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ABSTRACT

A total of 12 felled oil palm trunks (OPT) of tenera 
variety were obtained from the Sungei Kahang 
Estate owned by Sayong Plantation Sendirian 
Berhad,  located between latitudes N2° 12’ 24” 
to N2° 12’ 55” and longitudes E103° 30’ 59” to 
E103° 31’ 05”. The physical and mechanical 
properties of OPT and their respective single 
holocellulose fibres, each taken at different bole 
heights  were analysed by using various analytical 
techniques. Based on the results, variations in 
relation to the distance between the bole position 
gave variation in the moisture content, basic 
density and flexural strength distributions. As for 
single holocellulose fibres, the distance between 
a bole length gave variation in fibre dimension, 
shape and mechanical properties. These results 
collectively should provide some insight to the 
understanding of the mechanism of seasoning 
deformation (such as twisting, honey-combing, 
surface checks and collapse), which when combined 
with corresponding changes in fibre structure may 
point the way forward to a satisfactory conversion 
and efficient utilisation of OPT for various end-
uses. 

ABSTRAK

Sebanyak 12 batang sawit jenis tenera telah 
diperoleh dari Estet Sungei Kahang kepunyaan 
Syarikat Sayong Plantation Sendirian Berhad, 
yang terletak di antara latitud N2° 12’ 24” 
ke N2° 12’ 55” dan longitud E103° 30’ 59” 
ke E103° 31’ 05”. Ciri-ciri kekuatan batang 
sawit dan serat holoselulosa mengikut paras 
perbezaan pada ketinggian pokok telah dianalisis 
dengan menggunakan pelbagai teknik analitikal. 
Berdasarkan hasil kajian, pola pertaburan 

bagi kandungan lembapan, kadar ketumpatan 
asas dan kekuatan fleksural bagi batang sawit 
adalah berbeza di antara satu dengan yang lain 
mengikut kedudukan sampel yang diperoleh. 
Bagi holoselulosa pula, serat tersebut mempunyai 
bentuk dimensi, ukuran dan kekuatan mekanik 
yang berbeza mengikut paras ketinggian pokok. 
Secara kolektif, hasil kajian ini boleh digunakan 
sebagai panduan mengenai mekanisme kecacatan 
bahan semasa proses pengeringan (seperti  terpiuh, 
rekahan sarang lebah, rekah permukaan dan 
pengecutan yang tidak selaras). Faktor ini apabila 
dihubungkaitkan dengan perubahan pada struktur 
serat holoselulosa dapat mempertingkatkan 
penggunaan batang sawit dalam pelbagai produk 
nilai bertambah secara berkesan.  

Keywords: felled oil palm stems, holocellulose 
fibres, physical and mechanical properties, fibre 
dimensions.

INTRODUCTION

The timber resource scenario, particularly for 
the production of plywood, sawn lumber and 
fibre-based biocomposite products, in Peninsular 
Malaysia has changed in many respects during the 
last 20 years, and continues to change. Available 
timber is now generally smaller in diameter and 
lower in quality than before. Many species that 
were deemed undesirable in the past are now being 
used because of a shortage of more desirable species 
of timber. During this period, demand for timber 
from the country’s forests increased significantly. 
In 2009, an estimated 6.15 million cubic metres 
of forest logs were used to produce sawn timber, 
plywood and wood-based products for local and 
export markets, up from about 5.44 million cubic 
metres in 2001 (Forestry Department, 2011).

As a result of high demand and short supply 
of timber, the prices of timber have increased rap-
idly. One response to this situation of shortage of 
high quality timber, increasing demand for wood 
and fibre-based biocomposite products, and rising 
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timber costs would be to look for alternative raw 
materials for some of the products that have tradi-
tionally been made from wood. One such material 
is felled oil palm trunks (OPT), a sustainable non-
wood source which is available in abundance at re-
planting operations.  

