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Abstract: Considering the current rate of expansion of the lumber processing industry in the world,
the current annual allowable cut of one million cubic meters of round logs is considered to be
insufficient to satisfy the increasing demand of timber industries. One major area that has been
highlighted in the forest policy is the introduction of lesser-used species to widen the natural resource
base of the forest and to address the imbalance between supply and demand for the resources. As
a contribution to addressing this problem, oil palm lumber, a lesser-used species, was subjected
to different moisture content variations to determine its behavior with respect to discoloration.
Specimens of oil palm trunks were extracted at Norpalm Oil Mill in the Western Region of Ghana.
Oil palm lumber specimens were conditioned in a kiln to a moisture content of 15%, 20%, 25%, 30%,
40%, and 50%. The results obtained covered discoloration and mold. The effect of the extractives on
the discoloration of oil palm lumber was also investigated by means of immersing some samples
of oil palm lumber into sea water and tap water for 48 h. Although Dursban 4E is a widely used
preservative in the timber industry, oil palm lumber specimens of 40 mm thick immersed in Dursban
4E for 48 h and conditioned in a kiln to a moisture content of 30% were discolored from week 2.
However, oil palm lumber specimens of 40 mm thick that were immersed in tap water for 48 h, and
thereafter immersed in Dursban 4E for another 48 h, then kiln dried to a moisture content of 15%,
20%, 25%, and 30%, did not show any discoloration from week 2 to week 18. It was discovered that
in the utilization of oil palm lumber, it should be immersed in tap water for 48 h before any chemical
treatment is given, and thereafter kiln dried. From the general results, the species proved to be good
substitute for some of the ‘noble’ species that are going extinct from the forests of Ghana.
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1. Introduction

Oil palm (Elaeis guineensis Jacq.) is an important crop species with high economic
benefit in the form of the export of quality palm oil [1]. Its production has increased over
the last decade, resulting in an expansion of the global oil palm planting area from 10
to 17 million hectares between 2000 and 2012 [2]. It is emphasized that governments of
developing and emerging countries in all the tropical regions are increasingly promoting oil
palm cultivation as a major contributor to poverty alleviation, as well as food and energy
independence. Oil palm is the fastest-growing global demand as input for food products,
cosmetics, animal feed, bio-energy, lumber, and residual residues for the composite board
industry. The oil palm tree has therefore become one of the most important non-wood
lignocellulosic materials for various types of products [3,4]. It represents the most important
oil crop for food and feed production and for biotechnological applications [5]. Oil palm
production has brought about unlimited economic profits, and it is an emerging economic
sector in Malaysia and Indonesia [6,7]. Oil palm has the lowest land use compared to over
58 million hectares of land used for soybean. Area expansion of oil palm accounts for a very
small part of the total forest reserve depletion [8].
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Growth of commercial plantations in North Sumatra (Indonesia) and Southeast Asia and
the expansions in West Africa and Latin America has led to a growing call for the sustainability
of the ever-increasing palm oil tree residues [9,10]. However, the trunks are normally left in
the field without any utilization thereafter. These huge residues have become a major concern
because they cause many problems and are expensive to dispose of. Hence, they are usually
cut into pieces and burned, which pollutes the air and contributes to increasing CO2 in the
atmosphere [11]. Thus, enormous quantities of lignocellulosic materials are discarded in vain,
while destruction of the rain forest has been expanding in the same tropical areas by excess
cutting of trees [12,13]. The shortage of log supply in these areas is increasingly becoming
a serious problem. Therefore, research on the utilization of oil palm trunks is on the increase.

Agro-waste from the oil palm industry such as oil palm trunks has attracted attention
as a potential source for new value-added material [11,14,15]. The chemical, physical, and
mechanical properties of the oil palm lumber already established indicate that this agro-
waste is similar to wood, and that it may be suitable for wood-based panels, construction,
furniture, and other fitments [16,17]. Many studies on the oil palm trunk also show the
potential of utilizing this agricultural waste for several types of value-added products, such
as high performance panel products, pulp and paper making, and animal feed [4].

The global growing demand for large diameter timber and the inability of the forest
to supply implies that other lignocellulose material resources should be available for
construction and manufacturing, which should help wood remain competitive against non-
wood construction substitutes and stem the decline in global share in the long run [18,19].
However, wood industry workers are struggling to obtain sufficient raw materials at
a competitive price. Oil palm trunk lumber is abundantly available, and it is a less expensive
lignocellulosic raw material as compared to wood [4,20]. Currently, global consumption
of wood is approximately 3.23 billion m3 annually, or 0.53 m3 per capita per year. In any
case, a substantial increase in global wood demand is expected. The Food and Agriculture
Organization of the United Nations (FAO), for example, recently forecast a 26% increase in
industrial roundwood demand [21–23]. The increased demand is driven both by expanding
economies worldwide and by population growth [24].

