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Abstract
Characterizing wood is necessary in order to maftamation available to interested users of a paldr timber
species. In this study we characteriZgingeria robusta (A.Chev.) Aubrev.& Pelleger,( Asanfena),Terminalia
ivorensis A.Chev., (Emeri), Terminalia superba Engl. & Diel., (Ofram), Khaya ivorensis A.Chev., (Mahogany)
and Entandrophragma cylindricum Sprague., (Sapele) according to their anatomical and phygicaperties.
This work discussed the macroscopic physical pt@sein terms of densities (air/oven dry), colond aurface
roughness of the five wood species. Cell propersigglied included vessel, fibore and parenchyma cell
dimensions as well as their pore arrangementsast alear that, the proportion of fibres per frofithe species,
as well as their corresponding cell wall thicknessglues seems to bear some relationship with tlegisities
Keywords: maceration; optical microscopy; roughness; woodang; wood density

1. Introduction and background

Ghana has a land area of about 230,020Kfhe savannah occupies 65.5%, of the land arethetonorth
(covering approximately 15.6 million ha) and moistest takes up the remaining 34.5% (8.2 million). ha
Hawthorne and Abu-Jaum (1993), described four breamlogical zones : the wet evergreen type, thestmoi
evergreen type, the moist semi-deciduous type,thadiry semi-deciduous type. The moist forest ésrifost
important zone in Ghana economically and envirortalgn as timber logging and harvesting is mainly
concentrated to this ecological region. Reservatioforest areas began shortly after World Ward aarrently
forest reserves consist of about 1.37M ha of priddudorest and 0.43M ha of protected forest. Timtvade
therefore started as a result of abundant foresturees and a high demand in tropical wood fromwst in
building and construction.

Since the beginning of the ®@entury, timber exports are a major contributoGtna’s GDP. The first quarter
wood products exports in 2011 were valued at (4.8553$) resulting from a volume of 89,680 m3 of tienb
The major export markets in Europe including Genmataly, Spain, England and North America conttéul
14.55M US$ or 35.19% of total exports. Secondanyoets, such as veneer and plywood generated adbtal
88.65% ( 36.65M US$), while tertiary product exgoduch as furniture components and flooring tdt&l81%
(3.44M USS$). Ghana's exports to African countrigarticularly those within ECOWAS region (mainly $gal,
Nigeria, Niger, Gambia, Mali, Benin, Burkina FasaedaTogo) were in the region of 15.37M US$ which was
86.16% of the total exports ( 17.84M US$) to Afridhis total wood volume to Africa was 37,803 cubrieters
or 42.15% of total exports. The emerging marketasia and the Middle East contributed 21.44% (8.885%)

to the total wood export ( Anonymous 2011).

This study makes use of timber species from thesnforest based on the, forest availability, foresation, use
(or potential) in plantation development and theiominence in the timber trade. We therefore setbct
Entandrophragma cylindricum Sprague (Sapele)Khaya ivorensis (A.Chev)., (Mahogany),Terminalia ivorensis
A.Chev., (Emeri), Terminalia superba Engl. & Diel., (Ofram) andAningeria robusta (A.Chev.) Aubrev.&
Pelleger., (Asanfena). For the timber to be readily accepbeth locally and internationally, information
regarding the wood anatomy and its physical prageerhust be known.

