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Abstract: Wood chemical constituents such as cellulose, lignin, extractive alcohol-benzene and ash contents
of Ailanthus altissima wood of trunks and branches were investigated. In trunk wood amount of cellulose,
lignin, extractive alcohol-benzene and ash were 47.18, 25.19, 3.5 and 1.25% respectively, whereas for branch
wood the corresponding values were 44.12, 23.86, 3.2 and 1.75% respectively. The amount of cellulose and
lignin in the trunk wood and branch wood when compared with other types of wood suggest that relatively
high pulp yield can be obtained from them. The result of chemical analysis of branch wood as presented in this
report suggests that they can also be a potential source of pulp and paper industry.
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INTRODUCTION

Ailanthus altissima (tree of heaven) is a non-
indigenous invasive plant that was first introduced
into the United States in 1784 by Philadelphia
horticulturalist William Hamilton [1]. A non-indigenous
plant has the connotation that its distribution has
been altered by humans and the plant has been
transported past geographical and environmental
boundaries. An invasive plant can be defined as “an alien
plant spreading naturally (without the direct assistance
of people) in natural or semi natural habitats, to produce
a significant change in terms of composition, structure
or ecosystem processes” [2].

Ailanthus altissima can rapidly attain a height of
25-30 m [3] and the largest documented tree of heaven in
virginia is 170 cm diameter at breast height [4]. The tree of
heaven has odd-pinnately compound leaves, 20 to 60 cm
long, with four to thirty-five leaflets per rachis [1]. The
light brown stems are stout, pubescent when young and
lack a terminal bud [5].

Wood chemical composition varies with geographical
origin, genus and species. In general softwoods have
higher lignin content (25-35%) and their hemicelluloses
contain galactoglucomannan (15-23%) and
arabinoglucuronoxylan (7-10%), while hardwoods have
less lignin (18-30%) and their hemicelluloses contain

acetylglucuronoxylan (15-30%) and glucomannan (2-5%).
The chemical composition of different woods from
different geographical origins has been collected over the
years [6-7]. However, differences in analytical procedures
and sample history in addition to the complexity of the
chemical analysis involved require caution whenever
comparisons are made. An important variation in
composition is found in the heterogeneity of lignin which
has a large impact in the pulping industry. Conifers have
basically a G type lignin with a few H or S units and show
less variation in lignin composition than hardwoods.
Hardwoods have a more complex lignin composed of
syringyl (S) and guaiacyl (G) units in varying ratios with
a minor percentage of H units [8]. The S/G ratio can vary
widely from as low as 0.51 for Acer macrophyllum [9] to
5.2 for Eucalyptus maculata [10]. Species of the same
genus can also show a large variation in the S/G ratio: in
eucalypts, a ratio of 5.2 was found for E. maculata and E.
diversicolor [10] and 0.7 for E. tereticornis [11] and in
Acers 0.4 for A. negundo [12] and 3.3 for A. rubrum [13].

Tree to tree variation is believed to contribute to
lignin heterogeneity although there are few reported data.
In eucalypts, the S/G ratio varied from 1.5 to 2.6 in E.
globulus [14], from 0.68 to 2.22 in E. tereticornis and from
1.37 to 2.01 in E. camaldulensis [11], the latter two
examples being associated with a wide geographical
area of distribution from tropical to temperate zones.
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Table 1: The Chemical Composition of Ailanthus altissima

. 8(5): 967-970, 2011

Species
Component Trunk Wood Min and Max SD Branch Wood Min and Max SD
Lignin (%) 25.19£0.178 24.99-25.33 0.7 23.86+0.101 23.75-23.95 0.4
Cellulose (%) 47.18+0.175 47-47.35 0.4 44.1240.053 44.06-44.16 0.1
Extractive alcohol-benzene (%) 3.540.156 3.32-3.6 4.5 3.240.125 3.06-3.3 3.9
Ash (%) 1.25+0.035 1.21-1.27 2.8 1.75+0.087 1.69-1.85 5.0

SD: standard deviation

Differences in lignin composition were also found
between different parts of the tree as in E. botryoides,
with S/G ratios of 0.7 (foliage petiole), 2.0 (root wood), 1.5
(heartwood) and 1.6 (sapwood) and in E. regnans with 3.8
(heartwood) to 4.6 (sapwood) [15]. For E. globulus and
E. camaldulensis a decreasing radial trend in the S/G
ratio was found and, additionally, a decreasing trend with
tree height for E. camaldulensis [16]. Lignin heterogeneity
also occurs among tissues in relation to the time of
deposition in the cell wall [17]. For instance, in Betula
papyrifera the lignin in the middle lamella and
secondary walls of vessels is mainly the G type,
whereas secondary wall of fibres and ray parenchyma
is mainly S type [18].

