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ABSTRACT 

For aesthetic reasons, interest in mould growth on wood for outdoor use in application 
like claddings has increased during recent years. Products of thermally modified timber 
are no exception. Thermally modified Scots pine boards have been chemically analysed 
with regard to their monosaccharide contents. Two industrial thermal modification 
processes were studied: (1) the ThermoD process in which wood is modified under 
superheated conditions, and (2) the WTT process in which wood is modified under 
saturated steam conditions in a closed system. Modified wood samples containing a) only 
sapwood, b) only heartwood, and c) a mixture of both sapwood and heartwood were 
chemically analysed with regard to their monosaccharide contents. Different locations 
(depths) in the cross section of the boards were taken for the analysis. The dried aqueous 
extract from the modified wood was dissolved in dimethyl sulfoxide, treated with 
hexamethyldisilazane and trimethylsilyl chloride, and thereafter analysed by gas 
chromatography (GC-MS). Monosaccharides were identified in the extracts by 
comparison with the retention times of pure monosaccharides and MS-data. No 
monosaccharides were found in samples from the ThermoD process, but monosaccharides 
were present in samples from the WTT process, the monosaccharide content being 
dependent on by the location of the sample in the cross-section. 

INTRODUCTION 

According to CEN (2007), thermally modified timber (TMT) is wood in which the 
composition of the cell wall material and its physical properties have been modified by 
exposure to a temperature higher than 160ºC and conditions of low oxygen availability. 
The wood is altered in such a way that at least some of the wood properties are 
permanently affected through the cross section of the timber. TMT can be used in a 
number of outdoor applications such as façades and decking. Outdoor materials are often 
exposed to high humid conditions and the risk of mould development on their surfaces is 
therefore higher than under interior conditions. Furthermore, it has been suggested that 
the colonization of mould on Scots pine boards may be related to the presence of 
saccharides migrated to the wood surface during the kiln drying of the sapwood (Theander 
et al. 1993). 
 
During thermal modification (TM), wood undergoes changes in its chemical and physical 
properties involving the partial removal of wood components and the formation of 
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degradation products. Mass losses therefore occur during TM (Hill 2006). Ramiah and 
Goring (1967) found that pine hemicellulose (glucomannan) starts to degrade at 127°C, 
although the degradation temperatures of cellulose and lignin are higher (Fengel and 
Wegener 1984). The degradation behaviour of cellulose could be harder to predict than 
that of hemicelluloses due to its crystalline/amorphous structure; some studies indicate 
that cellulose components can also start to degrade at lower temperatures than are 
normally associated with the polymer (Fengel and Wegener 1984). Mitsui et al. (2008) 
suggested that cellulose degrades in the following order: amorphous, semi-crystalline, and 
crystalline regions. The sugars formed are not stable under TM conditions and may react 
further into products such as furfural. 
 
The present study has focused on the presence of monosaccharides in sawn timber 
modified by two different industrial TM processes: ThermoD and WTT. In ThermoD, the 
timber is treated in air with superheated steam at atmospheric pressure at a maximum 
temperature of 212°C. In ThermoD the wood is intended for applications where above 
ground durability is the key property (International ThermoWood Association 2003). In 
the WTT process,  the timber is treated with saturated steam at a temperature of 170°C in 
vacuum under an elevated pressure up to 8 bar (Dagbro et al. 2011), and in this process it 
is possible to achieve modification similar to the ThermoD process, but at a considerably 
lower temperature (Dagbro et al. 2010). Karlsson et al. (2012a) have studied extracts of 
these materials and found that wood from the WTT process had a higher content of 
saccharides than wood from the ThermoD process. The equilibrium moisture content has 
been found to be dependent on the position in the thermally modified board, indicating 
different reactivities across the cross-section (Källander 2016). In the present work, the 
presence of monosaccharides was studied using GC-MS at different distances from the 
surface of the TMT. 

