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Merbau wood has been widely used in outdoor applications. However, it has a 
disadvantage in that its water-soluble extractives readily leach out and stain 
adjacent materials. Heat treatment is an efficient technique to solve this problem. 
In this study, the effects of heat treatment on the durability of merbau heartwood 
were investigated. Merbau heartwood blocks with and without heat treatment 
were exposed to subterranean termites (Coptotermes formosanus) according to 
ASTM D3345 (2008), and to brown-rot fungus (Gloeophyllum trabeum) and white-
rot fungus (Trametes versicolor) according to ASTM D1413 (2007). The effect of 
heat treatment on the chemical changes in merbau heartwood and its extracts 
were investigated by means of Fourier transform infrared spectroscopy (FTIR) 
and gas chromatography - mass spectrometer (GC/MS). The results show that 
the extraction yields of merbau heartwood with heat treatment using various 
solvents significantly decreased. However, termite resistance and fungal 
resistance of merbau heartwood with and without heat treatment showed no 
obvious difference. FTIR spectra in the fingerprint region of merbau heartwood 
and its ethanol-benzene extracts did not show any significant difference between 
heat-treated and untreated samples. More constituents were identified from the 
ethanol-benzene extracts of merbau heartwood with heat treatment by means of 
GC/MS compared to those identified from the ethanol-benzene extracts of 
untreated merbau heartwood. 
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INTRODUCTION 
 

The genus Intsia comprises nine species, mostly distributed in Southeast Asia and 

the Pacific Islands (Thaman et al. 2011). Merbau (Intsia spp.) heartwood is widely used in 

outdoor applications because of its good mechanical properties, beautiful color, and 

texture, as well as its high natural durability. However, it has a disadvantage because its 

water-soluble extractives readily leach out and stain adjacent materials (Hu et al. 2012). In 

one of our previous studies, heat treatment was shown to be an efficient technique to solve 

this problem (Hu et al. 2012, 2013). Herein, the effects of heat treatment on the durability 

of merbau heartwood were investigated.   

Previous studies showed that heat treatment could increase the resistance of some 

wood species with low natural durability against fungus and termites. Maritime pine, 

spruce, beech, and poplar measuring 5 cm by 10 cm by 200 cm were heat-treated at 

temperatures ranging from 200 to 260 °C for 1 to 24 h. The results showed that heat 

treatment may modify the durability from non-resistant to moderate/resistant species 

depending on the fungus species (Kamdem et al. 2002). The durability of heat-treated 
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beech wood towards Coriolus versicolor was evaluated according to parameters including 

mass loss, wettability, and chemical composition. Degradation of hemicellulose associated 

with other chemical modifications appearing during heat treatment was thought to be the 

origin of improved durability (Hakkou et al. 2006). The effect of heat treatment 

temperature on the elemental composition of Scots pine (Pinus sylvestris) sapwood was 

investigated in the range of temperatures between 220 and 250 °C (Šušteršic et al. 2010). 

The results confirmed that chemical modifications of wood cell wall polymers were the 

main factors responsible for wood durability improvement against fungal decay after heat 

treatment. The influences of sunlight on the weathering degradation processes of heat-

treated jack pine (Pinus banksiana) and birch (Betula papyrifera) were investigated (Huang 

et al. 2012, 2013). The results revealed that the photo-degradation of lignin and the 

presence of extractives played important roles in discoloration and wetting behavior of 

heat-treated samples during irradiation. Decay resistance against Basidiomycetes fungi of 

heat-treated Pinus roxburghii and Mangifera indica wood at different temperatures for 

different durations was examined by soil block bioassay method. The results revealed that 

the decay resistance against fungal attack could be improved with heat treatment (Kamdem 

et al. 2002; Hakkou et al. 2006; Esteves and Pereira 2009; Sini and Hannu 2009, 2010, 

2015; Šušteršic et al. 2010; Tripathi et al. 2014).  

It has been reported that higher extractive content leads to higher resistance to 

fungus and termites (Wang and Hart 1983; Syafii et al. 1987; Taylor et al. 2006; Antwi-

Boasiako et al. 2010; Kirker et al. 2013). The natural durability and resistance against 

fungal attack varied with variations of the toxic extractives. The extractives and their 

contents may be varied during heat treatment. However, the effect of heat treatment on the 

durability of wood species with high natural durability has seldom been reported. The 

objective of this study was to evaluate the decay and termite resistance of heat-treated 

merbau heartwood. 

