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ABSTRACT
Exposure of wood in service to conditions for fungal growth to thrive such as
moisture, temperature, and adequate oxygen with nutrients availability often results
in failure of wood in service. Hence, there is need for wood modification which
was achieved in this study through furfurylation process with the inclusion of two
different catalysts (Maleic anhydride and Tartaric acid) at two levels (2% and 4%
concentrations). Furfurylation increased the resistance of Pterygota macrocarpa
wood to Phanerochaete chrysosporium growth and decay. It was observed that 4%
of Maleic anhydride and 2% of Tartaric acid performed excellently in the resistance
to fungal growth and decay with 2% of tartaric acid having the highest resistance
to fungal decay. The chemical modification proved to be effective and protects the
modified wood against the activities of the fungus.
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INTRODUCTION
Before the advent of treatment proc-
esses, man relied on naturally durable
wood species to provide wood products
that would give acceptable service life
under conditions suitable for decay and
termite attack or simply replaced non-
durable, degraded wood when necessary.

Indeed, one of the factors prompting the
development of modern wood preserva-
tion and modification was the depletion
of the naturally durable wood across the
world (Paul, et al., 2011). Wood modi-
fication is applied to overcome undesir-
able properties of the wood material that
are mainly related to moisture sensitive-



Nigerian Journal of Mycology Vol. 12 (1): 2020 2

ness, low dimensional stability, hardness
and wear resistance, low resistance to
bio-deterioration against fungi, termites,
marine borers, and low resistance to ultra
violet (UV) radiation (Owoyemi, et al.,
2012; Dick, et al., 2017).
During the last few years, interest in the
products of modified wood has increased
substantially. This increased interest
depends partially on the restricted use of
toxic preservatives due to increased
environmental concern and the need for
reduced maintenance for wood products
that are mainly for exterior use (Dick, et
al., 2017). However, due to the signifi-
cant improvement in performance of
modified woods and small environmen-
tal impact of furfurylation, this process
has an increasing attention from industry
over the years (Lande, et al., 2008).
Furthermore, with the potential of
treated wood for commercial applica-
tions, wood modification with furfuryl
alcohol (FA) is now attracting enhanced
attentions from researchers and industry.
Selection of suitable catalysts to control
the polymerization of furfuryl alcohol
during storage and curing is the most
crucial component of this technology
(Wanju, et al., 2015; Epmeier, et al.,
2004; Lande, et al., 2004). There is
limited information on the use of differ-
ent catalyst in the furfurylation process
as well as the furfurylation of hard wood
species especially in Nigeria.

Pterygota macrocarpa belongs to the
family Sterculiaceae and are
angiosperms (Dicots). It is found in
Cameroon, Ivory Coast, Ghana, Nigeria,
and Sierra Leone. The wood is medium-
weight, with a density of 480 – 660
kg/m³ at 12% moisture (Ayarkwa, 1998).
The wood is increasingly available in the
timber market and used for veneer,
plywood, interior paneling, interior join-
ery, molding, furniture, block board,
fibre board, particle board and light
carpentry. It is also used for staircases,
light flooring, matchboxes, boxes and
crates and a general-purpose timber for
indoor use. However, the wood is not
dimensionally stable and susceptible to
attack by borers, termites and fungi
(Christian, et al., 2012). These properties
need to be improved through modifica-
tion or preservation process to prolong
its service life.
Thus, this research was conducted to
improve the properties of hard wood (P.
macrocarpa) through furfurylation treat-
ment using two different catalysts with
a view to increasing the service life.

