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The Structure of Wood



• Wood course from trees

• This is the most 

important fact to 

remember in 

understanding the nature 

of wood 

Woody Plant Body

• Crown characteristics

• Influencing the rate of plant growth and in such expressions of growth as 
increase in stem diameter and production of fruits, cones, and seeds. 

• Leaf structure

• Affecting the photosynthesis and transpiration, which influenced by 
environmental stress. 

• Stem structure

• Related to the ascent of sap, translocation of carbohydrates, and cambial 
growth.

• Root structure

• The knowledge of root structure is important for an appreciation of the 
mechanisms of absorption of water and mineral nutrients.
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STEM FORM

Much interest has been shown in the taper of tree 
stems because of its effect on production of logs. 
Foresters prefer straight, nearly cylindrical stems, 
with little taper, and without many branches.

Tree stems taper from the base to the top in amounts 
that vary among species, tree age, stem height, and 
number of trees per unit of land area. Foresters quan-
tify the amount of taper by a form quotient (the ratio 
of some upper stem diameter to stem diameter at 
breast height). The form quotient is expressed as a 
percentage and always is less than unity. Lower rates 
of stem taper and correspondingly greater stem 
volumes are indicated by higher form quotients. The 
form quotient is low for open-grown trees with long 
live crowns and high for trees in dense stands with 
short crowns.

FIGURE 2.1. Variations in the form of open-
grown trees. (A) Eastern white pine; (B) Douglas-
fi r; (C) longleaf pine; (D) eastern hemlock; (E) 
balsam fi r; (F) ponderosa pine; (G) white spruce; 
(H) white oak; (I) sweetgum; (J) shagbark 
hickory; (K) yellow-poplar; (L) sugar maple. 
Photos courtesy St. Regis Paper Co.

FIGURE 2.2. Variations in crown form of Norway spruce (A, B, 
C) and Scotch pine (D, E) in Finland. From Kärki and Tigerstedt 
(1985).
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The Structure of Wood

• Trees belong to seed-bearing plants, which are 

sub-divides into gymnosperms and angiosperms.

• Altogether 30,000 angiosperms and 520 

coniferous tree species are known; most of the 

former grow in tropical forests.

Wood Character  (木材的特性)
·優點	 

·木材為天然的、可再生的資源

·無污染的環保材料

·容易加工

·具質量輕且強軔的材料特性

·能調節使用環境的溫度及濕度

·觸感溫涼適宜

·熱傳導係數低，保溫性良好



Wood Character  (木材的特性)

·優點

·音響特性良好

·紋理與色澤自然高雅且富變化

·氣味芳香獨特

·吸收紫外光、調和光線

Wood Character  (木材的特性)

• 缺點

• 木材為一具異方性的材料

• 尺寸不安定性，易收縮、澎脹

• 易腐朽、受昆蟲侵襲及天候劣化

• 易受光線影響而變色、光劣化

• 易燃燒



• Wood is an important industrial raw material, and one the 

few renewable natural resources.

• The engineering properties exhibited by wood have 

confirmed its suitability as a constructional material for a 

range of end-use.

• Wood is the basic raw material in the paper-making 

industry, is used in the textile industry and is also used in 

the manufacture of wood composites and panel products 

for the building industry.

General Introduction of Wood

• Building material for shelter and other constructions.

• Transport on land and water and also in the air 

• Material for fabricating weapons, tools, and utensils. 

• Furniture

• Extractives for industrial, comestic and pharmaceutical 

purpose.

• Fuel



Historical Chemical Products from Wood

• Bark products

• Phenolic acid, wax

• Cellulose

• Rayon, cellophane, cellulose esters, 
cellulose ethers

• Extractives

• Rubber, tannins

Historical Chemical Products from Wood

• Lignin products

• Alkali lignin, lignosulphonates, dimethylsulphide, 

dimethylsulphoxide, vanillin

• Naval stores

• Pine oil, rosin, turpentine, tall oil, tall oil fatty acids, tall oil rosin

• Pyrolysis products

• Charcoal, methanol, acetone, acetic acid

• Wood sugar

• Glucose, xylose, mannose 



Softwoods (including Ginkgo)
Tracheids are major cells of xylem (90-95%), 

ray cells is around (5-10%)
Cell wall thickness is related directly to the 

strength of tracheids
The earlywood tracheids seem to be well adapted 

to the conducting function whereas the latewood 
tracheids are located the mechanical properties.



