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razaK W, izyan K, roziEla hanim a, othman s, aminuddin m & affEndy h. 2011. Effects of 
hot oil treatment on colour and chemical changes in 15-year-old Acacia hybrid. Acacia hybrid trees aged 15 years 
were harvested and cut into samples consisting of sapwood and heartwood taken from the bottom, middle 
and top portions of the tree. The wood samples were thermally modified using temperatures of 180, 200 and 
220 °C, and treatment times of 30, 60 and 90 min. The colour changes in the sapwood and heartwood were 
measured using a chroma meter and the results presented according to the CIE L*a*b* colour coordinate 
system. The results showed that temperature at a certain treatment time enhanced and darkened the treated 
wood. The colour of treated sapwood could be enhanced to match the colour of natural Acacia hybrid 
heartwood. For chemical analysis, wood samples were dried and ground into sawdust. Untreated samples 
were used as controls. The results showed that the holocellulose contents decreased between 1.0 and 11.7% 
for sapwood, and 2.3 and 12.8% for heartwood. The cellulose contents decreased as much as 1.9% to 20.0% 
for sapwood and 2.3 to 22.1% for heartwood. The hemicellulose contents increased to 4.1% for sapwood and 
5.7% for heartwood. Lignin contents increased to 15.4% for sapwood and 11.6% for heartwood. 

Keywords: Sapwood, heartwood, wood colour improvement, wood chemical constituents

razaK W, izyan K, roziEla hanim a, othman s, aminuddin m & affEndy h. 2011. Kesan 
rawatan minyak panas terhadap perubahan warna dan perubahan kimia dalam hibrid Acacia berusia 15 
tahun. Pokok hibrid Acacia berusia 15 tahun ditebang dan dipotong kepada sampel kayu gubal dan kayu 
teras yang diambil daripada bahagian bawah, tengah dan atas pokok. Sampel kayu kemudiannya menjalani 
modifikasi haba menggunakan suhu 180 °C, 200 °C dan 220 °C serta masa rawatan 30 min, 60 min dan  
90 min. Perubahan warna pada kayu gubal dan kayu teras diukur menggunakan meter warna. Keputusannya 
ditunjukkan berdasarkan sistem kordinat warna CIE L*a*b*. Keputusan menunjukkan bahawa suhu pada 
tempoh rawatan tertentu menggelapkan warna kayu yang dirawat. Warna kayu gubal yang dirawat boleh 
dipertingkatkan supaya setanding dengan warna semula jadi kayu teras hibrid Acacia. Bagi analisis kimia, 
sampel kayu dikeringkan dan dikisar menjadi serbuk gergaji. Sampel yang tidak dirawat digunakan sebagai 
kawalan. Keputusan menunjukkan kandungan holoselulosa berkurangan antara 1.0% hingga 11.7% untuk 
kayu gubal dan antara 2.3% hingga 12.8% untuk kayu teras. Kandungan selulosa pula berkurangan sebanyak 
1.9% hingga 20.0% untuk kayu gubal dan sebanyak 2.3% hingga 22.1% untuk kayu teras. Kandungan 
hemiselulosa meningkat ke 4.1% untuk kayu gubal dan 5.7% untuk kayu teras. Kandungan lignin meningkat 
kepada 15.4% untuk kayu gubal dan 11.6% untuk kayu teras. 

* E-mail: drrazakw@yahoo.com

introduction

Acacia species have become major species in 
forest plantations in Malaysia. The project 
started in 1982 and was aimed at providing 
a sustainable supply of timbers for the local 
wood-based industry. The wood-based industry 
is expected to face a shortage of supply from 
natural forests (Shakri 1995). Acacia was chosen 
as a plantation species based on its fast growth, 
adaptability to local soil conditions and quality of 

