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Abstract
Acetylation is a wood modification method that reduces the hygroscopicity of wood 
and increases its resistance to degradation by wood decaying fungi. Even though 
acetylated wood can have very high decay resistance, the wood material can be 
degraded and sometimes deacetylated by fungi. This study investigated the degra-
dation and deacetylation of acetylated wood by Coniophora puteana and Rhodonia 
placenta to better understand the relationship between degradation and deacety-
lation in two different brown rot fungi. Wood samples were exposed to the fungi in 
a stacked-sample decay test, followed by acetyl content measurements and FTIR 
spectroscopy to investigate chemical changes in the samples. The results showed 
that both fungi could degrade acetylated wood to high mass loss despite a strong 
reduction in moisture content, but only R. placenta was found to cause preferential 
deacetylation. The deacetylation was slight and only observed in the early stages of 
decay in highly acetylated wood. Otherwise, acetyl groups were lost from the sam-
ples at the rate of mass loss. FTIR spectroscopy confirmed the loss of acetyl groups 
and revealed some chemical differences between unacetylated and acetylated wood. 
The spectral data indicated the loss of acetyl groups from lignin, which suggests 
that the loss of acetyl groups is not only due to the degradation of acetylated carbo-
hydrates. The degradation of acetylated wood required further investigation, but it 
is clear that extensive deacetylation is not a requirement for brown rot degradation.
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Introduction

Wood modification is a term that describes a range of treatments that improve the 
properties of wood by a nontoxic mode of action (Hill 2006). Acetylation is one of 
the most extensively studied wood modifications methods, and it involves the reac-
tion of wood with acetic anhydride, resulting in the incorporation of acetyl esters in 
the wood cell wall. The added acetyl groups occupy space in the cell wall, reducing 
the moisture content of wood primarily by cell wall bulking (Papadopoulos and Hill 
2003; Thybring et al. 2020). Acetylation reduces the moisture content of the wood 
cell walls in the hygroscopic (Himmel and Mai 2015; Čermák et al. 2022) and over-
hygroscopic moisture range (Thygesen et al. 2010; Fredriksson et al. 2024) and at 
full water saturation (Hill et al. 2005; Beck et al. 2018d; Digaitis et al. 2021), and 
it changes the interaction of the cell walls with capillary water (Beck et al. 2018d; 
Digaitis et al. 2021; Fredriksson et al. 2024).

Acetylation also improves the resistance of the wood material to degradation by 
wood decaying fungi. Although the mechanisms behind improved decay resistance 
are not fully understood, it is thought that the improvement is due to the reduction 
in moisture content, which interferes with the diffusion of fungal degradative agents 
(Thybring 2013; Ringman et al. 2014, 2019; Zelinka et al. 2016). Very high decay 
resistance is usually achieved at around 20% weight percent gain (WPG) due to mod-
ification, which corresponds to an approx. 40% reduction in cell wall moisture con-
tent and a decrease in maximum cell wall moisture content to below 25% (Thybring 
2013). However, even though acetylation greatly improves decay resistance, sev-
eral studies have shown that even high WPG acetylated wood will decay if exposed 
to fungi under suitable conditions for a sufficiently long period of time (Hill et al. 
2006; Beck et al. 2018a, c; Thygesen et al. 2021; Ponzecchi et al. 2024). Some stud-
ies utilising the brown rot fungus Rhodonia placenta have detected deacetylation of 
the acetylated wood (Beck et al. 2018c; Ponzecchi et al. 2024), which may explain 
how the initially highly resistant material becomes degradable. However, the results 
on whether deacetylation takes place and to what extent are conflicting. Ringman 
et al. (2017) detected no deacetylation in acetylated wood exposed to R. placenta, 
while Thygesen et al. (2021) detected deacetylation by FTIR spectroscopy but not 
by Raman spectroscopy imaging. Furthermore, no data exist for fungi other than R. 
placenta.

