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ABSTRACT
The selection of bamboo species for various applications in the chemical and biochemical
related industry is related to the chemical composition. This research was carried out to study the
major chemical compositions of bamboo culms grown around Assosa town in Ethiopia. Lowland
bamboo (Oxytenanthera abyssinica) samples were harvested, sorted, dried, milled using Wiley Mill,
sieved and all chemical characteristics were determined in accordance with the standards outlined in
ASTM except Kurchner-Hoffer and Alkali extraction method for cellulose and hemicellose
determination, respectively. From the study it showed that the average results of the main chemical
composition (Cellulose, Hemicelluloses and Lignin) were 52.06, 16.90 and 22.47%, respectively. The
Ash content of Oxytenanthera abyssinica was 5.30% while the extractives content (Hot-water &
Alcohol-toluene solubility) was 6.80 and 5.60%, respectively.
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1. INTRODUCTION
Worldwide more than 1,500 species and 90 genera of bamboos are found, covering 36
million hectare (ha) of land which is distributed in the tropical and sub-tropical belt between
46° north and 47° south latitude at elevations as high as 4000 m above sea level (FAO, 2007;
Ohrnberger, 1999). Africa has about 43 species of bamboo covering about 1.5 million
hectares (Kigomo, 1988). Forty of these species are primarily distributed in Madagascar while
the remaining three species are found in mainland Africa. Bamboo forest in Ethiopia is the
largest in Africa and it has two indigenous bamboo species: the highland bamboo (Yushania
alpina) and the lowland bamboo (Oxytenanthera abyssinica) (Fig. 1). Out of which the high
land bamboo comprises about 130,000 ha and low land bamboo covers over 850,000 ha
(Ensermu et al., 2000; Kassahun, 2003). This means that 86% of the African bamboo resource
is found in Ethiopia, corresponding to approximately 7% of the global bamboo resource. The
country can sustainably produce three million cubic meters of dry weight annually from its
two commercially important bamboo species: Yushania alpina and Oxytenanthera abyssinica
(FAO, 2005 and 2013 ).
The selection of bamboo species for various applications is not only related to physical
and mechanical properties but also to the chemical composition. The bamboo cell walls
mainly consist of between 90 to 98% cellulose, hemicelluloses and lignin, while the other 2 to
10% are mainly of extractives, resins, tannins, waxes and inorganic salts (Razak et al., 2009;
Liese, 1985, 1992; Tomalong et al., 1980). Compared with wood, however, bamboo has
higher alkaline extractives, ash and silica contents (Malanit et al., 2009; Amu and Babajide,
2011).
The chemical composition of bamboos also has an influence on deciding what kinds of
bamboos with which kind of material in combination is suitable for the utilizations. The
difference lies in the percentages of each component and their micro structures. Some
variation in chemical composition changes according to the type of bamboo species,
geographical location, the age (maturity) and the parts of bamboo. The variation of bamboo’s
chemical composition has a big influence on the physical and mechanical properties of
bamboos and therefore the treatment and utilization of bamboos (Liese, 1985). The
hemicelluloses and cellulose are actually made of the carbohydrate polymers which made up
of simple sugars monomer to form the linear structure of cellulose and the short and branched
forms of hemicellulose (Browning, 1975 and Fengel, 1983).
Cellulose is a polymeric carbohydrate, a polysaccharide with repeating units of glucose
or it is a linear polymer of D-glucose units linked by β-1, 4-linked glucose. Cellulose
molecules are relatively linear and have strong tendency to form intra and intermolecular
hydrogen bonds. Bundles of cellulose molecules are thus aggregated together in the form of
micro-fibrils, in which highly ordered (crystalline) regions alternate with less ordered
(amorphous) regions. As a consequence of its fibrous structure and strong hydrogen bonds
cellulose has a high tensile strength and is insoluble in most solvents. Orientation of the
linkages and additional hydrogen bonding makes the polymer rigid and difficult to break
(Hamelinck et al, 2005; Sjostrom, 1981; O’Sullivan, 1997).
Hemicelluloses are heterogeneous polymers of pentoses (Xylose, Arabinose), hexoses
(mannose, glucose, and galactose) along with acetyl groups (CH3CO) and sugar acids (uronic
acids) (Theliander et al., 2002).
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Figure 1. Oxytenanthera abyssinica

