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Chemical Analysis of Tree Barks using ATR-FTIR
Spectroscopy and Conventional Techniques

Ozlem Ozgeng,>* Sefa Durmaz,® and Siileyman Kustas

ATR-FTIR spectroscopy and conventional analysis techniques were
performed to characterize the chemical structure of different coniferous
(cedar, fir, Calabrian pine, and spruce) and deciduous (chestnut, oak,
alder, and beech) tree barks. The cell wall components (holocellulose
and lignin) and extractives of tree barks were determined using
conventional analysis methods. Chemical analysis indicated that the
polysaccharide contents of tree barks were very low compared to lignin
and extractives content. Substantial dissolution of tree barks was brought
about by 1% NaOH. FTIR analysis method is an easy and reliable way to
determine the functional groups of tree bark components. The levels of
carbohydrates and lignin, as determined by ATR-FTIR spectral analysis,
were consistent with the results of conventional analysis. The highest
content of lignin was in the alder species for the deciduous trees and in
the cedar type for the coniferous trees.
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INTRODUCTION

Tree bark, which is the one of the most abundant materials in nature, covers
stems, branches, and roots to preserve cambium and prevent loss of water (Harkin and
Rowe 1971). It is also an important forest residue that comprises about 10 to 20% of the
total weight of trunk depending on growing conditions (Fengel and Wegener 1989). Tree
bark, after peeling, is usually left to rot in the forest or is burnt for energy generation.
However, the increasing demand for wood and decreasing forestlands are prompting a
search for new resources. At this time, tree barks are drawing attention, and several
studies have been carried out.

Bark is structurally different from wood. It has a heterogeneous structure, which
causes the chemical composition of bark to be different depending on growing
conditions, age, region, and sampling methods (Vazquez et al. 1987). It is well known
that it has low content of carbohydrates as compared to wood. Besides this, tree bark is
also rich in phenolic and extractives compounds (Vazquez et al. 1987; Kofujita et al.
1999). The extractives and carbohydrate content decreases, while lignin and phenolic
compounds increase from inner bark to outer bark (Fengel and Wegener 1989; Hafizoglu
et al. 1997; Goniiltas and Balaban Ugar 2012).

Tree bark has been evaluated for lots of industrial applications in recent years. It
has been widely used as a fuel (Albert et al. 2000; Li and Liud 2000; Sippula et al. 2007).
Meanwhile, utilization of tree bark in ethanol production has been considered because of
its sugar contents (Hu et al. 2008). Tannin-based resin from tree bark also can provide an
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alternative to formaldehyde-based resin (Tondi and Pizzi 2009). Tree bark has attracted
attention due to rich extractives content, which has potential use in natural wood
preservatives (Onuorah 2000; Singh and Singh 2011; Tascioglu et al. 2013).

Chemical characterization of tree bark is necessary for effective evaluation owing
to the chemical composition of tree bark, which is affected by environmental factors. The
conventional methods for determination of the chemical structure of tree bark requires a
long time and large amounts of samples that are subject to various difficulties. During the
past 20 or so years, infrared spectroscopy has become a very effective tool in the analysis
of wood components (Moore and Owen 2001). Infrared spectroscopic analysis is a simple
technique for obtaining information and conducted chemical analysis (Pandey and Pitman
2003; Petrous et al. 2009; Poletti et al. 2012).

The non-extractable components in bark include polysaccharides (cellulose,
hemicellulose, and pectic substances), phenolic polymers (lignin and high-molecular-
weight tannins), and cross-linked polyesters (suberin and cutin). However, there are some
challenges in identification of non-extractable components in bark by conventional
chemical analysis. For example, substantial amounts of hemicellulose and pectins may be
removed by extraction of tannins using alkaline solutions. With this dissolution, accurate
analysis of non-extractable components is also very difficult. For this reason, in recent
years, identification of non-extractable components in bark by conventional methods has
become greatly unpopular. Conventional methods are being replaced by spectroscopic
analysis methods (Sakai 2000).