MATERIALS AND METHODS
Materials collection
Wood samples were obtained from P.
macrocarpa wood and sawn into 25 x
25 x 9 mm3 according to ASTM D-2017
(2008). The wood samples were oven
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dried at 103 ± 2°C until a constant
weight was achieved.
Modification of wood
P. macrocarpa wood was modified
using furfuryl alcohol and distilled water
at ratio 1: 1 and catalyzed with 2 cata-
lysts (Maleic anhydride and Tartaric
acid). Furfurylation was carried out
using 4 formulations. Treatment 1 was
formulated with furfury alcohol (FA)
and 2% of  Maleic anhydride (MA),
Treatment 2 formulated using Furyfuyl
alcohol (FA) and 4%  Maleic anhydride
(MA), Treatment 3 using furfuryl
alcohol (FA) and 2% of tartaric acid
(TA), while  treatment 4 was formulated
using furfuryl alcohol (FA) and 4% of
tartaric acid (TA).
Chemical impregnating equipment was
used to impregnate FA into the wood
using a full cell process, which involved
a segment of vacuum for 10 minutes
followed by 45 minutes of 4 bar pres-
sure. The impregnated samples were
wrapped in aluminium foils to avoid
solution evaporation. Then curing of the
samples was done at 150°C for 3 hours,
polymerization of the furfuryl alcohol
and the grafting reaction with the wood
components took place at this stage.
Laboratory testing of resistance to
decay fungi
Decay resistance was evaluated accord-
ing to American Society for Testing and
Materials (ASTM) D 4445-91 (1998). A

white rot fungus (Phanerochaete chrys-
osporium) was collected and identified
at International Institute of Tropical
Agriculture (IITA) Ibadan. The fungus
was subcultured into plates and later
inside culture bottles where the wood
(treated and untreated) samples were
inoculated at 28°C and 70% Rh.
Visual rating was carried out for a period
of twelve weeks (Plate 2) on a scale of
0 – 5 (0 – 100%). At the end of twelve
weeks, percentage weight loss of the
wood test samples was calculated to
determine the relative decay susceptibil-
ity or resistance of the modified and
unmodified wood samples using the
equation below and the summary of the
result was analyzed using two-way
ANOVA.

    (1)

Where:
w1 = Weight (g) of modified wood
before exposure to decay fungi
w2 = Weight (g) of modified wood
samples after exposure to decay fungi.

RESULTS
Visual assessment and ratings for the
accelerated ageing test of treated and
untreated Pterygota macrocarpa wood.
The visual assessment for the treated and
untreated P. macrocarpa wood over a
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period of twelve weeks ranged from 0
to 5 (i.e. 0% to 100%). Furfurylation
improved the resistance of P. macro-
carpa wood P. chrysosporium growth
(Plate 2). The total area of fungal growth
was used to evaluate the resistance of
wood to P. chrysosporium growth. It
was observed that all the stem height
(top, middle and base) for the untreated
samples had the highest rate of fungal
(P. chrysosporium) growth on the wood,
while Treatment 4 (FA with 4% of TA)
had the lowest rate of fungal growth.
Treatment 1 (FA with 2% MA) and
treatment 4 (FA with 4% of TA) showed
greatest resistance to fungal growth in
week 1, while treatment 2 (FA with 4%
MA) and treatment 4 (FA with 4% of
TA) showed greatest resistance to fungal
growth in week 2 and week 3. Treatment
1 (FA with 2% MA) and treatment 4 (FA
with 4% of TA) showed greatest resistance
to fungal growth in week 4, while treat-
ment 2 (FA with 4% MA) and treatment 4
(FA with 4% of TA) showed a greatest

resistance to fungal growth in week 5 till
the end of the twelfth week which indicated
that treatment 4 had the greatest resistance
to fungal growth (Fig. 1).
Percentage weight loss of Pterygota
macrocarpa wood subjected to white
rot fungus (Phanerochaete chrysospo-
rium)
Untreated and treated P. macrocarpa
wood samples were exposed to P. chrys-
osporium fungus for 12 weeks. At the
end of the 12 weeks, percentage weight
loss of the wood samples was deter-
mined. Furfurylation catalyzed with
maleic anhydride (2% and 4%) and
tartaric acid (2% and 4%) improved the
resistance of P. macrocarpa wood to
fungal decay. For all the stem height
positions, the untreated samples had the
highest percentage weight loss. At the
top outer, Treatment 1 (FA with 2% of
MA) had higher percentage weight loss
value of 5.52% while Treatment 3 (FA
with 2% TA) had the lowest percentage

