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ABSTRACT - The main chemical components of wood are cellulose, hemicellulose,
lignin and extractives. Knowledge of these components content enables to understand how
the wood will behave as a raw material in its many uses. The aim of this research was to
determine in wood of Handroanthus vellosoi (Toledo) Mattos, Bignoniaceae contents of
extractives in ethanol/cyclohexane, extractives in water, Klason lignin, holocellulose and ash.
Six trees were cut from the “Estagdo Experimental de Luiz Antonio” after 24 years of
growth. From stem of each tree were removed three disks: trunk base, one and two meters in
height and was taken a sample near to the bark. We used standard procedures for chemical
analysis of wood. We did not observe statistically significant differences in the levels of
chemical constituents studied with respect to the axial position, which may be related to
low sampling. Only by observing the values obtained from extractive ethanol/cyclohexane,
extractives in water, Klason lignin, holocellulose and ash notices that they are close, though
they are slightly different from those cited in other studies of Handroanthus species.
This result may be related to a variation between species within the genus or even between
different parts of an individual trunk.
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RESUMO - Os principais constituintes quimicos da madeira sdo: celulose, hemicelulose,
lignina e extrativos. O conhecimento dos teores desses constituintes permite compreender
como sera o comportamento da madeira como matéria-prima nos mais diversos usos.
Objetivou-se determinar, na madeira de Handroanthus vellosoi (Toledo) Mattos,
Bignoniaceae, os teores de extrativos em etanol/cicloexano, extrativos em agua, lignina de
Klason, holocelulose e cinzas. Para tanto, seis arvores foram cortadas na Estacdo
Experimental de Luiz Antonio ap6s 24 anos de crescimento. Do tronco de cada arvore
foram retirados trés discos: base do tronco, um e dois metros de altura, sendo retirada uma
amostra proxima da casca para as analises quimicas. Utilizaram-se os procedimentos padrdo
para as analises quimicas da madeira. Nao foram observadas diferengas estatisticamente
significativas nos teores dos constituintes quimicos estudados em relagdo a posicdo axial,
o que pode estar relacionado com a baixa amostragem. Apenas observando os valores
obtidos a partir dos extrativos em etanol/cicloexano, extrativos em agua, lignina de Klason,
holocelulose e cinzas, notou-se que eles estdo proximos, embora sejam um pouco diferentes
daqueles citados em outros estudos para espécies de Handroanthus. Este resultado pode
estar relacionado a variacdo entre espécies dentro do gé€nero, ou mesmo entre
diferentes partes do tronco.
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1 INTRODUCTION

Knowledge of the chemical nature
of wood allows the wunderstanding of its
behavior as a raw material in several applications
(Lepage et al., 1986; Mori et al, 2003;
Morais et al, 2005, Silva et al., 2005).
The main chemical components of wood are
cellulose, hemicellulose and lignin, which
are polymers form cell walls. The extractives
are also of major importance in wood properties
(Lepage et al., 1986).

Cellulose is a structural component of
all cell walls; about 15-30% of the dry weight of
all primary cell walls and an even higher
percentage of the secondary cell walls is
composed of cellulose (Carpita and McCann, 2000).
Hemicellulose is a non-cellulosic polysaccharide
and it relates to the cellulose in the cell wall.
Hemicellulose is comprised of polyoses are
glucosides, mannose, galactose, xylose and
arabinose, and these different components can
lead to high levels of variation both within and
between tree species. In general, harder woods
have higher levels of hemicellulose than
softer woods (Fengel and Wegener, 1989
apud Perissotto, 2005).

Another component of cell walls, lignin
is the main component of some secondary walls,
and is formed by a system of aromatic
phenylpropanoids. Lignin is incorporated into
the cell wall during development and is distributed
between the microfibrils, making the wall
more rigid and resistant to degradation (Jordao and
Andrade, 2000; Carpita and McCann, 2000).