EXPERIMENTAL 

Materials 
Wood thermally modified under saturated steam pressure conditions (WTT process) 
Scots pine (Pinus sylvestris L.) boards containing 80-90% heartwood, with cross-
sectional dimensions of 40x150 mm (TxW), were sawn and kiln dried at a sawmill 
(Stenvalls Trä in Sikfors, Sweden). The sawn timber was thermally modified using the 
commercial WTT process at 170°C at Uteträ in Arvidsjaur, Sweden.  
Wood thermally modified using superheated steam (ThermoD process) 
Scots pine boards containing 80-90% heartwood, with cross-sectional dimensions of 
30x125 mm, were sawn and kiln dried at a sawmill (Holmen Timber in Iggesund, 
Sweden). The timber was thermally modified using the commercial ThermoD process at 
212°C with superheated steam at Heatwood (Hudiksvall, Sweden).  
Wood shavings for chemical analysis 
Six thermally modified boards were selected for the chemical analyses; three from the 
WTT process and three from the ThermoD process. Each board was cut to a length of 1 
metre and divided into six samples (Fig. 1). The samples contained only sapwood (S), 
only heartwood (H and HM), or a mixture of sapwood and heartwood (SH). The samples 
were planed on one of their outer-faces (upper faces in Fig. 1) with help of a handheld 
planer to give shavings at depths of: 
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a) 0.5 mm at S, referred to as SS (sapwood surface); 
b) 0.5 mm at SH, referred to as SH (sapwood and heartwood); 
c) 0.5 and 1 and 2 and 3 mm at H, referred in to as HS (heartwood surface shaving 

0.5 mm) and H1 and H2 and H3 respectively (heartwood shavings at 1, 2 and 
3 mm); 

d) 0.5 mm at HM, referred to as HM (heartwood middle). 
All the shavings were milled into powders. 
 

 
Figure 1: Cross-section view showing how the thermally modified boards were divided into samples for 

chemical analysis.  

 
Chemical analyses 
The wood powder were extracted by soaking in water (200 mg wood powder in 6 mL 
water) for 2 hours in an ultrasonic bath with no heating and then left in the liquid for 12 
hours. The wood powder mixture were then filtered through paper filters into Petri dishes 
and washed with some water. Thereafter 1 mL of standard methyl β-D-xylopyranoside, 3 
mg/ml solution was added to the filtrate in each Petri dish in order to make it possible to 
calculate the monosaccharide content in the wood samples after GCMS analysis.  
 
The Petri dishes (with the monosaccharide and wood extracts) were left to dry in a hood 
until all the water evaporated. The dried extracts were each dissolved in 1mL dry dimethyl 
sulfoxide and transferred to pear flasks. 200 μL hexamethyldisilazane and 100 μL 
trimethylsilyl chloride were added to each flask, which were shaken with a Vortex mixer. 
The upper phases of the solutions were analysed with regard to monosaccharide content 
using gas chromatograph mass spectrometry GCMS-QP5050 (by Shimadzu) using an 
Agilent VR-23ms column.  
 
Monosaccharides (arabinose, fructose, mannose, galactose, glucose and xylose) were 
identified in the wood extracts by comparison with the retention times of the pure 
monosaccharides and MS-data library (NIST107 and NIST21). The contents of the 
monosaccharides were calculated from the ratio of the monosaccharide peak areas to the 
standard peak area. 
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RESULTS AND DISCUSSION 

