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 The sapucaia wood (Lecythis pisonis Cambess) is largely used and studying its 
technologic characteristics is useful to diffuse and increase its use. To characterize and 
quantify the color of the wood, one of the most important aesthetic attributes, it is 
important to attempt to make it more attractive to the market. Heat treatments are useful 
in modifying the surface of the wood, changing its color and sometimes making it more 
homogeneous. The goal of this study was to characterize the effect of heat treatment on 
modifying the heartwood and sapwood of sapucaia wood in their radial and tangential 
faces. The heat treatments were carried out in muffle furnace at temperatures of 180 
and 215°C for 20 and 40 minutes. The wood was characterized by the color 
colorimetric parameters L *, a *, b *, C * and h using the 1976 CIELAB color system. 
The heartwood in the tangential face is classified as brownish yellow and when treated 
at 180°C for 20 and 40 minutes became red, the 215°C for 20 minutes turned to be dark 
brown and 215°C for 40 minutes purplish brown. The radial face of the heartwood was 
classified as a brownish yellow continued brownish yellow when treated at 180°C for 
20 minutes and 40 minutes, at 215°C for 20 minutes was classified as red and under the 
same temperature for 40 minutes was classified as dark brown. The sapwood is 
classified as pink in its tangential and radial faces, tangential face treated at 180ºC for 
40 minutes, 215°C for 20 and 40 minutes became olive color, the radial face treated at 
180°C for 40 minutes changed to olive brown and to 215°C for 20 and 40 minutes light 
brown. The results showed that the heartwood is different from the color of sapwood in 
this specie, with the heartwood more daskest and red. The heartwood behaved 
differently than sapwood in thermal tests, being more sensitive to changes in color than 
sapwood. The temperature and time of the tests affected the color changes and 
generally temperatures and longer times became the wood darker. Heat treatments 
promoted modification of color, enabling a transformation of wood into a product with 
distinct colorimetric characteristics, emerging a new possibility of using this species.  

 
INTRODUCTION 

 
Wood color is an organoleptic property and are the one of most important aesthetic features, being as 

necessary as the mechanical and physical properties of the wood, and can be influenced by its intrinsic 
characteristics (physical, chemical and anatomic), and by external factors (climatic conditions, and silvicultural 
conditions) (Mori et al., 2005).  

Colorimetry is a scientific, objective and quantitative measure of an object color. The technique that 
reproduces this analysis is the CIELAB system. The Comission Internacionale de L’Eclairage (CIE) – an 
international organization whose work is based on the color and light use – developed methods to express the 
colors numerically, the chromatic measuring L*a*b*, described in 1976, considers three spatial axis 
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perpendicular to each other, whose points provide uniform numerical differences regarding visual differences 
(Gonçalez, 1993). 

Several researches have been developed aiming to improve wood properties, especially to preserve its 
characteristics when used; therefore, the thermal treatments represent an alternative capable to improve color 
stability, optimizing its use (Gouveia, 2008). In works like Lima et al. (2015) can be seen the importance of the 
use of heat in industrial processes with wood. The superficial changes on the pieces caused by the heat has a 
strong economic and environmental appeal, because, heat treatment can change wood color without any use of 
environmentally harmful chemicals (Vinha et al., 2015). The heat treatment parameters, as temperature, heating 
rate duration, atmosphere gas and pressure as well as the wood’s chemical composition influence of 
modification degree (Joma et al., 2016).   

The sapucaia tree has reddish-yellow heartwood, distinct from the yellow sapwood, with dark stains, which 
helps identifying the specie. It is a wood with few studies, especially when it comes to its colorimetric 
characteristics, even if it is largely used on construction of furniture, ships, decorative pieces, toys, musical 
instruments and others (Souza et al., 1997), due its color, figure and texture.  

Sapucaia wood has elevated percentage of sapwood, usually of a yellow-pinkish color, different from the 
heartwood, of red-yellowish color. The use of both woods (heartwood and sapwood) puts on the market more 
options, beyond increasing the economic viability of species use.  