wood. Furniture made of Acacia is valued for its 
strength, durability, aesthetic values such as grain 
orientation and colour, and cost.
 Young Acacia has distinct colour differentiation 
between the sapwood and heartwood. The 
sapwood is lighter in colour than the heartwood. 
The colour difference with irregular colour 
margin reduces its value considerably. Problems 
will arise when matching individual pieces of 
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different colours into the final product. In order 
to remain competitive in the  market, the colour 
appearance of the wood needs to be modified 
and evaluated to ensure the quality of the 
products (Tolvaj & Molnar 2006). The sapwood 
of all timber species can be enhanced using the 
hot oil thermal modification process (Charrier 
et al. 2002).
 The hot oil thermal modification process seems 
to be suitable because it is an environmentally-
friendly process. Most wood treatments use 
preservatives which mostly have heavy metals 
and discharge toxins into the environment. Many 
developed countries have totally banned the use 
of chrome-copper arsenic (CCA) (Berard et al. 
2006). In recent years, increases in environmental 
awareness and policies which support renewable 
resources and environmentally-friendly chemicals 
have resulted in great interest in non-biocides. As 
such, a lot of effort has been put into developing 
new wood preservatives. Another environmentally-
friendly technique for wood modification is 
the use of biodegradable substances in wood 
protection (Hyvonen et al. 2006). 
 The objective of this study was to investigate 
how hot oil thermal modification process 
enhanced the colour appearance and chemical 
constituents of Acacia hybrid wood at different 
temperatures and treatment times. The result of 
this study will improve the value of Acacia wood 
for the local wood industry. 

matErials and mEthods

Wood material

Three 15-year-old Acacia hybrid logs were obtained 
from a forest plantation at the Sabah Forest 
Development Authority (SAFODA), Kinarut, 
Kota Kinabalu, Sabah. The logs were harvested 
from trees selected based on their good physical 
appearance, diameter at breast height ranging from 
25 to 30 cm and long straight bole with minimum 
branches. The logs were cut and segregated into 
bottom, middle and top portions. Boles of 600 mm 
long were cut from the middle of each portion and 
later planed into dimensions of 320 × 100 × 25 mm 
(length × width × thickness). The wood samples 
were then placed in a conditioning chamber set at 
20 ± 2 °C and 65 ± 5% relative humidity to stabilise 
the moisture content (MC)to 12%. The samples 
were conditioned for two weeks. 

hot oil thermal modification process

The hot oil thermal modification on Acacia 
hybrid wood was performed in a stainless steel 
tank, complete with thermocouples and heat 
generator. The tank size was of dimensions  
750  × 600 × 600 mm (length × width × height) and 
3 mm thick. The heat of the tank was generated 
using electricity. Eighty samples were prepared 
prior to the treatment. Palm oil was used as 
heating medium. It has a high boiling point of 
320 °C (Rafidah 2007). Treatment temperatures 
at 180, 200 and 220 °C were applied for 30, 60 and  
90 min. After each treatment period, the samples 
were removed from the tank. The samples were 
cooled down and then conditioned again in a 
conditioning chamber at 20 ± 2 °C and 65 ± 5% 
relative humidity. 

colour measurement of heat-treated 
samples

Colour measurements were taken when the 
wood samples had completed the hot oil thermal 
modification process. The surfaces on the woods 
to be measured were marked before the heat 
treatment process. This was done so that the 
parts of the surfaces measured were consistent 
throughout the process. Using pencil, the area 
was marked 2 × 2 cm on the cross-sectional surface 
of each sapwood and heartwood. This section 
was regarded as the most representative area for 
revealing the colour difference of sample (Unsal 
et al. 2003). Samples for colour measurement 
were taken at the middle of the sapwood and 
heartwood in the cross-sections of the Acacia 
hybrid at each portion height. The samples 
were sanded down slightly for about 3 mm with 
sandpaper and brushed clean to minimise the 
risk of colour variation caused by differences in 
surface structure. The measurements of colour 
were determined according to CIE L*a*b*  
(CIE 1986) system. A colour solid is defined  
by three rectangular coordinates. This system is 
sensitive enough to detect small differences 
in colour parameters to determine between 
tree and within species variations (Thulasidas 
et  a l .  2006).  The principal  axis  i s  the 
lightness level L* on a 0–100 scale, 0 being 
total blackness and 100 pure white, while 
intermediate values give grey shades. The hue 
is specified by the other two chromic characters  
a* and b*. The character a* is the red–green axis 
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with negative values reflecting the dominance 
of greenness and positive ones, redness. The 
character b* is  the yellow–blue axis, with negative 
values reflecting the dominance of blueness and 
positive ones, yellowness. 
 Changes in colour of the wood surfaces due 
to treatment were measured using a chroma 
meter. These measurements were only done 
on clear wood surfaces. The sensor head was  
8 mm in diameter. The colour reader measures  
colour difference on the surface of wood 
specimens between two colours, i.e. before and 
after treatments. The results were presented 
according to the CIE L*a*b* colour coordinate 
system based on the D65 light source with 
the reflection spectra being measured in the  
400–700 nm region. These values were used 
to calculate the colour change as a function of 
thermal treatment according to equations 1, 2 
and 3.
 