The properties of Ailanthus altissima wood have
never been explored in the literature. Therefore, in this
Study the chemical composition Properties Trunk and
Branch of Ailanthus altissima were investigated.

MATERIALS AND METHODS

Raw Material: In this research, 3 normal Ailanthus
altissima trees were randomly selected from in the garden
of Karaj. As from each of trees; two discs were taken at
breast height and branches. The test samples from the
skin (mature wood) were prepared.

Chemical Composition: According to TAPPI test
methods the lignin, ash and ethanol/acetone extractable
of Ailanthus altissima were determined. The cellulose
contents of Ailanthus determined
according to the nitric acid method, ash; T211-om 93:
extractives soluble in alcohol acetone; T264-om 97: lignin;
T222-om 98: respectively.

altissima was

RESULTS AND DISCUSSION

Chemical Analysis of Wood: The one most important
parameters which determine suitability of wood as raw
material for pulp and paper industry is its chemical
composition [19].

The purpose of this part of the study was to provide
basic information on the chemical components of
Ailanthus altissima. Lignocellulosic materials contain
cellulose, hemicelluloses, lignin and extractives in various
amounts and chemical compositions. Results of the
chemical analyses of Ailanthus altissima are presented
in Table 1.

The descriptive statistics for chemical properties of
branch and stem in Ailanthus altissima wood are shown
in Table 1. The analysis statistical showed that there are
significant between cellulose content stem and branch
wood in Ailanthus altissima species. The value of
mentioned properties in stem wood (47.18 %) is higher
than the amount of cellulose in branch wood (44.12%)
about 6.5%.

The cellulose content of stem Ailanthus altissima
was found to be 47.18% was found, which is satisfactory
for pulp production (close to or above 40%). The result
obtained for the cellulose content of Ailanthus altissima
was close to an earlier finding Eucalyptus streiaticalyx
(47.07%) [20], whereas the cellulose content of stem
Ailanthus altissima was higher than that of of Fagus
orientalis (42.9%) and Pinus nigra (35.3%) [21] and
white birch (45%) [22] and lower than that of hornbeam
(50.67%) [23].

The analysis statistical showed that there are
significant between lignin content stem and branch wood
in Ailanthus altissima species. The value of mentioned
properties in stem wood (25.19 %) is higher than the
amount of lignin in branch wood (23.86%) about 5.3%.

One of these procedures used for the
determination of lignin content of stem Ailanthus
altissima in this study and was 25.19%. The lignin
content of stem Ailanthus altissima was found to be lower
than that of Fagus orientalis (29.2%) and Pinus nigra
(33%) [21]. And higher than that Eucalyptus streiaticalyx
(23.01%) [20], hornbeam (23.33%) [23] and white birch
(23%) [22].

The analysis statistical showed that there are
significant between extractive alcohol-benzene content
stem and branch wood in Ailanthus altissima species.

was
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The value of mentioned properties in stem wood (3.5 %)
is higher than the amount of extractive alcohol-benzene in
branch wood (3.2%) about 8.6%.

The organic solvent extractives of stem Ailanthus
altissima are similar to those of Fagus orientalis (3.5%)
[21] and white birch (3%) [22] and lower than that
Eucalyptus streiaticalyx (4.88%) [20] and higher than
that, hornbeam (1.98%) [23] and Pinus nigra (2.51%) [21].

The analysis statistical showed that there are
significant between Ash content stem and branch wood
in Ailanthus altissima species. The value of mentioned
properties in stem wood (1.25 %) is lower than the amount
of Ash in branch wood (1.75%) about 25.6%.

The ash of stem Ailanthus altissima higher than
that, hornbeam (0.78%) [23], Fagus orientalis (0.4%) and
Pinus nigra (0.90%) [21], Eucalyptus streiaticalyx
(0.55%) [20] and white birch (0.3%) [22].

Keeping in view of the chemical characteristics of
Ailanthus altissima wood it would suggest that relatively
high pulp yield can be obtained.

CONCLUSIONS

Based on the findings in this study, average cellulose
and lignin content were determined as 47.18 and 25.19%,
respectively. These values are comparable with the values
of typical hardwoods. It was found that the Ailanthus
altissima contained high amounts of ash.

The results of present investigation supplement these
findings. The result of chemical analysis of branch wood
as presented in this report suggests that they can also be
a potential source of pulp and paper industry.
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