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Abstract. Picea jezoensis wood block was degraded by a white-rot fungus (Porodaedalea pini) under laboratory
condition for different periods up to 120 days. Chemical composition changes of the wood caused by white-rot fungus
degradation were evaluated by Fourier Transform infrared (FTIR) spectroscopy . Additionally, discoloration of the wood
meal was analyzed using colorimeter by calculating CIELab values. The results showed that the constant value in the
relative changes of lignin and carbohydrates band ratio, indicating that P. pini degrades lignin and carbohydrates non-
selectively, with a slight preference for lignin. Fungus degradation of wood resulted in rapid color changes (L* value)
that correlate well with degradation of lignin. This study also showed that FTIR spectroscopy is a very simple and fast
method fore valuating wood degradation.

INTRODUCTION

The chemical components of lignocellulose (hardwood, softwood, and nonwood) mainly consist of three
natural polymers: cellulose, hemicellulose, and lignin [1-3]. The biological degradation of wood has drawn attention
of researchers for many years. They are classified as insect attacks, bacterial, and fungal degradation. Fungal
degradation of wood is the most important and extensive type of wood degradation. This process should not be
regarded only as a negative process, because it can also has positive effects on nutrient cycling processes in nature
and it can be applied in biotechnological processes [4]. Wood degradation by fungal enzymatic processes has been
reproduced under laboratory conditions and applied to industrial scale to produces bioethanol [5] and bio-pulp [4].

The ability of fungi to decay the chemical components of wood such as cellulose, lignin, and hemicellulose is
based primarily on the action of lignocellulolytic enzymes that was produced [6]. Porodaedalea pini is white-rot
fungi species belongs to Hymenochaetaceae that broadly distributed in Europe, East Asia, and North America [7]. In
the previous research, we reported that P. pini produce various ligninocellulolytic enzymes [1, 8].

Fourier transform infrared (FTIR) spectroscopy has often been used to evaluate wood chemical components
alteration of fungal degradation of wood. "85 method 1s nondestructive, fast and simple sample preparation and also
only using a small amount of samples [9]. The aim of the present study was to investigated and monitored the fungal
degradation process of the softwood (P. jezoensis) by white-rot fungus P. pini by means using FTIR spectra and
color changes. P. jezoensis wood blocks were degraded to different stages throughout subjecting wood samples to P.
pini for different intervals time (0 to 120 days). The relative changes in the lignin/carbohydrate characteristic bands
and infrared crystallinity indexes of wood after degradation were investigated. Color change during the degradation
process was indicated by the change of CIELab’color system value also were evaluated. Wood discoloration was
attributed to the modification of the chromophores and chemical component change of wood [10].




EXPERIMENTAL

Microorganisms and Culture Conditions

The white-rot fungus, Porodaedalea pini strain WD1174 were used in ltgsludy were obtained from Forestry
and Forest Product Research Institute (FFPRI), Tsukuba, Ibaraki, Japan. The cultures were maintained on potato-
dextrose-agar (PDA) medium in petridishes an incubated at 26 = 2°C °C for 27 days. To study the wood
degradation, sterilized polypropylene bottle with 100 mL medium of malt extract (1.5%), agar (2%),peptone (0.3%)
and glucose (4%) was inoculated by a disk of 7 mm in diameter of mycelia which was punched out using a cork
borer from PDA plates. The culture on the medium in the bottle was placed in the incubation room at 26 + 2°C and
70 £ 2% relative humidity until fully cover the medium surface.

P. jezoensis Wood Samples

Small spruce heartwood (P. jezoensis) samples (20 x 20 x 10 mm) were prepared from wood samples, oven-
dried at 60 °C and then weighted. Samples were sterilized with propylene oxide gas for 4h, then adjusted the
moisture content of samples to 50-70% using sterilized distilled water. The samples were exposed to P. pini in the
polypropylene bottles and then it was stored in the incubation room at 26 + 2°C under a dark condition for 30, 60, 90
and 120 days. After degradation process, the samples were washed and brushed carefully to remove the mycelia.

Fourier Transform Infrared Spectroscopy

FTIR spectra of wood samples before and after degradation process were recorded on a Shimadzu FTIR-
8201 PC using KBr disks containing about 1% dried mill of wood samples in the wavenumber range of 4000-400
cm-1. Each sample was grounded and pelletized with KBr. The characteristic peaks of the wood were ascribed with
the assist of the literatures. Changes in the lignin and carbohydrate content were calculated the peak height ratio of
the lignin and carbohydrate groups (fisi2/lizss, Iisiz/liszs, and  Iisi2/fses). The FTIR spectra also were used for
calculation of the lateral order index (LOI, Ai£3/Ases), Total Crystallinity Index (TCI, Aizrs/Axe4) [11], and
hydrogen bond intensity (HBI) [12].

