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ABSTRACT

Biomass residues originated from agroforestry systems has been demonstrating great usage potential for the
pharmaceutical, textile and energy industries. In the Amazon region, the use of these materials can stimulate
the sustainable economic development of extractive communities and agroforestry systems. However, for a
better use of this material, it is necessary to quantify and qualify the chemical components present in these
residues. Keeping that in mind, our research aimed to quantify the presence of condensed and hydrolysable
tannins, and to chemically and energetically characterize the Bertholletia excelsa and Lecythis pisonis’ fruit
residues, with the intent to assess the usage potential for this biomass resource in different industries. The
studied material was collected from local extractives and merchants. Tannin quantification was performed
through thin layer chromatography (TLC) method and the total values of extractives, lignin and holocellulose
were also quantified. The energy potential was determined by the variables of apparent density, gravimetric
yield, superior calorific power and charcoal’s immediate chemistry (the charcoal was produced at 450 °C).
The associations between variables were determined by a linear correlation. The TLC for condensed tannin
was positive for B. excelsa. As for the TLC of hydrolysable tannins, the results were negative for both mate-
rials. The high levels of lignin and extractives in fruit’s residues of both species demonstrate the energy po-
tential of this material. Our results may favor the use of B. excelsa’s residues for the production of polymers
and adhesives, as well as other non-wood residues with high content of lignin, fixed carbon and calorific
power in energetic products.

Keywords: Bertholletia excelsa; Lecythis pisonis; Brazillian chestnut; tannins; biomass residues from agro-
forestry systems.

RESUMO

Residuos de biomassa oriundos de sistemas agroflorestais tém demonstrado grande potencial de uso pelas
indUstrias farmacéutica, téxtil e de energia. Na regido amazdnica, 0 uso desses materiais pode estimular o
desenvolvimento econdmico sustentavel de comunidades extrativistas e sistemas agroflorestais. Porém, para
um melhor aproveitamento desse material, é necessario quantificar e qualificar os componentes quimicos
presentes nesses residuos. Tendo isso em mente, nossa pesquisa teve como objetivo quantificar a presenca de
taninos condensados e hidrolisaveis e caracterizar quimica e energeticamente os residuos de frutas de Bertho-
lletia excelsa e Lecythis pisonis, com o intuito de avaliar o potencial de uso deste recurso de biomassa em
diferentes industrias. O material estudado foi coletado de extrativistas e comerciantes locais. A quantificacdo
dos taninos foi realizada através do método de cromatografia em camada delgada (CCD) e os valores totais
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de extrativos, lignina e holocelulose também foram quantificados. O potencial energético foi determinado
pelas varidveis de densidade aparente, rendimento gravimétrico, poder calorifico superior e quimica imediata
do carvéo (o carvao foi produzido a 450 °C). As associacfes entre as variaveis foram determinadas por uma
correlacdo linear. A CCD para tanino condensado foi positiva para B. excelsa. Quanto a CCD dos taninos
hidrolisaveis, os resultados foram negativos para ambos os materiais. Os altos niveis de lignina e extrativos
nos residuos das frutas de ambas as espécies demonstram o potencial energético deste material. Nossos resul-
tados podem favorecer a utilizacdo de residuos de B. excelsa para a producdo de polimeros e adesivos, bem
como outros residuos ndo lenhosos com alto teor de lignina, carbono fixo e poder calorifico em produtos
energeéticos.

Palavras-chave: Bertholletia excelsa; Lecythis pisonis; Castanha brasileira; taninos; residuos de biomassa de
sistemas agroflorestais.

1. INTRODUCTION

Forest biomass residues can be used for the production of medicines such as those used for hemostatic pur-
posed and antidotes. It can also be used for leather material in the textile industry, where they use tannins, or
even as feedstock fuel [1]. Agroforestry systems and extractive communities, that produces and extracts nuts,
respectively, generate tons of biomass residues in the Amazon region, which has no proper usage. Most of
the income of these communities come from nut harvesting, which lasts approximately six months per year.
Using biomass residues from agroforestry systems and activities related to the extractivism as a raw material
for different industrial purposes can aggregate value to this residue, transforming it into a product that can
help solving this social problem, and generating more revenue throughout the years.