 
 
EXPERIMENTAL 
 

Materials 
The gross density of approximately 50-year-old merbau (Intsia bijuga) heartwood, 

which was imported from Papua New Guinea, was 800 kg/m3. The moisture content was 

12.4% after the kiln-dried lumber was conditioned for six months at 25 °C and 65% relative 

humidity.  

 

Methods 
Heat treatment 

 The heat treatment of merbau heartwood was conducted using an experimental 

oven under air atmosphere at 170 °C for 4 h according to our previous studies (Hu et al. 

2012). 

 

Determination of extractive contents 

Heat-treated and untreated samples were ground to fine powder, which was able to 

pass a 250-μm sieve but to be retained on a 180-μm sieve (i.e., particle sizes of 180 to 250 

μm) by a Wiley mill. The powdered samples (2 g) of merbau heartwood with and without 

heat treatment were extracted with various solvents (cold water, hot water, and ethanol-

benzene, respectively), according to ASTM D1110 (2013) and ASTM D1107 (2013) to 
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determine the extractives content. The organic solvent was evaporated at 40 °C in a rotary 

evaporator. All extracted samples were oven-dried at 103 ± 2 °C and reweighed. Each 

extraction was repeated five times. The extractives content was determined as follows, 
 

Extractives content (%) = [(W1-W2)/W1]100                                            (1) 
 

where W1 and W2 are the initial and final oven-dried weights (g) before and after the 

extraction, respectively. 

 

Termite resistance testing 

Blocks of heat-treated merbau heartwood, untreated merbau heartwood, and 

masson pine (Pinus massoniana) measuring 6.4 mm [longitudinal (L)] × 25.4 mm [radial 

(R)] × 25.4 mm [tangential (T)] were exposed to subterranean termites (C. formosanus) , 

which were provided by Guangdong Academy of Forestry according to ASTM D3345 

(2008) for the termite resistance test. Blocks were oven-dried and weighed; meanwhile, 

cylindrical test containers 80 mm in diameter and sand were sterilized before the test. 

Subterranean termites (1 ± 0.05 g, approximately 100 workers) were weighted and counted, 

then added to each container containing a block sample, 100 g of sand, and sufficient 

distilled water. All the containers were stored at 28 °C and 80% relative humidity in the 

dark for eight weeks. The test container was examined daily to remove the dead termites 

and reweighed weekly to keep the amount of water sufficient. The termite survival rate was 

calculated as follows, 
 

Termite survival rate (%) = (T2/T1)100                                                    (2) 
 

where T1 and T2 are the numbers of termites alive at the beginning and the end of the test, 

respectively. 

The percentage of weight loss during the termite resistance test was calculated as 

follows, 
 

Weight loss (%) = [(M1-M2)/M1]100                                                        (3) 
 

where M1 and M2 are the initial and final oven-dried weights (g) of the blocks before and 

after the test, respectively. 

Termite survival rate and weight loss were averaged from five replicates. The 

termite resistance was also classified into the following five rating categories: (10) sound, 

surface nibbles permitted; (9) light attack; (7) moderate attack, penetration; (4) heavy 

attack; and (0) failure based on the visual observation according to ASTM D3345 (2008). 

 

Fungal resistance testing 

Blocks of heat-treated merbau heartwood, untreated merbau heartwood, masson 

pine sapwood, and Chinese white poplar sapwood (Populus tomentosa) measuring 19 mm 

(L) × 19 mm (R) × 19 mm (T) were exposed to brown-rot fungus (G. trabeum) and white-

rot fungus (C. versicolor) according to ASTM D1413 (2007) for the test of decay resistance. 

masson pine and Chinese white poplar sapwood were used here to provide a basis for 

comparison. Blocks of masson pine sapwood measuring 3 mm (L) × 28 mm (R) × 35 mm 

(T) were used as feeder strips. Blocks were placed in glass jars, which contained a medium 

of 2 wt% malt extract and 1.5 wt% agar. The jars were incubated at 28 °C and 75% relative 

humidity for twelve weeks. The percentage of weight loss was calculated using the initial 

and final oven-dried weights of the sample blocks before and after the test using the above 

mentioned Eq. 3. The value was averaged from five replicates. 
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Fourier transform infrared spectroscopy (FTIR) 

