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ABSTRACT 
Wood color  is one of important quality parameters for many end-products and is 

associated with wood extractives.  In this study, the colour of teak wood from young trees was 
investigated in relation to extractive content. The samples were 8 trees of Mega teak (superior 
teak wood, 5 years) planted in Gunungkidul (Jogjakarta) and 3 trees of Seruyan teak 
(conventional plantation, 7 years) from Sei Seruyan (Centrak Borneo). The results demonstrated 
that difference site significantly affected the colour properties in the CIE L*a*b* space (L* 
lightness, a* red/green axis,b* yellow/blue axis), particularly in the sapwood. Further, the 
heartwood of Seruyan teak exhibited a significantly yellower (high b* values) than Mega teak. By 
successive extraction (petroleum ether, dichloromethane, acetone/water, ethanol/water and 
hot-water), different extractive composition between the sites was found. Seruyan wood had 
higher proportion in acetone/water solubles than Mega wood in both sapwood and heartwood. 
The difference in color between sapwood and heartwood was mainly the  result of a lower 
concentration of extractives in sapwood with exception for ethanol/water extractive content. In 
the sapwood, the highest correlation was observed between hot-water extractive content and 
parameter L* or b*. The a* and b*-coordinate turned out to be negatively strongly correlated 
with hot-water extractive content in the heartwood region. The result suggests that the 
phenolics measurement from successive fractionation should be conducted for better prediction 
in wood colour.   
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Introduction 
 

Teak heartwood is appreciated for its colour and grain, its natural durability, and 
good strength. Those properties as a fancy wood would generate a high demand. Thus, 
production of high quality timber from fast growing plantations is attempted by various 
methods in Indonesia. Further, the use of young trees also is increasing, particularly 
those supplied from community forests. It is common in community forests with a felling 
cycle under 30 years as against the practice in teak plantation (Perhutani Enterprise) 
with rotation of above 50 years. Thus, more research on characteristics of fast grown 
juvenile wood is necessary, particularly in general assumptions that early formed 
heartwood is less durable than the heartwood from mature trees (Bhat & Florence 
2003).  

Natural durability is undoubtedly derived from the extractive components (Hillis 
1987). Not only is natural durability, but also wood colour is affected by extractives 
(Hon & Minemura 2001).  Thus, several studies concerning the relation between the 
wood colour and natural durability as well as  between the extractive content and 
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natural durability in teak wood have been addressed (Bhat et al. 2005; Kokutse et al. 
2006; Lukmandaru & Takahashi 2008, 2009; Lukmandaru 2010; Ismayati et al. 2016; 
Lukmandaru et al. 2017; Lukmandaru et al. 2018). 

The relation between the extractive content and colour properties in mature teak 
wood have been published (Lukmandaru 2016). It showed only a moderate correlation 
as it is thought that the extraction was conducted only by ethanol-benzene and hot-
water solvents in succession. Previously, wood samples from trees under 10 years were 
characterized for its extractive content by more intense fractionation (Lukmandaru & 
Sayudha 2012). In this work, the colour paramaters of young teak wood from two 
diferent origins were investigated as well as to relate colour properties to previous data 
on extractive contents by successive extraction. It maybe useful in tree breeding for 
higher content of certain extractives if there is a direct relation between colour 
properties and extractive content in wood. 

 
Materials and Method 

Sample preparation 
 The free-defect wood samples were 8 trees of Mega teak (5 years, dbh = 9-14 cm, 
heartwood proportion = 7-28%) and 3 trees of Seruyan teak (7 years, dbh= 9-13 cm, 
heartwood proportion=54-86%). Mega teak is a superior teak wood from a tree 
selection produced by Perhutani Enterprise. It has a straight stem, less branching, and 
fast-growth characters. The planted trees were located in Wanagama Educational 
Forest, Gunungkidul (mediteran soil). Seruyan teak is planted in a conventional way 
(seed planting) and is located in Sei Seruyan, PT Sari Bumi Kusuma, Central Borneo 
Province. For comparison purpose, a mature tree (65 years, dbh = 43 cm, heartwood 
proportion=79%) was felled from KPH Madiun (mediteran soil), Perhutani Enterprise. 
 Disc samples measured 5 cm in thickness (Fig. 1) were taken from the bottom of 
the trees (20 cm above the ground surface). Samples were divided into sapwood and 
heartwood and were ground to size 40-60 mesh wood powder for colour and chemical 
analysis. The heartwood was divided into inner and outer heartwod parts in the mature 
sample. 
 

