Medium (5.3) | 3-7 0,15-0,3 0,4-4 0,2-0,8 0,5-1,5
Low (< 5.3) <3 <0,3 <0,4 <0,2 <0,5

Considering the pH of the Amazonian soils related to what
was established in Table 2, it is seen that the concentration of
Al in the soil may have been a crucial factor for the storage of
the metal in the fruit [21].

When it comes to Ca, it is observed that it is present in all
parts of the fruit, although it is not explicitly stated in the
graph visibly, there is a concentration of 0.0147 in the internal
seed. The function of this mineral is divided into three, among
which the most important is the selectivity of the plasma
membrane [20]. In addition, Ca protect against the deleterious
effects of Hydrogen ion at an acidic pH such as that of
Amazonian soil. Calcium is the only element in which the lack
of it promotes immediate dysfunctions [29,30].

Therefore, it can be seen that Zn also appears in the total
size of the tucuma. This is due to the effective participation in
the active site of many enzymes [31]. Even more precisely, it is
observed that the concentration of this micronutrient is lower
in all external parts when related to the internal parts. This
aspect is due to the fact that zinc is present in proteins that
favor DNA transcription. Wherefore their high concentration in
the internal seed is justified [27].

In addition, still in relation to Table 1, there is very low
concentrations parts whose relations with the tucuma are
reported in Figure 4 Graph 3. From this, the Mn is verified very
irregularly so that it participates in a process whose purpose is
to divide the water molecule with the purpose of releasing the
oxygen resulting from a photo-systemic process in the plant
[27].
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In a different way, Cu appears throughout the fruit and with
a lower standard deviation, conferring a homogeneity in its
characterization due to the enzymatic plurality in which the Cu
is a part [20]. This mineral is shaped in the plant complex,
which functions as electron carrier and capturing the energy
resulting from oxidative enzymes and proteins [27] very
important for metabolic cellular pathways.

It is also worth mentioning the presence of Rb, which is an
element that satisfactorily expresses the root activity of plants
because it is considered analogous to K. It can be found in
several minerals such as leucite [21].

With consumption much more widespread than the
tucuma, another palm fruit much consumed is the coconut,
used as a source of proteins, vitamins, fats, carbohydrates and
minerals. Because of its high content of mineral salts, popular
medicine is recommended to promote physical development,
in addition to being widely used as a remedy for its medicinal
properties.

Despite the external differences between the two fruits,
from the woody endocarp begin the similarities. Both fruits
also have a solid milky white endosperm and homogeny. In
addition, the water so abundant inside the coconut is also
present in the tucuma in quantities proportional to its size
[32].

Although only the coconut endosperm is consumed in the
diet, this study observed that the endosperm of the tucuma
has a higher amount (%/mm) of certain elements such as Ca
and K. According to Rodushkin et al. [33], the coconut has
about 0.93% K and 0.008% Ca, whereas in this assay the K
average was 3.7% and Ca 0.49%.

It should be noted that in both cases the collected samples
were obtained from the market and, therefore, may present
levels of contamination that may have influenced the result
(Figure 5).
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With the Graph 4, it is observed that there is great variation
in relation to both elements between the tucuma and the
coconut. Through a nutritional diet based on the need for the
corresponding age, it can be inferred that in adolescence;
between 19 and 24 years of age and during pregnancy until
the 2nd month of lactation, about 1.2 g per day of Ca should
be ingested. It is therefore seen that swallowing the tucuma is
much more viable than the coconut to support this diet
because only 20% of this element is absorbed in the intestine
[32].

In the case of potassium, it is seen that the same principle
happens. This is due to the fact that the daily diet for children,
adults and seniors is identical with a value equal to 2 g.
Therefore the ingestion of the tucuma becomes viable also for
this element because it has a higher concentration [33].

Conclusion

It was possible to observe that none of the components
found are harmful to both plants and humans, therefore
demonstrating that it can and should continue to be part of
the Amazonian diet. The data collected in the present work
can still be used to improve the cultivation of the Astrocaryum
palms, since the control of plant growth depends deeply on
the nutrients it absorbs.
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