 ΔLt* = Lt* – Ls* (1)

 Δat* = at* – as* (2)

 Δbt* = bt* – bs* (3)

where t = treated sample, s = control sample,  
Δ = colour change, L* = lightness, a* = reddish 
colour, b* = yellowish colour.

chemical analysis 

The chemical changes studied were holocellulose, 
hemicellulose, cellulose and Klason lignin. All 
chemical analysis tests were conducted separately 
for heartwood and sapwood. The total amounts 
of chemical constituents were calculated based 
on the sapwood or heartwood ratios. Evaluation 
of chemical analysis was conducted using TAPPI 
T203 cm-99 (TAPPI 1999) and TAPPI T222 cm-02 
(TAPPI 2002) standards.

sample preparation 

Wood samples were divided into heartwood and 
sapwood to study the differences in chemical 
composition. The woods were chipped before  
grinding. Wood was ground into powder with a 
Wiley mill in order to pass the BS 40-mesh sieve 
and retained on BS 60-mesh sieve. The ground 
samples were then dried for seven days until 
the MC is in equilibrium with the surrounding 
before they were chemically analysed. A small 

weighing bottle previously cleaned and dried in 
an oven was weighed on an analytical balance. An 
amount of 2 g of air-dried sawdust was placed in 
the weighing bottle and reweighed. The sample 
was then dried in an oven at 103 ± 2 °C for three 
hours without the cover. Then the bottle was 
removed and placed in a desiccator for 15 min 
to let it cool down before weighing. The MC of 
the sawdust was determined.

rEsults and discussion

colour changes

Lightness (L*)  of wood colour

In this study, the main component in colour 
change is lightness (L*). Variation in L* is a more 
responsive sign of colour change to the human 
eye than that of the chromic characters a* and b* 
(Keey 2004). Variability in darkness or lightness 
has been reported as the main cause of wood 
colour variability (Thulasidas et al. 2006). 
 Both sapwood and heartwood showed 
decrease in lightness in the first 30 min of 
treatment (Table 1). L* values progressively 
decreased with increase in temperature and  
duration. However, the L* values of heartwood 
did not change considerably compared with the 
sapwood. This may be due to the brightness of the 
wood colour itself as the sapwood of acacia has 
brighter colour than the heartwood. From the 
results obtained from the bottom, middle and top 
portions of sapwood, wood treated at 220 °C for 
30 min showed L* values having almost similar 
values to L* values of untreated heartwood. 
 The decrease in L* values from 200–220 °C 
was larger than 180–200 °C in sapwood and when 
compared with heartwood. The L* values in 
heartwood changed slightly when the temperature 
exceeded 200 °C. The greatest change of treatment 
duration of both wood types was found between 
60 and 90 min. This indicated that the change 
in L* values gradually decreased with increase in 
treatment temperature and time. 
  Table 2 shows correlations between L* and 
chemical components of Acacia wood. Positive 
correlations were observed between L* and 
holocellulose and cellulose. Hemicellulose and 
lignin were negatively correlated with colour. 
The differences in chemical compositions 
such as extractives and lignin in sapwood and 
heartwood could probably be the main reason 
for dissimilarity in colour (Sundqvist 2004). 



Journal of Tropical Forest Science 23(1): 42–50 (2011) Razak W et al.

