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Capsaicin (capsicum oleoresin) extracted from two peeper species, Capsicum frutescens and
Capsicum baccatum, was investigated as a natural preservative against fungal (Paecilomyces variotti)
attack on Pinus sp. and Hymenaea sp. Static contact angle measurements were performed as a function
of time in order to investigate the wetting properties of the wood samples treated with capsicum
oleoresin. As revealed by X-ray diffraction analysis, photographs, and angle contact measurements,
Hymenaea sp is more sensitive to the presence of capsicum oleoresin, which can inhibit, or retard,
the growth of Paecilomyces variotti. Structures of filaments called hyphae, occurring typically in
multicellular fungi, were observed on the sample surfaces studied by using an electronic scanning
microscope. The capsicum oleoresin extracted from Capsicum frutescens showed to be more effective
as a preservative due to its greater degree of pungency (higher capsaicin content) and better penetration

into the cellular structure of the woods.
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1. Introduction

Wood is a heterogeneous, highly complex polymeric
material, with cellulose, hemicelluloses (or polyoses), and
lignin as the main components of the cell walls of wood
fibers!2. Due to a natural resilience, wood has been widely
used in different applications, and this property can be
quantified by its ability to resist against harmful effects
such as moisture, temperature, and fungal attacks; in this
latter case, the rate of deterioration depends strongly on the
local conditions (surface)*. Frequently, the treatment used
in order to protect wood is impregnation and coating with
chemical preservatives. However, meanwhile sapwood can
be completely impregnated with preservatives, yielding a
relatively protected surface, heartwood has been keeping
unprotected once it is less absorbent’.

The ability to resist degradation determines how it can
be possible to classify the natural durability of wood (high,
medium, and low resistant to agents of deterioration).
Xylophagous organisms are able to degrade wood with
time and under certain conditions by attacking the natural
polymers of the cell walls, which act as sources of nutrition.
Some fungi have a wide range of enzymes that are able to
metabolize these natural polymers®, and deterioration of
structural timber, for instance, may cause significant changes
in the physical and chemical properties of wood®.

Assuming that many deterioration effects are harmful,
and yield serious damage for wood products used in various
applications, a proper treatment with preservatives is
mandatory with the aim of increasing lifetime and surface
quality. The presence of a chemical preservative deposited
onto a wood surface implicates on a typical increase of
durability and effectiveness against spoilage organisms’.
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Traditionally, most widely used chemical preservatives
are classified into two classes: oilborne preservatives,
such as creosote and copper naphthenate; and waterborne
preservatives, such as ammoniacal copper arsenate (ACA),
acid copper chromate (ACC), chromated copper arsenate
(CCA), and chromated copper borate (CCB)*°. However,
despite the massive growth of production and consumption
of preservatives from the wood products industries,
when one takes into consideration both environment and
health, there is great interest on the reduction of the use of
preservatives based on heavy metals, which are toxic and
persistent pollutants, in particular arsenic and chromium.
Today, environmentally acceptable options include natural
preservatives, since they are safer than synthetic ones for
humans and environment, and do not leave residues in the
environment. Here, we focused our research on the use of
capsicum oleoresin extracted from two peppers, Capsicum
Sfrutescens and Capsicum baccatum, as an alternative, natural
preservative against the attack of Paecilomyces variotti
(soft-rot fungus) on Pinus sp. and Hymenaea sp. woods.

2. Material and Methods

Two species of wood were studied here, one of them
is less resistant to fungal attacks, Pinus sp., than the
other one, Hymenae sp. The wood samples were cut at
5.0 % 3.0 x 1.0 cm?, with controlled and stabilized humidity
(0%) following the normative procedures from NBR
7190:1997 (Norma Brasileira Regulamentadora, Associagido
Brasileira de Normas Técnicas)'’. When the preservative
treatment was considered, two pepper species were chosen:
Capsicum frutescens and Capsicum baccatum. Among the
species of fungus most suitable to compare decay rates,
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Paecilomyces variotti (soft-rot fungus) was chosen, and
obtained from Institute Lauro de Souza Lima, Bauru, Brazil.