The purpose of this study was to use chemical analysis methods to reveal the
differences in eight different (four coniferous and four deciduous) tree barks according to
TAPPI standards. It was also aimed to support the conventional analysis method by
examining the chemical bond structure of these bark species via attenuated total
reflection Fourier transform infrared (ATR-FTIR) spectroscopy.

EXPERIMENTAL

Preparation of Bark Samples

The tree barks were peeled off from 20- to 30-year-old cedar (Cedrus libani A.
Rich), fir (Abies nordmanniana (Steven) Spach), Calabrian pine (Pinus brutia Tenore),
chestnut (Castanea sativa Mill.), oak (Quercus pontica K. Koch), spruce (Picea
orientalis (L.) Link), alder (Alnus glutinosa (L.) Gaertn.), and beech (Fagus orientalis
Lipsky) trees that were cut down in Turkey. The barks were conditioned at 20 °C and
65% relative humidity until constant weight. They were then ground using a laboratory
scale Willey mill to obtain 40- to 60-mesh wood powder samples (TAPPI T 257cm-85,
1985).

Determination of Klason lignin

The Klason lignin content of bark samples was determined by sulfuric acid
methods (TAPPI T222 om-11 2011). The content of clone lignin was determined using
two different methods, after only alcohol-benzene dissolution and after alcohol-benzene
and NaOH %1 dissolution. The Klason lignin content for each bark sample was analyzed
in triplicate.
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Determination of NaOH Dissolution
The solubility of bark samples in NaOH was determined according to TAPPI T
212 om-98 (2002).

ATR-FTIR Spectroscopic Measurements

The ATR-FTIR spectra were recorded using a Thermo Nicolet iS50 FTIR
spectrometer (Thermo Fisher Scientific Co., Waltham, MA, USA) equipped with a
single-bounce diamond crystal and a deuterated triglycine sulfate (DTGS) detector. The
ATR crystal contacted the wood powder so that it could absorb evanescent waves. The
ATR spectrum obtained as a result of attenuated radiation resembles a conventional
absorption spectrum (Khoshhesab 2012). The FTIR spectra of all wood samples were
determined in the range of 4000 to 400 cm™! with a resolution of 4 cm™!. Each spectrum
was collected after 32 scans in the absorbance mode. The ATR-FTIR spectra of the wood
samples were analyzed using the OMNICTM software (Thermo Electron Corporation,
Madison, WI, USA). The peak heights constructed by connecting the lowest data points
on either side of the peak were measured from the baseline. The intensities of the lignin-
associated band were rationed against the carbohydrate band in untreated and heat-treated
samples for the decay test (Pandey and Nagvani 2007).

RESULTS AND DISCUSSION

Conventional Analysis

The chemical compositions of eight different tree barks are given in Table 1. The
contents of the main cell wall components of the tree barks varied depending on species,
as well as growing conditions, region, and age. However, the differences in the ratios of
cell wall components were noteworthy in comparison to wood. As known, tree bark
generally has high extractives and lignin content and relatively low holocellulose
(Vazquez et al. 1987; Hafizoglu and Usta 2005; Valentin et al. 2010).

Conventional analysis methods may cause incorrect results because of tree barks’
chemical structure (Fengel 1989). In particular, phenolic components dissolve in sulfuric
acid, which causes an increase in lignin content in tree barks (Solar and Kacik 1993). As
may be seen in Table 1, the lignin content of the tree barks was significantly high.

Table 1. Chemical Composition of Different Tree Barks (%)

Species Holocellulose Lignin* Lignin** Extractives N_aOH 1.%
Dissolution
Calabrian pine 34.91 37.64 19.23 19.02 50.63
Fir 50.13 28.05 20.53 17.01 25.54
Spruce 46.95 20.44 11.70 22.50 48.50
Cedar 40.95 40.36 23.75 13.02 43.21
Alder 51.96 45.78 33.55 9.23 37.63
Chestnut 51.48 25.23 14.55 15.20 46.13
Beech 63.52 32.87 24.25 5.50 26.93
Oak 54.87 23.88 15.45 12.50 39.79
*Klason lignin content after the alcohol-benzene dissolution.
**Klason lignin content after the alcohol-benzene and NaOH 1% dissolution.
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Different solvents such as water, toluene, ethanol, benzene, hexane, and 1%
NaOH are utilized to remove extractives from wood (Fengel 1989). Tree barks are rich in
extractives, which protect the stem against biological threats. According to the results,
solubility of the tree barks in the solvents was relatively high, which enabled evaluation
of the extracts of tree barks for different parameters such as nutrition, health, and
protection (Jerez et al. 2007).