45© Forest Research Institute Malaysia

table 1 Average values of variation in L*, a* and b* of oil heat-treated Acacia hybrid wood

   Wood Temperature
(°C)

Treatment 
duration 

(min)

L* a* b*

B M T B M T B M T

Sapwood Control Control 73.6 73.0 71.4 6.9 6.6 7.3 21.2 22.3 21.4

180 30 66.7 70.0 65.5 7.4 8.7 8.5 21.9 23.3 23.4

60 65.4 62.7 63.0 8.8 9.9 9.8 25.7 26.3 24.1

90 65.6 61.9 62.9 9.3 10.9 10.2 27.3 27.5 26.3

200 30 63.5 63.5 58.2 9.5 10.0 9.9 26.4 26.1 26.2

60 56.9 57.2 56.9 11.4 11.9 10.7 27.5 27.1 26.5

90 50.7 54.6 51.6 12.2 12.4 12.2 27.9 28.9 28.0

220 30 56.5 53.0 53.4 11.7 10.6 10.3 27.6 26.9 26.7

60 48.7 47.9 43.2 12.3 12.7 11.2 27.8 27.6 27.8

90 41.5 40.6 39.2 13.9 13.5 12.6 28.1 29.3 28.9

Heartwood Control Control 54.1 54.8 53.5 14.2 15.1 13.9 26.8 26.3 25.2

180 30 53.6 52.7 52.9 13.4 12.9 12.0 25.0 24.8 24.1

60 51.7 51.6 50.7 11.9 11.1 11.5 23.6 23.2 23.5

90 50.4 50.2 48.2 11.2 10.8 10.7 23.0 21.5 22.3

200 30 51.4 52.1 48.6 11.5 10.3 11.3 23.7 24.1 23.9

60 49.1 50.5 46.9 11.0 9.7 10.7 23.4 21.5 21.9

90 45.9 46.7 43.5 9.9 8.9 10.2 23.1 21.2 20.9

220 30 50.7 50.8 46.3 10.0 9.0 10.2 22.6 22.9 21.0

60 46.6 47.4 38.8 8.3 8.3 8.4 21.1 19.8 17.2

90 40.0 40.9 33.1 6.7 7.1 7.3 20.5 19.0 15.1

L* = lightness,  a* = red, b* = yellow; B = bottom portion, M = middle portion, T = top portion

This is in accordance with the finding of Burtin  
et al. (1998) whereby during steaming at elevated 
temperatures, polyphenols found in hybrid 
walnut heartwood which gave the dark colour 
migrated to the sapwood region and changed 
the sapwood colour from light to dark.  
 Decrease in lightness due to heat treatment 
decreases certain chemical components in wood 
such as hemicellulose and lignin (Bourgios et al. 
1991, Mitsui et al. 2001). Changes in wood colour 
can be an indication of chemical modification or 
changes in wood (Burtin et al. 1998, Bekhta & 
Niemz 2003, Sundqvist et al. 2004).

Chroma colour a* (reddish colour)
 
The a* values of sapwood increased while those 
of heartwood decreased with hot oil treatment 
(Table 1). This may be because of the original 
colour of the wood samples. The original 
sapwood colour of Acacia hybrid is light yellowish 

red while heartwood, brownish red. The a* 
values reached maximum values  at 220 °C. 
Based on the a* values, the colour of sapwood 
became more red than before while the red 
colour in heartwood lessened. According to Hon 
and Minemura (1991), the reddish colour and 
increased saturation substantiated as a decrease 
in hue and increase in chroma could be due 
to the formation of secondary condensation 
or degradation products of the quinine and 
quinonemethide types.
 Positive correlations were observed between a* 
and b*, holocellulose, cellulose and lignin (Table 
2). Hemicellulose was negatively correlated with 
a*. However a* did not significantly correlate 
with chemical components except for lignin. 
According to Charrier et al. (2002) and Grelier 
et al. (1997), wood colours changed from yellow 
to brown because of the photo-oxidation of lignin 
and wood extractives, with the production of 
coloured quinine component. 
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Chroma colour b* (yellowish colour)