Earlywood tracheids
Well-developed Pit pairs are distributed abundantly 
between the neighboring tracheids

Latewood tracheids
Tracheids are very thick

Ray cells are derived from the ray initials and 

elongated radically. A series of these ray cells make 

a ray parenchyma.

These ray parenchyma cells are alive in the sapwood.

Storage of nutrients such as starch of fat and also the 

transportation of some metabolites between the phloem 

and  heartwood.



 Only a small number of fusiform cells are subdivide into 

strand cells by horizontal partitions and compose an axial 

parenchyma.

These parenchymatous cells survive in the sapwood for 

many years, being different from the tracheid, in which the 

protoplast is lost soon after differentiation, and are part of 

some physiological functions.

Hardwoods
 Hardwood xylem can be characterized by the 

development of vessel elements and wood fibers 

specialized for water conduction and the mechanical 

property.

 Vessel being joined vertically with one another by a 

perforation that has a more developed style compared 

with the bordered pit pairs between tracheids. 



Sapwood and Heartwood
• At a certain age the inner wood of the stem of most 

trees begin to change to a completely dead 
heartwood and its proportion of the stem becomes 
successively larger as the tree grows.

• The dying parenchyma cells produce organic 
deposits such as resin, phenolic substances, 
pigments, etc.



• In softwoods, the bordered 
pits are closed when the 
torus becomes pressed 
against either side of the 
border.

• In some hardwoods, the 
vessels are closed by 
tyloses, which enter the 
vessel from neighboring ray 
cells. Development of tyloses from ray cells. Cross-

section of oak.

Plant Cell Wall

• Plant cell wall polymers 

• The major components in the plant biomass that is under consideration as 
a source of reduced carbon to partially replace fossil fuels.

• Different species of plants have significant differences in the proportions 
of cellulose, hemicellulose, and lignin found in their biomass and, further, 
important differences in the types of hemicelluloses and/or the ratios of 
monomers in lignin. 

• Every plant consists of many different cell types, each with a unique cell 
wall that contains not only different ratios of wall components, but 
sometimes also qualitative differences in their components.

• Sensitive analytical techniques can be used to identify and characterize 
specific wall components at the tissue or cellular level. Sensitive mass 
spectrometric methods have been developed to analyze wall fragments 
released by enzymes from laser-dissected plant tissues.



thereby decreasing hydrogen bonding with cellulose
microfibrils; the creation of a more easily degradable lignin
through the introduction of specific easily cleavablemono-
lignols [2,14!]; and/or a reduction of lignin–hemicellulose
linkages [15].

Another issue is the fermentability of the released mono-
saccharides. Currently, yeasts used in the ethanol fer-
mentation process utilize only hexoses such as glucose
andmannose. However, themost common hemicellulosic
polysaccharides consist mainly of xylose and arabinose,
pentoses that do not ferment so readily. Progress has been
made in developing specialized yeast and bacterial strains
that can ferment these pentoses, but they are not yet very
efficient [16]. Therefore, one desirable change in biomass
is an increased abundance of hexose-containing polymers
such as cellulose or mannans rather than xylans.

Another process used to convert lignocellulosic biomass
to fuel is a catalyst-based chemical process [17,18]. How-
ever, this process is hampered by inhibiting components,
such as phenolic compounds or aliphatic acids, present to
varying degrees in the degraded biomass [19]. One plant
breeding goal should thus be to reduce the abundance of
such compounds to a minimum.

An alternative way to produce fuels is by combustion and
gasification of lignocellulosics to syngas (carbon-monox-
ide, carbon-dioxide, and hydrogen gas) that can be trans-
formed to ethanol via microbes [20] or hydrocarbons by
the Fischer–Tropsch process. The advantage of the gasi-
fication process is that not only the polysaccharides but
also the carbon present in lignin is available for fuel
production. For these processes, the composition and
aggregation status of the various polymers within the
lignocellulosic material does not play a role, but low water
and ash content are desirable [21].

