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Abstract

The objective of this study was to assess the response of the
ligninolytic enzymes production during the biodegradation of
organotin(IV) complexes-treated of Alstonia scholaris, Macaranga
triloba and Hevea brasiliensis. The tropical wood species tested
were treated respectively with different levels of monosubstituted
organotin(IV) and  disubstituted organotin(IV)  complexes
concentrations (0.1, 0.5 and 1%) and subjected to biodegradation by
wood rotting fungi, Trametes versicolor and Gloeophyllum trabeum.
Ligninolytic enzymes profiles of the biodegraded wood showed that
manganese peroxidase is the highest enzyme produced and recorded
as 26.72 U/mL of the untreated wood and 15.07 U/mL of
organotin(IV) treated wood respectively, as compared to lignin
peroxidase and laccase. Laccase activity was the least produced
among them. Manganese peroxidase is highly expressed indicating
that it is most likely to be the predominating enzyme that causing
lignin degradation in the biodegraded 4. scholaris, M. triloba and H.
brasiliensis untreated and organotin(IV) complexes-treated woods.
The ligninolytic enzymes activities of dibutyltin(IV)-treated wood
were the least determined. Wood densities decreases with the
increased in the percentage of weight loss indicating the rapid wood
biodegradation occurred. Density reduction of monosubstituted
organotin(IV) treated wood was found higher than disubstituted
organotin(IV) treated wood. This study shows that the newly
synthesized organotin(IV) complexes are effective on reducing the
activities of ligninolytic enzyme that plays a vital role in the
biodegradation of wood. Dibutyltin(IV) complex is found to affect
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the ligninolytic enzymes production and in turn gave the best
protection to A. scholaris, M. triloba and H. brasiliensis
against the decay fungi tested, 7. versicolor and G. trabeum.
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Introduction

Biodegradation is one of the major economic losses to any
biological products. Wood products are subjected to various
bio-hazard attacks if preventive measures are not taken.
Several types of biodegradation have been recognized in wood,
are mainly due to fungal decay, bacterial degradation and
insect attack. Among all types of biodegradation fungal decay
is the most important and widespread type of degradation
(Hamed, 2013; Skyba et al. 2013).

Microorganisms have evolved several of enzymes for
degrading the different components of lignocellulosic material.
These enzymes include cellulases (for degrading the cellulose),
xylanases (for degrading the hemicellulose), and ligninolytic
enzymes (for degrading the lignin). There are two major
families of ligninolytic enzymes which are involve in
lignolysis: peroxidases and laccases (Dominic, 2009; Tanka et
al. 2009; Hatakka & Hammel, 2010; Hofrichter et al. 2010).
Liew et al. (2011) observed that manganese peroxidase
produced is far more superior as compared to lignin
peroxidase, suggesting that MnP might be the predominating
enzymes causing lignin degradation.

The ligninolytic enzymes attack lignin directly and thereby are
the most promising long term biological alternatives to lignin
removal by the physical and chemical processes. The
ligninolytic enzymes in most basidiomycetes are highly
regulated by nutrients such as nitrogen, copper and manganese.
Their production is also affected by many typical factors such
as medium composition, nature of carbon source, concentration
of carbon source, pH of fermentation broth, fermentation
temperature, amount and nature of nitrogen source and
presence of inducers (Cu2+, Mn2+, 2, S-xylidine, ferulic acid
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and veratrylalcohol) (Asgher et al. 2010; Igbal et al. 2011; Patrick et
al. 2011).

Wood especially the less durable or non-durable tropical species
such as Alstonia scholaris (pulai), Macaranga triloba (mahang) and
Hevea brasiliensis (rubberwood) must be treated with preservatives
in order to protect wood from fungi and insects attack. There is a
need to come up with an effective new compound as wood
preservative.

Organotin(IV) compounds are chemical compounds based on tin
with hydrocarbon substituent. They are an attractive choice and
continue to be of interest due to their bioactivities potentials and
unique structures.

Previously, the authors has successfully reported on the FTIR
spectroscopy analysis and retention of organotin(IV) compounds in
A. scholaris (pulai), M. triloba (mahang) and H. brasiliensis
(rubberwood) species (Jusoh et al. 2012). As part of ongoing studies
on utilizing the organotin(IV) substituted-thiosemicarbazone
complexes as wood preservatives, here we report on the
effectiveness of these newly synthesized organotin(IV) compounds
on reducing and minimizing the production of important ligninolytic
enzyme that involved in biodegradation of wood. Thus, the aim of
the present study were to determine the main ligninolytic enzyme
produced during woods biodegradation and to evaluate the potential
of the organotin(IV) complexes as wood preservative with regards
to the ligninolytic enzymes profiles generated between the untreated
and newly synthesized organotin(IV)-treated 4. scholaris, M. triloba
and H. brasiliensis that represents the non-durable tropical wood
species.