Among
softwood
hemicelluloses
there
are
galactoglucomannans,
arabinoglucuronoxylan, and arabinogalactan, meanwhile hardwood hemicellulose comprises
mainly glucronoxylans and glucomannan (Saha and Bothast, 1997).
Lignin is the cementing substance between fibres and tissues and is concentrated mainly
in the region of the middle lamella and imparts rigidity to wood tissue. Lignin exists in plant
as branched chain polymer molecules. Hardwood lignin consists of coniferyl and sinapyl
structures whereas coniferyl structure is the dominating softwood lignin component. Isolated
lignin, in general, are amorphous and non-crystalline, and show definite softening points at
elevated temperatures (Sjodahl, 2004).
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Extractive along with cellulose, hemicelluloses and lignin solid material of bamboo
includes less than 3%-5% which contribute to properties such as colour, smell, decay
resistance, density and flammability. Extractives can be classified as lipophilic or hydrophilic
organic compounds, which can be extracted from the samples by using neutral (non-polar),
organic solvents (methyl-tert-butyl ether, acetone, benzene, tetrahydrofuran) or water,
respectively. Water soluble extractives are, among others, some carbohydrate of non-cell wall
structural components and tannins. In contrast lipophilic extractives are classified into
aliphatic hydrocarbons, fatty alcohols, fatty acids, resin acids and sterols as well as fats and
waxes (Harinen, 2004).
Ash is a term generally used to refer to inorganic substances such as silicates, sulfates,
carbonates, or metal ions (Rydholm, 1965). The fraction of inorganic compounds also called
ash constitutes of Ca, K, Mg, P, Mn, Fe, Si, Al and Na salts and the actual composition varies
between wood species and is also influenced by the local compositions of the soil (Theliander
et.al., 2002).
The present study was conducted to evaluate the major Chemical components of
Oxytenanthera abyssinica for holistic production and utilization use of the materials in the
forest industry sector and help to boost their utilization in the chemical and biochemical
related industry.

2. MATERIALS AND METHODS
2. 1. Sample Collection and Preparation
Oxytenanthera abyssinica, the main raw material for the present study is available in
Ethiopia grows in the western part along major river valleys and in the lowlands bordering
Sudan. The representative O. abyssinica samples used for this study were collected from
Gembeshere, Afasezim and Abrhamo kebeles around Assosa town of Benishangul Gumuz
region.
Bamboo stems from 3 years old of lowland bamboo samples were harvested from
Assosa areas. Then the harvested bamboo culms were dried. The bamboo culms for chemical
analysis were cut into small strips with knife. The strips were small enough to be placed in a
Wiley Mill. Bamboo chips were ground in the Wiley mill and the size of the samples must be
small to make sure the reaction reagent and fibres are occurring with optimum during the
analysis. The powder was then placed in a shaker with sieves to pass through a No. 40 mesh
sieve (425 µm) yet retained on a No. 60 mesh sieve (250 µm). The resulting material was
stored in glass bottles labeled with appropriate code for chemical analysis. The chemicals
composition analysis was used on the bamboo fibre. This method were divided into five (6)
stages namely, the material preparation, determination of extractive (hot-water and alcoholtoluene), hemicellulose, cellulose, lignin and ash contents.
2. 2. Characterization of Oxytenanthera abyssinica Chemical Composition
Following standards of American Society for Testing and Materials (ASTM) shown in
the below table, Alcohol-toluene soluble and Hot-water extractive content, Ash content, and
Lignin content were determined. While Hemicellulose and Cellulose content was determined
according to alkali extraction and Kurchner-Hoffer method (Brown, 1975), respectively and
there was a minor modification for alcohol-toluene solubility of bamboo extractive content
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test. Toluene was used instead of benzene and reported as alcohol-toluene extractives. The
amounts were expressed on a percentage basis of the starting oven-dry mass. The exact
standard that was followed for each chemical property performed is presented in Table 1.
Table 1. Standards methods used for chemical analysis of bamboo culms
Property

Standard

Alcohol-toluene solubility *

ASTM D 1107-56

Hot-water solubility

ASTM 1110-56

Klason lignin

ASTM D 1106-56

Hemicellulose

Akali Extraction

Cellulose

Kurchner-Hoffer

Ash Content

ASTM D 1102-84

Each test was conducted using 3 replications. It was necessary to conduct additional
experimentation when analyzing for alcohol-toluene extractive content. Since, both the lignin
and Hemicellulose content test are performed with extractive-free bamboo that is derived
from the alcohol-toluene extractive test.