To gain more insight into the degradation of acetylated wood, this study investi-
gated the degradation and deacetylation of acetylated wood by two different brown 
rot fungi. Scots pine samples acetylated to two different WPGs were exposed to the 
previously studied R. placenta as well as Coniophora puteana in a stacked-sample 
decay test to generate samples in different stages of decay. Mass losses and mois-
ture contents were measured, after which deacetylation and chemical changes were 
investigated by saponification and FTIR spectroscopy. The objectives were to deter-
mine if (1) both fungi can cause substantial degradation in acetylated wood, (2) both 
fungi can deacetylate acetylated wood, and (3) degradation produces similar chemi-
cal changes in acetylated wood to unmodified wood.
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Materials and methods

Sample preparation

Samples with dimensions 8 mm x 8 mm x 12 mm (longitudinal x tangential x radial) 
were sawn from commercial kiln dried boards of Scots pine (Pinus sylvestris) sap-
wood. The samples were Soxhlet extracted (6 h) with acetone to remove acetone-
soluble extractives and then oven dried at 105 °C for 24 h to determine their initial 
dry mass. Two sets of samples were acetylated in neat acetic anhydride, while one 
set of samples was left unmodified to act as reference. The samples to be acetylated 
were first impregnated with the anhydride at room temperature (under vacuum for 
2 h, followed by soaking in the anhydride overnight at atmospheric pressure) and 
then acetylated in fresh anhydride at 120 °C for 20 min or 6 h. After reaction the 
treatment flasks were cooled in an icebath and the anhydride replaced with acetone. 
The modified samples were soaked in acetone overnight and then Soxhlet extracted 
again with acetone to remove reaction by-products and unreacted anhydride. Finally, 
the samples were dried at 105 °C for 24 to determine their modified dry mass. WPG 
due to modification was calculated according to Eq. 1:

	
WPG (%) =

mmod − minit

minit
× 100%� (1)

where minit is the initial dry mass of the samples, and mmod is the modified dry mass 
of the samples.

The samples acetylated for 20 min and 6 h reached an average WPG of 9.3 (± 0.7)% 
and 18.4 (± 0.5)%, respectively. After drying the acetylated and unmodified reference 
samples were sterilised by ionising radiation (25–50 kGy dose) and then conditioned 
at 85% RH over a saturated solution of KCl at room temperature for 3 months.

Decay test

The decay test was performed using a similar setup as in Belt et al. (2022). Four 
ml of 2% malt extract agar medium were added to 16-mm-diameter test tubes and 
inoculated with one plug of mycelium from the growing edges of C. puteana (strain 
BAM Ebw. 15) or R. placenta (strain BAM 113) stock cultures maintained on 2% 
malt extract agar. A piece of plastic netting was placed over the mycelial plug, fol-
lowed by 6 wood samples stacked on top of each other. The tubes were plugged 
with cotton wool and incubated at 85% RH over a saturated solution of KCl at room 
temperature. As the objective of the decay test was to produce a range of mass losses 
in every sample type (reference, 9% WPG, and 18% WPG), the different sample 
types were incubated with the two fungi for different durations. All replicate tubes (7 
for all sample types exposed to C. puteana and 5 for all sample types exposed to R. 
placenta) corresponding to one sample type-fungus combination were removed from 
the test when the visible fungal mycelium had reached the top of the topmost block 
in one replicate tube. The samples were removed from the tubes, brushed to remove 
adhering mycelium and weighed to determine their decaying wet mass. The samples 
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were dried overnight under a fume hood and then at 105 °C for 24 h to determine 
their decayed dry mass. For each sample, mass loss (ML), moisture content (MC) at 
the end of the decay test, and moisture content corrected for WPG and mass loss at 
the end of the decay test (MC*) were calculated according to Eqs. 2–4:

	
ML (%) =

mundec − mdec

mundec
× 100%� (2)

	
MC (%) =

mwet − mdec

mdec
× 100%� (3)

	
MC ∗ (%) =

mwet − mdec

minit
× 100%� (4)

where mundec is the undecayed dry mass of the samples (minit for references and mmod 
for modified samples), mdec is the decayed dry mass of the samples, and mwet is the 
decaying wet mass of the samples.