 
Figure 1. Samples from young teak wood 
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Wood colour 
Wood colour was measured on the surface of air-dried wood powder. A NF333 

spectrophotometer (Nippon Denshoku) was used and color parameters were 
determined using the CIELab system. Three measurements were performed for each 
sample and the average values of the measurements were calculated as the different 
colour parameters, using the three spatial coordinates L*, a* and b*. L* represents 
brightness (along a brightness axis where 100 = white or total brightness; and 0 = black 
or dark- ness) of a color. The value a* measures the redness (along the X axis red (+) to 
green (–)), and the value b* describes the yellowness (along the Y axis yellow (+) to blue 
(–)). Color measurement conditions were: 20 nm intervals over the visible spectrum 
(400–700 nm), with a 6.0 mm aperture at the point of measurement. Tungsten halogen 
light source and standard D65 illumination, which corresponds to daylight, were used.   
Wood extraction 
 Successive extraction (2 g moisture-free wood powder) with an petroleum ether, 
dichloromethane, acetone-water (8:2, v/v), ethanol-water (9:1, v/v), and hot-water was 
conducted refered to Bauch et al. (1991) with modification. Extractives were extracted 
in a soxhlet apparatus for 6 h for each solution. After extraction, the solvent was 
evaporated and the extract in the flask was dried in the oven for 1 h (100 0C). The yield 
was quantified on the basis of moisture-free wood powder. Apolar extractive content 
was the sum of petroleum ether and dichloromethane extractive content while polar 
extractive content was counted from extractive values in acetone-water(8:2, v/v), 
ethanol-water (9:1, v/v), and hot-water. Total extractive content was calculated as the 
sum of apolar and polar extractive contents.  
Statistical analysis  
 The independent-samples t-test was used to establish the difference in colour 
properties between Mega and Seruyan teaks in both sapwood and heartwood. Pearson’s 
correlation coefficients were used to determine the relationship between extractive 
contents and color properties. All statistical calculations were conducted using SPSS-
Win 16.0. 

 
Results and Discussion 

Wood colour 
Table 1 summarizes the detemination of colour properties of  teak wood from 2 

different origins. As expected, there was considerable difference in heartwood and 
sapwood colour. It was noticed that parameter L* variations were highest in both 
heartwood an sapwood of Seruyan samples, with a CV over 10%. The independent-
samples t-test revealed significant differences  between Mega and Seruyan teak samples. 
Statistical differences were calculated in all colour properties for sapwood and only in b* 
for heartwood parts. In the sapwood region, Mega teak samples turn out to be 
significantly lighter, less reddish and less yelowish compared to Seruyan teak samples. 
Differences between the two origins was only observed in b* as Mega teak showed lower 
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b* values (less yellow). Considerable differences were found between young and old 
trees. Juvenile teak wood showed lower values in b* (paler) and higher values in L* 
(lighter) for heartwood and lower values in a* and b* for  sapwood. These 
characteristics are probably more related to site/age factors as previously observed in 
other teakwood studies (Bhat et al 2005; Lukmandaru & Takahashi 2008; Lukmandaru 
2009a). 
 