The oil palm tree is an emerging, non-timber forest product in the West African sub-
region and the global timber industry. The grains of the oil palm look very attractive, even
though it is difficult to work on. Recent studies have shown that the palm tree has the
potential to be used as an alternative species to supplement timber production [4,25–27].
However, one major factor that has the potential to discourage the industry from utilizing
oil palm lumber is the ease of discoloration of the products, especially at high moisture
content. Preliminary research by the Malaysia Palm Oil Board demonstrated that the oil
palm trunk could be engineered into palm wood. However, their results were not promising
because their drying methods caused drying defects such as high degree of shrinkage,
warping, checks, collapse, twisting, and discoloration with low recovery [16].

Discoloration occurs by the action of fungal stains (mold, mildew, and sap stains
such as blue stain), bacterial infection (decay, rot), enzymatic (gray, some brown, etc.), and
others that could be chemical, gum and resin pockets, mineral stains, and iron stains [28,29].
Hence, discoloration is the external manifestation of fungal invasion [30]. Conditions that
could favor discoloration may include entry site, air/oxygen, temperature, moisture, and
food source. It is therefore important to investigate the appropriate method of treating
oil palm lumber of such defects in order to improve the acceptability of the product. This
study, therefore, aims at determining the effective method of treating oil palm lumber to
avoid the discoloration of its products.

In this study, the oil palm lumber used was processed from the large amount of
agriculture waste generated during replanting by the Norpalm Oil Mills, and palm wine
was extracted from them. The advantage of using these oil palm trunks was enormous:
low price, readily available in large quantities, and some extractives had been removed by
tapping the palm wine and leaching by raining activities. The utilization of these types of
oil palm did not affect the state of the farm and the production of seedlings for the industry.
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2. Materials and Methods
Materials

The main materials used for the experiment work were oil palm lumber, Dursban 4E,
tap water, and sea water.

Oil palm
Forty (40)-year-old oil palm trunks were collected from a farm located in a wet,

semi-deciduous forest zone in the western part of Ghana. Trunks were stout, straight,
and about 550 to 610 mm in diameter. They were unproductive standing trees to be
felled for a new plantation. The selected oil palm trunks were felled, and the local palm
wine was tapped within 7 days, after which lengths of 4.5 m were extracted from the
trunks from the bottom towards the top. These were converted into beams of dimensions
1000 mm × 320 mm × 100 mm and lumber of dimensions 1000 mm × 320 mm × 50 mm
for the study. These dimensions were selected due to the size of the treatment bath.

Dursban 4E
Dursban 4E was purchased from a licensed agricultural chemical seller. This is a locally

used wood preservative and contains 44.4% chlorpyrifos and 55.6% inert ingredients, with
4 pounds of chlorpyrifos per gallon. Dursban 4E was chosen due to its cost effectiveness
and availability to the timber industry.

Tap water
Tap water was obtained from water supplied to homes for consumption by the Ghana

Water and Sewage Company.
Sea water
The sea water for the study was obtained from the sea using buckets and drum

barrels. Sea water is a solution of salt and water and contains some percentages of chloride,
magnesium, sodium, calcium, sulfur, and potassium. These salts make up 99% of sea water
and could act as inhibitors to the growth of discoloration fungi.

Physical characteristics of oil palm tree
Physical observation and inspection were conducted on twenty standing and twenty

felled oil palm trees. The activities carried out were trunk measurement using a measuring
tape and moisture content determination using a hand-held moisture meter.

Preparation of test specimens
The oil palm trunks were sawed into beams and boards, and their moisture content was

determined. The moisture contents on an oven-dry basis of the oil palm lumber specimens
were determined in accordance with the ASTM D 1037-06a [31]. Five samples of each of the
lumber with dimensions 300 mm × 100 mm × 25 mm were placed in a laboratory oven at
a temperature of 103 ◦C ± 2 ◦C. Each sample was dried until the difference in mass between
two successive weighings separated by an interval of twenty-four (24) hours was 0.01 g or
less. The moisture content of the specimen was then computed, as shown in Equation (1).