The goal of this study was to characterize the effect of heat treatment on modifying the heartwood and 
sapwood of sapucaia (Lecythis pisonis) wood in their radial and tangential faces. 

 
MATERIAL AND METHODS 

 
The sapucaia wood (Lecythis pisonis) used in this study was from an industry in Distrito Federal (Brazil). 

We obtained three wood boards that after identified were divided at the Carpentry of the Laboratory of Forestry 
Products of Brazilian Forestry Service (LPF-SFB), in Brasilia, Brazil. The wood was split into 35 samples 
measuring 2cm x 2cm x 30 (width, thickness and length) segregated into heartwood and sapwood samples. The 
division between heartwood and sapwood was easily performed by their color difference. The samples were 
allocated in an acclimatization room, where remained for 40 days and then, went to thermal treatment.  

The thermal treatments were performed at the Laboratory of Forestry Products (LPF) and we used the 
muffle furnace Quimis. We developed preliminary trials to verify which conditions were better for the 
treatment. From these trials, the heating rate adopted was 2°C/minute. 

The heating ramp was defined from t0 to t1. The period in which the samples remained at the muffle after 
reaching the final temperature, is called final level, it was defined from t1 to t2. By the end of the final level, the 
thermal treatment ends and the muffle goes to the cooling phase (t2 to t3). The initial moisture of the samples 
thermal treatment was 12%. Figure 1 illustrates the thermal treatments.  

 

 
Fig. 1: Temperature and time program applied to the treatments. 

 
The thermal treatments of the samples started at 50ºC and on the cooling phase, the samples were taken 

from the muffle when the equipment reached 100ºC. Each treatment used seven samples, mixing samples of 
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heartwood and sapwood, summing 4 trials, combining temperature and time. The temperatures and times 
selected were 180°C and 215°C and 20 and 40 minutes, respectively. Table 1 shows the summary of the thermal 
treatments.  

 
Table 1: Treatments used in function of the temperature and time.  

Treatment Final Temperature (°C) Time (minutes) 
Control sample 0 0 
T1 180 20 
T2 180 40 
T3 215 20 
T4 215 40 

 
The colorimetric technique was used as a tool to follow the alteration of the colors on the samples of the 

heartwood and sapwood, submitted to the treatments mentioned on Table 1. This trial used an X-Rite Color Eye 
XTH spectrophotometer, with 3nm resolution, equipped with an integrant sphere of diffuse reflectance, D65 
illuminant and 10º angle, in environment temperature, linked to a computer.  

On each sample, we performed 15 readings per face (radial and tangential) of the samples, summing 210 
measurements for each treatment and for the control sample. The method adopted to determine the colorimetric 
parameters was the CIELAB 1976 system, in accordance to Gonçalez (1993).  

The colorimetric readings measured were: lightness (L*), the red-green axis coordinate (a*) and the blue-
yellow axis coordinate (b*). The saturation (C) and hue angle (h*) parameters were obtained from L*, a* and 
b*. To calculate the parameters C (saturation) and h* (hue angle) the proceedings equation were used, as 
described by Gonçalez (1993). 

The values of all calorimetric values were obtained directly by the data acquisition software and then, were 
tabled in an electronic spreadsheet.  

The values obtained for the parameters were submitted to variance analysis (ANOVA) using the 
ASSISTAT 7.7 software, aiming to verify the statistic difference between the parameters averages for the 
treatments. For data that differed statistically, in other words, when the F value was significant (α = 0,05), the 
Tukey averages test was applied at 5% of significance. Before the variance analysis, the averages distributions 
were analyzed by the Shapiro-Wilk test at 95% of probability, to verify the normality of the distributions.  

 
RESULTS AND DISCUSSION 

 
Tables 2 to 5 present the results for the colorimetric parameters and the statistical analysis performed, 

showing the difference between the heartwood and the sapwood, for each face (tangential and radial), for the 
control sample and thermal treatments studied in the sapucaia tree wood.  

