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Abstract:

This study investigates the relationships between total extractive content and wood color as well as
discoloration caused by artificial sunlight, of the tropical species Jatoba (Hymenaea courbaril L.) and African
Padauk (Pterocarpus soyauxii Taub). The surface color was measured before and after light exposure by a
spectrophotometer (CIEL*a*b*). Wood powder samples were extracted with acetone/methanol/distilled water
mixture to determine the total extractives content. Color parameters of wood were related to the amount of
extractives. The influences on the individual parameters L*, a* or b* were found to be species dependent. The
strongest influence was observed for lightness L*. The other color parameters measured after ultraviolet- light
exposure were also related to the extractives contents, or to generated photodegradation products.
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INTRODUCTION

Surface color together with color stability after light exposure is among the most important aesthetic
aspects of wood used for exterior as well as interior purposes. The color of wood is determined by existing
chemical components that interact with light, i.e., the presence or absence of extractives in the wood structure
(Hon and Minemura 2001). Extractives have a very heterogeneous chemical background including lipids,
phenolic compounds, terpenoids, fatty acids, resin acids, steryl esters, to sterols and waxes (Shebani et al.
2008). Among the different extractive component the phenolic components play a crucial role with respect to
light sensitivity (Chang et al. 2010).

The sunlight, i.e. the ultraviolet (UV) portion of the electromagnetic spectrum causes most of the observed
color changes. Exposure to light causes darkening of the wood surface, leading to a photo-discoloration and to a
photo-degradation (Pandey 2005). The reaction is related to oxygen and free radical reactions that are formed
during photo-degradation of lignin and extractives (Feist and Hon 1984, Hon 1991). Phenolic extractives
undergo rapid photochemical changes and during photo-degradation chromophoric groups are created (Pandey
2005, Chang et al. 2010). The amount of extractives affects the intensity of wood color, whereas their chemical
nature of the prevalent extractives determines the type and speed of the photodegradation processes
(Romagnoli et al. 2013). UV-induced discolorations of extractive-rich wood are most likely caused by phenolic
compounds: carbonyl groups containing chemical structures seem to be in associated with observed wood color
changes (Dirckx et al. 1987, Hon 1991).

In this work, we explore relationships among heartwood color, discoloration after artificial sunlight
irradiation, and the total extractive content of two tropical species. We hypothesize that wood samples with
higher extractives content are more prone to discoloration after UV irradiation. We also hypothesize that the type
of discoloration is species dependent, which might be linked to the involved extractives.

MATERIAL AND METHODS

Fourteen heartwood samples of the two tropical species Jatoba (Hymenaea courbaril L.) and African
Padauk (Pterocarpus soyauxii Taub) were chosen for this investigation. These species are commercially viable
and they are known for their intense heartwood coloration, which is often subject of high variability. Prior to light
exposure the surfaces were sanded, before storing them in a standard-acclimatized darkroom. Samples were
irradiated for 144 hours in a xenon test chamber Q SUN Xe-1, Q-Lab Corporation, U.S.A., which uses a 1800W
xenon arc lamp, with a irradiance intensity of 0.55W/m” at 340nm, and a black panel temperature of 55°C.
Specimen positions within the chamber were repeatedly changed to equalize for the radiation intensity.

The mobile spectrophotometer spectro-guide 45/0 (45/0 measuring geometry, 10° standard observer, D65
standard illuminant, aperture 11mm, CIEL*a*b* color system; BYK-USA Inc.) was used to measure surface color
before and after irradiation. To describe the color space the CIEL*a*b* rectangular color system was applied.
CIEL*a*b* is defined by the achromatic lightness axis (L*), the chromatic green-red axis (a*) and the chromatic
blue-yellow axis (b*). While lightness L* ranges between 0 (black) to 100 (white), the actual color of the wood is
characterized by a* and b* (+a* red, -a* green, +b* yellow, -b* blue). Parameters were measured at five different
spots on each sample and averaged. The overall color change was determined by the color deviation AE*, which
was calculated according to (1):

AE = \/(AL*)? + (Aa*) + (Ab*)? (1)

.where: AL*, Aa*, Ab* represent the differences between the color of original and exposed wood surfaces.
Low AE* was equivalent to a low color change. For determining the extractives content the samples were pre-
split before milled to wood powder in a Retsch grinder ZM 1000 (0.25mm mesh sieve). The extraction of the
absolutely dried wood powder was carried out in an Accelerated Solvent Extractor, ASE, Dionex®. About 0.3g of
powder was extracted in an acetone/methanol/distilled water mixture (35:35:30, v/v/v). The solvent was
evaporated from the extract in a pre-weighed Erlenmeyer flask, followed by a drying step in a desiccator. The
flask was then re-weighted. The total amount of extractives was determined relative to the dry weight of the
wood powder. For each sample two repetitions were done.
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RESULTS AND DISCUSSION

Extractive contents found in the acetone-methanol-distilled water extract are summarized in Table 1 for
both species. Total extractive content ranged between 6 % and 27 %, with average values of 12 % for Jatoba,
and 16 % for African Padauk. Higher extractive contents were found for African Padauk, with the highest value
at 27%. The lowest extractive content was 6.4 %, obtained for Jatoba.