Table 1. Colour properties of juvenile teak wood in radial direction 
 

Samples Sapwood Heartwood 
Mega  -  tree no L* a* b* L* a* b* 

1 68.8 5.5 18.9 58.2 9.8 22.5 
2 70.3 5.1 19.0 62.9 9.0 22.5 
3 73.9 5.8 21.4 63.6 9.3 23.6 
4 72.9 5.9 22.3 56.1 10.2 23.3 
5 72.2 5.7 20.1 60.2 9.1 22.6 
6 73.9 5.6 22.3 56.3 9.0 22.0 
7 71.3 6.4 24.5 55.8 10.7 25.5 
8 68.8 7.9 23.0 58.0 10.1 24.5 

Average 71.1 a 6.0 c 21.4 e 58.9 9.7 23.3 f 
Std 2.7 0.9 2.0 3.1 0.7 1.2 
CV (%) 3.9 14.6 9.3 5.2 6.9 5.1 
       
Seruyan – tree no       

1 73.9 7.4 27.1 65.7 9.9 28.3 
2 71.1 8.5 28.5 63.5 10.5 28.2 
3 60.0 8.4 25.3 49.8 11.0 28.3 

Average 68.3 b 8.1 d 27.0 f 59.7 10.5 28.3 g 
Std 7.3 0.6 1.6 8.6 0.5 0.1 
CV (%) 10.7 7.7 5.9 14.4 5.0 0.2 
       
Control  (65 years)       
KPH Madiun 68.7 9.8 30.8    
Outer HW    59.2 10.7 31.8 
Inner HW    49.3 12.5 31.4 

Remarks = Mega : superior teak wood (5 years) ; Seruyan : conventional teak wood (7 years), L*= 
brightness index; a*=redness index; b*=yellownes index; Std : standard deviation; CV : coefficient of 
variation; HW: heart wood; SW: sapwood. The different letters are significant at p<5% by independent-
samples t-test. 
 
Extractive content 

By successive extraction, the determination of extractive content is described in 
Fig. 2 (sapwood) and Fig. 3 (heartwood). The amount of extractive content soluble in 
petroleum ether (PEEC), dichloromethane (DCEC), acetone/water (9:1, v/v) (AWEC), 
ethanol/water (8:2, v/v) (EWEC), and hot-water (HWEC) for juvenile teak ranged from 
0.13-1.82%; 0.08-1.73%; 0.38-3.80; 0.26-1.41%; and 0.48-2.11%, respectively. Further, 
the sum of those extracts (total extractive contents/TEC) were from 2.22-5.76% in 
sapwood and 4.22-8.83% in heartwood. Seruyan teak gave higher amounts of TEC in 
average. The wood samples from Seruyan were characterized by higher AWEC 
concentration both in sapwood and heartwood compared to Mega samples. The mature 



—  167  —

171 

 

b* values (less yellow). Considerable differences were found between young and old 
trees. Juvenile teak wood showed lower values in b* (paler) and higher values in L* 
(lighter) for heartwood and lower values in a* and b* for  sapwood. These 
characteristics are probably more related to site/age factors as previously observed in 
other teakwood studies (Bhat et al 2005; Lukmandaru & Takahashi 2008; Lukmandaru 
2009a). 
 
Table 1. Colour properties of juvenile teak wood in radial direction 
 

Samples Sapwood Heartwood 
Mega  -  tree no L* a* b* L* a* b* 

1 68.8 5.5 18.9 58.2 9.8 22.5 
2 70.3 5.1 19.0 62.9 9.0 22.5 
3 73.9 5.8 21.4 63.6 9.3 23.6 
4 72.9 5.9 22.3 56.1 10.2 23.3 
5 72.2 5.7 20.1 60.2 9.1 22.6 
6 73.9 5.6 22.3 56.3 9.0 22.0 
7 71.3 6.4 24.5 55.8 10.7 25.5 
8 68.8 7.9 23.0 58.0 10.1 24.5 

Average 71.1 a 6.0 c 21.4 e 58.9 9.7 23.3 f 
Std 2.7 0.9 2.0 3.1 0.7 1.2 
CV (%) 3.9 14.6 9.3 5.2 6.9 5.1 
       
Seruyan – tree no       

1 73.9 7.4 27.1 65.7 9.9 28.3 
2 71.1 8.5 28.5 63.5 10.5 28.2 
3 60.0 8.4 25.3 49.8 11.0 28.3 