1.1 Wood anatomy

The anatomy of wood shows a large variability amepegcies. In tropical hardwoods, three wood elesnardg
typically distinguishable: vessels, parenchymascefid fibres. Vessel elements are relatively langdiameter
but thin walled and may vary in size from 20um @®@m in diameter (Jane 1970). They may occur iglemn
(solitary) or groups (multiples) and also vary imesamong and within species.( Hoadley 2000). Hamtig with
pores distributed fairly evenly between two sucisesgrowth rings are called diffuse porous woodagishin
and De Zeeuw 1964). The average vessel proportitemperate hardwoods is approximately 30% (Parestdn
de Zeeuw, 1980). Wood fibres vary in length fromn2me about 5mm. The proportion of fibres and therage
cell wall thickness determine the wood density (8dield and Meyland 1980). Typically the proportiof
fibers accounts for 20-70% of the wood volume, deliey on the species. Parenchyma cells are briakesh
short cells with thin walls. Phillips (1948) capjgrenchyma cells abundant when five or more celigpeesent
per square millimeter of transverse section. Pdngma cells can be aligned axial or radial. Axiatgpehyma
makes up 1-18% of the volume of temperate woods,tlie may reach 50% in tropical hardwoods. Ray
parenchyma cells may comprise 5-30% of the woodimel (Siau, 1995). Hardwood rays vary in size and
appearance with the smallest rays being only avaek (uniseriate). However, on the extreme sonys raay
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be up to 40 cells wide (multiseriate) and conspisuto the naked eye (Hoadley 2000). The densitiinvia
growth ring is directly related to the diametetttoé cell and its wall thickness (Panshin and deui#ed 980).

1.2 Description of four selected Ghanaian har dwood species

Entandrophragma cylindricum Sprague., (Sapele) is one of the few tropical hardwood sgethhat can be grown
to useful timber in a relatively short rotationalfout 35- 40 years (Hall et al. 2003). It is widdIgtributed in
the semi-deciduous forest. Sapele is describeddwpid and Miller (1991) as a diffuse porous woodha
IAWA hardwood codes. The mean diameter of the \dasgna is between 100-200um with 5-20 vessels per
mn?. Gum and other deposits can be found in the headwessels. The heartwood is pinkish brown when
freshly cut, darkening upon exposure to reddistwhror purplish brown, which is different from theeamy
white to purplish grey sapwood. Axial parenchymélscare present. The wood is medium-weight, with an
average density of 0.65g/émA wood anatomical description of Sapele is als@ny in the Prota data base
(2009). According to Anonymous (1994), the wood dmn used for various applications, such as quality
furniture and joinery, doors, frames, boat congtonc veneer, plywood, turnery and carvings

Khaya ivorensis A.Chev., (Mahogany) is a timber species that is most abuinigiaevergreen forest, but can also
be found in moist semi-deciduous forest. When grawplantations, it is considered one of the maogtdrtant
timber species combining fast growth ( rotationy8ars) and good timber quality (Opuni-Frimpong 2006is
described by Pernia and Miller (1991) in the IAWArtiwood codes as diffuse porous with vessel lumina
ranging from 100-20Qm in diameter. It has at least 5 vessels pef mith gums and other deposits in the
heartwood vessels. Axial parenchyma cells are pteséahogany has an average density of 0.554atmh2%
moisture content. Anonymous (1994) reports Mahogasya suitable species for joinery, doors and windo
frames, boat constructions, as well as veneer bBmebpd production.

Terminalia ivorensis A.Chev., (Emeri) is grown in tropical West Africa from Geia to Cameroon and is
abundant in the primary and secondary forests dkasetransition zones. It is also a successfuhtalion
species. It is a fast grown timber species witloradtry rotation of about 25-30 years (Boateng 199Phe
heartwood is yellowish to pink - brown and the sapd/is somewhat paler. The texture is coarse amdbaisic
density as 0.55 g/ch{Anonymous 1994). It is a good general purposé¢infor furniture components, such as
joinery, decorative paneling, veneers, flooring &ght constructions.

Terminalia superba Engl. & Diel., (Ofram) occurs in rain and savanna forests andasaed plantation species
in West Africa. It is most common in moist semi-leous forest, but can also be found in evergresest.
Anonymous (1994), classified Ofram (250-1000m3/ka®)plentiful in the forest. Unlike Emeri, it haslaorter
forestry rotation and may reach useful timber imwh20 years ((Opuni-Frimpong 2006). The heartweod
yellowish brown, sometimes with nearly black magdrproducing an attractive figure and the sapwaoidot
distinct from heartwood. The texture is coarse. Bhsic density is 0.45 g/énfAnonymous 1994). Ofram is
commonly used for plywood, furniture, interior jeny as well as decorative veneers.