After the decay test, a total of 15 samples from every type-fungus combination 
were selected for further analysis based on their mass loss. The samples were ground 
in a laboratory knife mill (IKA A10) for approx. 1  min until a fine powder was 
obtained and stored in sealed plastic tubes until analysis.

Saponification

The bound acetyl content of the selected samples was determined by saponification 
using a modified version of the method presented by Beck et al. (2018b). Wood pow-
ders (25 mg) were saponified using 1 ml of 1 M NaOH for 6 h at room temperature on 
a flatbed shaker. Samples (0.75 ml) of each liquid sample were recovered, neutralised 
with 0.375 ml of 2 M HCl and filtered through 0.45 μm syringe filters into HPLC 
vials. The acetic acid content of the samples was analysed by HPLC on a Shimadzu 
Prominence system (consisting of a LC-20AP pump, SIL-20AC autosampler, CTO-
20AC column oven, and RID-10 A refractive index detector) using a Phenomenex 
Rezex ROA-Organic Acid H + column (7.8 × 300 mm, 8 μm particle size) and iso-
cratic elution at 55 °C with 2.5 mM H2SO4 as the mobile phase at 0.6 ml/min. Acetic 
acid was quantified using refractive index detection against a calibration curve of 
acetic acid standards prepared in the same way as the samples.

ATR-FTIR

FTIR spectra were obtained from the selected samples using a Shimadzu IRPres-
tige-21 spectrometer equipped with a Specac Quest ATR accessory with a diamond 
crystal. Spectra were recorded in the 400–4000 cm− 1 spectral range at a resolution 
of 4  cm− 1. Three separate spectra with 50 accumulations each were recorded for 
every sample. The spectral data were cut to the 800–1800  cm− 1 range for subse-
quent analysis. Calibration sets were prepared by grouping the two fungi, with each 
group comprising the three sample types. Preprocessing of each subgroup involved 
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baseline correction using a third-degree polynomial subtraction (n = 3), followed 
by smoothing using a Savitzky-Golay procedure (Savitzky and Golay 1964) with 
a second-order polynomial and a 15-point window, which effectively reduced noise 
while preserving the spectral features. The spectra were then subjected to unit vector 
normalization and mean-centring.

Partial Least Squares regression (PLSR) models (de Jong 1993) were developed 
for each sample type using the pre-processed calibration objects, with corresponding 
mass loss values as response variables. Model performance was evaluated using root 
mean square error of calibration (RMSEC) and cross-validation (RMSECV) at dif-
ferent numbers of latent variables. The cross-validation was performed by splitting 
the objects into five subsets, with care taken to group the similar objects (replicates) 
together. In each iteration, four subsets (80% of the data) were used for training, 
while the remaining subset (20% of the data) served as the validation set. Based on 
the cross-validation results, three latent variables were selected for the final model. 
The regression vectors of these models were compared to assess the spectral features 
in predicting mass loss across different fungi and sample types.

Results and discussion

The mass losses of the reference, 9% WPG and 18% WPG samples due to C. puteana 
and R. placenta are given in Fig. 1 as a function of sample position in the stacked-
sample decay test. The two fungi and the three sample types showed substantial 
differences in colonisation time and mass loss pattern. C. puteana colonised the ref-
erence samples in 8 weeks and produced a non-linear increase in mass loss from − 5% 
at position 1 (topmost sample) to 53% at position 6 (bottommost sample). The 9% 
WPG samples were also colonised rapidly (in 9 weeks) and showed a strong increase 
in mass loss from position 1 to position 4; however, mass loss increased more slowly 
from position 4 onwards, reaching only 25% at position 6. The 18% WPG samples 
were colonised more slowly (in 38 weeks) and showed a different mass loss pattern 