Bertholletia excelsa Humn. & Bonpl, popularly known as Brazil’s nut or “Castanheira-do-Para” (name
in Brazilian Portuguese) is a protected species according to Brazilian law 5975/2006 [2]. The specie is very
well known for being one of the biggest trees in the Amazon rainforest [3]. Many families that live in the
Amazon region practice the extractivism, being the collection of nuts from fruits of B. excelsa and Lecythis
pisonis Cambess — both from family Lecythidaceae — one of the most important activities for the economy in
the region. This, however, generates products of low added value.

The main residues originated from the cultivation and processing of Brazil’s nut are the thick fruit shell
(pericarp), a ~2 cm thick spherical lignified shell (pyxidium) with a diameter of 10-12.5 cm, that protects the
seeds inside it from high falls and predators, and the seed’s bark (teguments), which individually encloses the
seeds and is also very thick and resistant [4]. For each ton of cleaned nuts, it is produced about 1.4 tons of
residues (fruit shell and seed’s tegument) [5]. That said, it is important to look for alternatives and possible
uses for these co-products. In this context, phenolic compounds and its by-products, like the bioenergy that it
can generate, can be of valuable use for this purpose.

In this context, the study of its chemical-energetic properties becomes of great importance [6]. Thus,
the knowledge on biomass characteristics like its elemental chemical composition (carbon, hydrogen, oxy-
gen), macromolecular composition (cellulose, lignin, hemicelluloses, extractives), density, moisture content
and immediate chemical composition (volatile materials, fixed carbon and ashes) are essential for the best use
of this residues as an energy source, since these characteristics influence its heating value [7, 8]. The meso-
carp of Brazil nuts is characterized by a high lignin content (~58%) which provide high mechanical stability
and resistance against microbial degradation [4]. High lignin content (>28%) positively affects the gravimet-
ric yields in charcoal, fixed carbon and contributes to the increase in energy generated by direct firewood
burning [9].

Lignocellulosic residues, such as cashew stalk bagasse, have phenolic compounds, flavonoids, tannins,
sugars and ascorbic acid in their nutritional composition, in addition to their lignocellulosic composition al-
lowing the production of xylitol and ethanol [10]. The mesocarp of the green coconut, for example, is a mate-
rial with potential for the extraction of tannin and for the manufacture of composites [11]. Charcoal made
from B. excelsa’s biomass residues also has characteristics such as low ash content and high heating value,
comparable to the charcoal produced from the wood of other species and from non-wood products too [12].

However, to the best of our knowledge, there is no information on the scientific literature about tannin
potential of Amazonian agroforestry residues or the energy potential of different types of residues generated
by harvesting the B. excelsa and L. pisonis nuts. In addition, it is necessary to determine which biomass char-
acteristic most influence the product quality, allowing a more appropriate potential assessment for these ma-
terials.

In this research we performed the chemical and energetic characterization of biomass residues of B. ex-
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celsa and L. pisonis in order to evaluate possible potentials for tannin extraction and energy production. The
results will allow us to compare the chemical-energetic characteristics between both residues, in natura and
charcoal, which will help to indicate a better usage for them. Moreover, the correlations between the chemical and
energetic variables may indicate the selection of most correlated variables for future studies on other agroforestry residues.

2. MATERIAL AND METHODS

2.1 Collection and preparation of the material

B. excelsa and L. pisonis fruits were collected from the main supply center of the lower Amazon river, called
“Mercaddo 2000 fair”, in the city of Santarém, state of Para, Brazil. The nuts were collected from the ground
during the 2016 - 2017 harvest. We collected ten (10) fruit’s shells for each species, and approximately one
kilogram of seed’s tegument of B. excelsa (Figure 1).

The collected residues were cleaned and carefully ground in a Willey mill machine to not overheat the knives due
to hardness of shell fruits, which could influence the chemical composition of the raw material. We used the material that
passed the 40 mesh sieve (1.00 mm) and retained on the 60 mesh (0.25 mm). This material was conditioned in a room at
21 °C and 65% relative humidity.