The effects of heat treatment on the chemical composition of merbau wood and its 

extractives were studied. The FTIR spectra of the powdered merbau heartwood and its 

extractives with and without heat treatment were obtained by means of a Spectrum 100 FT-

IR spectrometer (PerkinElmer, USA) equipped with a triglycine sulfate (TGS) detector, 

mid-infrared (MIR) light source, and OptKBr beam splitter. Samples (1 mg) were dispersed 

into 100 mg of potassium bromide. They were finely ground and pressed to form pellets at 

25 MPa. The spectrum of each sample was measured from 4000 to 400 cm-1 at a resolution 

of 4 cm-1 and 32 scans under transmission mode. PerkinElmer spectrum 10 was adopted to 

post-process the data. 

 

Gas chromatography / mass spectroscopy (GC/MS) 

Merbau heartwood powder samples with and without heat treatment (particle sizes 

100 to 200 μm) of 2.5 g were oven-dried and ultrasonically extracted with 30 mL of 

ethanol-benzene (1:2, v/v) for 6 h. Extractive solutions were analyzed by GC/MS on an 

Agilent 6890 (USA) gas chromatograph equipped with a split/splitless injector and a 5975 

mass selective detector (MSD) to identify the constituents present in the extractives. The 

chromatography was performed on a 30 meter-long DB-5MS (0.25-mm inner diameter, 

0.25-μm film thickness) capillary column (Agilent Technologies, USA) using helium as 

the carrier gas. The samples (1 μL) were injected via the auto-injector with a 20:1 split ratio 

and 1.4 mL/min flow. Mass spectra were recorded over the 30 to 500 amu range at 1 scan/s, 

with an ionization voltage of 70 eV in electron impact (EI) mode and an ion source 

temperature of 230 °C. The injector port temperature was 290 °C, and the mass selective 

detector was operated at 300 °C. 

The mass spectra of compounds were used to compare with those presented in the 

computer database (NIST08) and spectra published in the references as well as their GC 

retention times related to known compounds. 

 

Statistical analysis 

Means and standard deviations were calculated for extractives contents and weight 

loss for the decay resistance and termite resistance tests. One-way analysis of variance 

(ANOVA) was applied to evaluate the effects of heat treatment on fungal resistance and 

termite resistance of merbau heartwood using SPSS (SPSS 19.0, USA) software. 

Significant differences between variables were examined by means of the Duncan’s test at 

P = 0.05. 

 

 
RESULTS AND DISCUSSION 
 

Extractive Contents 
The extractive contents of merbau heartwood with and without heat treatment using 

various extractive solvents are shown in Fig. 1. The extraction yields of untreated samples 

were 15.6%, 11.3%, and 4.5%, while those of heat-treated samples were 4.6%, 1.5%, and 

0.8% using hot water, cold water, and ethanol-toluene, respectively. The hot water extracts 

had the highest values and ethanol-benzene extractives had the lowest, with and without 

heat treatment. A higher amount of hot water extractives may indicate that samples 

contained much more polar extractives such as tannins, gums, sugar, starch, and coloring 
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matters (Shebani et al. 2008). The extraction yields of merbau heartwood significantly 

decreased after heat treatment (p = 0.000). 

 
Fig. 1. Extractive contents of merbau heartwood with and without heat treatment. Means (N = 5) 
with the same letter are not significantly different using Duncan’s test (*P < 0.05). 

 

Termite Resistance 
The effects of heat treatment on termiticidal activities of merbau wood against the 

subterranean termite C. formosanus was investigated. Weight losses, termite survival rates, 

and termite attack ratings according to visual observation are shown in Table 1.  

 

Table 1. Weight Loss, Survival Rate, and Termite Attack Rate of Samples 
Exposed to C. formosanus 

Samples Weight loss (%) Survival rate (%) Termite attack 

Pine wood  45.0 (±16.8)a ab 51.2 (±5.3) a 4.0 (±0.7) a 
Untreated merbau 6.5 (±0.4) b 38.8 (±4.1) b 8.0 (±0.8) b 
Heat-treated merbau 10.9 (±2.2) b 43.7 (±4.2) b 6.0 (±0.4) c 

a Numbers in parentheses are standard deviations. 
b Means (N = 5) within each column followed by the same letter are not significantly different using 
Duncan’s test (*P < 0.05). 