 
Table 2: Average values of the colorimetric parameters L*, a* and b* of the tangential and radial faces of sapucaia heartwood. 

Treatment 
L* a* b* 
Tang. Radial Tang. Radial Tang. Radial 

Control sample 
51,13Aa 55,14Ba 21,07Aa 20,64Aa 29,57Aa 31,32Ba 
(0,96) (1,9%) (1,28) (2,3%) (0,91) (4,3%) (0,36) (1,8%) (1,10) (3,7%) (0,62) (2,0%) 

T1 
37,89Ab 45,22Bb 21,01Aa 20,50Aa 21,00Ab 26,67Aab 
(2,25) (5,9%) (2,21) (4,9%) (1,29) (6,2%) (0,57) (2,8%) (3,35) (15,9%) (1,65) (6,2%) 

T2 
36,55Ab 43,89Bbc 19,34Aab 20,98Aa 18,26Abc 25,31Bb 
(1,47) (4,0%) (2,79) (6,4%) (1,56) (8,1%) (0,64) (3,1%) (2,69) (14,7%) (1,50) (5,9%) 

T3 
34,39Abc 38,45Bcd 15,31Ab 16,88Ab 14,44Acd 18,66Bc 
(1,57) (4,6%) (1,15) (3,0%) (1,25) (8,2%) (0,93) (5,5%) (1,76) (12,2%) (1,70) (9,1%) 

T4 
30,15Ac 34,73Ad 10,65Ac 14,70Ab 10,16Ad 15,66Ac 
(2,76) (9,2%) (3,05) (8,8%) (2,43) (22,8%) (2,39) (16,2%) (2,94) (28,9%) (3,55) (22,6%) 

 
The lower case letters compare the average between the lines and the upper case letters between the 

columns, for the same variable, being that the averages with equal letters are not statistically different between 
themselves by the Tukey Test at 5%. The values in brackets are the standard deviation and the variation 
coefficient, respectively.  

 
Table 3: Average values of the colorimetric parameters C and h* of the tangential and radial faces of sapucaia heartwood.  

Treatment 
C h* 
Tang. Radial Tang. Radial 

Control sample 
36,32Aa 37,51Aa 54,53Aa 56,61Ba 
(1,30) (3,6%) (0,48) (1,3%) (0,90) (1,7%) (0,82) (1,4%) 

T1 
29,74Aab 33,65Aa 44,76Ab 54,42Bb 
(3,25) (10,9%) (1,60) (4,8%) (3,02) (6,8%) (1,19) (2,3%) 

T2 
26,62Abc 32,89Ba 43,16Ab 50,31Bbc 
(2,96) (11,1%) (1,28) (3,9%) (2,10) (4,9%) (1,77) (3,5%) 
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T3 
21,05Acd 25,17Ab 43,18Ab 47,80Bcd 
(2,10) (10,0%) (1,88) (7,5%) (1,42) (3,3%) (1,06) (2,2%) 

T4 
14,73Ad 21,49Ab 43,31Ab 46,49Ad 
(3,78) (25,7%) (4,21) (19,6%) (1,87) (4,3%) (2,10) (4,5%) 

 
The lower case letters compare the average between the lines and the upper case letters between the 

columns, for the same variable, being that the averages with equal letters are not statistically different between 
themselves by Tukey’s Test at 5%. The values in brackets are the standard deviation and the variation 
coefficient, respectively.  

 
Table 4: Averages values of the colorimetric parameters L*, a* and b* of the tangential and radial faces of sapucaia sapwood.  