Data from the replanting scheme undertaken 
by the Malaysian Palm Oil Board (MPOB) showed 
that 1.7% to 1.8% of the total area or an average of 
80 000 ha of oil palm are due for replanting every 
year (Jusoh Latiff, pers. comm. 2010). Based on 136 
oil palm trees per hectare, this would involve the 
felling of approximately 10.88 million palms gen-
erating more than 19.09 million cubic metres of 
OPT (Kamarudin et al., 1997). Thus, the quantities 
at hand could substantially contribute to the pro-
duction of plywood, sawn lumber and fibre-based 
biocomposites without depleting the nation’s wood 
resources from the natural forest and forest planta-
tions. 

In spite of their availability, the commercial 
use of OPT to act as raw materials for the manu-
facture of plywood, sawn lumber and fibre-based 
biocomposites has yet to reach the desired level. 
The commercial exploitation of OPT for a variety of 
products depends on a number of factors. These in-
clude a need for a sustainable supply, the economic 
system for handling them and a reliable design of 
processing and manufacturing equipment to cater 
for their  physical forms and sizes. In addition, pat-
terns of variation within trunks vary from the low-
er section to apical (Lim and Gan, 2005) and may 
be further complicated by site location and growth 
characteristics. 

Numerous studies have shown that palm age 
has a significant effect on the length of oil palm 
fibres. The average length of cellulose fibres from 
OPT ranges from 1.23 to 1.37 mm long (Mohd Nor, 
1985; Ashari et al., 1991; PORIM, 1997) and the mon-
osaccarides contained in oil palm stem are glucose 
and xylose (Halimahton and Abdul Rashih, 1991). 
This indicates that xylans and cellulose  are the pre-
dominant polysaccharides in the cell-walls. A study 
on the parenchyma and vascular bundles of OPT 
using 13C solid-state NMR at low field (25 MHz) in-
dicated that the lignin structure appeared to resem-
ble grass lignin in containing ρ-hydroxyphenyl res-
idues but differed in containing few ferulic esters 
consisting of linear chains of syringyl units links 
by β-aryl ether bonds (Gallancher et al., 1994). Such 
variations will significantly influence the commer-
cial use of the OPT and may alter processing char-
acteristics. 

The purpose of this study is to determine the 
variations in properties as a function of the trunk 

lengths and diameters, which  could then help in 
segregating bolts from different sections of the 
same OPT for different applications, such as ve-
neer, sawn lumber and fibre-based biocomposites. 
This characterisation is important to maximise val-
ue recovery.

MATERIALS AND METHOD

Sample	Preparation
 

Oil palm of tenera variety (a cross between the 
dura and pisifera)  were obtained from the Sungai 
Kahang Estate located between latitudes N 2° 12’ 
24” to N 2° 12’ 55”  and longitudes E 103° 30’ 59” 
to E 103° 31’ 05”. 	Twelve oil palm trees planted in 
1982, which are due for replanting were selected. 
Non-defective and straight trunk were considered 
in selecting palms of good form and that were free 
from visible defects.  For each palm, the geographi-
cal  directions of east and west point were deter-
mined by using a liquid filled lensatic compass and 
its location was marked onto the trunk (Figure 1). 
The palm were then felled with a chain saw.

After measuring the length, OPT was cross cut  
into three sample billets along the bole length: OPT-
L, measured at 1 m from the ground to 4 m long; 
OPT-M, measured from 4.1 m from the ground to 
8.1 m long and OPT-T, measured from 8.2 m above 
the ground to apical height. Each billet was sawn 
by the ‘through and through‘ method to 25 mm 
thick central lumber scantlings. The resulting scant-
lings were then air-seasoned for four days followed 
by kiln seasoned for five weeks to 12 ± 2% moisture 
content. After drying, the scantlings were cut at 
fixed position of  1 m intervals into test specimens 
of specified shapes and sizes. The cutting pattern 
used to obtain the test specimens across its diam-
eter is shown in Figure 2.

The test specimens were then labelled by us-
ing a permanent marker pen with codes indicating 
the position and the location of the samples being 
taken within the trunk. Procedures in accordance 
with International Standards Organisation, ISO 
3129:1975 were followed to prepare test specimens.