Materials and Methods
Wood cubes, organotin(IV) complexes and treatment.

Three non-durable tropical wood species; Alstonia scholaris (Pulai),
Hevea brasiliensis (Rubberwood) and Macaranga triloba (Mahang)
were chosen in this study. The logs were quarter-sawed to 25 mm x
25 mm x 25 mm boards and kiln dried. The boards were further
planed, ripped and cut into 19 mm cubes according to the AWPA
standard E10-91 (1991). The wood cubes were then conditioned at
60°C and 70% relative humidity for four days until they reached a
constant weight.

Five newly synthesized organotin(IV) compounds were used as the
wood preservatives (Affan et al. 2011; Jusoh et al. 2012; Salam et
al. 2013). As reported by Affan et al (2011), the reaction of 2-
acetylpyridine-N(4)-cyclohexylthiosemicarbazone  [(HAPCT),(1)]
ligand with organotin(IV) chloride(s) afforded the five new
organotin(IV)complexes:[MeSnCly,(APCT)](2),[BuSnCL(APCT)]

(3),[PhSnCl(APCT)](4),[Me,SnCI(APCT)](5),and[Ph,SnCI(APCT)
1(6).The ligand (1) and its organotin(IV) complexes(2—6) have been
synthesized and characterized by CHN analyses, molar conductivity,
UV-vis, FT IR, IH, 13C, and '’Sn NMR spectral studies. The single
crystal X-ray diffraction studies performed showed that [PhSnCl,
(APCT)] (4) was six coordinated and strongly adopts a distorted
octahedral configuration with the coordination through pyridine-N,
azomethine-N, and thiolato-S atoms of the ligand. The compound
crystallizes into a monoclinic lattice with the space group P21/n.
The five compounds used were two monosubstituted; (i)
Monomethyltin  [MeSnCL(APCT)] abbreviated as MMT, (ii)
Monophenyltin [PhSnCI,(APCT)] abbreviated as MPT and three
disubstituted ~ organotin(IV)  compounds; (iii)  Dimethyltin
[Me,SnCI(APCT)] abbreviated as DMT, (iv) Dibutyltin

[Bu,SnCI(APCT)] abbreviated as DBT and (v) Diphenyltin
[PhoSnCI(APCT)] abbreviated as DPT.

Three levels of organotin(1V) complexes concentration of 0.1,
0.5 and 1% were prepared for treatment. The organotin(IV)
complexes were dissolved in  solution of 20%
dimethylsulphoxide (DMSO) and 80% distilled water. The
control was prepared using the same treatment solution but
excluding the organotin(1V) complexes.

Ten replicates of wood cubes were used for each treatment.
Treatments were carried out according to the AWPA standard
E10-91 with slight modifications (Rahman et al. 2013). All
wood cubes were placed in beakers containing the treating
solution and soaked for two hours. The beakers containing the
wood cubes were then placed into a vacuum-pressure unit. The
treatment schedule was done with an initial vacuum of 100 mm
Hg for 30 minutes followed by 100 psi of pressure for 1 hour
and a final vacuum of 100 mm Hg for 30 minutes. After
treatment, the wood cubes were taken out and the excess
treating solutions on the surface of the wood cubes were wiped
with tissue paper and weighed (W>).

Microorganisms, culture condition and wood biodegradation

Pure strains of Trametes versicolor and Gloeophyllum trabeum
were used as the decay fungi. Both of the fungal strains were
obtained from the division of Forest Products Technology,
Forest Research Institute of Malaysia (FRIM). A volume of
two hundred milliliters of malt extract broth (MEB) was
prepared and used as the growth media for the decay fungi.
Sterilization of MEB was carried out by autoclaving the media
prepared at 121°C for 20 minutes.

A number of twenty mycelial blocks of each fungus were used
as inoculums and cultured into malt extract broth (MEB) under
static condition for two weeks at 25 °C. Grown mycelial mat
were then harvested by centrifugation at 3000 rpm under 4 °C
for 15 minutes and then used to inoculate the wood cubes in
the wood biodegradation experiments (Liew et al. 2011).