Table 1 shows that b* values for sapwood 
increase with increase in temperature and 
duration. The b* values of sapwood showed the 
greatest increase when treated at 200–220 °C and  
60–90 min. The yellowish colour of sapwood 
changed to brownish yellow. 
 The b* values of heartwood decreased with 
increase in temperature and treatment time 
(Table 1). This meant that the yellowish colour 
in heartwood started to decrease from 180 °C and 
it decreased drastically when exposed to 220 °C 
and longer treatment times.
 
chemical changes
 
Table 3 shows that untreated sapwood and 
heartwood of Acacia hybrid have the highest 
percentages of holocellulose and cellulose  
compared with the other thermally modified 
wood in various temperatures and treatment 
times. These changes were due to the loss in 
polysaccharide material especially at temperature 
above 180 °C (Hill 2006). For treated sapwood, 
holocellulose varied between 63.1 and 70.8% 
while hemicellulose, between 23.0 and 26.1%. 
Cellulose varied between 37.7 and 46.2% while 
lignin, between 20.7 and 24.7% at 180–220 °C with 
30–90 min treatments. 
 On the other hand, holocellulose for treated 
heartwood varied between 64.0 and 71.7%, 
hemicellulose between 23.2 and 26.2%, cellulose 
between 38.1 and 47.8% and lignin between 21.7 
and 25.0% at 180–220 °C with 30–90 min treatments. 
The chemical compositions in the heartwood of  
Acacia hybrid were higher than in sapwood.

Holocellulose 

The holocellulose determined for sapwood and 
heartwood after heat treatment were between 
63.1 and 70.8%, and 64.0 and 71.7% respectively 
(Table 3). The decrease in holocellulose content 
has also been observed by other researchers in 
the heat treatment process. Inari et al. (2007) 
found that holocellulose content of beech and 
pine woods after heat treatment was between 50 
and 60%. Boonstra and Tjeerdsma (2005) also 
found that the holocellulose content of Scots 
pine heated at 180 °C decreased between 79.7 
and 63.3%. The  decrease is associated with loss 
of cellulose and hemicellulose during heating. 

Hemicellulose

The hemicellulose contents for both sapwood 
and heartwood showed no specific trend. This 
may be due to the structural heterogeneity of 
hemicellulose (Kotilainen 2000, Manninen 
et al. 2002). The hemicellulose content for 
sapwood degraded 5.7% when treated at  
180 °C in 90 min while that of heartwood degraded 
from 0.8–5.3% when treated at temperature 
180 °C from 30 to 90 min. Arabinose, manose, 
galactose and xylose which are responsible 
for hemicelluloses formation are significantly 
influenced by increasing temperatures (Rowell 
et al. 2005). The increment in lignin content 
of Grevillea robusta wood with treatment time 
confirmed higher susceptibility of hemicelluloses 
to thermal treatment (Mburu et al. 2008). 
According to Hill (2006), there are variations in 
the literature regarding the exact temperature 
for the onset of hemicellulose degradation 

Property L* a* b* Holocellulose Hemicellulose Cellulose Lignin

L* 1 -0.37** 0.11 ns 0.51** -0.33** 0.53** -0.75**

a* 1 0.47** 0.11 ns -0.02 ns 0.10 ns 0.15*

b* 1 -0.07 ns -0.07 ns -0.04 ns -0.01 ns 

Holocellulose 1 -0.34** 0.96** -0.69**

Hemicellulose 1 -0.59** 0.61**

Cellulose 1 -0.77**

Lignin 1

table 2 Correlations between colour and chemical properties of 15-year-old cultivated Acacia hybrid

N = 216; ** = significant at p ≤ 0.01, * = significant at p ≤ 0.05, ns = not significant; L* = lightness, a* = reddish,  
b* = yellowish
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although it is well known that hemicelluloses are 
less thermally stable than cellulose. Moreover, 
in the pyrolisis of hemicelluloses, more gaseous 
products and less charred residue are formed 
compared with cellulose. When wood is heated, 
the most thermally labile of the hemicelluloses 
begin to degrade, resulting in the production 
of methanol, acetic acid and various volatile 
heterocyclic compounds (Hill 2006). The acetic 
acid is generated when the acetylated hydroxyl 
groups of the hemicellulose chains are split off 
(Johansson 2008). It is suggested that volatile 
organic acids formed during heating of wood 
are trapped in the process and promote the 
degradation rate (Viitaniemi 2001). 