3. RESULTS AND DISCUSSION
3. 1. Chemical Composition of Oxytenanthera abyssinica Culms
Table 2. The chemical composition of (Oxytenanthera abyssinica) from Assosa (Ethiopia).

Property

Assosa site, Ethiopia

Africa*

Hot-water solubility %

6.80

6.5

Alcohol-toluene solubility %

5.60

2.7

Cellulose %

52.06

n.a

Hemicelluloses %

16.90

12-33

Lignin %

22.47

15-27

Ash %

5.30

1-4

n. a not available and *Source: Louppe, et al., (2008)
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A Comprehensive knowledge and information on the chemical composition of bamboo
is important as far as its utilization for chemical and biochemical is concerned. Similar to
other lignocellulosic materials, the primary components of Oxytenanthera abyssinica are
cellulose, hemicelulose, and liginin. The average values for the chemical composition of
Oxytenanthera abyssinica from Assosa, Benishangul gumuz region are given in Table 2. (The
results were based on average values of three replicates, errors lower than 1% in all
components, weight percent on dry basis). In general, non-woods differ somewhat from
woods in their chemical composition and properties.
In this section, the results of Oxytenanthera abyssinica culms chemical composition
was investigated and discussed in detail here under.
3. 1. 1. Hot-water solubility
The hot-water extraction removes a part of extraneous components, such as inorganic
compounds, tannins, gums, sugars and starches, present in bamboo. The results of hot water
soluble extractive of Oxytenanthera abyssinica (6.8%) is in good agreement compared to that
from Africa (6.5%). The results of Oxytenanthera abyssinica agreed with that reported by
Dhamodarn et al., (2003) 3.1-7 % but higher than bamboo 5.8% by Karar (2004). Soluble hot
water extractive of Oxytenanthera abyssinica from Ethiopia is higher than from Africa. Such
variations in plants exist with geographical location and plant portion.
3. 1. 2. Alcohol-toluene extractives
The alcohol-toluene extractives of bamboo consist of the soluble materials, not
generally considered part of cell structural components bamboo substance. These are
primarily the waxes, fats, resins and some gums as well as some water soluble substances. No
single organic solvent is capable of removing all these substances, and different solvents
remove only soluble components in their solubility range of polar to non-polar. The mixture,
ethanol-toluene, appears to provide the most complete removal of residual solvent-extractable
substances in bamboo.
The result of alcohol-toluene soluble in Oxytenanthera abyssinica (5.6%) are higher
than those in wood, such as poplar with the benzene-alcohol extractive content of 2.14%
(Gong, 2007) and Africa (2.7%), but lower than that in grasses, such as rice straw with the
benzene-alcohol extractive content of 7.45% (Liu et al. 2003). This results agreed with that
reported by Dhamodarn et al (2003) 0.3-7.8 %, but higher than Karar (2004) 3.2 %. This
indicated that Oxytenanthera abyssinica contained more substances like waxes, fats, resins,
phytosterols, non-volatile hydrocarbons, low-molecular weight carbohydrates, salts, and other
water-soluble substances. Wax material attached to the inner layer also contributed to the
higher alcohol-toluene extractive content relative to the middle and outer layers. Higher
alcohol toluene extractive in bamboo may be advantage for anti-decay and it will provide
good strength in fiber processing because of its higher specific gravity. Generally the higher
soluble extractive content (tannins, gums, sugars, starches and coloring matter) present in
bamboo and indicated easy access and penetration of chemicals to the cell wall materials.
Extractives may be converted into pitch, which can adversely affect the runnability of process
equipment by choking the wire. Therefore, more attention should be given to the extractives
in Oxytenanthera abyssinica during the manufacturing of like dissolving pulp.
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3. 1. 3. Cellulose content
Understanding the cellulose characteristics of bamboo is fundamental to its use as a
feedstock. Cellulose is the main constituent of bamboo. Approximately 40-55% of the dry
substance in bamboo is cellulose. Cellulose is a homopolysaccharide composed of β-Dglucopyranose units which are linked together by (1→4)-glycosidic bonds. Cellulose
molecules are completely linear and have a strong tendency to form intra- and intermolecular
hydrogen bonds. Bundles of cellulose molecules are thus aggregated together in the form of