 

Masson pine sapwood was used as a positive control. The fact that its weight loss 

was 45.0% confirmed that the termites were active under the test conditions. Weight losses 

and survival rates of merbau heartwood with and without heat treatment were 10.9% and 

6.5%, and 43.7% and 38.8%, respectively. The ANOVA analysis on weight losses (p = 

0.59) and survival rates (p = 0.11) of merbau heartwood with and without heat treatment 

showed that the effect of heat treatment of merbau heartwood on termite resistance was not 

significant. It was reported that heat treatment was an ineffective way to increase the 

termite resistance of some wood species (Esteves and Pereira 2009). The termite attack 

ratings of merbau heartwood with and without heat treatment were 6.0 and 8.0, respectively. 

Visual observations after termite resistance testing are shown in Fig. 2. The termite 
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destruction of the heat-treated sample was more serious. The visual observations were 

consistent with the weight loss and termite survival rate data.  

 

 

 

 

 

 

 

 

 
   a)                                                b)                                                 c) 

Fig. 2. Visual observation of samples after termite attack: (a) pine wood; (b) untreated merbau 
heartwood; (c) heat-treated merbau heartwood 

 

Fungal Resistance 
The effect of heat treatment on the fungal resistance of merbau heartwood against 

the brown-rot fungus G. trabeum and white-rot fungus C. versicolor was studied. Weight 

losses after fungal resistance testing are shown in Fig. 3. 
 

Fig. 3. Mean weight loss of samples after exposure to brown-rot fungus (G. trabeum) and white-
rot fungus (C. versicolor). Means (N = 5) with the same letter are not significantly different using 
Duncan’s test (*P < 0.05). 

  

The weight losses of masson pine and poplar sapwoods were higher than 30.0%, 

which confirmed that the fungal tests were valid. Weight losses of merbau heartwood with 

and without heat treatment against the brown-rot fungus G. trabeum were 3.2% and 4.2%, 

while weight losses against the white-rot fungus C. versicolor were 3.3% and 4.2%, 

respectively. Weight losses without heat treatment were slightly higher than those with 

heat treatment against both brown-rot and white-rot fungus. The statistical analysis did not 

show significant differences between the heat-treated and untreated samples (p = 0.190). 

Water-soluble extractives of merbau heartwood readily leach out and stain adjacent 

materials, which limits its outdoor applications (Hillis and Yazaki 1973). Heat treatment is 
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an effective way to solve this problem because some water-soluble extractives with lower 

thermal stability will evaporate or chemically react (Hu et al. 2012). Heat treatment was 

also confirmed to increase the resistance of some wood species with low natural durability 

against fungus and termites (Kamdem et al. 2002; Hakkou et al. 2006; Šušteršic et al. 2010; 

Huang et al. 2012, 2013; Tripathi et al. 2014). Eight durable wood species exhibited higher 

weight loss against termite or fungi attack when their extractives were removed (Kirker et 

al. 2013). The results of the termite resistance test and fungal resistance test showed that 

heat treatment at 170 °C for 4 h did not affect the resistance of merbau heartwood to termite 

attack and decay by brown-rot and white-rot fungi, although the extractive contents 

significantly decreased after heat treatment (p = 0.000). The reason was thought to be the 

synergistic balance between the increase of the durability and the removal of the extracts 

with heat treatment. The quantity and type of extracts both have impact on the durability 

of the woods. During the heat treatment, toxic compounds may be generated and the water 

accessibility of the wood may decrease, providing protection for the heat-treated wood 

against bio-attack (Hakkou et al. 2006). 

 

FTIR 
Chemical changes in merbau heartwood and its ethanol-benzene extracts with and 

without heat treatment were investigated by means of FTIR. FTIR bands in the fingerprint 

region of merbau wood powder with and without heat treatment after ethanol-benzene 

extraction and the ethanol-benzene extracts with and without heat treatment are shown in 

Figs. 4 and 5.  