Native structural diversity of plant cell walls
When thinking about strategies for changing the compo-
sition of plant cell walls, whether in terms of abundance of
certain polymers or substitution patterns of specific poly-
mers, one can gain significant insights by looking into
nature’s ‘laboratory’. Certain plant species have evolved
specialized tissues that have unusual wall compositions,
that is, they contain elevated levels of cellulose, hemi-
cellulose, or lignin (for overview see Figure 2).

Specialized cells that make cellulose
One of the best-studied examples is the seed trichome of
cotton, in which the fiber cells have secondary walls
containing almost pure cellulose [22]. Studies of this
system have revealed many important features of cellu-
lose biosynthesis, including the first identification of the
cellulose synthase genes in plants [23]. In recent years,
progress has been made in identifying the regulatory
events that allow the deposition of almost pure cellulose
in cotton fibers [24]. Cotton fiber development is a com-
plex process that involves many events, including the
action of various hormones [25], but some of the key
transcription factors have been identified [26,27]. A
detailed understanding of the metabolic and regulatory
events needed for a single cell to convert almost all of its
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Figure 1

The wall composition and structure of differentiated cells in plants are
diverse. Sections of plant tissues stained for lignin [69] and viewed with
an inverted microscope (panel a) or with fluorescent-tagged antibodies
directed against specific polysaccharide epitopes [7!,8] and viewed by
fluorescence microscopy (panels b–f) reveals that the wall structural
diversity can be observed not only in different cell types (a, b, f), but also
in different layers or areas of a single cell (c, d, e).
a: Section of the first internode of a maize stem stained with
phloroglucinol (courtesy of Debra Goffner, CNRS Castanet Tolosan).
b: Section from the first internode of a maize stem stained with
Mirande’s reagent (courtesy of Debra Goffner, CNRS Castanet Tolosan).
c/d: Immunofluorescence detection of pectic arabinan epitopes present
in the parenchyma cells of an Arabidopsis inflorescence stem. Two
antibodies recognising different arabinan epitopes (c-LM13; d-LM16)
label distinct different regions of those cells (courtesy of Paul Knox,
University of Leeds).
e: In tobacco stem sections a certain pectic arabinan epitope (LM16) is
observed only in xylem fiber cells and phloem cells.
f: Mature fibers of hemp: localization of an arabinogalactan-protein
epitope (visulaized by JIM14) at the inner side of secondary walls
(courtesy of Paul Knox, University of Leeds).

Current Opinion in Plant Biology 2010, 13:305–312 www.sciencedirect.com
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Wall Composition and Fuel Production Processes

• Lignocellulosic biomass can be utilized as a feedstock for biofuel production in a number of 

ways. Depending on the process, different attributes in wall composition are required or 

desired.

• Ethanol industry

• Major challenge in this process is that plants have evolved wall structures that are recalcitrant to biological 

degradation. Hence, the biomass must be subjected to such energy-intensive and cost-intensive treatments as steam, 

weak acid, or non-aqueous ammonia.

• High enzyme loading is required to release fermentable glucose monomers from cellulose because of its tight linkage 

with hemicelluloses and lignin in native walls. Therefore, one major research objective of plant scientists is to make 

walls more open and accessible to enzymatic degradation: to increase the water solubility of polysaccharides.

• Fermentability of the released mono-saccharides. Yeasts used in the ethanol fermentation process utilize only hexoses 

such as glucose and mannose. However, the most common hemicellulosic polysaccharides consist mainly of xylose and 

arabinose, pentoses that do not ferment so readily. Progress has been made in developing specialized yeast and 

bacterial strains that can ferment these pentoses, but they are not yet very efficient. Therefore, one desirable change in 

biomass is an increased abundance of hexose-containing polymers such as cellulose or mannans rather than xylans.



Wall Composition and Fuel Production Processes

• Converting lignocellulosic biomass to fuel is a catalyst-based chemical process
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(carbon-monoxide, carbon-dioxide, and hydrogen gas) that can be trans- formed to 
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of the gasification process is that not only the polysaccharides but also the carbon 

present in lignin is available for fuel production. For these processes, the composition 

and aggregation status of the various polymers within the lignocellulosic material does 

not play a role, but low water and ash content are desirable.