(@) (b) ‘ )

Figure 1: In natura biomass residues of Bertholletia excelsa’s fruit (a), Lecythis pisonis’ fruit (b) and Bertholletia ex-
celsa’s tegument (c).

From the homogenized milled residue of each test material, we used triplicates for analyzing the chemistry
and immediate chemical composition of the material.

2.2 Tannin quantification using Thin Layer Chromatography (TLC) method

For the quantification of condensed tannins, about 1g of the milled biomass residue of each material was put
under refluxe on a hot plate (80 — 90 °C) of a soxhlet apparatus with approximately 75 ml of ethanol for a 4-
hour period. After filtration and concentration of the extracts to about 1 mL, 10 pL of the extracted solution
of each material were applied to two chromatoplates, respecting the distance of 1.5 cm from each other; silica
gel was used as adsorbent in the stationary phase while methyl acetate, in the proportion of 90:10, was used
as eluent for the mobile phase. As a comparison method, we used the extracting solution of green tea [Camel-
lia sinensis (L.) O. Kuntze] as the standard parameter for both plates, as the extracting solution of green tea
has high concentration of both condensed and hydrolyzed tannins, it becomes easy to be seen in the chroma-
toplates.

To reveal the condensed tannin, we used a solution of vanillin (15 g of vanillin, 250 mL of ethanol and
2.5 mL of H,S0O,100%). To reveal the hydrolysable tannin, we used a solution of FeCl;/HCI 1% followed by
heating. The appearance of red and blue spots under visible light indicates the presence of condensed and
hydrolysable tannins, respectively.

When ready, the chromatoplates were digitized and the retention factor (Rf) sample values and patterns
were compared for the presence or absence of tannic acid. The retention factor (Rf) is the ratio of the distance
traveled by the evaluated material as a function of the mobile phase, being that the most important parameter
in TLC evaluation.
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2.3 Total extractives, lignin and holocellulose content

The total extractives content was determined in a solution of ethanol:toluene [13]. The insoluble lignin con-
tent was determined according to [14]. The holocellulose content was obtained by difference.

2.4 Charcoal analysis

The oven-dried solid residues (24h; 103 + 3°C) were carbonized in a cylindrical stainless-steel capsule in an
electric oven (muffle) at a final temperature of 450 °C, with a heating rate of 1.67 ° C.min™, during 30
minutes, according [15].

Before and after the carbonization process, the samples were weighted on an analytical balance (Shi-
madzu AUY220). The charcoal gravimetric yield was determined by mass percentage difference, between
biomass and charcoal. Charcoal apparent density was obtained according to NBR 7190 [16].

The proximate analysis of charcoal was determined according to ASTM D1107 [17]. The moisture, vol-
atile materials, ash and fixed carbon content of biomass and charcoal were calculated. The fixed carbon yield
of the of the charcoal was obtained through the product of the charcoal gravimetric yield by the fixed carbon
content divided by 100. The high heating value (HHV) was determined in an calorimetric bomb (IKA,
C200) following instructions from NBR 8633 [18].

2.5 Statistical analysis

We used a completely randomized design for tree materials, which of them had tree repetition for each one of
the sixteen (16) variables, they are: moisture content, volatile material, ash, fixed carbon, and HHV for bio-
mass and charcoal (10 variables); lignin, holocellulose and extractives for the biomass (3 variables); e lastly,
gravimetric yield, apparent density and fixed carbon yield (3 variables).

Our null hypothesis was that no differences would be verified between materials for the evaluated vari-
ables. Boxplots were used to analyze the results in an exploratory way. Through the linear correlation veri-
fied by the Pearson’s test, we could observe correlations between the chemical (independent variables) and
energetic (dependent variables) characteristics. All analysis was performed in the statistical software R, ver-
sion 3.2.1 [19]. The data of the Pearson’s correlation test was interpreted as a function of the proximity of the
coefficient value to one (in modulus) [20], as follows: | r | <0.20, the correlation is negligible; 0.20 <| r |
<0.40, weak correlation; 0.40 <| r | <0.60, moderate correlation; 0.60 <| r | <0.80, strong correlation; | r | >
0.80, very strong correlation.