Table 1
Mean, minimum and maximum values and coefficients of variation (CV) of total extractive contents in the
heartwood of Jatoba (Hymenaea courbaril L.) and African Padauk (Pterocarpus soyauxii Taub.)

Mean value (%) Minimum (%) Maximum (%) CV (%)
African Padauk 15.6 10.6 26.9 27.9
Jatoba 12.3 6.4 17.0 25.8

The here examined species have dark-colored differentiated heartwood. The color of fresh African Padauk
heartwood is vivid red and varies from orange-brown to reddish-brown hue. Jatoba usually shows shades of
brown, with occasionally purple tones. It was found that the total extractives in Jatoba were linked to lightness
L*. In our work, we found a significant positive relationship between L* and the extractive content (Table 2,
r=0.79, Fig. 1) of the unexposed wood surface. A similar correlation was found for the chromatic parameter b
(r=0.85). One of main color components in Jatoba wood is yellow since with higher extractive contents the wood
became yellower and lighter. After irradiation the relationships between total extractives and color parameters
did change. Especially a* showed a positive correlation for both species. Ishiguri et al. (2003) exposed the
extracts of Sugi to UV and found that the n-hexane-soluble fraction contained substances that shifted the color
to yellow, while the acetone-soluble fraction caused a color change into the red.

Table 2
Pearson correlation coefficients (r) between color parameters (before and after irradiation) and total
extractives of African Padauk and Jatoba (*significant at 95% confidence level)

L a b
AE
before after before after before after
African Padauk -0.89* -0.80* -0.43 NS -0.54* -0.37 NS -0.81* -0.22 NS
Jatoba +0.79* -0.29 NS | +0.06 NS +0.84* +0.85* -0.05 NS 0.86*

For African Padauk an opposite trend for L* was observed, as Table 2 (Fig. 2) shows a negative
correlation coefficient (r=-0.89). Higher extractive contents have led to a darker wood color. No significant
correlation was found between total extractives content and chromatic parameters a* and b*. After irradiation L*
was still negatively correlated. Likewise, all obtained color parameters were also strongly correlated. As a result,
the amount of extractives was found to be linked to the color change after irradiation.
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Fig. 1.
Relationship between total extractives and original lightness (L*) in African Padauk and Jatoba.

Wood absorbs light beyond 500nm because of the presence of phenolic substances such as flavonoids,
stilbenes, lignans, tannins, and quinone (Hon and Minemura 2000). A wide range of these extractives can also
be found in tropical species. Discoloration of wood during exposure to sunlight or weathering is correlated to the
type and the content of these compounds (Nzokou and Kamdem 2006). Research has shown that significant
correlations exist between phenolic extractives and color parameter in temperate species such as larch, walnut
or American black cherry (Burtin et al. 1998, Gierlinger et al. 2004, Mayer et al. 2006) and also tropical species
(Moya et al. 2012).

For both species an overall color change AE* was visible after irradiation (24.4 for African Padauk and
11.6 for Jatoba). AE* needs to have a minimum 3 to be visually recognizable (Hon and Minemura 2001).
Extractives are responsible for the initial intensive photo-discoloration and with higher contents a color change
will be more distinct. In Jatoba a strong positive correlation between overall color change AE and the total
extractives content was found (Fig. 2). This trend was not seen in African Padauk. The changes in lightness L*
and b* are the main contributors to AE in Jatoba, with both parameters being strongly correlated to the extractive
content. On the contrary, in African Padauk the changes after irradiation in both chromatic parameters were
distinct but seemingly less affected by the extractives. It becomes clear that extractives influence the individual
color parameters in different ways, with AE being widely unrelated to the extractives contents.
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Fig. 2.
Relationship between overall color change AE and the total extractives content
in African Padauk and Jatoba.

Extractives are known to undergo photo-reactions and contribute to the photo-discoloration of wood
(Pandey 2005). Chang et al. (2010) applied the lightfastness test to extracted and non-extracted samples of
Acacia confusa. While in the extracted specimens the lignin was found as the source for derivatives responsible
for the color change, the extractives were the major source in the non-extracted samples. In a next step of this
research a detailed investigation of individual extractive compounds will be done.

CONCLUSIONS

Wood color is related to the amount as well as the chemical nature of the intrinsic extractives. The amount
of extractives influences the individual color parameters L*, a* or b* of wood surfaces. The strongest correlation
was found between lightness L* and total extractives content, in both species. During irradiation the color
distinctively changed, which was most likely caused by the generated photodegradation products of the
extractives. Jatoba showed a higher overall color change AE, along with increasing extractives content. A higher
extractive content also means higher production of photodegradation products. This relationship was not seen in
African Padauk, which is most likely linked to the specific nature of its extractives, having an adverse effect on
the obtained color change.
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