Moreover, it is well known that phenols can be dissolved in a NaOH solution.
After the alcohol-benzene and NaOH dissolution, there was a remarkable decrease in the
lignin content of the tree barks. Accurate lignin contents of the tree barks, which are
similar to wood, were obtained with removal of phenolic acids from the wood structure
after the NaOH dissolution.

After only alcohol-benzene and alcohol-benzene and NaOH 1% dissolution, the
highest lignin content in a coniferous tree was found in the cedar bark (40.36%) while the
highest content in a deciduous tree was determined in the alder bark (45.78%). On the
other hand, the highest holocellulose content in a coniferous tree was found in the fir bark
(50.13%), while the highest content in a deciduous tree was determined in the beech bark
(63.52%). Among all species, the extractives were determined to be maximal in spruce
(22.50%) and minimal in beech bark (5.50%).

ATR-FTIR Spectroscopy Analysis

FT-IR spectroscopy has been often utilized to examine the chemical structure of
tree barks because it is a non-destructive, fast, and reliable technique (Pandey and Pitman
2003; Petrou et al. 2009).

Common lignin bands were also seen in the 1400 to 1700 cm™ region, as shown
in Table 2.

Table 2. Characteristic FT-IR Bands of Tree Bark Components

Wavgrr:{lm ber Assignment Attributed to Reference
1736 C=0 stretch of acetyl and carbonyl Hemicellulose ab c
groups
1603-1608 Aromatic skelgtal e_md C=0 stretch Lignin dc.b
vibration
1508-1510 Cc=C stretchmg of aromatic skeletal Lignin d.ce b h
vibration
1450-1453 C=C and C-H bond._ O-H in plane L|gmn and f,c,g,c, b,
deformation Hemicellulose h
1369-1372 C-H deformation vibration Cellulose h c ek
1315-1317 CH2 rocking vibration Cellulose h, c, k
1264 G-ring plus C=0 stretch (1268) G-Lignin hc, ek
1224 Syringyl ring and C-O stretch Lignin and Xylan a, gk
1157-1159 C-O-C symmetric stretching CeIIu_Iose and f,e j,h
Hemicellulose
1101-1102 Ring asymmetric valence vibration Polysaccharides h, k
1024-1026 C-O stretch Cellulose and g.elk
Hemicellulose
893-895 Aromatic C-H out of plane Cellulose, hemu_:ellulose, hf e bk
deformation and pectin
a: Popescu et al. 2010; b: Naumann et al. 2005; c: Pandey 1999; d: Rowell 2012; e: Pandey
2007; f: Pandey 2003; g: Mohebby 2005; h: Ozgenc et al. 2017; i: Kacurakova et al. 2000; j:
Martin et al. 2005; k: Durmaz et al. 2016
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The bands at 1508 to 1510 and 1603 to 1608 cm™ were recognized as the
characteristic lignin peaks, which contain aromatic skeletal vibrations of benzene rings
(Pandey 1999). However, the higher amounts of extractives in the tree barks might have
contributed to the absorption to bands at around 1508 to 1510 cm™ due to benzoic acids
in the wood tannins comprising aromatic rings (Poletto et al. 2012). For this reason, peak
heights may be observed as much higher than the actual. This may be misleading for the
results. This is why this issue should be taken into consideration during interpretation of
the findings.

