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Differentiation of wood species using headspace
fingerprinting through Fourier-transform
infrared spectroscopy
Justine M. Kalaw1 & Fortunato Sevilla III*1,2
1
Graduate School; 2Research Center for the Natural and Applied Sciences,
University of Santo Tomas, España Boulevard, 1015 Manila, The Philippines

An innovative technique in the differentiation of five wood species (Pterocarpus indicus,
Acacia auriculaeformis, Gmelina arborea, Vitex parviflora, and Diospyros philippinensis)
was carried out using headspace Fourier-transform infrared spectroscopy (FTIR) and
chemometrics. The unique headspace fingerprint of each wood species was obtained through
an extractive headspace FTIR analysis. The FTIR spectra included absorption peaks which
indicated the presence of several functional groups, but the use of the spectra alone for
discrimination is visually difficult and too complex. Through the use of principal component
analysis (PCA) and hierarchical cluster analysis (HCA), the wood samples were discriminated
by their taxonomical species. This study demonstrates the capability of headspace FTIR
technique in wood headspace analysis and its potential as a simple, non-destructive, and
rapid alternative for wood species identification.
Keywords: wood species differentiation, headspace FTIR spectroscopy, chemometric
discrimination

INTRODUCTION
Wood identification is critical in controlling
illegal timber trading [1, 2]. The most commonly
used methods are based on the macroscopic
and microscopic analysis of wood anatomy.
However, these methods are able to identify
wood only to the genus level [3].
Physicochemical and genetic methods have
been employed to provide information to
establish wood identity down to the species
level [2]. Most of these methods involve
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measurements carried out on the solid wood
sample.
The headspace above the solid wood sample
could also provide information for species
identification. It contains the vapor generated
by the volatile compounds present in the wood
and is responsible for the distinct odor of wood
species such as sandalwood (Santalum album
L.), ‘cigar-box’ cedars (Cedrella spp.), and
raspberry jam wood (Acacia acuminata Benth.),
and conifers (Chamaecyparis spp.) [4–6]. The
traditional method for the detection and
quantification of odor in the sample headspace
is olfactometry, which is based on the judgement
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of human assessors [7]. However, since most
wood species have very low concentration of
volatile compounds for proper olfactory
detection, headspace analysis of wood is
commonly carried out using gas
chromatography-mass spectrometry (GC-MS)
and gas chromatography-mass spectrometry/
olfactometry [5, 8–10]. Analysis of wood
headspace has also been carried by means of
the electronic nose, which is composed of an
array of chemo-electronic sensors that generates
electric signals in the presence of vapors [11–
15].
An innovative technique for wood headspace
analysis is headspace Fourier-transform infrared
spectroscopy (FTIR). It proves to be highly
efficient in analyzing volatile compounds,
involving less complexity and lower cost
compared to GC-MS. It takes advantage of the
unique IR absorption of most volatile chemical
species to produce a distinct spectrum of the
“headspace fingerprint” of a material [16]. Similar
with the complex nature of the chemical
fingerprint of solid materials, the headspace
fingerprint of solid or liquid materials holds
information about the aforementioned material
that can be analyzed using chemometrics.
FTIR spectroscopy has been coupled with
chemometrics to analyze and differentiate the
chemical fingerprints of solid wood samples and
extractives from wood samples, including beech
[17], rosewood [18], walnut wood species [19],
precious wood species [20], dipterocarp wood
species [21], and archeological wood samples
[22]. It was also used in discriminating the
headspace spectral fingerprint of food samples,
such as Chinese spirits [16], grapes [23] and
strawberries [24], and plant samples such as
species of the genus Pandanus [25]. All of which
reported the high accuracy and great efficiency
of the technique.
This study describes a headspace FTIR
technique for the discrimination of five

32

Philippine wood species using chemometric
methods for extracting information from spectral
data. It presents a simple, low-cost, accurate and
efficient approach for the headspace analysis
of wood. It can be applied for the rapid and
reliable recognition of wood species in the effort
to protect endangered wood species and to
control the international trading of illegally cut
woods.