Extractives are substances formed
from modified carbohydrates produced in
photosynthesis, and may account for more
than 20% of the dry weight in tropical timber.
They consist of a number of organic compounds
such as waxes, alkaloids, phenolic compounds,
mucilage, gums, resins, terpenes, saponins and
essential oils. The extractives act as reserve
material or as part of the defense mechanism of
plants against attacks from microorganisms and
contribute to the color and odor of the woods
(Panshin and Zeeuw, 1964; Pettersen, 1984).
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Knowing the different levels of
chemical components of wood contribute to the
choice of wood for certain uses (Barnett and
Jeronimids, 2003). Despite the wide use of
Eucalyptus in the production of pulp and paper,
various native woods awaken interest on its
chemical composition, based on indigenous
knowledge and recipes. As an example, we quote
Handroanthus species, Bignoniaceae, because
although the wood has no commercial value for
the production of pulp and paper (Carvalho, 2003),
its extracted compounds, have anticancer, anti-
inflammatory, analgesic, antibiotic, antimalarial,
antitripanossomal and antiulcerogenic properties,
making it of great interest for pharmacological
studies (Araujo et al., 2002).

In this study, our objective was to
determine contents of extractives in ethanol/
cyclohexane, water extractives, Klason lignin,
holocellulose and ash of the wood chemical
components of Handroanthus vellosoi (Toledo)
Mattos, Bignoniaceae, a deciduous species,
occurring naturally in the Atlantic Rain Forest
and Semideciduous Forest (Lorenzi, 2002).
Its wood has been wused in construction,
mainly in the form of parquet floors, as sleepers,
posts, beams and provides raw material for
carpentry (Carvalho, 2003).

2 MATERIALS AND METHODS
2.1 Collection of Samples

The wood samples were obtained from
trees planted in 1986 at the Estacdo Experimental de
Luiz Antonio — EELA, located at coordinates
21°40°S, 47°49°W, altitude 550 m, with a tropical
climate (Cwa), a dry winter and an average
annual rainfall of 1280 mm (Freitas, 2008).
In October 2010, six trees were cut and counted
after 24 years of growth. When cutting the trees,
from each stem were removed three disks in the
axial direction: base, 1 and 2 meters in height,
and each of the disks was removed a sample close
to the bark to study the more recently formed wood,
and by the age of the trees possibly representative
of adult wood. We obtained a total of 18 samples.
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2.2 Chemical Analysis
2.2.1 Ash content

The ash content was performed according to
TAPPI standard T 211 om-93. Samples were added
approximately 1.0 g in tared mass crucible and
calcined beforehand at 525 °C for 1 h. The samples
were carbonized advance with a Bunsen burner
flame until no. The crucibles were taken to muffle
isotherm under 600 + 5 °C for a period of 3 h.
Then the cooling was done in a desiccator
with silica gel for subsequent weighing of
the samples in semi analytical balance.
The ash content of the samples was determined
by the ratio between the final and initial
mass according to Equation 1:

Ash% = % x100 )
m

Where,
m1l = mass (g) ash, and
m2 = mass (g) of the sample of the dry fibers (g).

2.2.2 Content of Water Soluble Extractives

The extractive content was performed
according to standard TAPPI T 207 om-98.
Samples of approximately 3.0 g were added to
a beaker containing 500 ml distilled water and
subjected to mechanical agitation by means of
heater plate-shaker at 70 £ 5 °C for I1h.
After this extraction period, the sample was filtered
simple funnel with filter paper and subsequently
taken to an oven at 105 £ 5 °C for a period of 4 h.
Then the samples were subjected to cooling in
a desiccator with silica gel and weighed on an
analytical balance. The masses being subsequently
calculated according to Equation 2:

m=m2 100 ®

Ext H20 % =

m2

Where,

ml =mass (g) of the initial dry sample before extraction; and
m2 = mass (g) of the sample after extraction of
the dry fibers.

Rev. Inst. Flor. v. 24 n. 1 p. 67-73 jun. 2012

2.2.3 Content of extractives soluble in
ethanol/cyclohexane

The content of extractives soluble in
ethanol/cyclohexane was determined by standard
TAPPI T 204 om-93. About 1.0 g of sample
were inserted into cartridge pulp within the
Soxhlet process to Soxhlet extraction system.
The extraction period was 8 h. Samples were
dried at 105 + 5 °C for 3 hours. They were then
taken to the desiccator with silica gel for cooling.
The percentage of extractives was calculated
according to Equation 3, after weighing on
an analytical balance.

ml—m2 3)

Ext % = x100

m2

Where,

ml =mass (g) of the initial dry sample before extraction, and
m2 = mass (g) of the sample after extraction of
the dry fibers.