Ten replicates for the untreated and six replicates for
organotin(IV) complexes-treated wood cubes (19 mm x 19 mm
x 19 mm) of A. scholaris, H. brasiliensis and M. triloba were
used in the wood biodegradation experiments. Each beaker was
loaded with one wood cube and inoculated with 10 mg of the
homogenized test fungus mycelium. Cultures were maintained
static at 25 °C for period of 16 weeks. Untreated wood cubes
were used as the control (Liew et al. 2011).

Extraction and ligninolytic enzymes assays

After 16 weeks period of incubation, the wood cubes were
subsequently subjected to a volume of 25 ml of extraction
solution (50 mM sodium acetate buffer (pH 5.0) and 0.01%
Tween 80) at 140 rpm (Wan & Li, 2011). Enzyme extraction
was performed for 2 hrs at 20 °C £ 2 °C. The crude extract was
recovered by centrifugation at 8000 rpm under 4 °C for 15
mins. Crude enzyme preparations obtained were then used in
the subsequent oxidative enzyme assays.

Lignin peroxidases (LiP) activity was measured as the
oxidation of veratryl alcohol (VA) to veratryl aldehyde with an
increased absorbance at 310 nm. Reaction mixtures contained
50 mM sodium tartrate buffer, pH 2.5, 2.0 mM VA, 450 pl
samples and 0.4 mM H,0,. Reaction was initiated by the
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Table 1: Mean lignin peroxidase (LiP), manganese peroxidase (MnP), Laccase (Lac), weight loss (WL) and density (D) of untreated wood cubes after 16

weeks exposure to 7. versicolor and G. trabeum.

Trametes versicolor

Gloeaphyllum trabeun

Wood species
LiP MiP Lac WL D D¥er i MnP WL D D
(U/ml) (Uml) (U/mb) (%) (kg/m’) (kg/m’) (Uiml) (Uiml) (%) (kg/m’) (kg/m®)
Alstonia scholaris 5397F 16.23* 2.72 50.52 356.27* 179.69% 288 7.88 4840° 35782 184.15°
Macaranga mriloba 4.84° 13.94° 2.61° 50.48° 410.28° 201.37° 245 621° 47.21° 410.65" 210.94°
Hevea brasiliensis 6.57° 2672 317 61.66° 654.99° 246.85° 4217 15477 60.13% 65593° 24987

*Means followed by a different letter within a column are statistically different at P < 0.05 using Tukey Multiple Comparison test.

**Density of wood cubes before exposure to decay fungi

***Density of wood cubes after exposure to decay fungi

addition of H,0,. An extinction coefficient of 9300 M'cm™ for
veratryl alcohol was used for calculation of enzyme turnover
number. One unit activity was defined as the amount of enzyme
oxidizing one pmol of substrate per minute (Mabrouk et al. 2010;
Hariharan & Nambisan, 2013).

Manganese peroxidase (MnP) activity was determined by
monitoring the oxidation of 2, 6-dimethoxyphenol (DMP) and
measured as the oxidation of Mn®" to Mn " by following the
formation of Mn**-tartrate complex at 469 nm. Reaction mixtures
contained 1 mM 2,6 dimethoxyphenol (DMP), 50 mM sodium
tartrate buffer, pH 4.5, 1 mM MnSO4.H,0, 600 pl samples and 0.4
mM H,0,. An extinction coefficient of 10,000 M em™ for Mn®**-
tartrate complex was used for calculation of enzyme turnover
number. One unit activity was defined as the amount of enzyme
oxidizing one pumol of substrate per minute (Acevedo et al. 2011;
Shrivastava et al. 2011).

Laccase (Lac) activity was determined using 2, 2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) as
substrate at 420 nm. The reaction mixture contained 100 mM
sodium acetate buffer, pH 5, 0.5 mM ABTS and 400 pl enzyme
supernatant. An extinction coefficient of 36,000 M'em™ for ABTS
was used for calculation of enzyme turnover number. One unit
activity was defined as the amount of enzyme oxidizing one pmol of
substrate per minute (Mabrouk et al. 2010; Akdogan et al. 2014).