MATERIALS AND METHODS
Wood samples. The wood samples used in this
study were Ptercarpus indicus (Philippine
common name: narra), Vitex parviflora
(Philippine common name: molave), Diospyros
philippinensis (Philippine common name:
kamagong), Acacia auriculaeformis (Philippine
common name: acacia), and Gmelina arborea
(Philippine common name: gmelina). Pandanus
indicus, V. parviflora, and D. philippinensis are
premium wood species [26] and are included in
the IUCN Red List of Threatened Species [27].
Acacia auriculaeformis and G. arborea are
commercial wood species used for sawn timber
and pulpwood [28, 29].
Samples were collected from the grounds of the
University of Santo Tomas, Manila (14°36'33"
North and 120°59'24" East), and authenticated
by the UST Herbarium, Research Center for the
Natural and Applied Sciences, University of
Santo Tomas. Stem samples were obtained from
healthy and mature trees and were air-dried away
from direct sunlight. Four blocks (3 cm  3 cm 
1.5 cm) were chopped from different portions of
the stems and were stored in air-tight plastic
containers kept in a freezer (<–10°C) until use.
The chopped portions were thawed, debarked
and milled before analysis.
Headspace sampling. The headspace of each
wood species was sampled through a vaporphase extractive technique. The headspace
sampling set-up consisted of a sealed sample
container (50 mL) provided with a stopcock to
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which a 50 mL gas-tight syringe (Hamilton,
Switzerland) was connected. The chopped wood
block was heated in this set-up at 80°C for 40 min
using a water bath and a hot plate. The generated
vapor was collected in the gas syringe.
FTIR spectroscopic analysis. The headspace
FTIR spectroscopic analyses of the wood
samples were accomplished using a FTIR
spectrophotometer (Prestige-21, Shimadzu
Corporation, Japan). The extracted headspace
sample was placed in a 10-cm gas cell (Pike
technologies, USA) with two 24 mm  4 mm KBr
windows as the sample holder. Prior to each
analysis, the gas cell was purged with nitrogen
gas for 10 min. The IR spectrum was measured
from 600 to 4000 cm–1 with a resolution of 2.0
cm–1 and 50 scans per analysis.
Data processing and chemometric analysis.
The FTIR spectra of the headspace of wood
samples were processed using IR solutions
software (Shimadzu Corporation). The signals
from water vapor (4000-3500 and 2100-1200 cm–
1
) and CO2 (2300-2250 and 666 cm–1) were
subtracted from the spectra of the samples
through an atmospheric correction technique.
The spectra were also normalized and
underwent baseline correction using the
mentioned software.
Principal component analysis (PCA) and
hierarchical cluster analysis (HCA) were
performed on the spectral data using the
XLSTAT software package (Addinsoft, USA).
PCA was carried out using an observations/
variable data format and Pearson correlation for
data treatment. HCA was done with Pearson
correlation coefficient similarity measurement
with agglomerative unweighted paired-group
average method.

RESULTS AND DISCUSSION
Headspace generation. The headspace
consists of the vapors formed by the volatile
compounds in the wood sample during the

thermal extraction process. Several factors
affected the generation of headspace for FTIR
analysis and were optimized for better sensitivity.
The factors were quantitatively evaluated using
the total of the measured absorbance which is
related to the concentration of the gaseous
compounds.
The heating temperature affected the headspace
build-up of the wood sample, an increase in
temperature causing an increase in absorbance.
A temperature of 80°C was chosen as optimum,
since higher temperatures could cause water in
the sample to vaporize which could damage the
KBr window of the IR gas cells. The absorbance
readings increased as the heating time was
prolonged, indicating a higher vapor
concentration. The optimum heating time was
40 min, since no significant change was
observed in the absorbance when heating was
done beyond this period. A temperature of 80°C
and a 40 min heating period facilitated the release
of a great amount of volatile compounds to the
sample headspace.
The size of the wood particles (chipped and
milled) were found to have no influence on the
release of the volatile compounds to the
headspace. The absorbance readings of milled
and chipped wood samples were not
significantly different from each other. Chipped