Native Structural Diversity of Plant Cell Walls

carbon resources into a single polysaccharide, cellulose,
should be useful in efforts to manipulate and enhance
cellulose deposition, thereby increasing C6 sugar abun-
dance in biofuel crops.

Specialized cells that make a single hemicellulose
Many plant species create a special cell wall in the
endosperm or cotyledon cells of developing seeds [28].
These cell wall polysaccharides serve as reserve carbo-
hydrates, being synthesized during seed development
and later mobilized during seedling germination. Seeds
that store galactomannan or xyloglucan are abundant in
nature [28], but there are seeds or other tissues that
produce other polymers in specialized cells, such as
psyllium seeds, which make arabinoxylan in a special
layer of epidermal cells [29].

Studies of developing seed systems have led to the
identification of genes and enzymes involved in hemi-
cellulose biosynthesis. For example, studies of develop-
ing guar seeds led to the conclusion that mannan
synthase is encoded by a CslA gene [30], andmore recent
studies have confirmed that this conclusion is valid for
most plant species [31,32], including coffee [33].
Recently, Goubet et al. [34] used reverse genetics to
provide convincing in vivo evidence to further support
the earlier conclusions. Another example comes from

the work of Cocuron et al. [35], who used studies of
developing nasturtium seeds, which store xyloglucan, to
provide evidence that the xyloglucan glucan synthase is
encoded by a CslC gene.

The fact that these seeds are capable of making a single
hemicellulosic polysaccharide, while not making other
parts of the wall, indicates that these biosynthetic path-
ways can be regulated independently from other wall
components. Furthermore, the use of cell wall polymers
as reserve carbohydrates occurs in several unrelated
plants [28], indicating that this trait has arisen indepen-
dently many times during the evolution of land plants. If
correct, this logic would lead to the conclusion that only a
few changes are needed to accomplish this change in
regulation and that it could be done by design to modify
the walls of biofuel crops.

Changes in wall composition due to environmental
responses
Plants have the capacity to react to environmental stimuli
by changing their metabolism. Reprogramming cell wall
polymer biosynthesis is no exception. For example, as a
response to mechanical stresses, such as wind or changes
in gravitational stimuli, trees can develop specialized
tissues known as reaction wood [36]. This type of wood
enables the return of stems back to a vertical orientation.

Cell Walls and Biofuels Pauly and Keegstra 307

Figure 2

Examples of specialized tissues in plants that produce predominantly a single cell wall polymer.
Cellulose—Mature cotton plants (upper left) produce cotton fibers (lower left), whose secondary walls that are nearly pure cellulose (courtesy of
Candice Haigler, E. Roberts, and E. Hequet, NC State University). Poplar trees (upper right) produce tension wood (lower right) with walls that are also
nearly pure cellulose (courtesy of Frank Telewski and Jameel Al-Haddad, Michigan State University).
Hemicelluloses—Fenugreek plants (upper left) produce seeds containing endosperm walls (lower left) that are largely galactomannan. Psyllium plants
(upper center) produce seeds surrounded by a mucilaginous layer (lower center) with walls rich in arabinoxylan. Nasturtium plants (upper right)
produce seeds where the cotyledon cells (lower right) have a wall that is largely xyloglucan (courtesy of Marlene Cameron, Curtis Wilkerson, Michigan
State University).
Lignin—Pine trees (upper panel) produce compression wood (lower panel) that is enriched in lignin with a different composition from normal wood
(courtesy of Frank Telewski and Jameel Al-Haddad, Michigan State University).

www.sciencedirect.com Current Opinion in Plant Biology 2010, 13:305–312

•Cellulose—Mature cotton plants (upper left) produce cotton fibers (lower left), whose secondary walls that are nearly pure 

cellulose. Poplar trees (upper right) produce tension wood (lower right) with walls that are also nearly pure cellulose. 

•Hemicelluloses—Fenugreek plants (upper left) produce seeds containing endosperm walls (lower left) that are largely 

galactomannan. Psyllium plants (upper center) produce seeds surrounded by a mucilaginous layer (lower center) with walls 

rich in arabinoxylan. Nasturtium plants (upper right) produce seeds where the cotyledon cells (lower right) have a wall that 

is largely xyloglucan. 