Preparation	of	Holocellulose	Fibres

From each of the OPT sections, a sample disc of 
16-cm thick was then cut at the centre of the sam-
ple billet and reduced to chips using a Chugoku 
disk chipper, model CKS 603  fitted with cutters 
of new improved cutting edges (Kamarudin et al., 
2006a). The resulting chips were then churned in a 
small cylinder vessel fitted with a power agitator at 
10% consistency for 30 min in order to completely 
separate the fibre bundles from their  parenchyma 
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fractions. At the end of this period, the suspension 
materials were filtered through a sieve which was 
partially submerged in water. The parenchyma 
which was broken into small fragments passed 
through while leaving the fibre bundles on the 
sieve. Fibre bundles from the different sections of 
OPT bole were then separately collected and dried 
to about 10% moisture content in an electric oven 
at 60°C.

The holocellulose from OPT-L, OPT-M and 
OPT-T were prepared using the acidified sodium 
chlorite method (Wise et al., 1946). Each of the fibre 
bundles was manually reduced to 2 mm thick by 
2 mm wide by 15 mm long. The sample was then 
individually weighed directly into a 150-ml conical 
flask and added with the proportionate amount of 
distilled water. The flasks and content were heated 
on a hot plate between 70°C to 80°C in a fume cup-

Figure 1. Determining the geographical  directions by using a compass.

Figure 2. Location of samples taken across the bole diameter.
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board. A known quantity of glacial acetic acid and 
sodium chlorite were added to the aqueous sus-
pension of fibres bundles. During this period, the 
neck of reaction flask was loosely covered with an 
inverted 25-ml Erlenmeyer followed by gentle rota-
tion of the flask at equal interval. Without cooling, 
the respective quantity of glacial acetic acid and 
sodium chlorite were further added to the mixture 
at hourly intervals until liberation of individual fi-
bres appeared satisfactory. The temperature of the 
aqueous suspension was maintained at 76 ± 2°C 
throughout the duration of treatment time.

At the end of final period, the suspension was 
left to cool for about 10 min and filtered on a coarse 
fritted glass thimble using suction. The residues 
(which were white and retained the original shape 
and sizes) were then washed with 2 litres of deion-
ised water. Finally, the separation of fibres from the 
softened fibre bundles was carried out by shaking 
gently with glass beads in a bottle. 

Determination	of	Properties

Moisture content. Moisture content was determined 
in accordance with ISO 3130:1975 procedures. All 
test specimens were weighed to obtain the green 
weight and then dried in an electric oven at a 
temperature of 103 ± 2°C to constant weight in 
order to obtain the dry weight. After cooling in a 
dessicator over silica gel, the moisture content of 
each test specimen was calculated as follows:

%  moisture content= [ Total weight of 
specimen and moisture ]Oven-dry weight

Basic density. Basic density was obtained using 
green volume and oven-dry weight of each 
specimen in accordance with ISO 3131:1975 
procedures. The test specimens were then oven-
dried at a temperature of 103 ± 2°C until constant 
weight and cooled in dessicators.  They were then 
reweighed and the weights recorded. Basic density 
in kg m-3 was then calculated from the relationship:

  WodBD (kg m-3) =    Vg 
 
Where, BD = basic density in kg m-3 

 Vg = volume of green specimen in m3, and 
 Wod = weight of oven-dried specimen in g 

Strength properties. Strength properties were 
determined by using a Zwick Testing Machine, 
model Z010. Testing was carried out in a laboratory 
under temperature of 20 ± 3°C and relative 

humidity of 65 ± 3% as specified in ISO 3133:1975. 
For uniform comparison of results, the strength 
properties were then adjusted to their equivalents 
at 12% moisture content.

Morphology	of	Holocellulose	Fibre

Holocellulose fibre dimensions. From each of the 
respective sources, 15 single fibres were cut at the 
middle along the length with a razor mounted on 
a hand microtome. The fibre was held tightly at 
both ends while cutting. The cut sample were then 
mounted on the stubs using double-sided copper 
tape followed by sputter coating with a 38 nm layer 
of gold under vacuum in order to give it electrical 
conductivity for SEM observation. 

Measurements of the fibre cross-sectional di-
mensions (Figure 3) were based on the following 
definitions and equation: fibre width, the diameter 
in micrometers of the circle circumscribed about the 
cross section (Wfibre and Wlumen); fibre thickness, the 
greatest length in micrometers on any perpendicu-
lar to the longest line which can be drawn across 
the cross section (Tfibre and Tlumen) and roundness 
factor, the ratio of the cross-sectional area (includ-
ing lumen area) of the fibre to the area of circum-
scribed circle. 

