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Ahstract

Chemical charactenistics of o1l palm trunks were investigated to find out the best utilization
way. Ot palm trunk tissue consists mainly of vascular bundles and parenchyma cells, which

are separated easily and discriminately from each other by mechanical crush. Starch content
was remarkably high in parenchyma cells. Xylose and glucose were the main sugar components
in both tissue, indicating that the polysaccharide consists of xylan, starch, and cellulose.

Lignin contents was less than 20% in both fractions. Thelignin of oil palm contained p-hydroxbenzaic
acid as an ester group which could easily be removed by alkaline treatment.

1l pal, trunks have ahigh potential for food and cattle feed production due to the high

contents of xylan and starch in addition to cellulose and lignin. The p-Ayvdraxybenoic acd
could be used as a raw matenial for engineering plastics. Oil palm trunks have a great potential
for its utilization in the course of processing for cattle feed production.
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Introduction

Oil palm, being a native species to West Africa,

has been introduced to various parts of the tropics

to obtain palm oil from its fruits. The production
of palm oil has tremendously increased since the
1970s, especially in Malaysia and Indonesia'®. The
total plantation area in the world is expected to be
5 million ha by the year 2000*. Since it is difficult
to harvest fruits from a tree grown too tall, oil palm
trees are usually replanted in every about 25 years
of its economic life span, though they can still
produce fruits with high yields”. It is estimated that
the amount of trunks available is at the rate of 84
t/ha”. But the trunks are normally left in the field
without any utilization thereafter. They are usually
cut into pieces and burnt down to avoid insect and
disease incidences”.

Thus, an enormous quantity of lignocellulosic
materials are discarded in vain, while destruction of
the rain forests has been expanding in the same

tropical areas by excess cutting of trees. The short-
age of log supplies in these areas is increasingly a
serious problem. Therefore, research on the utiliza-
tion of oil palm trunks is now getting more urgent
than ever. There are some merits in utilizing oil palm
trunks. Since they are systematically planted on a
large scale, steady and stable supplies of trunks can
be expected. In addition, since palm estates are
usually located in a flat land, it is easy to collect
and transport trunks to industrial sites.

Qil palm belongs to monocotyledon and its trunks
consist of vascular bundles and parenchymas. Oil
palm trunks have such special characteristics as high
moisture content (1.5 to 2.5 times the weight of the
dry matter), low cellulose and lignin content and high
content of water solubles and NaOH solubles in com-
parison with rubberwood and bagasse”. Physical
properties of trunks show heterogeneity and vary
depending on both radial and vertical directions”.
Some difficulties in utilizing oil palm trunks also lie
in extremely tough outer bark and high content of
decayable parenchyma cells. This paper attempts
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Table 1. Analyses of wascular bundles and parenchyma
N (%)
" ’ Sugar composition
Plant part Ash Starch Lignin (Acid soluble) =
an Ara Gal Xyl Gilu
Vascular bundles 2.2 2.4 15.7 (3.9) 2.0 + + 34.8 63.2
Parenchyma 2.9 55.5 20.0 (4.5) 1.3 6.5 1.9 348 55.5
Table 2. Yield of nitrobenzene oxidation products
(%)
Origin Vanillin p-Hydroxybenzoic acid Syringaldehyde
Milled wood lignin from vascular bundles 4.1 0.8 11.0
Milled wood lignin from parenchyma 36 14.9 8.0

to review the results of the studies on chemical
compositions of oil palm trunks for the purpose of
developing their effective end use.

Chemical composition of oil palm trunks

Wood samples located at a breast height of
25-year-old oil palm trunks (Elaeis guineensis Jacq.)
were used for chemical analyses. Samples were
debarked, cut into small chips, and then crushed to
separate vascular bundles from parenchyma. It was
easy to separate distinctly these fractions. Vascular
bundles and parenchyma accounted for 71-76% and
24-29% of the whole chips, respectively. Table 1
shows the results of chemical analyses of vascular
bundles and parenchymas. Oil palm chips contained
a few percent of ash, which might be crystalline
silica. Starch content was extremely high in paren-
chymas. This is the reason why fungi grow so fast
on the surface of the cross section of oil palm trunks.
This starch can be used as food materials or a raw
material for alcohol fermentation®. Sugar compo-
sitions of trunks consisted mainly of glucose and xy-
lose as is the case with Gramineae. Xylan can be
used as a raw material of food and pharmaceutical
industries for xylose or xylitol production. Lignin
content was low in comparison with ordinary wood.
Low lignin content and relatively high carbohydrate
content of oil palm trunks imply that this wood
would be useful for cattle feed production”. Treat-
ment of trunks with sodium hydroxide for cattle feed
production was reported by Oshio et al.',