Fig. 1  Average mass losses of the reference, 9% WPG and 18% WPG samples due to C. puteana (a) 
and R. placenta (b) as a function of sample position in the stacked-sample decay test. The reference, 
9% and 18% WPG samples were exposed to C. puteana for 8, 9 and 38 weeks, respectively, and to R. 
placenta for 14, 26 and 52 weeks, respectively. Error bars are ± standard deviation, N = 7 for C. puteana 
and N = 5 for R. placenta
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than the 9% WPG samples: mass loss remained below 1% until position 5 and then 
increased to 22% at position 6. R. placenta colonised all three sample types more 
slowly than C. puteana. The references were colonised in 14 weeks and revealed 
a non-linear increase in mass loss from − 1% at position 1 to 53% at position 6, 
while the 9% WPG samples were colonised in 26 weeks and showed a very similar 
mass loss pattern to the references. The 18% WPG samples on the other hand took 
52 weeks to colonise and showed very little mass loss from position 1 to position 4. 
At position 5 the mass loss increased rapidly to 36%, followed by a more gradual 
increase to 47% at position 6.

The mass loss results presented in Fig. 1 confirm the findings of previous studies 
(Hill et al. 2006; Beck et al. 2018a, c; Thygesen et al. 2021; Ponzecchi et al. 2024) 
that even high WPG wood will decay if given sufficient time. However, the substan-
tial increase in colonisation time in the high WPG samples compared to the refer-
ences (from 8 to 38 weeks in the case of C. puteana, and from 14 to 52 weeks in the 
case of R. placenta) clearly demonstrates the increased decay resistance of acetylated 
wood. In the case of C. puteana, the acetylated samples also showed substantially 
reduced mass losses. Beck et al. (2018c) concluded that acetylation delays the ini-
tiation of decay by R. placenta but once decay begins, it proceeds at the same rate 
as in unmodified wood. Although degradation was not monitored over time in this 
experiment, the differences in mass loss pattern between the sample types suggest 
differences in the rate of degradation.

The decay resistance of acetylated wood is linked to its reduced moisture content, 
and it has been proposed that wood acetylated to sufficiently high WPG is protected 
from decay as the cell wall moisture content is reduced below the minimum required 
for the initiation of decay (Thybring 2013). The moisture contents of the unmodi-
fied and acetylated samples at the end of the decay test are shown in Fig.  2 as a 
function of sample position (Fig. 2a and b) and mass loss (Fig. 2c and d). Moisture 
content corrected for WPG due to modification and mass loss due to decay (MC*) 
was used to allow direct comparisons in water content between the samples without 
influence from changes in sample mass due to treatment or decay. Supplementary 
Figure S1 gives the uncorrected MCs and corrected MCs* of all individual samples. 
Comparison of average MCs* of the least degraded samples at position 1 (Fig. 2a 
and b) clearly showed the effects of acetylation: MC* was reduced from 27% in the 
reference samples to 20% at 9% WPG and to below 15% at 18% WPG (11% in the 
samples exposed to R. placenta and 14% in the samples exposed to C. puteana). 
MC* increased with sample position in all three sample types, most likely due to 
the combined effects of moisture transport from the agar and hydrolysis of the cell 
wall carbohydrates. The MC* of the reference samples decreased at position 6, while 
no decrease was seen for the acetylated samples. When MC* was plotted against 
mass loss (Fig. 2c and d), the MC* of the acetylated samples was seen to increase 
in a pattern similar to the references. All samples exposed to C. puteana showed a 
linear increase in MC* up to approx. 30% mass loss, while the samples exposed to 
R. placenta showed a rapid increase in MC* at low mass losses, particularly in the 
acetylated samples. Measurable mass losses were recorded in the acetylated samples 
at MCs* below 25%, which shows that the reduction in MC* does not protect the 
samples from decay. Degradation at low MCs has been previously documented in 

1 3

   13   Page 6 of 15



Wood Science and Technology           (2025) 59:13 

both modified and unmodified wood in the presence of an external moisture source 
(Meyer et al. 2016; Brischke and Alfredsen 2020).