3. RESULTS AND DISCUSSION

3.1 Tannins

The chromatographic analysis performed with a thin layer of silica gel (TLC) is largely used in the pharma-
ceutical industry mainly because of its properties for identifying drugs, and its low cost. In the TLC method
the components can move by using capillarity forces through the thin and uniform layer of the stationary
phase, this happens at different speeds. In TLC with green tea (Rf’s = 0.55; 0.60), used as a standard pattern,
we could observe the presence of condensed tannins only in the fruit shell of B. excelsa (Rf’s = 0.45; 0.75)
(Figure 2a). In the TLC with standard green tea with Rf’s of 0.50 and 0.55, we did not observe the presence
of hydrolysable tannins in none of the materials (Figure 2b).
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Figure 2: Chromatography of thin layer in silica-gel (TLC) with vanillin revelator for condensed tannins (on the left),
and of FeCl,/HCI for hydrolysable tannins, with green tea [Camellia sinensis (L.) O. Kuntzel], as standard pattern, for the
materials 1, 2 and 3 (Bertholletia excelsa’s shell, and tegument and Lecythis pisonis’ shell, respectively).

W
»
.

In general, fruits with elevated seed percentage may contain high tannin content as well, because those
have high concentration of tannin acids in its tegument [21]. It is believed that the plant uses a strategy in
which the tannins are directed from the peel to the fruits, thus avoiding the attack of predators. However, we
did not observe the presence of tannic compounds in the tegument of B. excelsa, this may have happened
because the samples were collected in a market, whose seeds were already ripe and probably lost some of
their chemical potential.

A qualitative pattern similar to the results found in this work has been seen by VASQUEZ et al. [22]
when evaluating the potential of the extracts from the shell of Castanea sativa, in which the tannic com-
pounds were condensed. The condensed tannins are also known as proanthocyanidins, and are distributed
into many different vegetal families, generally in woody plants. They are used in the fabrication of polymers
and resins [23]. These polymers are largely used for treating supply and residual water [24, 25], in the fabri-
cation of paints and adhesives for wood and derivatives [26], being this way, a potential use for the residue of
B. excelsa’s fruits.

The literature has reports of many different ways of determining tannins, as an example the protein pre-
cipitation assays [27, 28]. However, there is no ideal method, although the colorimetric methods are the ones
most used for this kind of analysis [29, 30]. The TLC method has a lower cost when compared to the others
above, and this was critical when deciding to use it on our study. It was effective in detecting the presence of
tannins, and we recommend its use for similar studies.

Due to the great chemical diversity of the phenolic compounds, which originate the tannins, different
solvents are used in the extraction process, as well as different methodologies are used in the process of
quantifying these compounds [31]. In the methodology used for condensed tannins, both leucoanthocyanidins
and proanthocyanidins react with vanillin in the presence of HCI to produce a red condensed product, which
is spectrophotometrically detected [32]. One of the hypotheses is that the B. excelsa’s fruit shell is poor in
leucoanthocyanidins, leading to a less intense red color and compromising the quantity of condensed tannins
adhered to the chromatoplate.

ROCHA et al. [33] when evaluating phenolic compounds and condensed tannins in fruits of Cerrado —a
Brazilian biome — observed that acetone 70% has better efficiency for extracting these compounds when
compared to ethanol 95%. There is no information in the scientific literature of methodologies for extracting
tannins from fruit’s shell. In this sense, we are conducting new studies to improve the extraction and quanti-
fication method of tannins for this type of residue.

A factor that could be related to the low or high presence of tannins, as observed lately, is the phe-
nophase in which the plant is. AZEVEDO et al [34] when studying the condensed tannins in the bark of Mi-
mosa tenuiflora could conclude that the highest level of this substances could be seen with the higher pres-
ence of green leaves. Therefore, knowing the physiological conditions of the plants it is possible to identify
the real motives that led the plants to have low or high quantity of tannic substances in a determined period of
time and determined part of the plant (root, wood, bark, fruit, leaf). Future studies that would evaluate the
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effect of the phenophase in the quantity of tannins both in the leaf and nuts fruits from Amazon can contrib-
ute better in this sense.