Percentage of Wood Weight Loss

The degree of fungal degradation was estimated by determining the
weight loss of the wood cubes after 16 weeks period of
biodegradation. The wood cubes were cleaned from the mycelium
of the fungi and weighed immediately (W4) to determine the
moisture content after biodegradation. Test cubes were removed and
the mycelium was wiped from the cube surfaces; the cleaned cubes
were dried and conditioned at 60°C and 70% relative humidity until
constant weight. The cubes were then dried in oven at 60°C until it
reaches constant weight. The weights of sample cubes after drying
(Ws) were recorded to determine weight loss after biodegradation.

The percentage of weight losses were calculated based on the
equation 1:

W, -W.
Weight loss (%) = # x100 M

3

Where,

W3 = Weight of cube immediately after treatment, after conditioned
at 60 °C, prior to the exposure to fungi

W5 = Conditioned (60 °C) weight of cube after the exposure to
fungal decay

Wood Density

Wood density was calculated using the ratio of weight per unit
volume. The volume of the wood cubes was determined using
water displacement method (Bowyer et al. 2003). The weights
(W,) and volume (V) of sample cubes after conditioned at 60
°C were recorded. Densities of wood cubes were calculated
before and after exposed to decay fungi using equation 2 below
and expressed in kg/m’.

mass of wood (g) <1000

volume of wood (cm*) 2)

Density of wood (kg/m*) =

Data Analysis

One-way analysis of variance was used to determine the
differences between mean values of lignin peroxidases,
manganese peroxidases and laccases of different wood species
using different concentrations of chemicals. Further analyses
of mean comparisons were done employing the Tukey honest
significant difference (HSD) multiple comparisons procedure
(Heilmann-Clausen & Boddy, 2005; Jusoh et al. 2012).
Tukey’s HSD method was used because it was considered as
the most appropriate for all-possible pairwise mean
comparisons when sample sizes are both equal and unequal.
The factors which were analyzed were concentrations of
chemicals and wood species. Analysis of variance on weight
loss and density of wood cubes were used to determine the
mean differences among the wood species and different
concentrations of chemicals using SPSS 18.0 for windows. The
factors which were analyzed are chemical concentrations and
wood species.

Results and Discussion

The determination of ligninolytic enzymes produced under this
condition was performed to determine the actual profile of
each enzyme produced during wood biodegradation. Alstonia
scholaris, Macaranga triloba and Hevea brasiliensis wood
cubes were all undergone the biodegradation by Trametes
versicolor and Gloeophyllum trabeum for a period of 16
weeks. Fungal growth was found to be homogeneous
throughout the biodegradation period. Ligninolytic enzymes
profile of lignin peroxidase (LiP), manganese peroxidase
(MnP) and laccase (Lac) of the untreated wood cubes after 16
weeks of biodegradation by 7. versicolor and G. trabeum,
respectively were summarized (Table 1).

Wood cubes biodegraded by 7. versicolor showed the
production and detection of all ligninolytic enzymes but no Lac
enzyme activities was detected when biodegraded by G.
trabeum of all wood species. The ligninolytic enzyme activities
of H. brasiliensis biodegraded by both T. versicolor and G.
trabeum were the highest measured as compared to A.
scholaris and M. triloba. The LiP, MnP
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and Lac of the untreated H. brasiliensis wood were recorded as
6.57,26.72 and 3.17 U/ml, respectively. The activity of laccase was
the least recovered for both of the decay fungi used and in all the
wood species tested.

The enzyme activity of MnP was far greater than that of LiP,
suggesting that MnP might be the predominating enzymes during
lignin biodegradation in the untreated tropical wood (Table 1). The
higher MnP enzyme activity detected as compared to LiP and
laccase might be explain due to the present of Mn-dependent
peroxidase in the wood extracts if they contain enough Mn*" to
initiate MinP catalyzed reactions.

The highest MnP enzyme activity was previously detected from
Acacia mangium wood chips exposed to Trametes versicolor among
other ligninolytic enzymes (Husaini et al. 2011). LiP can also
display MnP enzyme activity in the presence of H,O,, O,, and
metabolizes veratryl alcohol and oxalate, where LiP oxidizes Mn*"
to Mn*" (Dominic, 2009; Hatakka & Hammel, 2010). The low levels
of LiP enzyme activity detected compared to MnP activity showed
that LiP might be of less significance in the wood lignin
biodegradation by T. versicolor and G. trabeum (Dashtban et al.
2009). However, the low detectable level might be due to the
present of interferences when assaying LiP using the crude enzyme
extracts recovered from cultures grown on lignocellulosic materials.
Typical LiP assay based on oxidation of veratryl alcohol suffers the
interference of dissolved aromatic compounds present in wood
extracts. (Liew et al. 2011).