Aningeria robusta (A.Chev.) Aubrev.& Pelleger., (Asanfena) is one of the few hardwood species lwhazurs in
the driest types of semi-deciduous forest and serileed by Anonymous (1994) as a plentiful spettias occurs

in different ecological areas in the forest zonke heartwood is reddish brown to pink and the sagws not
distinguishable from the heartwood. It has silkyl atraight grain. The density is 0.55gfcat 12% moisture
content. Asanfena dries easily but is prone tostgiwhen freshly cut. It is mostly used for venpesduction,

for interior joinery and, paneling.

Anonymous (1994), classified Ofram and Asanfenplastiful while Mahogany, Emeri and Sapele werenfibu
in average quantities in the forests, with an ammee of at least 250%rkm?®. Primarily used species, such as
Odum, which are durable and used for a wide vaonéfgpplications are getting depleted since theydifficult

to grow in plantations. In contrast, Asanfena, Em&ftahogany, Ofram and Sapele have been grown
successfully in plantations and are currently usedubstitutes for these primary species in theeddmmarket,

as well as for export. Although all of the abovedps have been physically characterized accorirteir
properties, information about these species cabpadbund at a glance. This work is an attemptltdHis gap.
Researchers interested in wood science from divieas&ground will find this work useful (includingoed
treatment/permeability, pulp and paper and suréa@gnce).

In this study Asanfena, Emeri, Mahogany, Ofram Sagele are characterized with regards to theiripalyand
wood anatomical properties.

2. Materialsand M ethods

2.1 Sample preparation

2.1.1 Sectioning

Tangential, defect free boards of Asanfena, Emddhogany, Ofram and Sapele were cut into 15mm thick
boards with multiple rip saws and subsequently gdiall boards were prepared with the same equipn3n
samples of each species were prepared with thendiores of 300mm x 100mm x 15mm and conditioned for
two weeks at 20°C and 65% relative humidity.
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Small blocks measuring 14mm x 9mm x 6mm were arhfthree arbitrary samples for each of the fivecigs
and softened at 86 in distilled water for 8 hours.

Fifteen sections with a thickness 80um were cunfeach block with a microtome at an angle of 14fe five
topmost sections were discarded and the remairingete kept for microscopic analysis.

2.1.2 Fibre maceration

Fibres were separated by maceration of match siidd wood pieces originating from 5 arbitrary @mos
samples per species in Jeffrey’s solution at 4@#C4Ah. The resulting cell suspension was washetbtiyhly
with distilled water. Fibres were spread from shispension onto a glass slide and left to dry #br. 1

2.2 Optical Microscopy

2.2.1. Vessel diameter and ratio, Fibre length and Parenchyma cells

A Leica EZ 4D microscope was used to determinedibeeter and ratio of vessels, as well as the fibngth
and amount of parenchyma cells. Ten images werairgchper section for cell analysis. To determihe t
number of vessels per mrand the vessel diameter, images were acquiredamttagnification of 20x and all
visible vessels counted and their diameter recorBae images of the cell suspension were acquiveeéach
species at a magnification of 35%, and the lendtfiboes, and parenchyma cells, as well as theiowam per
mn¥ were determined.

2.2.2.Fibre diameter and cell wall thickness

A Nikon Eclipse E-800 Light microscope was usediétermine the fibre diameter and cell wall thiclseBhe
fiber diameter and cell wall thickness were deteedifrom five images acquired with a magnificatedr00x.
Fiber diameter and cell wall thickness were measuoreall visible cells in the image.