Mc (%) =
Fw − Ow

Ow
(1)

Mc = Moisture content (%)
Fw = Fresh weight (g)
Ow = Oven-dry weight (g)
The samples were immersed in preservatives for forty-eight (48) hours. The preserva-

tive was made up of 2 L of Dursban 4E and 504 L of water. The preservative-treated boards
were kiln-dried to moisture contents of 20%, 30%, 40%, and 50%. Figure 1a to g shows the
preparation of study specimens and Dursban 4E solution. Each of the kiln-dried specimens
was repeated with five replicates.

The prepared test specimens were cut into dimensions of 300 mm × 100 mm × 40 mm
(Figure 2). They were separately staked in a clean, environment-controlled room with
a temperature of 25 ± 2 ◦C and relative humidity of 62 ± 2% for an eighteen (18)-week ob-
servation period. Pictures were taken at the end of each of the seven days using a Samsung
Galaxy S9+, camera version 10.0.03.31.
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Determination of chemical composition (Cellulose, Holocellulose, and Lignin)
Cellulose, hemicellulose, and lignin contents of oil palm lumber specimens were

analyzed via acid detergent fiber (ADF), neutral detergent fiber (NDF), and acid detergent
lignin (ADL) methods [32,33].

During NDF analysis, approximately 1.0 g of dried oil palm lumber specimens were
transferred into a round-bottomed flask connected with a condensing unit, followed by
100 mL of preheated neutral detergent solution (30 g of sodium lauryl sulphate, 18.61 g of
EDTA disodium salt, 6.81 g of sodium borate decahydrate, 4.56 g of disodium hydrogen
phosphate, and 10 mL of 2-ethoxy ethanol dissolved in 1 L of distilled water). After the
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mixture was heated for 1 h at its boiling temperature, the solution was cooled down to
room temperature and filtered. The residue was washed three times with hot, distilled
water, followed by washing three times with acetone, and then vacuum dried. Further
drying was conducted at 105 ◦C for 3 h. The percentage of weight loss was calculated from
the initial and final weight differences.

The ADF analysis was similar to that of NDF but used a different detergent solution,
which was acid detergent solution. (An amount of 20 g acetyl trimethylammonium bromide
was dissolved in 700 mL of distilled water, and 27.56 mL of 96.7% sulphuric acid was then
added to the solution and then topped up to 1 L with distilled water).

The ADL analysis was started by covering the residues from the ADF analysis with
72% H2SO4 (15 ◦C) solution and stirred three times at hourly intervals. The mixture was
then filtered, washed with hot water, dried at 105 ◦C for 3 h, and then cooled down to room
temperature. The residue was heated in a furnace set at a temperature of 500 ◦C for 2 h.
The still-hot crucibles were then transferred into a 100 ◦C oven for an hour before being
cooled in a desiccator to room temperature and then weighed. The percentage of weight
loss was calculated from the initial and final weight differences.

The percentages of cellulose, hemicelluloses, and lignin were then calculated using
the Equations (2)–(4).

Cellulose (%) = ADF−ADL (2)

Hemi-cellulose (%) = NDF−ADF (3)

Lignin (%) = ADL (4)

Testing of Specimens
The specimens were staked on dried, hard wooden strips to prevent them from

coming in direct contact with the floor and each other. The space between each sample
was 150 mm to allow enough air circulation and space for observation. Considering the
degree of comfort for a human object, the temperature of the testing environment was set
at 25 ± 2 ◦C, and the relative humidity was set at 62 ± 5%.

Determination of mold in oil palm lumber
Visual inspection was used mainly to observe the occurrence of molds on the surfaces

of the test specimens. This was repeated every week, and pictures were taken for the final
appearance at the end of the study period.

3. Results and Discussion
3.1. Physical Characteristics Identified in the Study

The oil palm trunks were stout, straight, about 304 mm to 610 mm in diameter, and
grew about 460 to 920 mm. Oil palms can reach 18.29 to 24.38 m in height in nature, but
they are rarely more than 6.10 or 9.14 m in cultivation. The trunks of oil palm trees contain
mineral salts, notably silica, with high cutting tool edge recession. Hence, cutting tools
made from high-speed steel (HSS) would be the most suitable tools for machining wood
samples of the oil palm.

3.2. Moisture Content (MC)

The average MC in the fresh condition after cutting is 402.78%. The MC in the wood is
about 30–300% [34]. However, it cannot be generalized because there are many factors, such
as species and environment. In this study, oil palms recorded high MC because logging
was performed during the rainy season. High MC can be influenced by the presence of
parenchymal tissues that dominate the oil palm trunk [35]. These tissues are known for
absorbing and storing water very well [27]. The results of this study indicate that oil palm
trunks contain high MC, which confirms the results of other research works [26,35].