For obtaining the capsicum oleoresin, 250 g of
commercially grown chili pepper (Capsicum frutescens
or Capsicum baccatum) was added into a glass vessel
containing 500 mL of ethanol (99.3%). This mixture was
divided into two airtight containers; one part (peppers in
250 mL of ethanol) was blended, infused for five days,
and then, filtered. The residue obtained after the filtration
step was placed in the second container with the remaining
ethanol (250 mL). The process of blend, infusion, and
filtration was repeated, and then, the solvent was removed by
rotary evaporation'!. These steps are illustrated in Figure 1.

The culture medium for Paecilomyces variotti was
prepared by using a heated mixture of Sabouraud Dextrose
Agar in 400 mL of boiling water. The culture medium was
placed into an autoclave at 121 °C for 15 min and, then,
deposited onto sterile Petri dishes under a laminar air-flow
to avoid contamination. The woods cut at 5.0 x 3.0 x 1.0 cm?
had their surfaces totally recovered (painted) with 15 mL of
the capsicum oleoresin. After that, the wood samples were
left for 12 h in a dry chamber at room temperature. The
fungus was inoculated on the wood surfaces by using sterile
swabs previously deposited onto the Petri dishes containing
the nutrient Agar; this procedure was realized under laminar
air-flow to keep a condition of surface sterilization. Petri
dishes containing the wood samples modified with capsicum
oleoresin, without and with inoculated fungi, were kept
at room temperature in a laminar air-flow cabinet, and
photographed for periods of time in order to monitor the
fungal growth. After four months, the wood samples were
autoclaved at 121 °C for 15 min in order to remove the
fungus and, therefore, sterilize the surfaces, disrupt the
fungal growth, and then, allow further analysis.

|2509 pepper + 250 ml ethanol 99.3°/o|

Infusion
—
Filtration
Residue ||—
Oil Rotary Evaporator

I Oleoresin Capsaicin I

Figure 1. Procedure used to obtain from chili peppers (Capsicum
frutescens or Capsicum baccatum).
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Contact angle measurements were performed by
using a homemade goniometer, which includes a metal
rail, a webcam, and a commercial light source, which
were adjusted aiming to allow a full alignment of the
assembly inside a black chamber with no external light
reflection. For these measurements, the samples were cut
at 5.0 x 3.0 x 1.0 cm? in the longitudinal direction, and the
solvent was deionized water. For each sample, five drops
of 8 uL of water were deposited on its surface, and then,
measured the contact angle for at least ten times on each
position by using a free and open Java based image software,
Imagel. All sets of measurements were performed at 22 °C
at about 45-55% relative humidity in the home-made, dark
chamber containing the goniometer.

X-ray diffraction measurements were performed by
using a equipment with a tube voltage and current of 50 KV
and 100 mA, respectively, and an angle of incidence scanned
at 2° min™.

A scanning electron microscope (SEM) was used in
order to analyze the wood samples (1.0 x 1.0 x 1.0 cm®)
modified with Capsicum fruntescens and inoculated fungus.

3. Results and Discussion

In order to study how Paecilomyces variotti grows on
the surface of woods protected with capsaicin oleoresin,
their biological deterioration were verified by means of
photographs taken within a certain period of time, four
months. Figure 2 shows the images for Pinus sp. (a) and

2 months

4 months

Figure 2. Images of the samples in nutrient agar without (A) and
with the presence of oleoresin capsaicin extracted from Capsicum
baccatum (B) and Capsicum frutensens (C); a) Pinus sp.,
b) Hymenae sp.
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Hymenae sp. (b) modified with inoculated fungus, in the
absence of preservative (A), and after being modified with
Capsicum baccatum (B), and Capsicum frutescens (C).
These images indicate that four months is a period of time
long enough to obtain samples completely covered with
fungal hyphae. Besides, it is evident certain preferential
spread of Paecilomyces variotti on the surfaces of Pinus
sp. (letter a in Figure 2), mainly because of a set of
characteristics (low density, amounts of extractives, and
chemical composition), which yields to Pinus sp. a low
resistance to degradation occasioned by a pathogenic fungal
growth. However, in the case of Paecilomyces variotti, a
soft-rot fungus, the presence of lignin at high concentrations
in softwoods such as Pinus sp. is a limiting factor, since
soft-rot fungi have little effect on the degradation of lignin’.

Figure 2 also allows one to visualize a relatively rapid
fungal growth (only after three days) for both Pinus sp.
and Hymenae sp. without any preservative treatment.
Furthermore, it can be noticed that Capsicum frutescens
is more effective against fungal attacks than Capsicum
baccatum.