The lower level of detectable laccase activity depends on the
addition of easily available carbon and nitrogen sources to the
culture medium (Zanirun et al 2009; Periasamy & Palvannan, 2010;
Edwards et al. 2011; Makela et al. 2013). This could also be due to
the low content of copper (inducer of laccases) (Janusz et al 2006;
Strong, 2011, Cambria et al 2011). In this study, the wood
biodegradation by brown-rot fungus G. trabeum did not show any
laccase activity (Mtui & Masalu 2008) but the white-rot fungus do
produced the least amount of Lac activity during wood
biodegradation. A high level of laccase enzyme activities was
recorded during the biodegradation of A. mangium wood chips by a
white-rot basidiomycete, Pycnoporus coccineus (Husaini et al.
2011). This might be due to the high content of copper in A.
mangium wood (Liew et al ,2011) since it is a strong laccase inducer
in the fungal species such as 7. versicolor and P. chrysosporium
(Dominic 2009; Dashtban et al. 2009; Dashban et al. 2010). The
presence of copper did not affect fungal growth since the biomass
dry weights at different times were the same in the presence and in
the absence of copper (Dekker et al. 2007; Yang et al. 2013).

Trametes versicolor showed higher activities ligninolytic enzyme as
compared to Gloeophyllum trabeum for all types of tropical wood
species tested in particular H. brasiliensis. Brown rot fungi degrade
wood using both the enzymatic and non-enzymatic processes where
it selectively biodegrades the cell-wall polysaccharides, with limited
lignin degradation based on both the non-enzymatic (chemical) and
enzymatic attacks (Hatakka & Hammel, 2010). On the other hand,
white rot fungi have wood degrading mechanisms that involved
hydrolases and oxidizing enzymes and considered the only
organisms capable of total mineralization of lignin (Hofrichter et al.
2010; Zeng et al. 2013). Therefore, T. versicolor produces more
enzymes than that of G. trabeum during wood biodegradation
process. Liew et al. (2011) recorded the highest activity of MnP than
LiP and Lac from Acacia mangium wood chips exposed to Trametes
versicolor. Tt is well established that enzyme production is highly
dependent on the cultivation conditions of an organism (Yang et al.
2013). Most white rot fungi started lignin degradation when

nitrogen, carbon, or sulfur became limited (Hofrichter et al.
2010; Husaini et al. 2011).

Ligninolytic enzyme activities of LiP, MnP and Lac of the
treated wood with the mono- and di-substituted organotin(IV)
complexes under three level of concentrations after exposure to
biodegradation by T. versicolor and G. trabeum for a period of
16 weeks were summarized in Table 2 and Table 3,
respectively. Lignin peroxidase (LiP), manganese peroxidase
(MnP) and laccase (Lac) activities of the treated wood varied
significantly with the concentration of treating organotin(IV)
compounds following 16 weeks exposure to biodegradation by
T. versicolor and G. trabeum. Results showed that the
ligninolytic enzyme activity decreases with the increased in
organotin(IV) concentrations indicating that high concentration
of organotin(IV) complex inhibits the ligninolytic enzyme
production. The LiP, MnP and Lac enzyme activity of
monosubstituted organotin(IV)-treated wood were recorded the
highest as 3.57, 15.07 and 2.02 U/ml, respectively (Table 2)
whereas  disubstituted organotin(IV)-treated wood were
recorded the highest as 2.09, 10.41 and 1.06 U/ml, respectively
(Table 3) both of H. brasiliensis treated wood. The use of
disubstituted organotin(IV) complexes as wood preservatives
significantly reduces the production of ligninolytic enzymes as
compared to that of monosubstituted organotin(IV) complexes.

As a whole, the treated wood either with mono- and di-
organotin(IV) produced significantly lower enzymes as
compared to the untreated wood on the production of LiP, MnP
and Lac. Treated wood is found to be less susceptible to
enzymes involved in the degradation of wood cell or less
accessible to enzymes or inhibit the fungal activity by
preservatives (Elisashvili et al. 2012). Transition metal
compounds of dithiocarbamates and dithiophosphinates are
known antifungal agents (Kalita et al. 2002; Sonowal, 2010)
and the mode of action is being the inhibitors of certain vital
enzymes as the sulphur donors, the Cu®” also can inhibit action
of several biomolecules.