To investigate the role of deacetylation in the degradation of acetylated wood, a 
subset of samples was selected from every sample group and their acetyl contents 
determined by saponification. The post-decay acetyl contents of the samples are given 
in Fig. 3 as a function of mass loss. The unacetylated reference samples contained a 
small concentration of acetyl groups due to the natural acetylation of hemicelluloses 
(Fengel and Wegener 1989). The acetyl content of the references was around 1.5% 
in the least decayed samples and decreased gradually with increasing mass loss due 
to both C. puteana and R. placenta as a result of hemicellulose degradation. The 
acetylated samples showed substantial variation in their acetyl content, which is not 
surprising given that there were substantial variations in their gravimetrically deter-
mined acetylation degree (see Supplementary Table S2). The acetyl content of the 
9% WPG samples showed little change as a function of mass loss due to either fun-
gus, indicating that no preferential deacetylation of the material took place over the 
course of decay. The 18% WPG samples exposed to C. puteana showed a very slight 
decreasing trend as a function of mass loss, while the samples exposed to R. placenta 
revealed a small, rapid decrease at low mass losses. No consistent decrease in acetyl 

Fig. 2  Average corrected moisture content (MC*) of the reference, 9% WPG and 18% WPG samples 
after exposure to C. puteana (a, c) and R. placenta (b, d) as a function of sample position (a, b) and 
mass loss (c, d). The reference, 9% and 18% WPG samples were exposed to C. puteana for 8, 9 and 38 
weeks, respectively, and to R. placenta for 14, 26 and 52 weeks, respectively. Error bars are ± standard 
deviation, N = 7 for C. puteana and N = 5 for R. placenta
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content was seen at higher mass losses due to R. placenta, but 2 of the 15 samples 
selected for saponification were found to have lower acetyl contents than the other 
samples (14.0 and 16.3%). The gravimetrically determined WPGs of the samples in 
question were not lower than the WPGs of the other samples (see Supplementary 
Table S2), which indicates that the samples had been deacetylated by the fungus.

The acetyl content data showed that C. puteana caused little to no preferential 
deacetylation of acetylated wood, while the small decrease seen in the 18% WPG 
samples exposed to R. placenta indicated that R. placenta may have caused slight 
preferential deacetylation in highly acetylated wood in the early stages of decay. 
Although the decrease seen in the 18% WPG samples was small, the identified trend 
is consistent with previous findings. Preferential deacetylation by R. placenta in the 
early stages of decay was recorded by Beck et al. (2018c), although the extent of 
deacetylation observed by them was higher than in this experiment, possibly due to 
the use of more highly acetylated samples by Beck et al. Deacetylation of acetylated 
wood by C. puteana has not been previously investigated, and the results presented 
here indicate that the two fungal species may differ in their mechanisms of degra-
dation. These differences can also be seen in the MC* data (Fig. 2), where the ini-
tial deacetylation by R. placenta may explain the rapid increase in MC* seen in the 
acetylated samples. The initial deacetylation may be due to targeted removal of acetyl 
groups by the fungus or to the action of the Fenton-based oxidative system used by 
brown rot fungi in the early stages of decay. Gene expression studies have shown 
that acetylation prolongs the expression of genes involved in oxidative degradation 
and delays the expression of hydrolytic enzymes (Beck et al. 2018a). It is impos-
sible to say which mechanism is involved based on the present data, but the fact that 
deacetylation was only seen in the 18% WPG samples suggests that the deacetylation 
is specific to highly acetylated wood. Regardless of the mechanism of deacetylation, 
it is clear that extensive deacetylation is not necessary for degradation of acetylated 
wood by either fungus.