Dried P. indicus

Fresh P. indicus

Figure 1. The headspace spectra (4000-600 cm –1)
of fresh and dried P. indicus
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wood samples were preferred due to practical
reasons such as less preparation time and less
destruction to the sample.
The headspace spectra of dry and fresh wood
samples exhibited some variations in the
fingerprint regions, as can be discerned in Fig. 1
which shows the spectra obtained from fresh
and dried samples of P. indicus. However, the
absorption peaks at 3600-3000 cm–1 remained
unchanged, indicating that the presence of water
vapor in the headspace of the fresh wood
samples did not completely interfere with the
absorption peaks of other volatile compounds.
Thus, the headspace samples were generated
from fresh chipped samples which were heated
at 80°C for 40 min.
IR spectral analysis. The headspace FTIR
spectra of the five wood species are presented
in Fig. 2. Several differences can be discerned in
the spectra of the wood species. Some peaks
were present in one or two species while absent
in others; some peaks have higher absorbance
in comparison to the same peak of the spectrum
from a different wood species. In the region of
3550-2900 cm–1, almost similar peaks were visible
for all the wood samples which can be attributed
to combination of C-H stretching from saturated
and unsaturated including cyclic and aromatic
compounds, and stretching of O-H from
alcoholic, phenolic and acidic compounds [30].
In the region of 1700-600 cm–1, the differences
between each wood species were clear (Fig. 3),
indicating the presence of different compounds
in the headspace. The absorption peak at 15291502 cm–1 was only evident in headspace of the
wood species V. parviflora and D.
philippinensis, while absorption peak at 12771260 cm–1 was mostly visible to D. philippinensis
only, though A. auriculaeformis also had weak
signals in the same wavenumber range. Strong
signals at 763 and 749 cm–1 were clear in wood
species D. philippinensis and A.
auriculaeformis. A small peak at 646 cm–1 is
exclusive to the wood P. indicus, while the
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Figure 2. The headspace spectra (4000-600 cm–1) of
the five wood species: D. philippinensis (K), G.
arborea (G), A. auriculaeformis (A), V.
parviflora (M), and P. indicus (N)
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Figure 3. Headspace spectra of the five wood species
in wavenumber ranges of 3550-2900 cm–1 (top)
and 1700-600 cm–1 (bottom) showing distinct
signals: D. philippinensis (K), G. arborea (G), A.
auriculaeformis (A), V. parviflora (M), and P.
indicus (N)
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absorption peak at 622 cm–1 was limited to V.
parviflora. In spite of the presence and absence
of specific absorption peaks of the headspace
spectra of wood species, unambiguous
distinction between them was still unattainable;
therefore, the use of statistical measurements
were done to fully discriminate the wood species
from their headspace composition.
Chemometric analysis of headspace spectra.
A chemometric approach was used to explicitly
discriminate the headspace of wood samples
from each other. Unsupervised pattern
recognition techniques were used to discover
groupings and distinct patterns between the
headspace spectral data of each wood samples.
For the IR spectra data analysis, PCA was used
because of the large number of data per sample
(more than 3000 per sample). However, this large
amount of data might be unnecessary for the
production of a PCA plot in the aim of
discriminating wood species. Therefore, a
statistical plot was used to determine which
wavenumbers were actually important
contributors to the variation for each wood.
The factor loadings plot of the 1st and 2nd principal
components (F1 and F2) (Fig. 4) shows the