• Lignin—Pine trees (upper panel) produce compression wood (lower panel) that is enriched in lignin with a different 

composition from normal wood.



Native Structural Diversity of Plant Cell Walls

• Specialized cells that make cellulose.

• Specialized cells that make a single hemicellulose.

• Changes in wall composition due to environmental 

responses.

• Plants have the capacity to react to environmental stimuli by changing their 

metabolism. Reprogramming cell wall polymer biosynthesis is no exception. For 

example, as a response to mechanical stresses, such as wind or changes in 

gravitational stimuli, trees can develop specialized tissues known as reaction 

wood.

Wood Ultrastructure 
The wood cell consists mainly of cellulose, 

hemicellulose, and lignin.

The length of native cellulose molecular is at least 
5,000 nm corresponding to a chain with about 
10,000 glucose units.

The smallest building element of the cellulose 
skeleton is considered by an elementary fibril.



Elementary fibril: a bundle of 36 parallel cellulose 
molecules which are held together by hydrogen 
bonds……..(?)

Fringe micellar model: cellulose molecular form 
completely ordered or crystalline regions, which 
without any distinctive boundary are changing into 
disordered or amorphous regions.

Diagrammatic representation of fibrillar structure in the cell wall.

 In native cellulose the length of the crystallites can be 
100-250 nm and the cross section, probably rectangular, 
is on an average 3 × 10 nm.

 Microfibrils are 10-20 nm wide, it can be observed by 
electron microscope without pretreatment.

 Microfibrils are combined to greater fibrils and lamellae, 
which can be separated from the fibers mechanically, 
although their dimensions greatly depend on the method 
used.

 Disordered cellulose molecular as well as hemicellulose 
and lignin are located in the spaces between the 
microfibrils.
Hemicellulose……amorphous
Lignin……both amorphous and isotropic.



Cell Wall Layer
 Cell wall is built by several layers,

 Middle lamella (M)

 Primary wall (P)

 Outer layer of the secondary wall (S1)

 Middle layer of the secondary wall (S2)

 Inner layer of the secondary wall (S3)

 Warty layer (W)

W: Warty layer

Transverse section of earlywood 
tracheids in Larix laricina



Cell corner

0.2-1.0 µm

0.1-0.2 µm

0.2-0.3 µm

1(earlywood) - 5 (latewood) µm

0.1 µm

Middle lamella
Located between the cells and serves 

the function of binding the cells 
together

At an early stage of the growth, it is 
mainly composed of pectin substances, 
but it eventually becomes highly 
lignified. 



Primary wall
PW is a thin layer consisting of 

cellulose, hemicellulose, pectin, and 
completely embedded in lignin.

Electron micrograph of a delignified primary wall  

In the interior cellulose 
microfibrils are oriented nearly 
perpendicularly to the cell axis.

Primary wall
 In the presence of reagents which induce strong swelling 

the primary wall is peeled off and the belts around the 
fibers expand.

 Compound middle lamella

 The middle lamella together with the primary wall on 
both sides, is often referred to as the compound middle 
lamella.

 Its lignin content is high (concentration is the highest), but 
because the layer is thin, only 20-25% of the total lignin in 
wood is located in this layer.



S1 layer

S1 contains 3-4 lamellae where the 

microfibrils from either a Z helix or S 

helix.

The microfibril angle of the crossed 

fibrillar varies between 50 and 70° with 

respect to the fiber axis.

S2 layer

S2 forms the main portion of the cell 
wall.

Its thickness is softwood tracheids 
varies between 1 µm (earlywood) and 
5 µm (latewood).

It may contain 30-40 lamellae or more 
than 150 lamellae.



S2 layer

The microfibrillar angle varies between 
5-10° (latewood) and 20-30° 
(earlywood).

Electron micrograph of a delignified secondary wall (S2) of Pinus sylvestris

The characteristic of the S2 
layer (thickness, microfibrillar 
angle) have a decisive 
influence on the fiber stiffness 
and other paper making 
properties.  

S3

S3 is a thin layer consisting of several 

lamellae which contain microfibrils in 
both Z helix and S helix (50-90° 
angle).

Great variations are noted among 
different wood species.