Apart from the preferential deacetylation seen in the 18% WPG samples by R. 
placenta, the acetyl content of the samples showed little change as a function of mass 
loss, indicating that acetyl groups were lost from the wood at the same rate as cell 

Fig. 3  Acetyl contents of selected reference, 9% WPG and 18% WPG samples after exposure to C. 
puteana (a) and R. placenta (b) as a function of mass loss. Two 18% WPG samples exposed to R. 
placenta (marked with open symbols) showed reduced acetyl content compared to the other samples
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wall polymers. Although lignin is more extensively acetylated than carbohydrates, a 
significant portion of the acetyl groups are found on the carbohydrate fraction (Row-
ell et al. 1994), and the degradation of the acetylated carbohydrates by the fungi is 
bound to cause a loss in acetyl groups. However, it is unclear if the loss of acetyl 
groups is exclusively due to the degradation of acetylated carbohydrates by the fungi 
or if the carbohydrates or lignin are also deacetylated over the course of decay. Fur-
thermore, although the data indicate that acetyl groups are lost from acetylated wood 
at the same rate as cell wall polymers, the bulk measurements performed here do not 
rule out the possibility of preferential deacetylation before polymer degradation on a 
more localised level. Acetyl groups interfere with the action of hydrolytic enzymes, 
necessitating their removal for the efficient hydrolysis of carbohydrates to digestible 
monosaccharides (Puls 1997). Acetylation has also been shown to reduce wood deg-
radation by Fenton reagent in laboratory degradation experiments, most likely due to 
reduced iron diffusion (Hosseinpourpia and Mai 2016). If the action of Fenton chem-
istry is substantially impeded under real brown rot degradation conditions as well, 
the removal of acetyl groups may be necessary for the initiation of decay. Potential 
acetylation gradients in the cell wall, which can occur when acetylation is performed 
in neat acetic anhydride (Mäkelä et al. 2021), may further increase or decrease the 
need for localised deacetylation.

To investigate the degradation of acetylated wood in more detail, ATR-FTIR spec-
tra were collected from the samples selected for acetyl content measurements. The 
average spectra of the samples with minimum mass loss are given in Fig. 4a, while 
Fig. 4b, c and d give the average spectra of the minimum and maximum mass loss 
reference, 9% WPG and 18% WPG samples, respectively. Individual replicate spec-
tra are shown in Supplementary Figure S3. The minimum mass loss spectra clearly 
showed the effects of acetylation as increased band intensity at 1225, 1369 and 
1738 cm− 1, in agreement with previous reports (Schwanninger et al. 2011; Thygesen 
et al. 2021; Ponzecchi et al. 2024). In the unmodified reference samples, degrada-
tion by both C. puteana and R. placenta caused a decrease in band intensity at 1056, 
1107, 1317, and 1369 cm− 1. These bands are derived from the C–O valence vibration 
of carbohydrates, ring asymmetric valence vibration of carbohydrates, CH2 rock-
ing vibration of cellulose, and C–H deformation of cellulose, respectively (Pandey 
1999; Schwanninger et al. 2004; Fackler et al. 2010). Strong band intensity increases 
were seen at 1219, 1265 and 1508 cm− 1, corresponding to the G-ring C–C plus C–O 
plus C = O stretch of lignin, G-ring plus C = O stretch of lignin, and aromatic skel-
etal vibrations of lignin, respectively (Faix 1991; Pandey 1999; Schwanninger et al. 
2004; Fackler et al. 2010). Intensity increases were also seen in other lignin-derived 
bands: aromatic C–H deformation at 1138  cm− 1, and aromatic skeletal vibrations 
plus C = O stretch at 1597 cm− 1 (Faix 1991; Schwanninger et al. 2004; Fackler et al. 
2010). An increase was also seen at 1726 cm− 1, tentatively assigned to unconjugated 
C = O stretch of lignin (Faix 1991; Schwanninger et al. 2004). These band intensity 
changes are consistent with preferential carbohydrate degradation and the resulting 
increase in residual lignin content. Brown rot decay also causes lignin modification 
as the hydroxyl radicals generated by the Fenton reaction cause sidechain cleavage, 
demethylation, and oxidation, giving an increase in aromatic content, OH content, 
and C = O content (Filley et al. 2002; Yelle et al. 2011); the changes seen in the lignin-
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derived bands are consistent with extensive lignin modification. The spectra of the 
acetylated samples degraded by C. puteana and R. placenta were still dominated by 
the acetylation-related bands, as expected given the lack of extensive deacetylation 
(Fig. 3). Many of the spectral changes seen in the reference samples could be seen 
in the acetylated samples as well, which means that the samples were degraded by a 
similar mechanism to the references.