2.2.4 Content of Insoluble Klason Lignin

For insoluble Klason lignin followed
standard TAPPI T 222 om-98 About 1.0 g of
the dried sample was placed in a mortar with
15 mL of sulfuric acid PA (72%), with the same
carefully macerated to promote maximum
fiber separation and allowed to rest for a period
of one week in an acid medium. The mixture
was transferred to a 1 L flask and the volume
adjusted to 560 mL with distilled water,
and heated under reflux for 4 h. The insoluble
lignin was filtered on a sintered glass funnel n° 4.
The filtrate was collected for the determination
of soluble lignin. The insoluble lignin,
retained in a sintered glass funnel, dried in an
oven at 105 = 5 °C for a period of 4 hours,
and then cooled in a desiccator with silica gel
and weighed on a semi-analytical balance.
The insoluble Klason lignin content was
determined according to Equation 4:

Lignina Klason % = %xl 00 @
m

Where,

ml = mass (g) of dry insoluble Klason lignin (sample
mass - mass of ashes after calcination at 600 °C), and
m2 = mass (g) of dry sample.
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2.2.5 Holocellulose content

The holocellulose content was calculated
by mass difference, once known the amounts of
lignin and extractives. According to Equation 5:

Holocelulose % = [(100% - extractives content
soluble in organic solvent) — (content lignin +
content ash)] %)

All analyzes were performed in triplicate.

We carried out analysis of variance
(ANOVA) to compare the different positions on
the stem.
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3 RESULTS AND DISCUSSION

The percentage of extractives ethanol/
cyclohexane, extractives in water, Klason lignin,
holocellulose and ash are shown in Figure 1.
No
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heights analyzed. When compared with other
studies with Handroanthus species or other
tropical woods we observed variation in the

wood chemical components.
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Figure 1. Average percentage of extractive ethanol/cyclohexane, extractives in water, Klason lignin, holocellulose and
ash at three axial stem positions in the six trees of Handroanthus vellosoi wood. There were no significant
differences between the positions according to the One Way Analysis of Variance (P < 0.05).

Figura 1. Porcentagem média de extrativos em etanol/cicloexano, extrativos em agua, lignina de Klason,
holocelulose ¢ cinzas em trés posi¢des axiais na madeira de seis arvores de Handroanthus vellosoi. Nao foram
encontradas diferencas significativas entre as posigdes de acordo com o teste One Way Analysis of Variance (P < 0,05).

Longui et al. (2010a), when studying
Handroanthus sp., observed a higher percentage
in water-soluble extractives content, 14.6% and
soluble in ethanol/benzene, 16.6% compared to
the average values among the three positions of
this study, 11.3% and 3.5 with ethanol/cyclohexane,
respectively. However, in another study,
Longui et al. (2012) reported that the amount
of total extractives was relatively small,
10.4% compared to the 14.8% observed in
the present study. Neto et al. (2012) found a
lower value for the extractives (water + ethanol/
cyclohexane) of Handroanthus impetiginosus
(6.88%) when compared with those found in
this study to Handroanthus vellosoi (14.8%).

Rev. Inst. Flor. v. 24 n. 1 p. 67-73 jun. 2012

It is noteworthy that the woods
investigated by Longui et al. (2010a) and
Longui et al. (2012) were older than those
examined in this study, indicating that the variation
in the extractive content is not strongly influenced,
at least in part by the age of the tree.
Also, the samples studied here were removed
from the region near the bark, which is lighter
than the center of the stem (heartwood) and
therefore presumably has lower extract content.
It is speculated that the extract content is related
to the rate of photosynthesis and the percentage
of carbohydrates produced by it and that
change originate.
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In species from other genera, Ledo (2006)
has studied tropical species Myroxylon balsamum
and Amburana cearensis, the author found
that the extractives content were higher in
A. cearensis trees, 24.04 % than Handroanthus
vellosoi, 14.8%, and lowest in the wood of
Myroxylon balsamum 8.41%. In another study,
Lima et al. (2007) in Gochnatia polymorpha found
similar extractive ethanol/cyclohexane content,
3.82% and lower extractive in hot water,
4.04%, when compared to H. vellosoi, 3.5% and
11.3%, respectively.