W layer
Warty layer is a thin amorous membrane 

located in the inner surface of wall in all 
confers and in some hardwoods.

The composition of warty layer  deposits 
is still unknown.

Each species has its own, characteristic 
warty layer.

Reaction Wood – Compression and Tension 
Wood

 Reaction wood 

 When a tree is brought out its natural, equilibrium 
position in space, for example by wind or by a landslide, 
the tree begins to produce a special tissue, referred to 
as reaction wood.



Compression wood 
 In a leaning stem of a conifer, compression wood 

develops on the lower side.

 Compression wood is heavier, and denser than the normal 
wood.

 Its cells are short and thick-walled and in cross section 
rounded so that empty spaces remain between the cells.

 S1 layer is thicken than a normal wood while the S3 layer 

is absent.



Compression wood
 S2 layer contains helical 

cavities that parallel the 

microfibrils and reach from 

the lumen deep into the S2.

 The cellulose content of 

compression wood is lower 

and lignin content higher 

than for normal wood.

Tension wood
 In hardwoods, tension wood is 

formed on the upper side of an 

inclined stem.

 Tension wood differs less from 

normal wood than compression 

wood.  It contains thick-walled 

fibers, terminated toward the 

lumen by a gelatinous layer. 



Tension wood

 G layer consists of pure and highly crystalline 
oriented in the same direction as the fiber axis.

 The cellulose content of tension wood in higher 
and the lignin content lower than in normal 
wood.

Tension  Wood Compared with Normal 
Wood Structure

• Different kinds of wood with specific anatomical, chemical and physical 

characteristics coexist within a single tree.

• Tension wood differs from normal wood formed in the absence of stimulus, 

and from opposite wood located on the lower side of the inclined stem, in a 

number of biochemical, anatomical and mechanical characteristics.

•  Mechanically, longitudinal maturation strains in tension wood are present in 

larger quantities than in normal wood.

• The frequency of vessels, and their porosity, are significantly lower in tension 

wood, whereas fibre and vessel lengths are significantly longer. 
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increased in 

 

Eucalyptus

 

 on induction of tension wood (Nelson
& Hillis, 1978). Moreover, the expression of the gene coding
for 1-aminocyclopropane-1-carboxylate oxidase, responsible
for ethylene production, is strongly induced during tension
wood formation in poplar (Andersson-Gunnerås 

 

et al

 

., 2003).

 

Genomic studies of tension wood

 

Differentiation of xylem cell walls have been well studied at the
anatomical and biochemical levels. Before the commencement
of genomics in plants, only a few genes involved in xylem
differentiation had been identified and characterized, and
most were for enzymes involved in lignin biosynthesis (for
a recent review see Boerjan 

 

et al

 

., 2003). This work led to a
better understanding of lignin metabolism and, through the
use of genetic engineering, to the production of wood with
potentially improved properties for paper production (Pilate

 

et al

 

., 2002).

 

EST sequencing projects on tension wood

 

The first genomics studies undertaken on trees, through EST
sequencing, were focused on wood formation in pine (Allona

 

et al

 

., 1998) and poplar (Sterky 

 

et al

 

., 1998). Since then a
number of other EST sequencing projects have been initiated
on wood, as well as on other tree tissues. In addition to
genomics studies, which focused on ‘regular’ wood formation,
there is considerable potential in the use of tension wood as a
model for wood formation.

In poplar, tension wood can easily be induced by a stem
inclination where the upper side (with tension wood) and the
lower side (without tension wood) of the bent stem can be
directly compared for gene expression profiling. With such
a model we may expect to identify genes linked to G-layer-
specific features, such as its reduced lignin content, its increased
cellulose crystallinity, or its reduced MFA. We anticipate that

studies on this model will lead to the identification and
characterization of specific genes involved in the definition
of particular mechanical properties of wood.

Genomics studies on reaction wood have already been
initiated with loblolly pine (Whetten 

 

et al

 

., 2001) and poplar.
In Sweden (Umeå Plant Science Centre and KTH-Royal
Institute of Technology), 5723 ESTs have been produced from a

 

Populus tremula

 

 

 

!