The value obtained was then multiplied by 100 
to convert into percent.  The area of lumen and 
fibre-wall were computed using Simpson’s rule of 
numeral integration as follows (Jordan and Smith, 
1994):

Tensile properties of single fibres. More than 50 
single fibres were selected at random while being 
observed under X20 magnification. The fibres were 
then individually assembled in the fibre assembly 
(Figure 4) as follows: each fibre was handled at the 
end using a pair of fine-tip forceps and aligned the 
fibre at both ends to the respective wire by using a 
Crynoacrylate adhesive. Finally the fibre assembly 
was conditioned at 23 ± 1°C and 50 ± 2%  relative 
humidity for 48 hr.

The paper jig was clamped into serrated grips 
on the Instron, model 5564 test system. For sin-
gle fibre, a load of 1 N was employed using a 10 
N capacity load cell. After securing the grips, both 
edges of the paper jig were cut at the middle using 

-1  X 100(                                         )
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a pair of scissors, leaving the fibre as the only link 
between the grips. Finally, the fibre was stretched 
until rupture occurred with a constant displace-
ment rate of 0.1 mm min-1 at the grip end. All ex-
periments were conducted at 23 ± 1°C and a rela-
tive humidity of 50 ± 2%. 

The stress-strain behaviour, ultimate tensile 
strength and tensile moduli were computed from 
the load-extension curve of individual fibres (only 
those fibres broken approximately in the middle of 
the span were selected). From each load-extension 
curve, the load and strain of the fibre were manual-
ly measured so that the corresponding stress can be 
accurately determined. This is because the exten-
sion of the fibre given by the recorder includes curl, 
crimp and kink which may be present in the fibres. 
Statistical comparison between the groups was 
conducted using an analysis of variance (ANOVA, 

P<0.05) and Fisher’s least significant difference 
analysis (LSD, P<0.05) (Sokal and Rohlf, 1995).

RESULTS AND DISCUSSION

Basic	Properties	of	Oil	Palm	Stems

Moisture content. A typical trend in variation of 
moisture content along the radial direction with 
height is shown in Figure 5. The stem portion with 
high moisture content (300% and above) is mainly 
concentrated at the inner zone (pith) and partly 
contained at its intermediate middle zones for both 
samples in the east and west directions. 

Depending on height level, the woody portion 
containing moisture content of 300% and above, 
was located inside a distance of 73 and 112 mm ra-
dius from the pith, and accounted between 47.03% 

Figure 4. Fibre assembly showing a piece of wire discontinued by 0.5 mm from each other at the centre of hollow 
parallelogram-shaped paper frame.

Figure 3. Cross-sectional nomenclature of single 
holocellulose fibre.
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to 73.81% of the total area for both samples of the 
same position in the east and west directions, re-
spectively.   

OPT is a highly anisotropic material and its 
strength and stiffness properties perpendicular 
to grain lumber also shrink and swell with vary-
ing moisture contents (Mohd Fahmi et al., 2008). 
Of the total bole volume, the amount of paren-
chyma tissues, vascular bundles and bark (cortex) 
are approximately 32%, 54% and 14%, respectively 
(Kamarudin et al., 1997), which make it suscepti-
ble to numerous types of drying defects (Ho et al., 
1985). 

One approach to reduce within-zone variation 
in moisture content is to cross-cut first the trunk to 
a 2-m long billet and followed by a selective break-
down cutting pattern to sawn lumber of a known 
nominal sizes (necessary extent of over cutting) pri-
or to drying. This would result in a production of 
seasoned lumber with a required final dimension. 
The distribution of moisture contents within a 2-m 
long billet could be estimated by using the quad-
ratic equations, as in Table 1. 

Basic density. Table 2 shows the mean basic density 
of OPT along the radial direction with height level. 