Several attempts to utilize oil palm trunks as
building materials have been also reported”. Long

shape vascular bundles themselves could be used as
a raw material for wood-based panels such as cement
board, fiberboard and strandboard'®. The outer
region near 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. But the inner region with low
lignin content and high content of parenchymas in
tissue structure is not suited for building materials
which need strength to a greater extent. Several
workers'" "2 have reported that it would not be also
proper for pulp and paper manufacture since fiber
content of oil palm trunks is low and high content
of starch would consume pulping chemicals in vain.

Chemical characteristics of oil palm lignin

Table 2 shows the results of nitrobenzene oxida-
tion of milled wood lignin. Both milled wood lignins
from vascular bundles and parenchyma produced
vanillin, p-hydroxybenzoic acid, syringaldehyde and
a small amount of phenolic acids such as vanillic
acid and syringic acid, but p-hydroxybenzaldehyde
was not observed in the degradation products. This
means that both milled wood lignins do not contain
p-coumaric acid ester structure. Many mono-
cotyledons such as bamboo, wheat straw, bagasse
and corn stalk have p-coumaric acid ester structure
in their lignin component.

Fig. | shows the gas chromatogram and mass spec-
tra of alkaline hydrolysis products of parenchyma
milled wood lignin. The main peak was attributed
to p-hydroxybenzoic acid from retention time and
mass pattern and there were small peaks attributed
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Fig. 1.

Gas chromatogram and mass spectra of phenolic acids

produced by alkaline hydrolysis of oil palm lignin
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Fig. 3. Synthesis of polyester from oil palm lignin

to vanillic acid and syringic acid. Therefore, the
phenolic acid ester structure consisted of Cg=Cy type
(Fig. 2). But phenolic acids of Cy=Cj type such as
p-coumaric acid, ferulic acid and sinapic acid were
not observed in alkaline hydrolysis products. The
vascular bundle lignin also gave the same reaction
products. This means that the oil palm lignin is
different from the Gramineae one. Phenolic acid
ester, especially p-hydroxybenzoic acid ester structure,
is characteristic to poplar lignin'®. It is interesting
to see that the oil palm lignin has the same structure
as poplar lignin. The content of p-hydroxybenzoic
acid was higher in parenchyma than in vascular
bundles (Table 2). Since ester linkage is labile under
an alkaline treatment, this phenolic acid can be easily
recovered by an alkaline treatment, followed by an
extraction with organic solvent. Phenolic acid such

as p-hydroxybenzoic acid can be used as a raw
material for manufacturing engineering plastics*”
(Fig. 3).

It is very difficult to find the end use of lignin.
The structure of lignin, being heterogeneous, requires
high temperature and high pressure to degrade lignin,
Moreover, the degradation product of lignin is not
a single compound but mixtures of various phenols.
But in this case, there is no need to use drastic con-
ditions with the pressure and high temperature to
produce p-hydroxybenzoic acid. One-day soak of
chips into dilute sodium hydroxide solution at room
temperature may be enough.

Total utilization of oil palm trunks

For the utilization of oil palm trunks, at first, bark
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Fig. 4. Total utilizatien of oil palm trunks

and outer region near bark with high density must
be removed. These parts can be used as building
materials. The chemical composition of oil palm
trunks suggests that their conversion to cattle feed
be the best way to wtilize the trunks totally. Because,
an alkaline treatment'® for increasing digestibility
can also produce useful materials for cattle feeding.
About 10% sodium hydroxide is used for the treat-
ment®, This alkaline solution can extract starch,
xylan and p-hydroxybenzoic acid. The starch extract-
ed might be used in food industry or it is fermented
to alcohol®. The xylan extracted is converted to
xylitol which is used as a noncaloric sweetener for
diabetes. Polyester can be made from the p-
hydroxybenzoic acid extracted by polymerization and
can be used as engineering plastics. Higashi et al.>¥
made high molecular weight copolyesters from
hydroxybenzoic acids. Finally, the alkaline solution
can be provided from palm oil industry. Since the
empty fruit bunches contain high percentage of
potassium carbonate, the ash of those bunches
can be converted to potassium hydroxide by
caustification®. Hosokawa et al. estimate that 3 /
of 1.5 N potassium hydroxide solution can be
obtained from 1 kg ash®, The possibility of total
utilization of oil palm trunks is shown in Fig. 4.
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