 

 

 

P. tremuloides

 

 tension wood cDNA library
(Sterky 

 

et al

 

., 2004). In another project launched in our insti-
tute (INRA-Orléans), four different cDNA libraries were pre-
pared from the xylem collected from three 

 

P. tremula

 

 

 

!

 

 

 

P. alba

 

trees, induced to form tension wood on gravitational stimula-
tion (for details see Déjardin 

 

et al

 

., 2004). The first cDNA
library corresponds to genes expressed in the cambial zone
(CZ) which includes cambium and very young xylem cells.
The second cDNA library was prepared from the differentiating
xylem collected on the tension wood side (DX-TW); and the
third from the differentiating xylem collected on the opposite
side (DX-OW). The fourth cDNA library corresponds to the
genes expressed in the mature xylem (MX) collected on either
side of the stem. From the clustering, alignment and annota-
tion of more than 10 000 ESTs, it appeared that a number of
expressed sequences did not show any homology with the
sequences present in the public databases, suggesting that
they may be specific to trees. The 11 consensus containing more
than 10 ESTs, whose sequences gave no hit in the Swiss-Prot,
EMBL, GenBank, DDBJ and PDB databases, are listed in
Table 1. However, using more specific motif searches, four
consensus sequences (Table 1, italics) had similarities with
arabinogalactan proteins (AGPs), a class of hydroxyproline-
rich proteins with poorly defined functions in cell wall forma-
tion. Nonetheless, these 11 sequences are likely to correspond
to tree- or taxon-specific genes.

Functional genomics approaches, using bioinformatics motif
searches, expression studies and characterization of transgenic
poplars altered in the expression of these genes, will help

Fig. 1 Scanning electron micrograph of 
poplar wood. (a) Fibres in wood area opposite 
to tension wood; (b) tension wood G-fibres 
with an additional thick layer in the secondary 
cell wall (G-layer). PW, primary cell wall; SW, 
secondary cell wall; G, gelatinous layer.

Scanning Electron Micrograph 
of Poplar Wood

 (a) Fibres in wood area opposite to tension wood; (b) tension 

wood G-fibres with an additional thick layer in the secondary cell 

wall (G-layer). PW, primary cell wall; SW, secondary cell wall; G, 

gelatinous layer.

In a number of tree species such as 
poplar the most striking modifications 
are found in the fibres of tension 
wood. In these fibres, named G-fibres, 
one layer of the secondary wall 
(generally the S3 layer) is replaced by 
a very thick and poorly lignified layer 
which is rich in crystalline cellulose. 

The cellulose MFA in this layer is 
almost parallel to the fibre long axis 
which contributes, probably in a 
significant way, to the specific 
mechanical properties of tension 
wood.



Chemical Composition and 

Analysis of Wood

Chemical Composition of Wood

 Carbohydrates (Polysaccharides) (Holocellulose) ～ 75%
Hollocellulose: Cellulose + Hemicellulose
Starch
Pectic substances
Water-soluble polysaccharides: Arabinogalactans

 Lignin ～ 20 - 30%
 Extractives ～ 5 - 10%
 Inorganic constituents (Ash) ～ 0.5% (temperate zone)

                                                  ～ 1 - 5% (tropics)



 Pectin

 A mixture of polymers from sugar acids, such as D-galacturonic acid, 

which are connected by (α-1,4) glycosidic links. 

 Some of the carboxyl groups are esterified by methyl groups.

 The free carbonyl groups of adjacent chains are linked by Ca and Mg 

ion.

 Preparing jellies and jams.



The Composition of Wood

Soluble in neutral 
solvents

Wood

Extraneous materials Cell wall components

Partly or whole insoluble in 
neutral solvents

Resins
Fatty materials
Alcohol
Phenolic substances

Mineral constituents
Proteinaceous matter
Pectic substances

PolysaccharidesLignin

HemicelluloseCellulose

D-glocose

Pentose Hexoses Uronic acid Acetic acid

D-Xylose
L-Arabinose

D-Glucose
D-mannose
D-Galatose

Uronic acid
Methoxy uronic acid

Separation of Lignin

• Lignin is insoluble in acids

• The usual methods for direct determination of lignin are based 
on weighting the insoluble lignin remaining after the acid 
hydrolysis (treatment with sulfuric acid according to the 
Klason method)

• Lignin is more easily solubilized by oxidizing agents than are 
polysaccharides. Many processed of delignification are based 
on oxidative removal the lignin.