3.2 Chemical-energetic characterization

The tegument of B. excelsa has shown the highest lignin content between the evaluated materials (Table 1).
This value is considered elevated when compared to Eucalyptus’s wood, which has mean lignin content of
26.1 and 30.3% [35]. Lignin can have a strong influence in the energetic usage of the biomass [36, 37]. Be-
sides that, different chemical products of high aggregated value can be produced from the aromatic structure
of the lignin [38], such as carbon fibers, polymer modifiers, adhesives, resins, among others.

Table 1: Average and standard deviation* from chemical-energetic variables from biomass and charcoal from fruit shell
(S) and tegument (T) of Bertholletia excelsa and Lecythis pisonis.

MATERIAL
Material VARIABLE B. excelsa S B.excelsa T L. Pisonis S
Average Average Average
Lignin content (%) 27.64 110" 51.40 %2 23.30 039"
Holocellulose (%) 57.27 &1 33.94 59 56.56 (-4
Alcohol:toluene extractives (%) 1456 ©10 12.83 ©29) 16.97 ©
. Moisture content (%) 11.54 ©2Y 14.96 @2 13.01 99
Biomass - -
Volatile materials content (%) 76.61 ©23) 67.80 ©39) 72.61 ©06)
Ash content (%) 0.53 009 1.83 009) 3.17 009
Fixed carbon content (%) 22 87 022 30.37 (043) 24,92 (009
High heating value (kcal.kg™) 3934.14 (752 4537.53 #4349 4040.82 92
Moisture content (%) 2.87 @ 3.45 4.05 2
Volatile materials content (%) 18.27 ©59 17.70 ©72 21.23 (1.39)
Ash content (%) 2 57 (0.01) 5.24 (0.18) 6.13 ©026)
Fixed carbon content (%) 79.16 059 77.05 089 72.63 417
Charcoal
High heating value (kcal.kg™) 6694.77 4399 6521.78 (289 6160.69 (%509
Charcoal gravimetric yield (%) 34.75 02 44 52 08 34.55 19
Apparent density (g.cm™) 0.41 00D 0.32 00D 0.44 ©0V
Fixed Carbon yield (%) 27.51 040 34,31 40 25.09 149

The energetic use of biomass is highly influenced by its chemical composition, such as cellulose, holo-
cellulose and lignin content. The wood thermal degradation is less, the greater its lignin content, which in-
creases its yield with the coproducts from pyrolysis, like charcoal and pyroligneous extract. While holocellu-
lose (hemicellulose + cellulose) is degraded between 150 to 400 °C [39], the lignin is more thermal stable,
and maintain its structure to up to 900 °C [40, 41], as observed for the yield in charcoal from B. excelsa’s
fruit tegument.

We have observed high content of total extractives for all three studied residues (Table 1) when com-
pared to other materials such as sugar cane residues (~8 %) [42] and different clones of Eucalyptus spp. (3 to
5%) [36]. The presence of elevated quantity of extractives is a characteristic in advance for energy produc-
tion, due to its effects in the material’s calorific power [43, 44]. MEDEIROS, OLIVEIRA and PAES [45] say
that the presence of extractives in the wood is an important characteristic when aiming to produce charcoal,
because those increase the wood’s density and favor the production of a denser charcoal.

Our results for volatile materials content and fixed carbon are similar to those found by NOGUEIRA et
al. [12], they also have studied the charcoal from B. excelsa’s fruit shell, produced in a metallic oven (barrel
type) without temperature control. These authors, however, observed an ash content of only 0.87%, that is
33% smaller than what we have seen in this study. This difference can be explained by the mineral composi-
tion of the soil, that has potassium, calcium, iron, sulfur, phosphorus, magnesium, sodium, among others as
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components. These minerals may be assimilated by the plants and deposited in cell-wall, during its formation
or even being present in the pores of the fruit shell in the moment they felt in the ground before being col-
lected for commercialization. Both ash content from the charcoal of fruit shell and tegument of B. excelsa are
close to the values found in the literature for other carbonized residues, they varied from 3 to 6% [46, 47].