Statistical analysis were further conducted to determine the
differences of lignin peroxidase, manganese peroxidase and
laccase enzymes activities in relation to the chemicals effect of
organotin(IV) complexes. The LiP, MnP and Lac enzyme
activities of untreated and treated wood cubes with 1%-
organotin(IV) complexes after 16 weeks exposure to T.
versicolor and G. trabeum among wood species were evaluated
(Fig. 1 —Fig. 5).

The untreated woods ligninolytic enzyme activities are
significantly higher than that of treated woods of both
biodegraded by T. versicolor and G. trabeum. Among the
monosubstituted organotin(IV)-treated wood, MMT showed
higher ligninolytic enzyme activities than MPT. As for the
disubstituted organotin(IV)-treated woods, the lowest and
highest ligninolytic enzyme activity were determined of DBT
and DMT, respectively.

Lignin peroxidase activity by 7. versicolor (Fig. 1) was higher
than that of G. trabeum (Fig. 4) on all wood species tested. The
activities of LiP in untreated wood is significantly higher than
that of treated wood samples with organotin(IV) complexes.
Manganese peroxidase activity was almost two fold higher
than that of lignin peroxidase (Fig. 1, Fig. 2, Fig. 4 and Fig. 5).
Laccase activities of untreated wood by T. versicolor were
significantly higher than treated wood (Fig. 3). G. trabeum did
not show any laccase activity. DBT-treated wood sample
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Table 2: Mean lignin peroxidase (LiP), manganese peroxidase (MnP), Laccase (Lac), weight loss (WL) and density (D) of treated wood cubes with
monosubstituted organotin(IV) complexes after 16 weeks exposure to T versicolor and G. trabeum.

Trametes versicolor

Gloegphyllum rabeum

Treating Wood Concentration
chemicals species (%) MnP Lac WL Dk* MnP WL D*
(U/ml) (%) (kg/m®) (U/mi) (26) (kg/m’)
0 795 2231 357 66° 5007 25.05° 35927
05 753 1824 359,02 401° 2011° 36061
1 604 1438 36152 302 1612 362407
Macaranga 0 701 2563 200 3% 5057 ; 31005
AT wriloba 0.5 6.5 19.92 410.16° 3.99° 413.28°
1 588 1548 413 68° 301 4147*
Hevea 0 1507 23317 §36.03° 74 65741
brasiliensis 05 1333° 1843° 65822 604 659 39°
1 1023 1301° 661 88° 499 66121
Aistonia 0 o2 70T 19.83° 33827 4.05° 35872
oS 05 169" 611 14.58° 35022° 307 359.44°
1 132° 554 1035* 361 81 208 36106
0.1 182° 613" 2381° 409.66" 318 41172
MPT ;',5?’;2”;”“” 0.5 151 508 0.85* 16.75° 412,99 2.53% 41378 319.18%
1 426 0.62° 10.68° 416.34° 1.91° 415.90° 320901
01 1441° 144 2114 655 86" 644 656 08" 51927
05 251¢ 12510 1.29° 16.09° 657 55 509 658 59
1 209 973 0.91° 10.35° §39.88° 419 660.45

MMT- Monomethyltin(IV) complex, MPT- Monophenyltin(IV) complex
*Means followed by a different letter within a column are statistically different at P < 0.05 using Tukey Multiple Comparison test.
**Density of wood cubes before exposure to decay fungi
***Density of wood cubes after exposure to decay fungi

Table 3: Mean lignin peroxidase (LiP), manganese peroxidase (MnP), laccase (Lac), weight loss (WL) and density (D) of treated wood cubes with
disubstituted organotin(IV) complexes after 16 weeks exposure to T. versicolor and G. trabeum.

Trameres versicolor Gloeophyilum mabewm
Treating Wood . Concentration
hemicals Wood species (%) . p
¢ LiP MnP Lac WL D¥* Dk LiP MnP WL D# Dk