From the GC-MS analyses it was found that the monosaccharides: arabinose, glucose, 
xylose, mannose and galactose were present in all the extracts from the WTT treated 
timber. A typical chromatogram is shown in Fig. 2. with small amounts of arabinose 
(retention time (RT) ~ 3 min), glucose (RT ~ 6.8 and 8.5 min) and galactose (RT ~ 6.3 
min) but larger amounts of xylose (RT ~ 4 and 4.8 min) and mannose (RT ~ 5.5 min). As 
other peaks are small, hydrolysis may be the reason for the degradation of polysaccharides 
(xylans and galactoglucomannans) into the monosaccharides identified in extracts from 
WTT modified timber. In contrast, monosaccharides were not found in the extracts from 
ThermoD modified timber, where GCMS chromatogram showed almost only the peak of 
the added standard compound at RT ~ 3.5 min (Fig. 3). Smaller peaks of oxidised malic 
(RT ~ 1.7 min), xylonic (RT ~ 3.3 min) and arabinoic (RT ~ 3.4 min) acids were 
tentatively identified by comparison with mass library data (Fig. 3). This could mean that, 
under the superheated conditions of the ThermoD process, sugars and carbohydrates were 
partly oxidised by the presence of small amount of oxygen in the process.  
 
Fructose together with glucose and sucrose were found in dried Scots pine wood 
(Theander et al. 1993), but fructose (RT ~ 5.7) was not found in any of the TM samples.  
Native sugars such as fructose have been reported to be labile during high temperature 
drying at 110-130°C (Karlsson et al. 2012b). 
 

 
Figure 2: GCMS Chromatogram of WTT-modified timber (heartwood surface samples) 

 

 
Figure 3: GCMS Chromatogram of ThermoD-modified timber (heartwood surface samples) 

 
Monosaccharides were analysed in samples taken at increasing planing depths from the 
WTT-modified timber (Table 1, Fig. 4). A higher content of xylose was found at the 
surface than deeper into the sawn timber. The mannose content was higher at the surfaces 
of heartwood (sample HS) than further from the surface in heartwood (sample H3 and 
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HM). The differences between arabinose and glucose contents were not significant. 
Comparing the total amounts of monosaccharides (arabinose, glucose, xylose, mannose 
and galactose) in different parts of the timber, it was found that the total average 
monosaccharide content was higher in the samples containing a mixture of heartwood and 
sapwood (samples SH) than in the other samples. The mannose content varied greatly in 
the SH samples so it is difficult to conclude that SH samples had the highest 
monosaccharide content compared with the other samples.  There was a tendency for the 
monosaccharide content to be higher at the surfaces of both heartwood and sapwood. 
 

 
Figure 4: Water-soluble monosaccharides in WTT-modified timber: dependence on sample location in 

the cross section (in mg per 100 g of dry wood) 

 

Table 1: Monosaccharide content in WTT-modified timber  

Mono-
saccharides 

HSa H1a H2a H3a HMa SSa SHa 

Arabinose 0.059 (0.03)b 0.041 (0.02) 0.031 (0.03) 0.043 (0.02) 0.055 (003) 0.055 (0.05) 0.049 (0.02) 
Glucose 0.069 (0.02) 0.081 (0.1) 0.033 (0.03) 0.054 (0.06) 0.061 (0.02) 0.050 (0.03) 0.163 (0.1) 
Xylose 0.275 (0.14) 0.151 (0.09) 0.121 (0.09) 0.112 (0.06) 0.093 (0.04) 0.193 (0.14) 0.161 (0.04) 
Mannose 
Galactose 

 

0.216 (0.03) 
0.118 (0.04) 

0.195 (0.17) 
0.096 (0.08) 

0.133 (0.13) 
0.062 (0.06)     

0.134 (0.12) 
0.088 (0.03) 

0.166 (0.05) 
0.100 (0.03) 

0.189 (0.13) 
0.099 (0.07) 

0.356 (0.15) 
0.146 (0.06) 

Total sum 0.736 0.563 0.380 0.431 0.475 0.586 0.874 
aAverage values in mg per 100 g of dry wood; bstandard deviations in parentheses. 

CONCLUSIONS 

No water-soluble monosaccharides were found in ThermoD modified timber, whereas 
arabinose, glucose, xylose, mannose and galactose were found in WTT-modified timber. 
There is a tendency for the monosaccharide content to be higher at the surfaces of the 
WTT-modified timber than in the inner sections.   
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