The differences in basic density were significant 
among the three zones (inner, middle and outer) 
but not between the same zone in each of the east 
and west directions, F(5,516) = 119.03, p< 0.05. The 
basic density ranged from  191.12 to 193.34    kg m-3  
at the inner zones while the densities at the outer 
zones ranged from 311.78  to 314.43 kg m-3.  

A typical trend between-zone variability of ba-
sic density along the radial direction with height is 
shown in Figure 6. Density is moisture dependent, 
because moisture adds to the mass and it causes the 
volume to swell. It is not surprising, therefore, the 
density of sawn lumber and oil palm veneer, even 
of a particular sample taken from a single oil palm 
varies within wide limits. Mohd Fahmi et al. (2008) 
stated that the radial swelling is higher than the 
tangential swelling while its axial swelling is con-
sidered negligible. The basic density when com-
bined with information on moisture content, can 
also be used to estimate the weight of freshly felled 
OPT, for example, to determine the freight load 
weights.

For solid-wood product such as sawn lumber 
and veneer, density is widely used as an estimator 
of product quality because of its good relationship 
with various properties such as strength, workabil-
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Figure 5.  Radial variation of moisture content in pith to periphery zone with height.
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TABLE	1.	CORRELATION	BETWEEN	MOISTURE	CONTENT	OF		A	2-m	LONG	BILLET	WITH	HEIGHT

Trunk	height Regression	equation R2

1 to 2 m above the ground y = -0.0590x2 + 0.1677x + 290.21 0.98
3 to 4 m above the ground y = -0.0100x2 + 0.3830x + 347.00 0.97
5 to 6 m above the ground y =  0.0121x2 + 0.5390x + 377.89 0.99
7 to 8 m above the ground y =  0.0127x2 + 0.3739x + 425.32 0.98
9 to 10 m above the ground y = -0.0970x2 + 0.2923x + 389.45 0.98

Note: x= distance from the pith, and  y = moisture content.

TABLE	2.	VARIATION	OF		BASIC	DENSITY	WITH	INNER,	MIDDLE	AND	OUTER	ZONE	OF	THE	PALM

Zone Number	of	
specimens

Basic	density	(kg	m-3)
Min Mean* Max SE

E-outer 87 202.25 314.43a 500.89 6.22
E-middle 87 134.99 230.23b 382.55 4.68
E-inner 87 126.79 193.34c 253.81 3.17
W-inner 87 122.89 191.12c 299.75 3.56
W-middle 87 140.02 222.25b 374.34 4.67
W-outer 87 202.99 311.78a 559.33 7.21

Note: average value obtained from 9 OPT; SE = standard error of the mean.
 *Values assigned the same letter do not show statistically significant difference at 95% 
 confidence level

Figure 6.  Radial variation of basic density in pith to periphery zone with height.
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ity and decay resistance (Barbosa and Fearnside, 
2004; Burdon et al., 2004; Gilmore et al., 1959; Pashin 
and de Zeeuw, 1980; Zobel and van Buijtenen,1989). 
However, relationships between density and other 
properties such as crystalline modulus are often 
indirect, making them difficult to interpret (Barrett 
and Kelogg, 1989; Bendtsen, 1978; MacPeak et al., 
1990). This is mainly due to the lack of information 
about its cellular structure or organisation such as 
the relative proportions of the different cell types, 
the dimensions of these cells and the thicknesses 
of the cell-walls. For the same wood density, differ-
ences at the cellular level may occur, causing varia-
tions in wood properties (Zhang and Zhong, 1992). 

Mechanical	Properties

The modulus of rupture (MOR) resulting from 
the static bending tests carried out on freshly OPT 
samples and its matched dried samples are shown 
in Tables 3 and 4, respectively. 

TABLE	3.	VARIATION	OF	MODULUS	OF	RUPTURE	(MOR)	WITH	INNER,	MIDDLE	AND	OUTER	ZONE	OF	
FRESHLY	FELLED	TRUNK

Zone Number	of	
specimens

Modulus	of	rupture	(MPa)
Min Mean* Max SE

E-outer 90 2.05 11.33a 42.45 0.98
E-middle 90 1.51 6.19b 28.13 0.45
E-inner 90 1.19 5.34b 13.93 0.32
W-inner 90 1.03 4.95b 15.11 0.30
W-middle 90 1.01 5.49b 19.58 0.37
W-outer 90 2.51 10.79a 42.23 0.80

Note: average value obtained from 9 OPT; SD = standard error of the mean.
*Values assigned the same letter do not show statistically significant difference 
at 95% confidence level.