The charcoal’s gravimetric yield of fruit shells was high when compared to data found in the scientific
literature. NOGUEIRA et al. [12] and ANDRADE et al. [48] evaluated the gravimetric yield from the char-
coal of B. excelsa H.B.K. and Cocos nucifera L. and they observed values of 25.92 and 32.75%, respectively.
The gravimetric yield of the charcoal produced from the tegument was even higher, overcoming the results
seen for woods that have been traditionally used for charcoal’s production, such as Eucalyptus sp. with 35%
of gravimetric yield [49].

As for the charcoal’s calorific power, we have observed higher values then the ones seen by VALE et al.
[7] when studying the charcoal produced from residues of Jatrophacurcas spp. SILVA et al. [50], has seen
values of 6415 kcal.kg™ for the charcoal produced from residues of Manikara spp, a tropical specie with high
density. When we compare the energetic gains in the carbonization process, we verify that the B. excelsa’s
fruit shell has had gains of about 70% in HHV, followed by the charcoal produced from L. pisonis’s fruit
shell (52%) and charcoal produced from B. excelsa’s fruit tegument (43%).

The fixed carbon yield is the parameter that better express the energetic quality of the lignocellulosic
raw material used for producing charcoal [51], since these variable covers characteristics of productivity and
quality, expressing the percentage of fixed carbon in relation to the gravimetric yield after the process. That
said, our results evidence that the charcoal produced from the fruit’s tegument of B. excelsa has shown better
quality, when compared to the other raw material studied.

Despite the gains in the carbonization process, other process such as the pelletizing and briquetting can
be evaluated to be used with the fruit tegument of B. excelsa, due to its density. The usage of other biomass
as raw material, such as residues of Pinus spp., for the production of pellets [52] and of Eucalyptus spp., cot-
ton and rice husk for producing briquettes [5] has demonstrate that agroforestry systems’ residues such as the
fruits tegument of B. excelsa can also be energetically utilized in products of higher aggregated value. This
process of energetic densification uses raw materials of less density and high lignin content, which works as a
natural adhesive, increasing the product’s mechanical resistance. However, we are still studying how to eval-
uate the quality of briquettes produced from this kind of residue. The differences seen for the majority of the
variables expresses the need for more specific studies for each type of residue. Even residues from the same
material, as in the case of B. excelsa’s fruit shell and tegument, has demonstrate significant different results.

3.3 Correlation matrix

It can be observed that the greater lignin content is strongly and positively associated with the greatest con-
tent of fixed carbon, HHV and fixed carbon and gravimetric yields (Figure 4). Those characteristics are the
most important when evaluating the energetic potential of biomasses. A strong and negative correlation has
also been observed between charcoal’s density and its content of volatile materials. This allows us to infer
that residues with higher lignin content, as the fruit tegument of B. excelsa, will produce charcoal of high
energetic quality, however with low apparent density.

The positive relationship between lignin content and charcoal’s gravimetric yield exists due to the high
resistance that lignin has to thermal degradation and also because of its complexity as a polymer [53]. The
most lignified biomass will result in a higher production of charcoal with elevated calorific power, due to the
fastest degradation of the chemical compounds rich in oxygen, such as the cellulose and hemicelluloses [54].
REIS et al. [55] has found a correlation (+0.77) between the gravimetric yield in charcoal and its fixed car-
bon for the wood of Eucalyptus urophylla. The observed association for the same variables in our study was
stronger (+0.97), which can indicate that for non-wood products the charcoal’s yield and fixed carbon yield
are more correlated.

Our results for the inverse association between lignin content and charcoal’s apparent density differ
from the ones found by PEREIRA et al. [36] and ARAUJO et al. [37], but are in accordance with those
found by SANTOS et al. [56]. This diversity of results in the literature points that this correlation may or
may not exist, depending on other characteristics of the material. This can be explained by the fact that the
density is a product of other wood characteristics, such as its chemistry and anatomy which can be highly
influenced, varying up or down, while the lignin content remains relatively constant.