Treatment 
L* a* b* 
Tang. Radial Tang. Radial Tang. Radial 

Control sample 
56,35Aa 57,32Aa 11,20Aa 11,42Aa 21,06Aab 23,13Ba 
(0,69) (1,2%) (0,36) (0,6%) (0,22) (2,0%) (0,61) (5,3%) (0,63) (3,0%) (0,62) (2,7%) 

T2 55,59Aa 
(1,27) (2,3%) 

57,14Aa 
(1,65) (2,9%) 

11,99Aa 
(2,34) (19,5%) 

11,90Aa 
(1,80) (15,1%) 

23,47Aa 
(3,61) (15,4%) 

25,24Aa 
(3,67) (14,5%) 

T2 55,56Aa 
(1,00) (1,8%) 

56,72Aa 
(2,30) (4,1%) 

10,11Aa 
(0,45) (4,4%) 

9,94Aa 
(0,74) (7,5%) 

21,40Aab 
(0,98) (4,6%) 

22,05Aa 
(2,58) (11,7%) 

T3 51,39Ab 
(1,54) (3,0%) 

52,84Ab 
(0,96) (1,8%) 

10,78Aa 
(1,68) (15,5%) 

11,51Aa 
(1,86) (16,1%) 

21,80Aab 
(2,45) (11,2%) 

23,68Aa 
(2,98) (12,6%) 

T4 45,77Ac 
(1,21) (2,6%) 

48,25Bc 
(1,48) (3,1%) 

9,08Aa 
(0,78) (8,6%) 

10,0Aa 
(1,73) (17,3%) 

17,82Ab 
(0,84) (4,7%) 

20,32Aa 
(2,38) (11,7%) 

 
The lower case letters compare the average between the lines and the upper case letters between the 

columns, for the same variable, being that the averages with equal letters are not statistically different between 
themselves by Tukey’s Test at 5%. The values in brackets are the standard deviation and the variation 
coefficient, respectively.  

 
Table 5: Average values of the colorimetric parameters C and h* of the tangential and radial faces of sapucaia sapwood.  

Treatment 
C h* 

Tang. Radial Tang. Radial 

Control sample 
23,86Aab 25,81Ba 61,97Aa 63,72Aa 
(0,63) (2,7%) (0,50) (1,9%) (0,48) (0,8%) (1,58) (2,5%) 

T1 26,37Aa 
(4,26) (16,2%) 

27,91Aa 
(4,09) (14,7%) 

63,04Aa 
(1,33) (2,1%) 

64,77Ba 
(0,22) (0,3%) 

T2 23,68Aab 
(0,96) (4,0%) 

24,20Aa 
(2,64) (10,9%) 

64,69Aa 
(1,24) (1,9%) 

65,67Aa 
(1,12) (1,7%) 

T3 24,34Aab 
(2,84) (11,6%) 

26,33Aa 
(3,47) (13,2%) 

63,74Aa 
(2,12) (3,3%) 

64,12Aa 
(1,17) (1,8%) 

T4 20,00Ab 
(1,01) (5,0%) 

22,66Aa 
(2,89) (12,8%) 

63,02Aa 
(1,55) (2,5%) 

63,87Aa 
(1,36) (2,1%) 

 
The lower case letters compare the average between the lines and the upper case letters between the 

columns, for the same variable, being that the averages with equal letters are not statistically different between 
themselves by Tukey’s Test at 5%. The values in brackets are the standard deviation and the variation 
coefficient, respectively.  

The colorimetric parameters of the control sample are statistically different when compared to the 
heartwood and sapwood, for both faces (tangential and radial).  