There were various bands related to the main tree bark components in the
“fingerprint” region. The specific polysaccharide bands were determined in the 890 to
1400 cm region where a stretch of side groups (C-OH) and (C-O-C) glycosidic bond
vibrations were dominant. As shown in Figs. 1 and 2, FT-IR analysis was performed to
determine the characteristic plant cell wall bands from the tree barks in the fingerprint
region (1800 to 800 cm-1) and support the conventional analysis results.

As seen in the figures, the spectra of tree barks were nearly similar, except for
intensity of peaks, which shows the differences in the cell wall chemistry of the tree
barks. The lignin and carbohydrate related peak heights are also shown in Tables 3 and 4.
The peaks at 1157-1159 and 1369-1373 cm™ were characteristic carbohydrate bands, and
they were assigned to C-O-C symmetric stretching and C-H deformation vibration,
respectively. The peak intensity may be related to the chemical bond density in the
chemical structure of tree barks (Pandey 1999).
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Fig. 1. FT-IR spectra of the coniferous species’ tree barks; a) cedar, b) fir, c) Calabrian pine,
d) spruce
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Fig. 2. FT-IR spectra of the deciduous species’ tree barks; a) alnus, b) beech, c¢) oak, d) chestnut.

Table 3. Lignin and Carbohydrate Related Peak Heights of Coniferous Species

Species 1603 cm? 1510 cm™? 1159 cm? 1102 cmt?
Cedar 0.0847 0.0470 0.0121 0.0078
Fir 0.0735 0.0315 0.0184 0.0142
Calabrian Pine 0.0665 0.0281 0.0102 0.0021
Spruce 0.0514 0.0227 0.0151 0.0119

Table 4. Lignin and Carbohydrate Related Peak Heights of Deciduous Species

Species 1608 cm? 1508 cmt? 1157 cm? 1101 cm™!
Alder 0.6940 0.0246 0.0071 0.0090
Beech 0.0531 0.0208 0.0090 0.0101

Chestnut 0.0392 0.0186 0.0077 0.0059

Oak 0.0400 0.0200 0.0085 0.0099

Therefore, the intensities of peaks related to lignin decreased for the coniferous
tree species of cedar, fir, Calabrian pine, spruce, respectively and the deciduous tree
species of alder, beech, oak, and chestnut, respectively. On the other hand, the highest
peaks for holocellulose were obtained from fir, spruce, cedar, and Calabrian pine,
respectively, among the coniferous tree species, and beech, oak, chestnut, and alder for
deciduous tree species.

CONCLUSIONS

1. Bark is the most common waste in nature. Its cell wall components are similar to
wood, while the amounts of these components vary. The two methods used to
characterize tree barks of four different coniferous and four different deciduous
species were found to be appropriate for evaluation of the differences in the structures
of the bark components.
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2.

High amounts of lignin and extractives content in tree barks have attracted attention.
It is well-known that tree bark has low holocellulose content. Low sugar is also
important in evaluation of tree barks. In this study alder tree bark was found to have
the highest lignin content before and after the NaOH 1% dissolution procedure,
while the lowest content was found in the spruce tree bark. Therefore, the highest
holocellulose content was in beech, while the lowest content was in Calabrian pine
tree bark. Additionally, the highest extractives content was found to be in the spruce
tree bark while the lowest was found to be in beech.

The high NaOH 1% solubility greatly affects the amount of cell wall components
determined by conventional methods. Especially the lignin content of the cell wall
observed to be much higher than it actually was.

This study used ATR-FTIR spectroscopy to identify chemical differences among
eight different tree barks. The highest peaks in the lignin bands of 1508-1510 and
1608-1610 were identified in the alder bark among the deciduous trees and in the
cedar bark among the coniferous trees. In the 1157-1159 cm™ cellulose and
hemicellulose and 1101-1102 cm™ polysaccharide bands, the highest peak was found
in the fir bark among the coniferous trees, and in the beech bark among the
deciduous trees.

The ATR-FTIR spectroscopy analysis was demonstrated to be a fast, reliable, and
easy method for determination of functional groups in tree bark components.
However, organic extractives may be absorbed, and this may cause misinterpretation
of results. Therefore, it is necessary to make an evaluation based on consideration of
this issue.
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