To gain more insight into potential differences in degradation between the sam-
ple types, the ATR-FTIR spectral data were analysed by PLSR. Separate models 
were built for the different wood-fungus combinations to understand which spectral 
changes are associated with mass loss in the different samples. The regression vectors 
are shown in Fig. 5. All models were built using three latent variables as the objective 
was to obtain chemical information. RMSEC, RMSECV, and plots of observed vs. 
predicted mass loss are shown in Supplementary Figure S4. In the samples degraded 
by C. puteana, mass loss was associated with increased intensity at 1026, 1144, 1194, 
1273, 1508, and 1589 cm− 1, and decreased intensity at 1070, 1169, and 1317 cm− 1. 
The positive bands were assigned to lignin. The 1144, 1273, 1508, and 1589 cm− 1 
bands were assigned to aromatic C–H deformation, G-ring plus C = O stretch, aro-
matic skeletal vibrations, and aromatic skeletal vibrations plus C = O stretch as 
discussed above. The 1026 cm− 1 band was assigned to aromatic C–H in-plane defor-
mation plus C–O in primary alcohols plus C = O stretch (Faix 1991; Pandey 1999). 
The 1194  cm− 1 band could not be identified but is likely to be lignin-derived as 

Fig. 4  Average ATR-FTIR spectra of the reference, 9% WPG and 18% WPG samples with minimum 
mass loss (a), and average FTIR spectra of the reference (b), 9% WPG (c) and 18% WPG (d) samples 
with minimum mass loss and maximum mass loss due to C. puteana and R. placenta
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well. The negative bands were assigned to carbohydrates. The bands at 1070 and 
1317  cm− 1 were assigned to the C–O valence vibration of carbohydrates and the 
CH2 rocking vibration of cellulose as discussed above. The 1169  cm− 1 band was 
tentatively assigned to the C–O–C asymmetric valence vibration of carbohydrates 
(Pandey 1999; Schwanninger et al. 2004; Fackler et al. 2010); lignin-derived bands 
have been found in this region but not in softwood lignin (Faix 1991). In the sam-
ples degraded by R. placenta, positive coefficients were seen for the lignin-derived 
bands at 1026, 1142, 1194, 1269, 1508, and 1597 cm− 1, and negative coefficients for 
the carbohydrate-derived bands at 1070 and 1169 cm− 1. Additional negative bands 
were seen at 889 and 945 cm− 1, derived from the C–H deformation of cellulose and 
from the pyran ring, respectively (Schwanninger et al. 2004; Fackler et al. 2010). In 
the case of both fungi, negative coefficients were seen for the acetylation-derived 
bands at 1242, 1375, and 1749 cm− 1, showing that acetyl groups were lost from the 
samples. This finding is in agreement with the acetyl content data (Fig. 3), which 
indicated that acetyl groups were lost over the course of decay at the same rate as the 
wood cell wall polymers.

Even though the PLSR analysis showed that mass loss was associated with carbo-
hydrate degradation and lignin accumulation in all samples, substantial differences 
in the regression vectors could be seen between the sample types. In the samples 
degraded by C. puteana, the carbohydrate C–O band at 1070  cm− 1 showed large 
negative regression coefficients in the acetylated samples but not the references, 
while the tentative carbohydrate C–O–C band at 1169  cm− 1 as well as the cellu-
lose CH2 band at 1317 cm− 1 showed negative coefficients in the references but not 
the acetylated samples. Lignin-derived bands also showed differences between the 
sample types; the 1144 cm− 1 band assigned to aromatic C–H and the 1194 cm− 1 band 
tentatively assigned to phenolic OH (Derkacheva and Sukhov 2008) displayed much 
larger positive regression coefficients in the acetylated samples than the references. 
In the samples degraded by R. placenta, the cellulose band at 889 cm− 1 and pyran 
ring band at 945 cm− 1 had more negative regression coefficients in the references 
than in the acetylated samples, while the lignin aromatic C–H band at 1142 cm− 1 and 

Fig. 5  Regression coefficients of PLSR models predicting mass loss in the reference, 9% WPG and 
18% WPG samples degraded by C. puteana (a) and R. placenta (b)
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the lignin phenolic OH band at 1994 cm− 1 had more positive coefficients in the acety-
lated samples than the references. The carbohydrate bands at 1069 and 1171 cm− 1 
had more negative coefficients in the reference and 9% WPG samples than the 18% 
WPG samples.