For both faces, the sapwood of sapucaia tree is clearer than the heartwood (Tables 4 and 5). The radial face 
shows more luminosity (L*) than the tangential (Table 4). According to the color Table suggested by Camargos 
and Gonçalez (2001), the sapucaia wood is classified as yellow-brownish (heartwood) and pink (sapwood). 
Despite the colorimetric technique used on the research (CIELAB, 1976) detected differences between the faces, 
the Color Table proposed by Camargos and Gonçalez cannot differ the faces of this species, for both the 
heartwood and sapwood. It occurs due the breaks on the chromatic variables to be spaced on Camargos and 
Gonçalez Table, and the colorimetric variables values being close. However, the technique has potential for 
screening the wood pieces to obtain lots of homogeneous color, bringing uniformity for the color of the products 
derived from wood classified by the technique. Autran and Gonçalez (2006) also found for rubber tree wood a 
similar result, not observing a significant difference between the faces.  
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For treatments (T1, T2, T3 and T4), the wood darkened on the heartwood and on the sapwood, on both 
faces, existing statistic differences for clarity (L*) on all treatments. However, it is observed on the heartwood 
(Tables 2 and 3) the decrease in clarity is much more significant, perhaps the greatest amount of extractives 
present in this type of wood that react to temperature elevations. This was consistent with the findings in 
previous studies (Şahin et al., 2010; Korkut et al., 2013). The T4 treatment (215°C and 40 minutes) darkened 
the sapucaia wood the most. On the thermal treatments T1, condition in which the wood is treated at 180°C for 
20 minutes, the decreasing on the L* parameters is 25,90% regarding the control sample and other treatments. 
Considering the color alteration and its uniformity, the T1 treatment would have a huge effect on the heartwood, 
darkening it, and would be economic.  

According Dubey et al. (2011), the change in wood color during heat treatment may be due to a 
combination of the following factors like the chemical change in Formation of oxidative products such as 
quinonnes and other colored products from degradation of hemicelluloses and lignin, which migrate towards the 
surface during the heat treatment, and a removal or migration of extractives and nutritive compounds such as 
low molecular sugars and amino acids towards the surface. 

It is verified that both coordinates influence the characterization of color on this specie for heartwood and 
sapwood, however, due the influence of b* coordinate for both, the color of the wood is closer to the yellow axis 
of the CIELAB 1976 system. On the sapwood (Table 4), due the high values of the b* coordinates and low 
values of a* coordinates, it is observed a huge influence of the yellow-blue coordinate, highlighting that the 
yellow pigmentation on the sapwood. For the heartwood (Table 2), however, even with the high values of b*, it 
is observed elevated values for a* coordinates, as well, evidencing the reddish color of the sapwood.  

Since the treatments studied refer to the wood coloring at the first quadrant of the CIELAB 1976 system, it 
is possible to consider the angle variation of h* variable, between 0º and 90º, which defines variation of the red 
and yellow matrix (Lima et al., 2013). It was observed that for the heartwood wood (Table 3), through the 
thermal treatments, the hue angle decreased (h* variable), confirming the influence of the treatment on the red 
tone. On the sapwood (Table 4), due the elevated values of b* coordinates and low values of a* coordinate, it is 
observed a high influence of the yellow pigment, evidencing that the yellow color is determinant on the 
sapwood. The sapwood also has a lighter color than the heartwood, its L* value, parameter responsible for 
clarity, is higher.  

For sapwood, the species has between the faces only the b* and C parameters and distinct only for the 
control sample, evidencing that the split face does not influence in this case. Autran and Gonçalez (2006) also 
found for the rubber tree a similar result, not stating a significant difference between the faces. With the thermal 
treatments, the wood loose clarity on both faces and the tangential is more affected, being darker on the last 
treatments, mostly on T4, in which the wood is treated more severely. The b* coordinate remains influencing 
the sapwood with the thermal treatment, not having a reddish effect for none faces.  

Figure 2 illustrates the thermal treatments for the heartwood and Figure 3 for sapwood, noting the 
distinction between the heartwood and sapwood, where the heartwood is redder and darker and during the 
treatments loses luminosity, while the sapwood is lighter and yellow and is more affected by the clarity on the 
last treatments. Figure 2, also, shows that the redial face is distinct from the tangential for the heartwood; the 
radial is lighter with yellowish nuances.  

 

 
 
Fig. 2: Control sample and thermal treatments of sapucaia heartwood at the tangential face - (A) – Control 

sample; (B) – T1 treatment; (C) –T2 treatment; (D) – T3 treatment; (E) –T4 treatment; on the radial face 
- (F) – Control sample; (G) – T1 treatment; (H) –T2 treatment; (I) –T3 treatment; (J) - T4 treatment. 
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For sapwood (Figure 3) the radial and tangential faces only presented a significant difference from 
treatment T2, such difference highlights on the T4 treatment.  