Average 68.3 b 8.1 d 27.0 f 59.7 10.5 28.3 g 
Std 7.3 0.6 1.6 8.6 0.5 0.1 
CV (%) 10.7 7.7 5.9 14.4 5.0 0.2 
       
Control  (65 years)       
KPH Madiun 68.7 9.8 30.8    
Outer HW    59.2 10.7 31.8 
Inner HW    49.3 12.5 31.4 

Remarks = Mega : superior teak wood (5 years) ; Seruyan : conventional teak wood (7 years), L*= 
brightness index; a*=redness index; b*=yellownes index; Std : standard deviation; CV : coefficient of 
variation; HW: heart wood; SW: sapwood. The different letters are significant at p<5% by independent-
samples t-test. 
 
Extractive content 

By successive extraction, the determination of extractive content is described in 
Fig. 2 (sapwood) and Fig. 3 (heartwood). The amount of extractive content soluble in 
petroleum ether (PEEC), dichloromethane (DCEC), acetone/water (9:1, v/v) (AWEC), 
ethanol/water (8:2, v/v) (EWEC), and hot-water (HWEC) for juvenile teak ranged from 
0.13-1.82%; 0.08-1.73%; 0.38-3.80; 0.26-1.41%; and 0.48-2.11%, respectively. Further, 
the sum of those extracts (total extractive contents/TEC) were from 2.22-5.76% in 
sapwood and 4.22-8.83% in heartwood. Seruyan teak gave higher amounts of TEC in 
average. The wood samples from Seruyan were characterized by higher AWEC 
concentration both in sapwood and heartwood compared to Mega samples. The mature 



—  168  —

172 

 

woods showed considerably high values in TEC as expected. The mature sample were 
composed of more apolar fractions (PEEC and DCEC) in heartwood whereas polar 
fractions (AWEC, EWEC, and HWEC) were dominant in sapwood. The detail discussion 
of these findings was adressed in our preliminary work (Lukmandaru & Sayudha 2012). 

 
 

 
Fig 2. Extractive contents of juvenile teak sapwoods by successive extraction. M= mega (superior teak 
wood, 5 years), S = Seruyan (conventional teak wood, 7 years), Control = teak wood from KPH Madiun (65 
years) 

 

 
Fig 3. Extractive contents of juvenile teak heartwoods by successive extraction. M= mega (superior teak 
wood, 5 years), S = Seruyan (conventional teak wood, 7 years), Control = teak wood from KPH Madiun (65 
years); IH: inner heartwood; OH: outer heartwood. 
 
Relationship between extractives content and colour properties 

The coefficient of correlations, considering sapwood and heartwood together, 
between color parameters and extractive contents from successive extraction are 
summarized in Table 2. Except for ethanol-water solubles, all extractives contents 
exhibited a relationship with all color parameters and the coefficients of determination 
ranged from −0.21 to 0.77. Regression analysis showed that extractive content were 
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negatively correlated with L* and positively with a* and b* (Fig. 4).  The combination of 
extractive contents, i.e. polar fraction exhibited relationships with parameter L* and b*. 
This establish that the difference in color between sapwood and heartwood is mainly 
the  result of a lower concentration of extractives in sapwood. It could be explained that 
during heartwood formation, there are more intensive synthesis and accumulation of 
extractives (Taylor et al. 2002).  

 
Table 2. Pearson’s correlation between color properties and extractives content in teak sapwood and 
heartwood 
Extractive content Brightness (L*) Redness 

(a*) 
Yellowness (b*)   

Petroleum ether -0.65** 0.77** 0.36   

Dichloromethane -0.72** 0.73** 0.53**   

Acetone: water (9:1) -0.62** 0.60** 0.66**   

Ethanol: water (8:2) -0.13 0.18 0.41 
Water -0.60** 0.56** 0.07   

Apolar -0.21 0.06 -0.13   

Polar -0.63** 0.50* 0.32 
Total -0.42* 0.27 0.06 

 
 
 

  
Figure 4. Scatterplots between colour properties and extractive content in the teak sapwood and 
heartwood parts. 