 

 
Fig. 4. FTIR spectra in fingerprint region of (A) untreated and (B) heat-treated merbau heartwood 
after ethanol-benzene extraction 

 

There are many well-defined peaks in the fingerprint region between 1800 and 800 

cm-1, representing various functional groups. The peaks in the fingerprint region are 

assigned in Table 2.  
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Table 2. Band Assignments in FTIR Spectra of Merbau Heartwood and Its 
Ethanol-Benzene Extracts 

Wavenumber 
(cm-1) 

Functional 
group 

Assignment 

1740-1730 -COOH (C=O) free carbonyl groups, Stretching of acetyl or carboxylic 
acid (hemicelluloses) (Colom et al. 2003; Huang et al. 
2012, 2013) 

1615-1600 C=O C=O stretching conjugated to the aromatic ring (Zhao et 
al. 2014) 

1510 C=C Aromatic (lignin), stronger guaiacyl element than syringyl 
(Colom et al. 2003; Guo and Bustin 1998; Huang et al. 
2012, 2013; Mahajan et al. 2012; Pandey and Pitman 
2003; Shi et al. 2012; Zhao et al. 2014) 

1457 C-H Asymmetric bending in CH3 of lignin (Colom et al. 2003; 
Huang et al. 2012; Shi et al. 2012; Xu et al. 2013) 

1370 C-H (O-H) Aliphatic C-H stretching in methyl; 

O-H bending vibrations in phenols (lignin) (Bui et al. 
2015; Huang et al. 2012; Rosu et al. 2010; Xu et al. 2013)  

1328 O-H Phenol groups (cellulose) (Huang et al. 2012) 

1270 C-O Guaiacyl ring breathing with C-O stretching (lignin and 
hemicelluloses), esters (Huang et al. 2012; Pandey and 
Pitman 2003; Shi et al. 2012; Zhao et al. 2014) 

1232-1239 C–O C-O stretching in O=C–C group (xylan, lignin–
carbohydrate complex ) (Chang et al. 2014) 

1160 C-O-C C–O–C vibration in cellulose and hemicellulose  et al. 
2003; Huang et al. 2012, 2013) 

1115 C-O (O-H) Glucose ring stretching vibration (Bui et al. 2015) 

1030-1050 C-O (C-H) Primary ethanol, guaiacyl (lignin) (Huang et al. 2012) 

988 C-O (C-C, CH2) C-O and C-C stretching and CH2 rocking attributed to 
cellulose and lignin (Mahajan et al. 2012) 

896 C-O-C C–O–C vibrations at β-glucosidic linkages in 
hemicellulose and cellulose (Ghasemi et al. 2013; Huang 
et al. 2012; Pandey 1999; Shi et al. 2012; Yuan et al. 
2015) 

 

The relative intensity of bands at 1734, 1615 to 1600, 1510, 1457, 1370, 1328, 

1232 to 1239, 1160, 1115, 1030 to 1050, and 896 cm-1 showed no significant difference 

between the samples with and without heat treatment. The relative intensity of bands at 

1270 cm-1, assigned to guaiacyl ring breathing with C-O stretching, was slightly lower in 

heat-treated samples, which indicates the untreated samples contained much more 

methoxyl groups in their lignin (Colom et al. 2003; Pandey and Pitman 2003; Huang et al. 

2012b, 2013b; Mahajan et al. 2012; Shi et al. 2012; Zhao et al. 2014). 

It can be observed from Fig. 5 that the relative intensity of the band at 1050 cm-1, 

assigned to C-O and C-H in ethanol and guaiacyl, was higher in the extracts without heat 

treatment, whereas the peak at 988 cm-1, assigned to C-O and C-C stretching and CH2 

rocking, was higher in the extracts with heat treatment. The information from the FTIR 
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spectra indicated that the major components of the merbau heart wood (i.e., cellulose, 

hemicellulose, and lignin) and its extracts did not change during the heat treatment. 

 
Fig. 5. FTIR spectra in fingerprint region of ethanol-benzene extracts of (A) untreated and (B) 
heat-treated merbau heartwood 

 

Gas Chromatography / Mass Spectroscopy (GC/MS) 
Chemical constituents identified in the ethanol-benzene extracts of merbau 

heartwood with and without heat treatment are presented in Table 3. 1-Hexanol 2-ethyl-, 

2-butenedioic acid (Z)-diethyl ester, resorcinol, 1,2,3-benzenetriol, dibutyl phthalate, and 

phthalic acid (6-ethyl-oct-3-yl 2-ethylhexyl ester) were the major constituents identified 

from the ethanol-benzene extracts of merbau heartwood with and without heat treatment. 