• In the determination of lignin, there is no assurance that the 
insolated lignin extract represents in quantity the protolignin



Extractives

• Generally refer to compounds extractable with 

organic solvents

• Technically include resins which are soluble in 

organic solvents and carbohydrates which are 

water-soluble

The Separation of Wood Components

Wood

Extract with solvents

Extractives

Soluble in organic 
solvents

Soluble in water

Extractive-free wood

Not hydrolyzed by 
acid

Lignin

or

Delignification

Holocellulose

(Analysis for sugars, uronic acids, 
acetyl groups)

Alkaline extraction

α-cellulose

Mainly cellulose; analyze for sugars after 
hydrolysis, carboxyl groups, reducing 

groups, determination of molecular weight

Hemicellulose

Determination of sugar and 
uronic acid units by 

hydrolysis and 
chromatography

or Separation and purification of fractions, 
follow by analysis and determination of 

structure and molecular size



Separation of Wood Components

• Extractives-free wood

• Extractives: The extraneous components include the 

substances that are soluble in neutral organic solvents and in 

cold water, or are volatile with steam are called the 

extractives.

• The wood from which the extractives have been removed is 

designated Extractives-free wood

• The extractives-free wood is composed of lignin and 

polysaccharides

Separation of Polysaccharides

• The polysaccharide of wood is isolated as a preparation 

from extractive-free wood by removal of the lignin 

through some appropriate process of delignifications.



Holocellulose
• When the lignin is removed with minimal loss of polysaccharides, the 

product is called holocellulose.

• Common laboratory procedure for isolation of holocellulose are based 
on:

– Alternate chlorination and extraction with an alcoholic solution of an organic 
base such as monoethanolamine

– Treatment with an acidified aqueous solution of sodium chlorite to yield chlorite 
holocellulose

• Ideally, an isolation of holocellulose should accomplish a complete 
removal of lignin without loss of polysaccharides or chemical attack on 
the polysaccaridic compounds.

Isolation and Determination of Cellulose
• There are 3 main types of methods for isolating and/or 

determining cellulose:

– Separation of the main portions of polyoses and residual lignin from 
holocellulose

– Direct isolation of cellulose from wood.

– Determination of the cellulose content by total hydrolysis of wood, 
holocellulose or α-cellulose with subsequent determination of the 
resulting sugars. 

• The most common method of holocellulose isolation from 
wood is TAPPI T203 os-74 (CNS67177)



Wood powder
Benzene – EtOH extraction 

Extractives-free wood

Delignin with chloride

Holocellulose (Cross-Bovan cellulose) 

17.5% NaOH

α-Cellulose

Insoluble portion

Soluble portion
Neutralization with CH3COOH

β-Cellulose

γ-Cellulose

α-, β-, γ- Cellulose

Degree of Polymerization

α- Cellulose 1000-3000

β- Cellulose 10-100

γ- Cellulose 10↓



Hemicellulose

• The noncellulose polysaccharides are largely soluble 

in alkalies, and the materials dissolved have been 

called he hemicellulose.

• Hemicellulose are removed from polysaccharide 

preparations such as holocellulose by extraction with 

aqueous solutions of alkalis, e.g. 18% sodium 

hydroxide solution.

Comparison of Composition in the Softwood and Hardwood

Softwood Hardwood

Extractives Higher and more resin 
acids

Carbohydrates

Higher mannan 
content (10-15%)
Lower xylan content 
(<10%)

2-3% mannan content
12-20% xylan content

Lignin Higher (23-33%)
16-25%
Higher methoxy 
content



Comparison of Composition in the Sapwood and 
Heartwood

Sapwood Heartwood

Extractives Less More

Cellulose
More
Higher acetyl content

Less
Less acetyl content

Lignin More Less

Comparison of Composition in Abnormal wood
Compression wood (softwood)

More lignin

Less cellulose

The lignin appears to have a lower methoxy content

Tension wood  (hardwood)
More cellulose, less pentosans and lignin

Lignin-free “gelatinous layer” as a lining of the lumen
The gelatinous layer is highly crystalline