 
For more detail analysis, sapwood and heartwood were considered as separated 

samples. The correlation results were described in Table 3 & 4. For sapwood parts, L* 
values were only affected by the levels of polar extracts (AWEC and EWEC) or its 
combination. The a* parameter was significantly correlated to all extracts except for 
EWEC (r= 0.68-0.78) whereas b* parameter was significantly correlated only to PEEC 
and AWEC (r=0.60 and 0.63). It is showed that the values of parameters a* and b* 
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increased significantly whereas L* decreased with the increase in those extracts (Fig. 5).  
Its assumed that the color in sapwood also due to the presence of phenolic constituents. 
Previously, phenolics, i.e a hydroxycinnamic acid and quinone derivatives were detected  
albeit in lesser degree  in the sapwood of teak wood under 10 years (Lukmandaru & 
Takahashi 2009; Niamke et al. 2011). The highest degree was observed between colour 
properties and the levels of HWEC. It indicates that higher molecular weight phenolic 
compounds or glycosides are also involved in the colour variation in teak sapwood that 
were not considered in this study. 

 
Table 3. Pearson’s correlation between color properties and extractives content in teak sapwoood 
Extractives content  Brightness 

(L*) 
Redness (a*) Yellowness 

(b*) 
Petroleum ether -0.34 0.76** 0.63* 
Dichloromethane -0.37 0.68* 0.43 
Acetone: water (9:1) -0.67* 0.71* 0.60* 
Ethanol: water (8:2) -0.14 0.23 0.41 
Water -0.84*** 0.78**** 0.43 
Apolar -0.14 -0.18 -0.31 
Polar -0.71* 0.43 0.13 
Total -0.38 0.04 -0.16 

 
   

 
Figure 5. Scatterplots between colour properties and extractive content in the teak sapwood parts. 
 
 No significant relationship was measured (Table 4) between parameter L* and 
extractive contents whereas a* and b* were statistically related to AWEC (positively) 
and HWEC (negatively). The different results were found when sapwood and heartwood 
are considered together. In the mature teak heartwood (Lukmandaru 2016), the best 
correlation was measured between L* and ethanol-benzene extracts (r=0.55). The 
degree correlation was comparatively high between ethanol-benzene extracts with the 
levels of L* (r=-0.97) and b* (r=0.94) when the normal and black-streaked teak samples 
were used (Lukmandaru 2009b). The smaller range of color properties values in this 
juvenile teak wood might be the cause of this lack relationships. Further, by extract 
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fractionation, it is probably that the type of extractives more affected the heartwood 
colour than its amount, particularly in L* values in this study. However, for a* and b* 
indices, this fractionation produced higher degree of relationships (r) than the work of 
Lukmandaru (2016) in mature teak heartwood. Thus, it is suggested that some 
phenolics affected wood colour after they were separated by more intense fractionation. 

The values of parameters a* and b* (Fig. 6) increased significantly with the 
increment in extractives in the acetone-water extracts (r=0.66 and 0.71). On the 
contrary, parameter a* and b was negatively related to extractives in hot-water (r=-0.73 
and -0.75). In earlier studies, both polar and apolar solvents would dissolve phenolic 
quinones from teak wood (Windeisen et al. 2003; Haupt et al. 2003; Niamke et al. 2011; 
Lukmandaru et al. 2015; Ismayati et al. 2016). In this case, the concentration of more 
polar phenolics might affect colour properties of teak. Quinones are classified as 
colouring matters in plants and give yellow, orange, red and sometimes green or black 
(Harborne & Turner  1984). Unfortunately, no study have been conducted to measure 
the effect the phenolic or quinoine contents in the teak wood colour such as in other 
species (e.g. Gierlinger et al. 2004; Moya et al. 2012; Romagnoli et al. 2013). With regard 
to quinones, the presence of lapachol and dehydro-a-lapachone affected the a* and b* in 
the wood of Tabebuia serratifolia. Coincidentally, lapachol and dehydro-α-lapachone 
were also detected in teak wood (Sandermann & Simatupang 1966; Lukmandaru & 
Takahashi 2009). It might be that all quinones and non-quinones affect wood colour in 
one way or another. 
 