microfibrils, in which crystalline regions alternate with amorphous regions. Many cellulosic
materials consist of crystalline and amorphous regions in different proportions, and these
crystalline and amorphous regions affect the accessibility and chemical reactivity (Ciolacu et
al., 2011).
The results of cellulose of Oxytenanthera abyssinica was high (52.06%) which indicate
that bamboo species can be acceptable raw material for cellulosic based products. The result
of cellulose content of Oxytenanthera abyssinica agreed with the results of Schott (2006) 5070 %, but higer than that reported by Robert (1996) 50% and lower than by Judt (1993) 5766%, Hurter (2001) 57-66%, Okubo et al., (2004) 60.8% and Yang et al., (2008) 57-66%. The
thick cell wall cause for the increase of holocellulose content which is one of the major
components of cell wall. The range of cellulose contents implies that bamboo can be regards
as a suitable raw material for pulp and paper industry (Li et al. 2007).
3. 1. 4. Hemicelluloses content
Hemicelluloses are heterogeneous polysaccharides, unlike cellulose, most
hemicelluloses function as supporting materials in the cell walls. The result of hemicellulose
of O. abyssinica was (16.9 %). This result showed that it is in the range (12-33) of O.
abyssinica of Africa. The result of hemicellulose of Oxytenanthera abyssinica agreed with
Judt (1993) 15-26 %, Hurter (2001) 15-26% and Dhamodarn et al., (2003) 16-21%, but
disagreed with Schott (2006) 20-30% and Yang et al., (2008) 20-25%.
3. 1. 5. Klason Lignin Content
Lignin is one of the structural components of cell wall and is polymer of phenylpropane
units. Many aspects in the chemistry of lignin still remain unclear. Klason lignin is obtained
after removing the polysaccharides from extracted (resin free) wood by hydrolysis with 72%
sulfuric acid. The Lignin in O. abyssinica isolated from extractive free sample as an insoluble
residue after hydrolytic removal of the polysaccharides. Bamboo lignin is built up from three
phenyl-propane units, p-coumaryl, coniferyl and sinapyl alcohols interconnected through
biosynthetic pathways (Liese, 1987). Determination of lignin content in raw materials
provides information for evaluation and application of the processes. The results of lignin
content in Oxytenanthera abyssinica was 22.47 % which, place bamboo at the high end of the
normal range or 11-27% reported for non-woody biomass (Bagby, 1971) and closely resemble
the ranges reported for softwoods (24-37%) and hardwoods (17-30%) (Li et al., 2007; Fengel,
1984 and Dence, 1992). This results agreed with and found in the range reportes of Judt
(1993) 21-31%, Hurter (2001) (21-31%), Dhamodarn et al., (2003) 20-30%, Schott (2006) 2030% and Yang et al., (2008) 20-30%, but disagreed by Okubo et al., (2004) 32.2%. The high
lignin content in bamboo contributes to its structural rigidity, making it a valuable building
material (Scurlock et al., 2000).
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3. 1. 6. Ash content
Ash is a term generally used to refer to inorganic substances such as silicates, sulfates,
carbonates, or metal ions. It has been suggested that the higher ash content in bamboo chips is
mainly due to the fact that almost all silica is located in the epidermis layers (Satish et al.,
1994). The inorganic components of wood are generally expressed as percentage of ash, based
on dry weight of the sample. Briefly, the ash constituents had a detrimental effect on the
processing and quality of chemical and biochemical products. Consequently, the amount of
ash in the raw material will indicate the measure to be taken during processing.
The results of the ash content of Oxytenanthera abyssinica was higher (5.3%) compared
to that from Afirca (1-4 %). This result is within the range of reports made by Liese (1998)
0.8-9.7 % and Dhamodarn et al., (2003) 1.0-9.0 %. However, the result of ash content of O.
abyssinica is higher with Judt (1993) 1.7-4.8 %, Hurter (2001) 1.7-5% Karar (2004) 4.6 %
and Yang et al., (2008) 1-3 %. This result indicates the soil was rich in mineral salts and
inorganic matter.

4. CONCLUSIONS
This work was intended to study the chemical composition of Oxytenanthera abyssinica
grown around Asossa Town of Benishangul Gumuz region. The potential use of
Oxytenanthera abyssinica that it is a fast growing plant, with short harvesting time and good
chemical composition properties like cellulose content make it cost effective and sustainable
feedstock for chemical and biochemical industrial application.
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