Resorcinol and 1,2,3-benzenetriol were the dominant constituents identified from the 

extracts of merbau heartwood without heat treatment; their compositions decreased from 

53.12% and 14.4% to 26.06% and 6.75%, respectively, after heat treatment. From the 

analysis of extractive contents, the organic extractive content was decreased after heat 

treatment. Thus, the absolute amount of resorcinol and 1,2,3-benzenetriol in the heat-

treated sample was less compared to the untreated sample, which indicated that some 

polyphenols in the extractives chemically reacted during the heat treatment. The relative 

compositions (%) of 1-hexanol,2-ethyl-(2.51%), 2-butenedioic acid (Z)-diethyl ester 

(0.84%), dibutyl phthalate (2.38%), and phthalic acid (0.94%) increased in the extracts of 

merbau heartwood with heat treatment.  

There were some more constituents of vanillin (5.01%), benzaldehyde, 4-hydroxy-

3,5-dimehtoxy- (9.13%), ethanone, 1-(4-hydroxy-3,5-dimethoxyphenyl)- (0.72%), 

phthalic acid (2.72%), and 3,5-dimethoxy-4-hydroxy-cinnamaldehyde, butyl isohexyl ester 

(3.67%) identified in extracts of merbau heart wood with heat treatment, which indicated 

new chemical compounds were generated during the heating process. However, these 

changes seemed to have little impact on the durability of the merbau heartwood, as 

indicated above. 
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Table 3. Identified Constituents of Ethanol-Toluene Extracts of Merbau 
Heartwood with and without Heat Treatment 

RTa 
(min) 

Components CAS Formula Match Composition (%b) 

Un- 
treated 

Heat- 
treated 

5.351 1-Hexanol, 2-ethyl- 104-76-7 C8H18O 90 2.508 6.067 
7.757 2-Butenedioic acid (Z)- diethyl 

ester 
141-05-9 

C8H12O4 90 0.844 2.092 

9.375 Resorcinol 108-46-3 C6H6O2 94 53.124 26.062 
10.594 1,2,3-Benzenetriol 87-66-1 C6H6O3 96 14.402 6.749 
10.877 Vanillin 121-33-5 C8H8O3 94 - 5.101 
11.476 Benzaldehyde, 2,4-dihydroxy- 95-01-2 C7H6O3 94 - 8.516 
13.924 Benzaldehyde, 4-hydroxy-3,5-

dimethoxy- 
134-96-3 C9H10O4 95  - 9.132 

14.733 Ethanone,1-(4-hydroxy-3,5-
dimethoxyphenyl)- 

2478-38-8 C10H12O4 86  - 0.720 

16.12 Phthalic acid, butyl isohexyl ester 1000309-
03-6 

C18H26O4 80  - 2.722 

17.076 Dibutyl phthalate 84-74-2 C16H22O4 94 2.375 4.506 
17.329 3,5-Dimethoxy-4-

hydroxycinnamaldehyde 
87345-53-7 

C11H12O4 93 -   3.672 

22.383 Phthalic acid, 6-ethyloct-3-yl 2-
ethylhexyl ester 

1000315-
53-8 

C26H42O4 86 0.938   2.669 

a Retention time; the identified compounds are listed in the elution order from a non-polar capillary 
column. 
b The % composition is the percentage calculated by means of the integral peak area divided by 
the total integral area. 
 

 

CONCLUSIONS 
 

Heat treatment is an effective technique for preventing the water-soluble extractives 

of merbau heartwood from leaching out and staining adjacent materials. The results showed 

that heat treatment had no significant impact on its high natural durability. The main 

findings of this study are as follows: 

 

1. The extraction yields of the merbau heartwood using cold water, hot water, and ethanol-

benzene as solvents significantly decreased with heat treatment. 

2. Heat treatment at 170 °C for 4 h had no significant effects on termite resistance and 

fungal resistance of merbau heartwood.  

3. FTIR analysis of merbau heartwood and its ethanol-benzene extracts with and without 

heat treatment indicated the major chemical components of merbau heartwood did not 

change during the heat treatment process. 

4. 1-Hexanol, 2-ethyl-, 2-butenedioic acid (Z)-diethyl ester, resorcinol, 1,2,3-

benzenetriol, dibutyl phthalate, and phthalic acid, 6-ethyloct-3-yl 2-ethylhexyl ester 

were identified from the extracts of merbau heartwood with and without heat treatment.  
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