Wood Color Measurement

Wood color of the dififfl mill was measured by using a colorimeter (CR-400, Konica Minolta, Japan). The
CIELab color system (L* (a lightness factor), a*( redness factor), b*¥( ycmncss factor)) was employed to evaluate
the change of wood color. The color deviation (AE*ab) were determined using the L*, a*, b* values as a function of
degradation period:

AE*ab = [(L2*- Li*))2 + (a2*- a1*)2 + (b2*- bi*)2]1.2

where L2*, a2*, and b2* represent the values before degradation process and Li*, ar*, and bi* represent the values
after degradation process [10].

RESULTS AND DISCUSSION
Visual Observation of Wood Degradation

By visual observation, it has been established that the growing periods of P. pini fungus on the surface of
wood was about 30 d (Fig. 1). Wood blocks were covered completely by fungus mycelia at 60 days (Fig. 1). These
mycelia mass have a different color (whitish) with mycelia mass on the medium surface before wood blocks
cultivation (reddish-brown color). On the 60 days cultivation period, the color of the fungus mycelia on the surface
changed to be red-brown. After wood blocks brushed and cleaned from the mycelia, the surface of wood showed




darkness, and at the advanced stage of degradation several white spots on the top surface and black flecks on the
bottom surface were observed (Fig. 2).

FIGURE 1. Photographs of mycelia growth of P. pini during degradation test. Bars size =2 cm.

FIGURE 2. Photographs of P. jezoensis wood blocks after degradation for 90 days. Bars size = 1 cm.
FTIR Spectroscopy
The Fourier transform infrared (FTIR) spectra were used to evaluate changes in the chemical components
(cellulose, hemicellulose, and lignin) of wood before and after degradation. Fig. 3 showed that the spectra of P.




Jjezoensis wood before and after degradation process were similar with slight differences in peak intensity in
fingerprint regions can be detected in various wavenumber. Despite the difficulty of the spectra caused by peak
overlapping, many of the definite peak, which were considered as the characteristic bands of wood before and after
degradation were summarized in Table. 1.

A change in the peak intensity was observed at the initial stage (30 days) of degradation. A comparison of

the nondegraded and degraded wood samples shown a considerable increase of the peak intensity after 30 d of wood
degradation. After 60 days of degradation periods, many peaks intensity of wood degraded shown a considerable
decrease and after that gralnallly increase until 120 d.
The peak at 894 cm-1 due to C-H deformation is characteristic of the gly@lidic bond B-(1»4) cellulose.
The range between 1200 cm-1 and 1000 ¢m-1 which attained a malximutnlt 1033 em-1 and 1056 ¢m-1 due to C-O
stretching is region of cellulose and hemicellulose. The band at 1158 c¢m-1 due to C-O-C stretchia vibration is
characteristic of other glycosidic bonds of polysaccharides, particularly mannan. "[B band located at 1265 cm -1,
which was assigned to the C-O stretch in the guaiacyl ring of the lignin components. The bands located at 1427 cm-i
and nZ cm-1 , which were assigned to aromatic skeletal vibration of lignin. Moreover, bands at 2900 ¢m-1 and
29241 are due to asymmetric stretching of C-H from CH2 and CH3 from cellulose structure.

TABLE 1. Important FTIR spectra of softwood and wood samples
Wavenumber (cm-1)

Sampel Softwood [10] Assignment Peak condition

894 897 C-H deformation; glucose ring +
streching (cellulose, hemicellulose,
pectin)

1033 1024 C-0 streching (hemicellulose and -
cellulose) a

1056 C-0 streching (hemicellulose and -
cellulose)

1158 1153 C-0O-C vibration in the structure of

cellulose

1265 1261 C-0 stretching of guaiacyl in the +
lignin

1373 1371 C-H deformation vibration (cellulose);
0-H bending vibration (lignin)

1427 1421 CH: bending vibration (cell“se):
aromatic skeletal vibration (lignin)

1458 1465 C-H deformation; C-Hs and -CHa- +
nding vibration (lignin)

1512 1509 C=C streching vibration in aromatic +
structure (lignin)

1635 1653 C=0 streching of conjugated/aromatic +

n (lignin)

1735 1730 =0 streching of acetyl and carbonyl +

groups (lignin and hemicellulose)
2900, 2924 2890; 2919 C-H streching in methylene and +

methyl group (cellulose)
3410 3373 O-H streching (hydrogen-bonded) -
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FIGURE 3. Fourier transform infrared spectra of P. jezoensis (a) nondegraded wood; (b) degraded for 30 days:
(c) degraded for 60 days: (d) degraded for 90 days: (e) degraded for 120 days

Table 2 showed the peak height ratios of the bands that relate to lignin and carbohydrate groups (f15:2/11735,
Lisi2flizzsz, and  Lisi2flses ) as a function of degradation periods. During the degradation process, the value of these
peaks relatively constant. It can be seen that P. jezoensis wood degradation by P. pini resulted in a considerable
content in the lignin/carbohydrate content that is a performer of the simultan destructive of lignin and carbohydrates




during the degradation process. Sunardi et al. [1] has reported the similar results on the simultan degradation of P.
Jjezoensis by P. pini fungus using chemical components of wood determination methods.