3.3. Chemical Composition of Oil Palm Lumber

The chemical constituents of oil palm trunk lumber are outlined in Table 1.
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Table 1. Chemical composition of oil palm trunk lumber.

Chemical Constituents Composition (%) Standard Deviation

Cellulose 42.90 2.92
Hemicellulose 26.35 1.41
Lignin 19.26 0.86
Starch * 82.07 01.5

* Source: [36,37].

Starch content is extremely high in the parenchyma [4,37,38]. This is the reason why fungi
grow so fast on the surface of the cross section of oil palm trunks. Hence, due to the high content
of sugar and starch in the oil palm stem, it is very susceptible to fungi and termites [35,39].

The lignin content is low in comparison to ordinary wood. The low lignin content and
relatively high carbohydrate content of oil palm trunk lumber imply that this wood can
be useful for the production of fiberboards. Utilization of oil palm trunk lumber for the
production of fiberboards and plywood were reported by [4] and [40].

Several attempts to utilize oil palm trunks as building and construction materials have
also been reported by [41] and [42]. Long-shaped vascular bundles themselves can be used
as raw material for veneer and wood-based panels, such as cement boards, fiberboards,
and strand boards [43]. The outer region near the bark is rich in vascular bundles, and
the density of this area is high. Therefore, the outer region might be appropriate for
manufacturing building materials. However, the inner region, with low lignin content and
high parenchyma content in the tissue structure, is not suited for building materials, which
requires strength to a significantly greater extent [44,45].

Experimental results are presented in Figures 3 and 4. Immersion of the samples of oil
palm lumber into fresh water for 48 h followed by immersion into Dursban 4E solution for
48 h before kiln drying did not produce any discoloration on the surfaces of the samples.
Similarly, the immersion of the samples of oil palm lumber into sea water for 48 h followed
by immersion into Dursban solution for 48 h before kiln drying did not produce any
discoloration on the surfaces of the samples.

Figure 4 shows images of the original oil palm wood surfaces after they were immersed
in tap water for 48 h, and thereafter immersed in Dursban 4E for another 48 h, after which
the samples were conditioned in a kiln. It can be clearly observed that oil palm lumber
surfaces were all clear, having no discoloration for all the moisture contents and at the
18-week duration. Tap water caused the disruption of sugar and starch pathways in the
palm wood, which could have been the food for the discoloration fungi. This is because
during the immersion of oil palm lumber, sugar and starch on the surfaces were washed
quickly, and the water prevented the migration, deposition, and concentration of sugar
and starch at the surface. Similar results were reported in other studies: in their study, [46]
observed that water reduced surface discoloration. In contrast, discoloration was reported
to be present at the wood’s surface by [47]. Ref. [48] emphasized that wood specimens
treated with water greatly reduced the levels of fatty acids without any visual discoloration
to the wood specimens. Ref. [49] used water to alleviate discoloration in wood. Ref. [50]
highlighted that an effective method of eliminating wood biodeterioration attacks is to use
water. The authors further recommended an approved Dursban application as the best.
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Figure 4. The surface color of oil palm samples immersed in tap water for 48 h, and thereafter
immersed in Dursban 4E for another 48 h, after which the samples were conditioned in a kiln to
varying moisture contents at a thickness of 40 mm. There was no significant change in the color of
the specimens during the eighteen weeks of observation.
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The results of this work showed that the color around the fungal colony changed
during the 18 weeks of observation (Figures 3 and 5a).
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The result indicated that in week 18, oil palm specimens at 20% MC immersed in sea
water only for 48 h and thereafter conditioned in a kiln, exhibited a significant discoloration
which increased with an increased in percentage MC in the oil palm specimens. Whereas
those specimens immersed in sea water for 48 h, followed by immersion into Dursban 4E for
48 h, and thereafter conditioned in a kiln to varying MCs did not exhibit any discoloration
(Figure 5).

The oil palm tree trunk is very hygroscopic, which means it shrinks and swells easily
upon the loss and gain of water, respectively. This hygroscopic property could improve
the absorption of water, which could result in the removal of some sap to give way to the
entrance of the preservative material during immersion to crystalize the sugar and render
it poisonous to the deteriorating organisms.

Comparatively, specimens immersed in sea water only for 48 h, and thereafter con-
ditioned in a kiln to varying moisture contents at a thickness of 40 mm showed visible
discoloration at all the MC levels. Specimens immersed in sea water for 48 h, followed by
immersion into Dursban 4E for 48 h, and thereafter conditioned in a kiln to varying moisture
contents at a thickness of 40 mm showed no visible discoloration at any of the MC levels
(Figure 5). However, oil palm lumber specimens of 40 mm thick immersed in Dursban 4E
for 48 h and conditioned in a kiln to a moisture content of 30% discolored from week 2.