Table 4. Pearson’s correlation between colour properties and extractives content in teak heartwood 
Extractive content Brightness (L*) Redness (a*) Yellowness (b*) 
Petroleum ether 0.02 -0.10 -0.16 
Dichloromethane -0.54 0.54 0.58 
Acetone: water (9:1) -0.56 0.66* 0.71* 
Ethanol: water (8:2) -0.30 0.60 0.45 
Water 0.16 -0.75** -0.73** 
Apolar -0.49 0.47 0.40 
Polar -0.54 0.43 0.46 
Total -0.56 0.47 0.47 
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Figure 6. Scatterplots between colour properties and extractive content in the teak heartwood parts. 

 
Conclusions 

 
 The significant difference in colour between Mega and Seruyan young teak wood 
was observed for both sapwood and heartwood. By successive extraction, it was 
revealed that Seruyan wood contained more acetone/water solubles than Mega wood.  
The levels of extractive contents were negatively correlated with L* and positively with 
a* and b* for sapwood and heartwood considered as combined samples. In the sapwood, 
it is revealed that the values of parameters a* and b* positively correlated whereas L* 
negatively correlated with the extractive contents. In the heartwood, parameter a* and 
b* were correlated to extractives in acetone-water (positively) and hot-water 
(negatively). It is suggested that measurement of phenolics or its constituents in teak 
would be helpful to explain more the relationship between colour properties and 
extractives. 
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ABSTRACT 
 

Traditional charcoal manufacturing such as pit kiln, horizontally and vertically stacked 
mound kiln and concrete kiln, produce charcoal in low quality that only suitable to local market. 
Manufacturing improvement is needed to increase the quality of charcoal produced. We 
developed double layer movable kiln based on the kiln as it can be restrained heat loss and 
expected can produce high quality charcoal. This research was conducted to find out the 
charcoal quality produced on various species using the kiln developed and compared them with 
the traditionally manufacturing. This research was conducted by constructing of double layer of 
wall movable kiln that had box shape, 1.4 m length x 1.0 m width x 1.2 m high. The wall is 
composed on double layers of stainless steel. Between the double layers mentioned was full 
filled with glass wall as isolator material. Various kinds of species were used as materials for 
carbonization process were Acacia mangium, Mangifera indica, Delonix regia, Pinus merkusii and 
Hevea braziliensis. The yield of charcoal processing observed on oven-dried basis was 31.03% 
that was better than other kilns that had a range of 27.4% to 30.28%. Time required for charcoal 
making ranged 46 to 49.5 hours that was longer than other kilns (10 - 41 hours). Moisture 
content of charcoal made by double layer kiln was low enough. Average calorific value of 
charcoal produced by double layer kiln of Pinus merkusii was 8127.40 cal/g, Mangifera indica 
was 7546.67 cal/g, and Hevea brasiliensis was 7116.67 cal/g. Fixed carbon content of charcoal 
made from Pinus merkusii (60.72%) and Mangifera indica (60.82%) met the standard (60-80%). 
The low level of fixed carbon content was found on Acacia mangium (49.56%) and Hevea 
brasiliensis (50.61%).  The volatile matter content of charcoal made had a range of 32.89 – 
36.12% that are higher than standard (25 – 30%). The high content of volatile matter and the 
low content of fixed carbon probably were caused by the small diameter of chimney. Hence, the 
volatile matter that should be released through the chimney, was still inside the kiln. 
Keywords : traditional charcoal, yield, calorific value, charcoal processing, pit kiln 
 

Introduction 
 
 In Yogyakarta Province, people commonly make charcoal by using traditional 
methods, such as pit kiln, stacked mound kiln and concrete kilns (Anonim 2002). It is 
known  that the three methods mentioned are the most charcoal methods that used in 