TABLE	4.	VARIATION	OF	MODULUS	OF	RUPTURE	(MOR)	WITH	INNER,	MIDDLE	AND	OUTER	
ZONE	OF	DRIED	SAMPLES

Zone Number	of	
specimens

Modulus	of	rupture	(MPa)
Min Mean* Max SE

E-outer 21 10.65 28.49a 46.95 2.61
E-middle 21 6.52 15.02b 28.96 1.49
E-inner 21 6.48 10.39b 18.46 0.65
W-inner 21 6.35 11.23b 19.04 0.75
W-middle 21 9.14 15.09b 29.40 1.21
W-outer 21 8.84 23.08a 34.51 1.37

Note: average value obtained from 3 OPT; SE = standard error of the mean.
*Values assigned the same letter do not show statistically significant difference 
at 95% confidence level

In contrast to the findings on the distribution 
in moisture content and basic density, the differ-
ences in flexural strength were only among the 
two zones. For green samples, the value of MOR 
at the inner and middle zones ranged from 4.95 to 
6.19 MPa while the outer zone ranged from 10.79 
to 11.33 MPa,  F(5,534) = 23.98, p< 0.05.  A Scheffe 
post-hoc test indicated that the woody portion at 
the outer zone was significantly stronger than those 
woody portion at the middle and inner zones, but 
did not differ significantly between its matched 
zones in the east and west directions (P<0.05).

In general, a decreasing trend in strength prop-
erties was apparently going from the outer regions 
towards the pith. The mean value of MOR of dried 
samples increased by more than 95% than those 
of the same matched samples from freshly felled 
trunk. This proved that the strength of woody 
portion was highly dependent on the variation in 
moisture content, and therefore, sawn lumber or 
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veneer should be properly seasoned prior to vari-
ous end-uses. 

Morphological	Features	of	Single	Holocellulose	
Fibres

Transverse dimension of fibres. The average 
weighted fibre length range from 1.23 to 1.37 
mm long (Mohd Nor, 1985; PORIM, 1997). Table 5 
summarises the mean cross-sectional dimension of 
holocellulose fibres. In general, the cross-sectional 
area of the fibre-wall tended to decrease with 
an increase in height level. After subtracting the 
lumen, the fibre-wall area for respective height 
levels are as follows: OPT-L, 295.28 ± 39.46 μm2; 
OPT-M, 213.33 ± 47.35 μm2 and OPT-T is 188.51 ± 
38.71 μm2. 

Figure 7 shows typical SEM photomicrographs 
of cross-sections of the OPT vascular bundle. The 
respective single fibres extracted from the fibre 
bundle of OPT-L, OPT-M and OPT-T are given in 
Figures 7a through 7c.

Mechanical properties of single fibres. Table 6 shows 
the mean tensile strength of oil palm fibres from 

TABLE	5.	MEAN	CROSS-SECTIONAL	DIMENSIONS	OF		SINGLE	FIBRES

Fibre	
source

Single	fibres,	as	a	whole Fibre	lumen
Fibre-wall	
area	(μm2)

Width	
(μm)

Thickness	
(μm)

Width/	
thickness	
ratio

Area	
(μm2)

Roundness	
factor	(%)

Area	
(μm2)

Roundness	
factor	(%)

OPT-L 26.78
(2.31)

18.47
(1.60)

1.58
(0.22)

370.40
(36.90)

64.20
(5.51)

75.12
(37.59)

37.06
(9.07)

295.26
(39.46)

OPT-M 32.39
(2.97)

13.17
(3.78)

3.34
(1.23)

285.59
(71.92)

38.48
(11.64)

72.26
(29.36)

29.27
(10.29)

213.33
(47.35)

OPT-T 29.29
(2.16)

11.73
(1.04)

2.62
(0.21)

256.83
(46.13)

35.48
(4.22)

68.07
(11.98)

22.27
(1.51)

188.51
(38.71)

Note: average value obtained from 15 single fibres.
Standard error of the mean is shown in the parenthesis.