Cellulose

The cellulose contents for both sapwood and 
heartwood after hot oil thermal modification 

were between 37.7 and 46.2% and 38.1 and 
47.8% respectively (Table 3). Minor degradation 
of celluloses occurred when wood was treated at 
180 °C in 30 min and it continually decreased 
with increase in temperature and duration of 
treatment. Similar observation was also made 
by Izyan et al. (2010) on chemical constituents 
of heat-treated Acacia hybrid. Cellulose is more 
resistant to hydrolysis than hemicelluloses, pectins 
and starch, and it generally has a more regular 
and crystalline structure with considerably higher 
molecular weight (Sundqvist 2004). Intrinsic 
viscosity measurement shows that heat treatment 
results in a considerable reduction in molecule 
size of cellulose (Sundqvist 2004). The crystalline 
structure of cellulose can change once the 
temperature reaches 200 °C (Yilidz et al. 2006). 
Different process conditions and treatment times 
applied during heat treatment could influence 
the degradation rate of cellulose (Boonstra & 

Wood Treatment 
temperature 

(°C)

Treatment 
 duration 

(min)

Chemical composition (%)

Holocellulose Cellulose Hemicellulose Lignin

Sapwood Control Control 71.5 47.1 24.4 20.8

180 30 70.8 (-1.0) 46.2 (-1.9) 24.6 (0.8) 20.7 (-0.5)

60 69.7 (-2.5) 45.1 (-4.2) 24.6 (0.8) 22.0 (5.8)

90 66.6 (-6.9) 43.6 (-7.4) 23.0 (-5.7) 22.1 (6.3)

200 30 68.6 (-4.1) 42.5 (-9.8) 26.1 (7.0) 23.9 (14.9)

60 65.3 (-8.7) 39.2 (-16.8) 26.0 (6.6) 23.8 (14.4)

90 64.5 (-9.8) 38.5 (-18.3) 26.0 (6.6) 24.7 (18.8)

220 30 66.4 (-7.1) 41.6 (-11.7) 24.8 (1.6) 23.7 (13.9)

60 64.9 (-9.2) 38.9 (-17.4) 26.0 (6.6) 24.3 (16.8)

90 63.1 (-11.7) 37.7 (-20.0) 25.4 (4.1) 24.0 (15.4)

Heartwood Control Control 73.4 48.9 24.5 22.4

180 30 71.7 (-2.3) 47.8 (-2.3) 23.9 (-2.5) 21.7 (-3.1)

60 70.6 (-3.8) 46.3 (-5.3) 24.3 (-0.8) 22.9 (2.2)

90 67.9 (-7.5) 44.7 (-8.6) 23.2 (-5.3) 23.0 (2.7)

200 30 68.8 (-6.3) 42.6 (-12.9) 25.9 (5.7) 24.5 (9.4)

60 68.3 (-6.9) 42.1 (-14.0) 26.2 (6.9) 24.9 (11.2)

90 66.5 (-9.4) 40.9 (-16.4) 25.6 (4.5) 25.0 (11.6)

220 30 67.1 (-8.6) 42.0 (-14.1) 25.7 (4.9) 24.7 (10.3)

60 65.1 (-11.3) 39.7 (-18.8) 25.4 (3.7) 24.8 (10.7)

90 64.0 (-12.8) 38.1 (-22.1) 25.9 (5.7) 24.9 (11.2)

table 3 Average values of chemical changes of 15-year-old oil heat-treated Acacia hybrid wood