Legend A: The surface color of oil palm specimens immersed in sea water only for
48 h, and thereafter conditioned in a kiln to varying MCs at a thickness of 40 mm.

Legend B: The surface color of oil palm specimens immersed in sea water for 48 h,
followed by immersion into Dursban 4E for 48 h, and thereafter conditioned in a kiln to
varying MCs at a thickness of 40 mm.

Oil palm logs, and for that matter, oil palm lumber, attract infestation of both insects
and fungi fairly quickly (some even happened overnight) when they are left in the field or
even under cover (personal observations by the authors). The high susceptibility of oil palm
stems and boards to infestation by both fungi and insects is due to the presence of high
sugar and starch in the parenchyma cells [51,52]. Thus, the lumber should immediately
be immersed into pure water after being sawed, before preservatives are applied. [47]
concluded in their study on the anatomical characterization and utilization of oil palm
wood that oil palm wood from the outer zone of the trunk provides the best properties.
Even so, that part of oil palm wood has at least four imperfections that need to be improved:
(1) very low in strength; (2) very bad in durability; (3) very low dimensional stability; and
(4) very poor machining characteristics. The results of this study, therefore, confirm the
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results of [47]. Although the oil palm wood vinegar produced exhibited antifungal and
antitermite activities against white-rot fungus, Trametes versicolor, brown-rot fungus, and
Fomitopsis palustris [53], the treatment processes outlined in the study were the impetuses
for the growth inhibition of discoloration of oil palm lumber.

Bakar et al. [47], indicated that the outer zones of the trunk have better quality than
those from the inner zones, and that the outer zones can be used as solid wood after proper
treatment. Hence, properly treated oil palm lumber can be used for producing cabinet,
cladding, furniture, other fitments and carving works.

Discolorations and stains usually create an objectionable color or appearance of the
lumber. Chemical treatment can enhance the resistance of palm wood. The chemical
treatment of oil palm lumber showed a high resistance against dry wood termites. Tap
water and Dursban played an important role in eliminating the discoloration effects on the
lumber. They acted as a preservative in the oil palm lumber. After being chemically treated,
discoloration was not observed in the lumber after 18 weeks. Therefore, this application (the
use of water, Dursban, and kiln drying) exhibited the best resistance against discoloration,
compared to other applications [47,54]

3.4. Mold as Occurred in Oil Palm Lumber Specimens

It was observed that mold was not capable of degrading the structural components
of oil palm lumber. Unlike decaying fungi, mold-causing fungi did not tunnel through
the lumber but lived only on the surface [55,56]. Further revelation indicates that mold
fungi often flourish when excessive water is present. Hence, dampness and inadequate
ventilation typically result in the growth of mold on oil palm lumber surfaces. The growth
of mold leaves the affected specimens of oil palm lumber discolored to black, as shown
in Figure 6. [57] emphasized that oil palm lumber experiences photo-degradation upon
exposure to water and sunlight, especially ultraviolet (UV). However, it has been reported
that UV light cannot penetrate deeper than 75 µm, though degradation occurs deeper than
this in combination with other factors [58]. Hence, the material climate is determined by
wood moisture content, temperature, and their dynamics [59].
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Lim and Khoo identified that the moisture content in oil palms increases with the
increasing amount of parenchyma tissue from the periphery to the center and from the
stem base to the top until 400% [60]. Parenchyma cells are a suitable substrate for many
microorganisms [61]. Therefore, as with other lignocelluloses, the felled trunk, with its
high parenchyma and moisture content, is susceptible to the colonization by mildew fungi
until the wood has dried down below the fiber saturation of approximately 30% moisture
content. Mold-infected products are not accepted by the consumers, and rot reduces wood
strength properties.

4. Conclusions

This study aimed to determine the effective method of treating oil palm lumber to avoid
the discoloration of its products. The oil palm lumber immersed in tap water for 48 h, and
thereafter immersed in a preservative solution of Dursban 4E, completely inhibited the growth
of discoloration, whereas the specimens that were not immersed in tap water and Dursban 4E
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discolored. The practical utilization of either tap water or sea water mixed with Dursban 4E
as oil palm lumber preservatives using immersion is worthy of consideration. This study has
demonstrated that discoloration on the surface of oil palm products can be avoided if treated
with either sea water or tap water mixed with Dursban 4E preservatives before kiln drying.
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