(U/ml) (Urml) (Urml) (%) (ke/m?®) (ke/m®) (Urml) (U/ml) (%) (kg/m’) (kg/m’)
0.1 1107 5.96" 0.84° 16.83° 357.16° 276.21* 0.93° 3.02F 1938 339.72° 268.27°
Al 05 0.85% 407 0.67° 11.92° 359.88° 29462 082 256 1256* 362060 29134°
1 068 294 046 918 362.08° 31807 060 208 946" 364.44° 31257
01 158 603" 0.79* 17.63° 409.83° 336.37 0.91° 3.06" 19.11° 409.56* 331.44°
DMT ‘r"ff“:’;"c;‘”13" 05 12400 4947 058* 1442° 41134 34412° 075 245 1394 41040° 33818
1 105 416 051 g21* 414.66* 358.91° 049 151 829" 41344 356.07°
01 2,08 10.41% 1.06* 2048 657.23° 5483° 1.03F 3.99° 2146° 659.75° 539.05°
g e rensis 05 Las 6.90° 0.87 13.46° 660.92° 576.68° 0.85% 240° 1527 661.92° 57068
1 1.06 656" 059* 906 664.51° 596.97° 053 234 996 664.62° 58332°
0.1 077 3.04° 029 1635 35736 286.21° 0.54° 1.90°F 18.05° 357.08° 281.11°
05 0.48%* 194" 0.18%* 1092° 361.24° 311.62° 036" 143 13.51° 361.11° 30134
1 0.28 0.96* 0.08* 718 364.38° 33424 018 0.8 8.26* 363.73 32924
01 124 4.035° 054 1731 411.01° 33737 067" 1.99° 1878 41027 32677

Macaa . o ae < .
per  Mwaraga 05 0.99% 302 0.43% 11428 412,99 357.45% 04gt 1530 13.49° 41215 352000
1 0.78 1.92* 0.18* 615 415.51° 7 031 101 749" 414.23* 368.24°
01 146" 641° 081" 18.14° 661.56° 580.97 0.76° 3.08° 18.46° 659.10° 577.22°
Z f;‘ﬁ"'.m,.s 0s 1.25% 5.00% 0.59% 9.26° 662.59% 588.68% 052% 231 1057 66359 582.51%
1 092* 419° 039* 702 664.51° 60197 034 209* 745 666.45 595 95"
01 054 197 024 1345 360.52° 33287 0.42° 1.51% 15.55° 36039 32827
A 05 033 143% 013 942 361.41° 345.79% 0.22% 1302 1027 36278 34118
1 0.16* 0.93* 0.06* 3282 363.21° 353.24° 011 0.81* 428 365.40° 347.40°
01 08¢ 211° 0.24° 1597 410.66° 388.54° 0.43° 1.13% 15.95° 41239 385.11%
ppr o 05 .63 1.49% 0.15° 8.42° 41249 397.12% 024 097 0.44° 41378 30318%
1 035 1.03* 0.08* 418 41434 404.39" 012 0.60° 471 41506 402.07
0.1 072 208 0.21% 1481° 661.40° 59331* 0.44° 108" 14.80° 660.76 585.55°
e s 05 0.51% 150 0.15° 743 663.59° 59901 031% 082" 344" 663260 59618
1 034 113 007a 355 664.51° 560.81° 013 0.61* 418 666.62° 61549

DMT- Dimethyltin(TV) complex, DPT- Diphenyltin(IV) complex, DBT- Dibutyltin(IV) complex

*Means followed by a different letter within a column are statistically different at P < 0.05 using Tukey Multiple Comparison test.
**Density of wood cubes before exposure to decay fungi; ***Density of wood cubes after exposure to decay fungi

significantly reduces the production of LiP, MnP and Lac activities
than that of other organotin(IV) complexes in all wood species.

The weight loss and density of the untreated and organotin(IV)-
treated wood cubes were conducted to relate the production of the
ligninolytic enzyme production and the wood biodegradation in
particular the lignin degradation. The weight loss and density are
good indicators on assessing the wood biodegradation as a whole.

In general, the percentages of weight losses due to 7. versicolor
were found significantly higher than those of G. trabeum after 16
weeks of wood biodegradation across all wood species. The
percentage of weight loss of the untreated H. brasiliensis wood
cubes was recorded the highest of 62% and 60% after exposure to

wood biodegradation by 7. versicolor and G. trabeum,
respectively (Table 1). Interestingly, the increased percentage
of weight loss was in parallel with the production of
ligninolytic enzymes in all of the wood species and the highest
was recorded for untreated H. brasiliensis wood cubes as
compared to M. triloba and A. scholaris.