The lignin is located mainly in the medium lamella, with less content in the secondary wall [57] while
the wood’s density is defined mainly by the mass present in the secondary wall, which is more representative
between lignocellulosic materials. Thus, biomasses with high lignin content and thinner cellular wall (less
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lignified secondary wall) can result in charcoal with lower apparent density. This is probably the case of B.
excelsa’s fruit tegument charcoal. But for wood such as Eucalyptus spp., the process of lignification is differ-
ent in adult trees, and because of that we have more lignified wood generating denser charcoal.

The positive correlation between charcoal’s gravimetric yield and lignin, and negative between char-
coal’s gravimetric yield and density implies that the most important variable affecting the charcoal’s produc-
tion in volume is in fact the lignin content. MOUTINHO et al. [58] have seen that greater the charcoal’s den-
sity, the greater will be its gravimetric yield. However, as in the hypothesis above, the density is a function of
many different variables, in the opposite direction of lignin content. So, the greater lignin content implies in
more mass at the end of the pyrolysis, this is due to the lignin’s thermal resistance.

We have noticed a negative correlation (-0.97) between the gravimetric yield and the holocellulose con-
tent. These chemical components are completely degraded in temperatures superior to 400 °C. Similar results
were related by VITAL et al. [59], VALE et al. [60] and PROTASSIO et al. [61].

As for the charcoal’s calorific power and fixed carbon yield, we were able to notice that other two im-
portant energetic variables have a strong and negative correlation with the ash content and biomass’ extrac-
tives, being the greater the content of components with small molecular weight and/or inorganic in biomass,
smaller will be the quantity and energy time spent by charcoal’s mass unit. This is particularly important
when deciding which collecting method to use, as well as for the preparation of this material for carboniza-
tion, this is why it is strictly necessary to use materials without any soil residue or any other unknown residue
mixed within the biomass.

VELLA et al. [62] affirm that the fixed carbon content is dependent to the values of volatile material
and ashes, once it is obtained by the difference in summation of those parameters to 100. According to
OLIVEIRA et al. [63], the fixed carbon yield has demonstrated to have a direct relationship with lignin and
extractives content, moreover it is inversely proportional to holocellulose content. We also have noticed that
the extractives content has an inversely proportional relationship with the fixed carbon yield. Extractives
largely varies in their chemistry composition, this could or could not have effects in the fixed carbon yield.
Generally, the fixed carbon content is positively influenced by the hydrogen content in the material and nega-
tively influenced by the oxygen content [55]. Thus, extractives that are rich in oxygen, can negatively affect
the fixed carbon content, as observed in the correlation. The correlation analysis allows us to evaluate which
of the variables has a better relationship with the quality of the product (Figure 3).
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Figure 3: Correlation matrix for all 16 variables studied for the chemical-energetic characterization of the biomass and
charcoal from residues of Bertholletia excelsa and Lecythis pisonis. FCC = Fixed Carbon Content, HHV = High Heating
Value, LC = Lignin Content, EC = extractive content, GYC = Gravimetric Yield Charcoal, FCY = Fixed Carbon Yield,
MC = Moisture Content, VMC = Volatile Materials Content, HC = Holocellulose Content, AD = Apparent Density, AC
= Ash Content, bio = biomass.

4. CONCLUSIONS

Our results evidence that the B. excelsa’s fruit shell had shown the presence of condensed tannins through the
thin layer chromatography method. New methods for extraction and quantification are still to be tested for
this type of residues. The evaluated residues had a high content of lignin and extractives when compared to
other types of biomass. The observed correlations allow us to conclude that similar residues, with high con-
tent of lignin, fixed carbon and calorific power will result in energetic products of high yield, efficiency and
energetic quality, as long as they have low moisture content, ashes content and volatile material content.
Those can be used as essential characteristics in the technological evaluation of these materials. Our results
show the usage potential for the residues left by the agroforestry systems in the amazon region; B. excelsa’s
fruit shell and tegument both in the production of biopolymers and as well as for the production of products
with more aggregated value, such as pellets, briquettes, biochar and activated charcoal.
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