 

 
 
Fig. 3: Control sample and thermal treatments of sapucaia sapwood at the tangential face - (A) – Control 
sample; (B) – T1 treatment; (C) –T2 treatment; (D) – T3 treatment; (E) –T4 treatment; on the radial face - (F) – 
Control sample; (G) – T1 treatment; (H) –T2 treatment; (I) –T3 treatment; (J) - T4 treatment. 

 
In accordance to the color Table suggested by Camargos and Gonçalez (2001), the sapucaia wood is 

classified according to Table 6. It is observed that for both coordinates (a* and b*) influence on the 
characterization of the color of the heartwood and sapwood. However, even with superior values for b*, the a* 
values are high, with justifies the red tone (a*) prevailing and characterizing the brown color for the radial face 
of the heartwood and sapwood, and being reddish for the tangential face of the heartwood. The thermal 
treatment promoted the darkening and reddening of the heartwood and slight darkening of the sapwood.  

 
Table 6: Sapucaia wood Color Classification.  

Treatment 
Heartwood Sapwood 
Tangential Radial Tangential Radial 

Control sample Yellow-brownish Yellow-brownish Pink Pink 
T1 Red Yellow-brownish Pink Pink 
T2 Red Yellow-brownish Olive Olive-brown 
T3 Dark-brown Red Olive Light-brown 
T4 Purplish-Brown Dark-brown Olive Light-brown 

 
It is observed that the heartwood suffers from more color variations, as mentioned previously. As for the 

heartwood, probably due its lack of misplacements, it stabilizes the T2 (tangential) and T3 (radial) treatments. It 
is verified that the thermal treatments alter the color of the wood, for both the heartwood and the sapwood, for 
the faces, emerging new options of colors. It can valorize the wood of a certain species which presents a color 
least demanded by the market.  

Based on the reflectance values of the visible region, we characterized the specter signature of the sapucaia 
tree wood, considering the heartwood, the sapwood, the tangential and radial faces, and the thermal treatments 
(Figure 4).  
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Fig. 4: Specter signature of the visible region of sapucaia heartwood, sapwood, radial and tangential faces, and 

the studied thermal treatments.  
 
We perceive greater variation on the heartwood color and uniformity on the sapwood. Again, the huge 

presence of misplacements on the heartwood, probably, is responsible by the color alteration on this region. The 
specter curves show that the thermal treatments darkened, both, the heartwood and sapwood, even if it is more 
prominent on the heartwood. The elevated predominance on the wave length over 600nm on the heartwood 
wood, explains its darker color for the tangential and radial faces. The T4 treatment darkened the wood of the 
heartwood and the sapwood the most.   

 
Final Considerations: 

The study characterizes the color of sapucaia wood for radial and tangential faces of heartwood and 
sapwood, providing important information about the species. Knowing the color of the wood and the distinction 
between heartwood and sapwood, and between the faces, as did the study, facilitates the identification of the 
species and allows the user to use the material with the most desirable characteristics to the chosen goal. 

The wood is sold with its heartwood and sapwood, and selecting the material becomes difficult due the little 
difference between them, in the case of sapucaia this issue is easily solved, by the color difference between its 
parts. 

The heartwood of the specie is yellow-reddish, independent from the face. As for the sapwood, it is pink, 
also, on both faces. These woods can be commercialized separately, enabling to form uniform lots.   

The thermal treatment of sapucaia wood is efficient to modify the clarity (L*) of the surface of the wood for 
the heartwood and sapwood, highlighting that on the heartwood its modification is faster and more drastic. The 
heartwood presents for the sapucaia treated thermally a reddening tendency. While the sapwood becomes light 
brown.   

It was concluded in the study that the change of color of sapucaia wood by the heat treatment can be used as 
a way to manipulate the visual appearance of this wood, which may make it more desirable for industry, 
enhancing and extending the use of the species. 
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