The presence of carbohydrate in H. brasiliensis is high which
makes it highly susceptible to decay (Florence et al. 2002;
Rahman et al. 2013). The variation in terms of the percentage
of weight loss might be due to important physical decay
experimental parameters such as moisture content, temperature
and pH. Moreover, other intrinsic factors such as decay rate of
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the fungi, genetic factors, adaptability, wood species, and
survivability of fungi are also important.

d

a

LiP (U/ml)

A. scholaris M. triloba H. brasiliensis
Wood species

Untreated OMMT @OMPT EDMT =&DPT DBT

Figure 1: Lignin peroxidase (U/ml) activities of untreated and treated wood
cubes with (1%) organotin(IV) complex after 16 weeks exposure to Trametes
versicolor. Different letter within wood species are statistically different at P
< 0.05 using Tukey Multiple Comparison test.
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Figure 2: Manganese peroxidase (U/ml) activities of untreated and treated
wood cubes with (1%) organotin(IV) complex after 16 weeks exposure to
Trametes versicolor. Different letter within wood species are statistically
different at P < 0.05 using Tukey Multiple Comparison test.
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Figure 3: Laccase (U/ml) activities of untreated and treated wood cubes with
(1%) organotin(IV) complex after 16 weeks exposure to Trametes versicolor.
Different letter within wood species are statistically different at P < 0.05
using Tukey Multiple Comparison test.

Wood density is an indicator of wood quality (Bowyer et al. 2003;
Chave et al. 2009). As for the untreated woods before and after the
exposure to the biodegradation of fungi, the mean wood densities
were found to be significantly different among the wood species
(Table 1). Wood densities of the untreated 4. scholaris, M. triloba
and H. brasiliensis were initially recorded as 357, 410 and 655
kg/m’, respectively. After 16 weeks of exposure to wood
biodegradation by 7. versicolor and G. trabeum the wood densities
were reduced and recorded varied from 180 to 184, 201 to 211 and
247 to 250 kg/m®, respectively. The reductions of wood densities are

in parallel with the increased in the production of ligninolytic
enzymes produced. The reduction was found to be parallel
with the percentage weight loss of all the wood species. Wood
density variation may occur within a species due to the
location within the tree, site condition, genetic factor and age
of tree (Chave et al. 2009).

45
4 -
3.5
2.5
=]
a2
1.5
1
0.5
0
A. scholaris M. triloba H. brasiliensis
Wood species
@Untreated OMMT OMPT SDMT EDPT @DBT

Figure 4: Lignin peroxidase (U/ml) activities of untreated and treated
wood cubes with (1%) organotin(IV) complex after 16 weeks exposure
to Gloeophyllum trabeum. Different letter within wood species are
statistically different at P < 0.05 using Tukey Multiple Comparison test

18 1
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Figure 5: Manganese peroxidase (U/ml) activities of untreated and
treated wood cubes with (1%) organotin(IV) complex after 16 weeks
exposure to Gloeophyllum trabeum. Different letter within wood
species are statistically different at P < 0.05 using Tukey Multiple
Comparison test.

Interestingly, the densities of the treated wood after the
exposure to T. versicolor and G. trabeum biodegradation
increased significantly among all of the wood species in
correlation with the increase in the chemical concentrations
used. The mean densities of the treated A. scholaris, M. triloba
and H. brasiliensi were initially recorded the highest as 365,
416 and 667 kg/m’, respectively. After 16 weeks of exposure
to fungal biodegradation, the mean densities of the treated A.
scholaris, M. triloba and H. brasiliensi slightly reduced to the
maximum of 353, 404 and 622 kg/m’, respectively. The least
reduction in the mean densities indicates lesser degree of wood
degradation of the organotin(IV) complexes-treated wood in
comparison to the untreated wood. The minimal reduction of
the treated wood densities indicates that organotin(IV)
complexes significantly protect the wood biomass from the
fungal degradation through the reduced and least amount of
ligninolytic enzymes produced compared to untreated wood.

Conclusions

In this study, it has been successfully indicated that based on
the ligninolytic enzyme analysis, percentage of weight loss and
wood densities revealed that dibutyltin(IV) complex treated
wood is the best protection as wood preservative against
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Trametes versicolor and Gloeophyllum trabeum. Ligninolytic
enzymes profile of the untreated non-durable wood species
biodegraded, highlighted the production of the main enzyme,
manganese peroxidase as the predominant enzyme expressed during
wood biodegradation. The least amount of laccase activity was
detected only from T. versicolor and as well as producing the most
level of ligninolytic enzymes detected. It can be concluded that the
newly synthesized organotin(IV) complexes are -effective in
reducing the production of ligninolytic enzymes during wood
biodegradation that signify it as wood preservatives where DBT
complex is determined as the best wood preservative among all the
tested organotin(IV) complexes.
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