(A) (B)

Plate 1: Phanerochaete chrysosporium (white rot fungus) sub-cultured
into plates (A) and culture bottles (B)

Resistance of Furfurylated Pterygota macrocarpa (K.Schum.) Wood to Phanerochaete chrysosporium Fungus



Nigerian Journal of Mycology Vol. 12 (1): 2020 5

Week 1 Week 2 Week

Week 4 Week 5 Week

Week 7 Week 8 Week

Week 10 Week 11 Week 12

Plate 2: Visual assessment of Phanerochaete chrysosporium growth for
treated wood samples for a period of 12 weeks.
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Figure 1: Visual ratings of Phanerochaete chrysosporium growth on treated and
untreated Pterygota macrocarpa wood for a period of twelve weeks
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Table 1: Percentage weight loss of treated and untreated Pterygota macrocarpa
wood after exposure to Phanerochaete chrysosporium fungus.

Longitudinal position Radial position Treatment % weight loss
Top Inner Treatment 1 4.93±0.02

Treatment 2 4.23±0.03
Treatment 3 3.30±0.01
Treatment 4 4.25±0.04
Untreated 12.46±0.01
Average 5.46±0.41

Outer Treatment 1 5.52±0.02
Treatment 2 4.81±0.00
Treatment 3 4.09±0.08
Treatment 4 4.77±0.05
Untreated 16.20±0.17
Average 6.53±0.63

Middle Inner Treatment 1 4.14±0.16
Treatment 2 3.53±0.03
Treatment 3 3.53±0.01
Treatment 4 3.34±0.02
Untreated 10.16±0.03
Average 4.67±0.32

Outer Treatment 1 6.19±0.14
Treatment 2 4.48±0.01
Treatment 3 4.42±0.05
Treatment 4 3.87±0.01
Untreated 12.23±0.18
Average 5.93±0.39

Base Inner Treatment 1 4.13±0.01
Treatment 2 4.52±0.06
Treatment 3 3.36±0.02
Treatment 4 3.57±0.01
Untreated 9.63±0.06
Average 4.82±0.25

Outer Treatment 1 4.96±0.01
Treatment 2 4.96±0.01
Treatment 3 4.25±0.01
Treatment 4 4.65±0.00
Untreated 13.34±0.04
Average 6.08±0.39

Number before “±” denotes mean values of six replicates and the
number after “±” denotes standard deviation
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weight loss value of 4.09% and at the
top inner, Treatment 1 (FA with 2% of
MA) had higher percentage weight loss
value of 4.93% while Treatment 3 (FA
with 2% TA) had the lowest percentage
weight loss value of 3.30%. At the
middle outer, Treatment 1 (FA with 2%
of MA) had the highest percentage
weight loss value of 6.19% while Treat-
ment 4 (FA with 4% of TA) had the
lowest percentage weight loss value of
3.87% and at the middle inner, Treat-
ment 1 (FA with 2% of MA) had higher
percentage weight loss value of 4.14%
while Treatment 4 (FA with 4% of TA)
was with lowest percentage weight loss
value of 3.34%. Furthermore, at the base
outer, Treatment 1 (FA with 2% of MA)
and Treatment 2 had higher percentage
weight loss value of 4.96% while Treat-
ment 3 (FA with 2% TA) had percentage
weight loss value of 4.25% and at the
base inner, Treatment 2 (FA with 4% of
MA) had higher percentage weight loss
value of 4.52% while Treatment 3 (FA
with 2% TA) was with lowest percent-
age weight loss value of 3.36%. The
analysis of variance carried out showed
that there was significant different (at p<
0.05) with 0.00 p-value.