The differences in regression vectors suggest differences in degradation patterns 
between the sample types. However, the differences may also be influenced by dif-
ferences in decay stage. Decay stage is likely to be a factor at least in the case of 
C. puteana, where the reference samples had a maximum mass loss of 56%, while 
the 9% and 18% WPG samples had maximum mass losses of only 35 and 31%, 
respectively. Decay stage is likely to be less influential in the case of R. placenta, 
where the maximum mass loss in all sample types was over 50% (58, 59 and 52% 
for the reference, 9% WPG and 18% WPG samples, respectively). The differences in 
the regression coefficients of the carbohydrate-derived bands may reflect differences 
in patterns of carbohydrate degradation caused by acetylation of the carbohydrates, 
while the differences related to lignin-derived bands may reflect differences in lignin 
modification. The strong association of the aromatic C–H band at 1142 cm− 1 and the 
phenolic OH band at 1194 cm− 1 with mass loss in acetylated wood may be indicative 
of more extensive sidechain cleavage and demethylation in the acetylated samples 
as a result of hydroxyl radical attack. However, the aromatic ring bands at 1508 and 
1597 cm− 1 did not show consistently higher coefficients in the acetylated samples, 
and the aromatic C–H plus C–O plus C = O band at 1026 cm− 1 and the G ring plus 
C = O band at 1269 cm− 1 did not show substantial differences between the reference 
and acetylated samples either, suggesting a lack of difference in lignin aromatic con-
tent and C = O content between the sample types. The increased phenolic OH content 
seen in the acetylated samples may instead be due to lignin deacetylation, which 
would cause an increase in phenolic OH without an increase in aromatic C = O. How-
ever, the degradation (rather than deacetylation) of acetylated lignin is also possible. 
Regardless of the exact mechanism, the finding suggests that the loss of acetyl groups 
over the course of decay is not only due to degradation of acetylated carbohydrates. 
Finally, the acetylation related bands at 1242, 1375 and 1749 cm− 1 also showed dif-
ferences between sample types. Although all three bands had negative coefficients in 
the acetylated samples degraded by both fungi, the different bands showed different 
behaviours in the 9% and 18% WPG samples. However, these differences are likely 
due to the fact that the bands also receive contributions from the wood cell wall 
polymers in addition to acetyl groups rather than due to differences in the chemistry 
of deacetylation.

Conclusion

The stacked-sample decay test showed that acetylated wood could be degraded to 
high mass losses by C. puteana and R. placenta despite the strong reduction in mois-
ture content under decay test conditions. Post-decay acetyl content measurements 
showed little to no preferential deacetylation of the acetylated samples by C. puteana, 
while slight deacetylation of high WPG wood by R. placenta was seen in the early 
stages of decay. The fact that deacetylation was seen only in the high WPG samples 
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suggests that the deacetylation, regardless of its exact mechanism, is specific to high 
WPG wood. FTIR analysis of the decayed samples showed that both fungi degraded 
the reference and acetylated wood by a typical brown rot mechanism characterised 
by preferential carbohydrate degradation and lignin modification. Despite the simi-
larities, PLSR analysis of the spectral data revealed some differences between the 
reference and acetylated samples in carbohydrate degradation and lignin modifica-
tion. The spectral data suggested that the fungi caused the loss of acetyl groups in 
lignin, which means that the deacetylation seen in the samples exposed to R. placenta 
is not only due to the degradation of acetylated carbohydrates. The degradation of 
acetylated wood and the mechanisms of deacetylation require further investigation.
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