Table 1 shows the values of contact angles obtained
by using the sessile drop method'? for the samples before
and after modifying with capsaicin oleoresin, following a
treatment in a dry chamber at room temperature for 12 h. The
woods without any preservative treatment showed values of
contact angles higher than those obtained for the samples
after being modified with capsicum oleoresin. The results
also indicated that the contact angles are smaller for Pinus
sp. due to its lower wettability, that means a hydrophobic
character, mainly due to characteristics such as chemical
composition and low density.

After modifying the samples with capsicum oleoresin,
it becomes evident that Capsicum frutescens yields greater
wettability, i.e., lower contact angles for both Pinus sp.
and Hymenaea sp. Therefore, one assumes that capsicum
oleoresin penetrates into the wood structure, in particular
for Pinus sp., providing a better protection against the
fungal attack. After sterilization in an autoclave, the contact
angles were measured again after two and four months,
when it was verified that the surface wettability for these
samples varied (reduced) or, in other words, they become
more hydrophobic.

To verity possible changes in the crystallinity of the
wood samples caused by the fungal growth, x-ray diffraction
measurements were performed. No significant changes were
noticed in the diffractograms for the samples modified either
with Capsicum baccatum or Capsicum frutescens without
inoculated fungus, and Figure 3 shows only the results
obtained for the samples attacked by Paecilomyces variotti
before and after being modified with Capsicum frutescens.
Small shifts to lower values of 20 for heat treated wood
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samples in dry and moist air have been related to an increase
of the distance between fibers'?. Generally speaking,
Figure 3 evidences diffractograms that are close to each
other, even when the samples were autoclaved at 121 °C
in order to eliminate inoculated fungus. In fact, previous
reports have indicated that treatments at temperatures lower
than 140 °C rarely cause changes in the crystallinity of
woods, in particular for short periods of time'*, as we also
verified here. The half-bandwidths of the peak at 26 = 22°
in Figure 3, in particular for Hymenaea sp., were measured,
and gave an indication that Paecilomyces variotti would
cause a structural reorganization of an amorphous matrix
of lignin. Consumption and, subsequently, disruption of
most important chemical bonds wood implicates on a loss
of stability and periodicity, and yields broaden peaks in the
diffractograms.

Figure 4 shows the images obtained by using a scanning
electron microscope, where it is evident the presence of
hyphae (black arrow) from Paecilomyces variotti even
for a cleaned, autoclaved sample. It is well-known that
hyphae may penetrate into the wood structures from
cracks and pores, and move into the medullar rays, which
contain a large supply of sugars, carbohydrates, proteins,
and extractives'. Therefore, it is possible to evidence in
the images from Figure 4 a process of fungal growth and
small granules (white arrow), which are, in fact, residues
of capsicum oleoresin. Figure 4b shows cracks (~40 pm)
and pores, which are not observed on the wood samples
without surface treatment. Figure 4c suggests the presence
of chlamydospores, which are thick-walled fungal spores
into a brown cell wall, occurring in many groups of stain
fungi. They are close to the pores, and although a round flat
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Figure 3. Diffractograms for Pinus sp. and Hymenaea sp. a) without
any surface treatment (or inoculated fungus), and b) with oleoresin
capsaicin and inoculated fungus.

Table 1. Contact angles for wood samples without and with preservative treatment™.

preservative Absent Capsicum baccatum Capsicum frutescens
samples
Pinus sp. 32° 19° ”
Hymenaea sp. 55° 410 18”

* measurement uncertainty: 3%.
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Figure 4. Photomicrographs obtained by SEM for the autoclaved wood samples evidencing the presence of: a) hyphae, open pores, and
residues of oleoresin capsicum; b) cracks after fungal attack; ¢) chlamydospores.

shape cannot be clearly observed in these images (typically
from hyphae, which is separated from the mother cell under
stress - low humidity or food conditions, for instance), they
start to behave as resistant spores, that means more resistant
to heat, dryness, and preservatives, when compared to
fungal mycelia.

4. Conclusions

Pinus sp. and Hymenaea sp. allowed the growth of
Paecilomyces variotti, but, after treatment with capsaicin
oleoresin, the fungal attack showed to be less effective.
Contact angle measurements and photographs taken within
a period of four months evidenced that Capsicum frutescens
penetrates better into the wood structures, and it is more
efficient for protecting the samples against decay organisms.
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