TABLE 2. Relative changes in the lignin and carbohydrate band ratio

Degradation
periode (days) Tisia/li73s Iis12/1373 I1512/ 1504
0 0.89 1.09 097
30 0.92 1.05 1.04
60 0.83 1.12 1.02
90 0.89 1.13 0.99
120 0.89 1.19 0.98

In this study, we calculated the value of Total Crystallinity Index and the Lateral Order Index from FTIR
spectra according to Nelson and O™ Connor [11] from the absorption ratios of A1377/A202 and A1426/Ass, respectively
(Table 3). The TCI and LOI values indicate that the crystalline cellulose relatively constant with a slight increase
after 120 days of degradation. Based on the data, it is suggested that, the amorphous and crystalline cellulose
components of wood were degraded by white-rot fungus P. pini simultaneously. In the previous report [1,8], white-
rot fungus P. pini produce endoglucanase and exoglucanase enzymes in high activites. It is known that
endoglucanase preferentially attacks the amorphous region of cellulose, and exoglucanase attacks the crystalline
region [13]. In this research, therefore, both endoglucanase and exoglucanase enzyme may act synergistically to
degrade amorphous and crystalline cellulose. The hydrogen bond intensity (HBI) of cellulose in the wood (before
and after degradation) fluctuated at the values from 125 to 1.46. The HBI values confirm different transformation of
cellulose during degradation process of P. jezoensis by white-rot fungus P. pini.

TABLE 3. FTIR crystallinity index and hydrogen bond index data of wood

Degradation TCl LOI HBI
periode (days) A7/ Azon A2/ A Asai0/Aiz

0 1.00 1.07 1.33

30 101 1.00 1.25

60 1.06 1.05 1.32

90 103 1.09 1.34

120 103 1.14 146

Color Changes During Degradation

FIGURE 4. Photographs of dried mill P. jezoensis wood during degradation test




Fig. 4 showed the photograph of dried powder wood sample of P. jezoensis after degradation for 30, 60, 90,
and 120 days. By visual observation it has been established that the dried powder wood have different color and
gradually became reddish-brown during the degradation process. The change of dried wood color during
degradation quantitatively was evaluated using CIELab color system. Table 4 showed that the wood color changes
due to degradation by P. pini using CIELab color system. The L* values gradually decreased with increase of decay
period, whereas a* and b* value gradually increased. In addition, the increase of Ab* value was greater that that of
Aa*. As the results, the wood color became darker-reddish-yellowish, being AE*ab value was 1008 in 120 days
block (Table 4).

TABLE 4. CIELab system value and color differences of wood after degradation

Degradation L* AL* a* Aa* b* Ab*  AE*ab
period (days)
0 85.13+06d B 230+02a - 1605+03a B B
30 8173 +03¢ -340 268+0.1b 038 1716020 1.11 3.60
60 T7789+05b -7.24 375+x00¢ 145 I1873x0.2¢ 2.68 7.86
90 7737+x05b -1.76 430+0.14d 200 21.10x02¢ 5.06 9.48
120 7633 +03a -8.80 442+0.14d 2.12 2048+03d 4.44 10.08

Note: Value represent means of five repetitions + standard deviations. The different letter shows the significant
differences values by the 95% confidence level based on Tukey’s HSD test.

In this present study, the AE*ab values exceeded the value of 3, which considered the limit for the visibility
to the naked eye [14] and indicate appreciable color changes according to the standard of color change in the
CIELab system. In several wood species were found that the redness color (a*) value and darkness (L*) value
parameter related with the pm()lics and extractive content of wood, while the yellowness (b*) value parameter
correlate with the reaction or degradation of cell wall chemical components (cellulose, hemicelluloses, and lignin) to
be small molecule [15-16]. According to [17], white rot fungi produce polyphenolases catalyzing the secondary
oxidation of amino acid in the presence of phenol, are able to form the red pigment during the wood degradation.

CONCLUSION

The wood degradation process of P. jezoensis by white-rot fungus P. pini was confirmed and monitored by
FTIR spectroscopy and color changes. The FTIR spectroscopy analysis provided evidence of the chemical
components changes of degraded wood. The discoloration of degraded wood related with components modification
of the wood during biodegradation process. This result also confirmed that the biodegradation of P. jezoensis by
white-rot fungus P. pini are non selectively process. This fungus simultaneously degrades cellulose (amorphous and
crystalline part) and lignin in P. jezoensis wood. FTIR spectra and color changes of wood degraded by white-rot
fungus supported the chemical components change of wood and can be considered as simple, fast and inexpensive
methods for monitoring wood degradation.
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