(  ) = % change from control
Holocellulose is the total polysaccharide fraction of wood that is composed of cellulose and all of the 
hemicelluloses and what is obtained when the extractives and lignin are removed from the natural material.
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Tjeerdsma 2005). Fengel and Wegener (1989) 
found that the degree of polymerisation of 
cellulose was decreased in thermally treated 
spruce at temperatures above 120 °C. This is 
due to cleavage of the glucosidic bonding that 
is accelerated by the acids that are catalysing the 
reaction. With extended heating, chain scission 
of the cellulose occurs, producing alkaline 
soluble oligosaccharides, with a concomitant 
decrease in the degree of polymerisation 
of cellulose and degree of cyrstallinity (Hill 
2006). The amorphous regions of cellulose are 
more susceptible to thermal degradation and 
probably exhibit similar thermal properties 
to the hexose components of hemicelluloses  
(Hill 2006).

Lignin  

Lignin in both the sapwood and heartwood 
increased with treatment temperature and 
time. Lignin composition of the Acacia hybrid 
sapwood increased from 20.8% in the untreated 
wood to 24.7% in the heat-treated wood. Lignin 
composition of  the heartwood increased from 
22.4% in the untreated heartwood to 25% in 
the heat-treated wood. The changes showed that 
there was a change in the lignin structure of 
the woods. Similar observations were also made 
by other researchers (Sarni et al. 1990, Yildiz 
et al. 2006, Inari et al. 2007, Brito et al. 2008, 
Mburu et al. 2008). Increase in lignin content 
of oak was observed as treatment temperature 
increased (Sarni et al. 1990). Mburu et al. 
(2008) also found increase in lignin content 
of G. robusta wood with treatment time. The 
relative mass proportion of lignin increased 
with both elevated temperature and treatment 
time, with a simultaneous decrease in the mass 
proportion of carbohydrates (Kotilainen 2000). 
Since lignin presents a higher resistance to heat, 
there is a significant and proportional increase 
in its content (Brito et al. 2008). Sundqvist 
(2004) reported that noticeable changes in the 
lignin structure occurred at temperatures about  
120 °C. With rising temperatures, the changes 
increased. At temperature around 180 °C, the 
degradation of lignin in the thermal-treated 
wood was considerable. 

analysis of variance on colour and chemical 
changes 

Lightness (L*) through oil heat treatment was 
significantly affected by treatment temperature, 
duration and wood type (Table 4). This meant 
that L* played a significant role in indicating the 
change of wood colour. However, for chroma 
colour a* and b*, only wood type showed 
significant difference. This showed that chroma 
colour did not have much influence on the 
change of wood colour. There were significant 
differences between treatment temperature, 
duration and wood type in relation to colour 
and chemical components such as holocellulose, 
cellulose and lignin. ANOVA showed that there 
was no significant difference between wood type 
and hemicellulose. It can be concluded that wood 
type did not affect the hemicellulose content in 
oil heat treatment process. Temperature and 
treatment duration increased the hemicellulose 
composition. Most of the chemical compositions 
in Acacia hybrid wood were highly affected by 
treatment temperature, duration and wood type 
in the hot oil thermal modification process.  

conclusions

The colour and chemical properties of hot oil 
thermally modified cultivated Acacia hybrid 
changed during the treatment process. Changes 
in the colour and chemical contents of Acacia 
hybrid were significantly affected by temperature 
and treatment time.
 The colour of the sapwood and heartwood 
of Acacia hybrid became darker once they 
were exposed to high temperature and longer 
treatment time in the hot oil thermal modification 
process. The degree of changes varied between 
both wood types. The sapwood tended to darken 
more than the heartwood. The increment in 
colour of both woods increased with temperature 
and treatment time. The changes in the wood 
could be monitored in order to get the desired 
colour.
 The hot oil thermal modification process  
caused some changes  in  the chemical 
compositions of Acacia hybrid wood. Changes in 
chemical  components occurred with decreases 
in holocellulose and cellulose contents, and 



Journal of Tropical Forest Science 23(1): 42–50 (2011) Razak W et al.

49© Forest Research Institute Malaysia

increases in hemicellulose and lignin contents  
when the Acacia woods were exposed to oil-heat 
treatment process at temperatures higher than 
180 °C. 
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