DISCUSSION
Furfurylation catalyzed with maleic
anhydride (MA) and tartaric acid (TA)
had considerable resistance to fungal

growth on the treated wood samples. It
was observed that inclusion of higher
concentration of catalyst, i.e. treatment
2 (FA with 4% MA) and treatment 4 (FA
with 4% TA) had greater resistance to
fungal growth when compared to lower
concentration of catalyst. It is notewor-
thy that treatment 4 had the highest
resistance to fungal growth which means
that tartaric acid performed excellently
well in the furfurylation process.  There-
fore, furfurylation process catalyzed by
tartaric acid greatly influences the resist-
ance of the treated wood to P. chrysospo-
rium growth. The white rot fungus
started by growing its hyphae and
spreading its mycelium over the surface
of the wood, but it was observed that the
spreading of the mycelium was faster on
all the untreated samples while the
spreading of the mycelium over the all
treated samples are very slow especially
in the treatment 2 and treatment 4
(higher concentration of  maleic anhy-
dride and tartaric acid), this is attributed
to the blocking of the water passage in
the wood by furfuryl alcohol polymers
thereby reducing the moisture required
for fungal growth and slowing down the
rate of spread of the fungi mycelium
over the treated wood (Sejati, et al.,
2017). In summary, furfurylation
reduced the spread of fungus mycelium
and fungal growth on P. macrocarpa
wood. This is similar to the work of
Wanju, et al., (2015); Sejati, et al.,
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(2017) where it was reported that furfu-
rylated wood has an excellent resistance
to mould growth.
There was significant difference in all
the treatments (with regards to the type
of catalyst and percentage catalyst used).
It was noted that treatment 2 (FA with
4% MA) and treatment 3 (FA with 2%
TA) had the lowest percentage weight
loss for almost all the stem height posi-
tions. This indicated that  high concen-
tration of maleic anhydride (4%) and
low level of  tartaric acid (2%) inhibits
the growth and decay of white rot fungi
but for effective performance, low level
of  tartaric acid (2%  tartaric acid) can
be used in the furfurylation process
because it performed excellently well in
the furfurylation process when com-
pared to the other treatments. Therefore,
the threshold concentration of catalyst
inclusion in the furfurylation process is
2%, but for higher performance, the
concentration of catalyst can be slightly
increased. Furfurylated wood had higher
resistance to fungal decay because fur-
fural resins blocked water exchange
paths and reduced the space to accom-
modate water or covered the adsorbed
sites as a resin film and caused perma-
nent bulking of cell wall, thereby
causing suffocation of the fungi (lack of
oxygen) and reducing the susceptibility
of the wood to fungi as moisture is one
of the requirements of fungal growth on

wood (Tiantian, et al., 2019). In sum-
mary, furfurylation reduces the activities
of white rot fungi by slowing down the
rate of growth due to the reduction of
moisture and making the treated wood
less susceptible to fungal decay. This
result corroborates with the work of
Inger, et al., 2019, where it was reported
that fungus starts a common decay
process in modified wood but proceeds
at a slower pace, as the assess to the
plant cell wall polysaccharides is
restricted which results in a lower mass
loss. The result of this research also
agreed with the work of Treu, et al.,
2014 and Wanju, et al., 2015 where it
was reported that durability test carried
out showed that the mass losses for
furfurylated wood species were low for
all tested fungi.

CONCLUSION
Modification of P. macrocarpa wood
was carried out  using furfuryl alcohol
and two different catalysts (maleic anhy-
dride and tartaric acid) at two different
levels (2% and 4%) using full cell
process (furfurylation). Based on the
results from this study, furfurylation
improved the resistance of P. macro-
carpa wood to white rot fungal
(P.chrysosporium) growth and decay.
Furfurylation with the inclusion of
maleic anhydride and tartaric acid makes
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P. macrocarpa wood to be resistance to
P.chrysosporium by reducing the mois-
ture in wood through blockage of water
passage in the wood by furfuryl alcohol
polymers.
The two levels (2% and 4%) of catalyst
can be used in the furfurylation process.
For effective performance of maleic
anhydride, higher level (4%) of catalyst
can be used. When using tartaric acid,
2% should be used or slightly increased.
Also, the inclusion of tartaric acid in
furfurylation process performed excel-
lently, which indicated that tartaric acid
can likewise be used in the furfurylation
process as Maleic anhydride which is
currently widely accepted. Other cata-
lysts should be investigated to know its
suitability in the furfurylation process.
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