Figure 4. Factor loadings vs. wavenumber (4000-600
cm–1) plot of the 1st and 2nd principal
components (F1 and F2) from PCA calculations

wavenumber ranges in the FTIR spectral data
that has high contribution to the variation of
the samples. The wavenumber ranges 600-1750
cm –1 and 3200-3550 cm–1 contain the most
variance for the spectral data, while the other
wavenumbers have low or none at all. This plot
correlates with the headspace spectral analysis
in the preceding section wherein it was
highlighted that the carbonyl and fingerprint
regions, as well as the 3550-2900 cm –1
wavenumber range, have the distinct absorption
peaks. With this information, the amount of data
for the PCA analysis of the headspace IR spectra
of wood samples can be lowered and simplified.
Principal component analysis was applied to
quantitatively compute for the variation of the
headspace IR spectra with the different wood
samples. From the score plot (Fig. 5), clustering
of wood samples by their taxonomical species
was observed. However, only the wood species
of D. philippinensis and P. indicus were
discriminated and the other three wood species
have overlapping groupings. The overlapping
of the wood species G. arborea and V. parviflora
can be explained by their common taxonomical
family Verbanaceae, but the overlapping of A.
auriculaeformis to the two was rather peculiar

Figure 5. Score plot of the principal components of
the absorbances in the wavenumber ranges 35502900 cm–1 and 1700-600 cm–1 of each wood
samples: P. indicus (N), G. arborea (G), V.
parviflora (M), D. philippinensis (K), and A.
auriculaeformis (A)
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Figure 6. Three-dimensional scatter plot of the
principal components of the absorbances in the
wavenumber ranges 3550-2900 cm–1 and 1700600 cm–1 of each wood samples: P. indicus (N),
G. arborea (G), V. parviflora (M), D.
philippinensis (K), and A. auriculaeformis (A)

Figure 7. Dendrogram from HCA calculations of the
sensor array responses to the wood samples: P.
indicus (N), G. arborea (G), V. parviflora (M),
D. philippinensis (K), and A. auriculaeformis
(A)

behavior because A. auriculaeformis is more
related to P. indicus due to their common
taxonomical family.

related to Acacia, both belonging to the
Fabaceae family. However, A. auriculaeformis
was presented to be more related to V. parviflora
and that G. arborea, both of which belonged to
the Verbanaceae family. A G. arborea data point
(G1) had been mixed in the group of V. parviflora
species; this kind of occurrence is a typical
dilemma of HCA in analyzing very large data set
known as chaining [28]. The results of the HCA
indicate that unfamiliar connections between the
wood species can be revealed by the
composition of the headspace of the wood
samples.

With the addition of another principal
component (F3) to the PCA plot, the variability
of the score plot increased from 81.03% to
89.57%. The 3D PCA plot (Fig. 6) showed a more
visible clustering of the wood species. The wood
species Acacia has now been discriminated from
the rest, while there was still a slight overlapping
of the clusters of G. arborea and V. parviflora,
both of which belonged to Verbanaceae family.
The use of 3D PCA plot accomplished the
objective of discriminating the five Philippine
wood species using their headspace FTIR
spectra.
Hierarchical cluster analysis (HCA) yielded the
dendrogram shown in Fig. 7. The dendrogram
showed the similarity relationships between
each wood species where the horizontal axis is
for the Euclidean distance among the groups
and the vertical axis indicate the wood samples
similarity. The dendrogram (Fig. 8) was
successful in relating the samples with their
species; P. indicus was shown to be rather
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CONCLUSION
The headspace fingerprinting of five Philippine
wood species was achieved using vapor-phase
FTIR spectroscopy technique. The headspace
fingerprints of each wood species were
interpreted by pattern recognition techniques.
Unsupervised pattern recognition techniques
depicted obvious clustering of wood species in
the PCA plot and related groupings in the
dendrogram from HCA, both of which provided
clear discrimination of each wood species from
each other. The results of PCA and HCA imply
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the efficiency of the headspace FTIR technique
in discriminating the five Philippine wood species
and its potential utility in the identification of
wood species.
The use of headspace FTIR technique for wood
headspace analysis offers simple and high
throughput alternative towards other headspace
analysis techniques, and has great potential for
wood species identification. This technique can
be utilized for fast screening analysis of wood
samples but it needs to be accompanied by more
accurate wood analysis techniques for critical
inspections of contraband and endangered
wood species.
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