TABLE	6.	VARIATION	OF	MODULUS	OF	RUPTURE	(MOR)	FOR	SINGLE	FIBRES	WITH	DIFFERENT	HEIGHT	
LEVELS

Zone Number	of	specimens
Modulus	of	rupture	(MPa)

Min Mean* Max SE
OPT-L 20 5 211.99 8 454.95b 11 418.93 388.70
OPT-M 20 4 374.81 6 997.01a 9 997.35 362.67
OPT-T 20 2 098.33 4 059.77c 8 299.00 300.08

Note: average value obtained from 3 OPT; SE = standard error of the mean.
*Values assigned the same letter do not show statistically significant difference at 95% confidence level.

different height levels. The fibre strength ranged 
from 4059.77 to 8454.95 MPa and the differences in 
strength were significant among the three height 
levels, F (2, 57) = 40.35, p< 0.05. A post-comparison 
analysis using the Scheffe post hoc criterion for 
significance indicated that the strength properties 
of fibres proved to be highly significant (P< 0.05). 
This proves that fibres from OPT-L were stronger 
than OPT-M and the fibres from OPT-M were 
stronger than OPT-T. 

A typical SEM image of the fractured ends of 
OPT single fibres is shown in Figure 8. For OPT-L 
and OPT-T, the rupture occurred almost straight 
across the fibre section with an excessive collapse 
of the wall leading to the establishment of contact 
in the lumen. As regards OPT-M fibres, the initia-
tion of fibre fracture occurred from the outer layer 
followed by a stepwise breakdown at a point of 
weakness along the fibre-wall.

For fibre-based biocomposites, native fibres to 
be used should possess some desirable mechani-
cal properties such as stiffness, strength, toughness 
and creep (Ward and Hadley, 1993) which gener-
ally influence both the processing behaviour and 
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the product quality (Kuruvilaa et al., 1993). Thus, 
the morphological characteristics of OPT fibres will 
greatly influence the fibre furnish, bonding ability 
and the mechanical strength of medium density fi-
breboard (Kamarudin et al., 2006b). For paper-mak-
ing (Kamarudin et al., 2009), a perspective on the 
performance of OPT fibres in relation to the prod-
uct quality may be illustrated, as in Figure 9.

Figure 7. A cross-section of oil palm trunk (OPT) vascular 
bundles (X150).

Figure 7a. Cross-section of  single holocellulose fibre from 
OPT-L (X4500).

Figure 7b. A cross-section of  single holocellulose fibre from 
OPT-M (X4500).

Figure 7c. A cross-section of single holocellulose fibre from 
OPT-T (X3000).

Figure 8. A typical SEM image of the fractured ends of oil palm trunk (OPT) single fibre after a tensile tests. 
These are digital images at resolution of 1280 x 960 pixels.

CONCLUSION

It is evident that the bole position showed a 
significant effect on the intrinsic physical and 
mechanical properties of OPT. However, it was 
noted that the properties remained mostly similar 
at the centre (pith) of the stem through the height 
of the oil palm.  The main adverse effect of this 
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Figure 9. Fibre morphology characteristics highly influence the requirements of fibre-based biocomposite products.

variability is the gradient along the radius with 
heights, which will greatly influence processing 
(especially seasoning) and product quality (e.g., 
density variation). 

In general, the centre and intermediate regions 
exhibit lesser strength qualities than the outer re-
gion of OPT. This is in large part due to lower ba-
sic density, shorter cell lengths, thinner cell walls 
and greater moisture content which result in lower 
strength and increased radial shrinkage.

To overcome these challenges, grading and sort-
ing will be important to firstly segregate based on 
known properties (e.g., low density and high densi-
ty) and optimise the use of the heterogeneity in the 
trunk properties. Although this may involve some 
additional expenses, there are major savings which 
can be gained by investors through better yield 
on usable fractions of the OPT for custom-made 
products, lower primary and secondary process-
ing costs, and improvements on the product qual-
ity. Besides, higher yield equate to less waste and 
lower manufacturing costs, which in turn, increase 
revenues.
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