Extractives can also be considered a
parameter of quality wood, because they give
color, smell and natural resistance to decay
(Pereira et al., 2003). Many species of
Handroanthus wood are known for their
naturally high durability (Carvalho, 2003) and
extractives actively participate in this property.

Regarding lignin in others species,
Queiroz (2001) in Astronium graveolens showed
lignin content of 28.16%, Ledo (2006) reports
lignin content of 24.33% in A. cearensis and
24.39% in M. balsamum, Lima et al. (2007) in
Gochnatia polymorpha observed lignin content
of 24%; for Handroanthus species, Neto et al.
(2012) reported 28.4% in H. impetiginosus,
indicating lower values compared to the present
study for H. vellosoi, 34.1%, but similar
results were reported by Longui et al. (2012) in
Handroanthus spp., 32.6%.

The lignin is responsible for cell
wall stiffening and consequently the wood as a
whole (Lepage et al., 1986; Pereira et al., 2003).
The lignin also may vary along the stem due to
the development of reaction wood. Tomazello
Filho et al. (1985) observed that the compression
wood in Pinus oocarpa differs chemically
from normal wood due to the higher lignin and
extractives and lower holocellulose contents.
According to Mattheck and Kluber (1995),
the walls of tracheids in Pinus species,
are richer in lignin than normal wood of those
cells because of the higher risk of buckling.
Furthermore, as a hydrophobic component of
cell walls, the lignin has the ability to
limit access of water to the portion of
carbohydrates (cellulose), thereby decreasing
the influence of water in the hydrogen bonded
structure of the wood (Winandy and Rowell, 2005).
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Possibly, the high lignin present in wood
may explain the low Handroanthus shrinkage,
is cited as an example Mainieri and
Chimelo (1989) for Handroanthus serratifolius
wood with 6.60% and 8% of radial and
tangential shrinkage, respectively.

Holocellulose contents also vary from
Handroanthus  species, Neto et al. (2012)
reported  63.85% in  H.  impetiginosus,
while Longui et al. (2012) mentioned 56%
in Handroanthus spp., closest to the value of

this study 50.5%. As for other species,
holocellulose may be even higher than
those observed for Handroanthus vellosoi,

e.g., Queiroz (2001) in Astronium graveolens
65.6% and Lima et al. (2007) in Gochnatia
polymorpha 73.2%.

The holocellulose and cellulose contents
are also related to the properties of wood,
Takaaki et al. (2007) and Salmén and
Bergstrom (2009) founded a positive correlation
between the wood resistance and cellulose levels.
Handroanthus species, in general, have high values
of mechanical properties and possibly the lignin
and holocellulose are related to the wood properties,
which in addition to color, provide in agree
(Brunelli et al., 1997), raw material suitable for
furniture, floors and other uses.

In this study, we did not observe
changes in the levels of chemical components
at different heights near to the bark,
which could indicate an adaptation related to the
resistance of the trunk at the base and one and two
meters high. This result is interesting because the
Handroanthus wood is also quite homogeneous,
with small variations in their properties along
the stem (Longui et al, 2010a; Longui et al., 2010b).

The amount of ash obtained is in
the range reported for other tropical species,
and may contain up to 5%. In wood, represents
the inorganic matter, which consists of minerals.
Their content may vary with the species,
availability in the soil, individual characteristics
and time of year (Cardoso et al., 2001).
Neto et al. (2012) found 0.87% for ash content
in Handroanthus impetiginosus, slightly above
the average found in our study of 0.67%,
but very close to our value to two meters 0.8%,
showing that this difference occurs depending
on the samples position in the stem.



72

OLIVEIRA, LR. et al. Chemical characterization of Handroanthus vellosoi wood

4 CONCLUSIONS

No statistically significant differences
were observed in the levels of chemical constituents
studied with respect to the axial position,
which may be related to low sampling.
Only by observing the values obtained from
extractive ethanol/cyclohexane, extractives
in water, Klason lignin, holocellulose and ash
notices that they are close, though they are
slightly different from those cited in other
studies of Handroanthus species. This result may
be related to a variation between species within
the genus or even between different parts of
an individual stem.
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