2.3 Surface Colour

A portable spectrophotometer, MICROMATCH PLUS wétlspectral reflectance within the visible spectiafm
wavelengths between 400 and 700nm was used foolallir measurements. The CIELAB system measuring L*
a*, b* andAE parameters were measured on each sample, totafiety. In the CIELAB system, the L* axis
represents the lightness (L* varies from 100(foiit@hto zero (for black), and a* and b* are thearhaticity
coordinates. (+a* is for red, -a* for green, +b¥ fgellow, -b* for blue). L*, a* and b* values wenesed to
calculate the overall colour chang®s using the equation:

AE= [(AL¥) *+ (Aa*)*+(Ab*)**

whereAL*, Aa* andAb* are the difference of initial and final valuesfbre and after UV irradiation) of L*, a*
and b* respectively. For this work we considerety @manges in Lightnesa[(*) and Yellowness (Ab*).

2.4 urface Roughness

Roughness measurement was carried out by MarSutf d®pact roughness measuring instrument. The
maximum measuring range was 350pum (0.35mm) (-200tem 150 pm) (-0.2mm to + 0.15mm). The
maximum traversing length was 17.5mm and compligh WSO 3274. The Ra roughness parameter was
measured to evaluate surface roughness of woodcesf Ra represents the arithmetic mean of theoit@-p
height of irregularities. Before the surface roug$sy measurements, all wood samples were condititmed
equilibrium moisture content so that the moistuoatent could not alter the results of measuremeitsety
wood samples with dimensions 300x100x15mm and mea®nts taken at three different positions werel use
to evaluate the surface roughness.

2.4 Oven dry density

Thirty samples were dried for 24 h at 105 C befmeing tested for density according to (ASTM D 79®2) .
The sample size was approximately 20 x 20 x 10mm.

Air dry density

Thirty defect-free flat sawn boards of each woodcsgs were carefully selected and stored in a tiomdig
room at 20°C and 65% RH. Specimen dimensions wgmt x 100mm x15mm

3. Resultsand Discussion

Table 1 shows macroscopic physical properties effitte wood species. Air-dry and oven-dry densigswhe
highest in Emeri, followed by Sapele, Asanfena, Mgny and Ofram. Emeri also had the roughest srfac
followed by Ofram, Asanfena and Mahogany with Sapleéing the smoothest. From the darkest wood is
Mahogany and the lightest wood is Asanfena, witheErhaving the largest yellowness factor. Coloud an
density measurements are consistent with the fiysdaf Prota (2009).
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Table 1: Mean values of density, colour and surfacghness of five wood species.

Species Oven-dry density| Air-dry density Lightness AL Yellowness Roughness [um]

[g/cnT] [g/cnT] [Ab*]
Asanfena 0.535 (0.05) 0.558 (0.06) -30.84(3.89 281658) 8.75 (2.28)
Emeri 0.600 (0.08) 0.668 (0.09) -33.81 (2.15) 278683) 10.61 (3.37)
Mahogany 0.533(0.11) 0.536 (0.08) -37.0 (4.86) 4212.4) 7.95 (2.23)
Ofram 0.447 (0.03) 0.509 (0.05) -32.27(5.31) 243.62) 9.63 (2.72)
Sapele 0.580.(0.07) 0.597 (0.04) -36.56(2.75) 32R.94) 6.87 (1.79)

Table 2a: Vessel and Fibre mean values.

Species Vessel diameter| No. of vessels Fibre diameter Fibre length Fibre cell wall

[um] [no/mn¥] [um] [mm] thickness [um]
Asanfena 127 (13.73) 7.11 (3.83) 37.91 (9.18) 1(@36) 1351 (2.79)
Emeri 103 (43.85) 3.27 (2.02) 38.73 (8.96) 1.D&26) 15.15 (2.89)
Mahogany 172 (61.49) 1.18 (0.94) 50.25 (16.53) 1(385) 15.03 (3.70)
Ofram 171 (39.98) 1.75 (1.53) 40.88 (11.72) 1(029) 16.31 (4.67)
Sapele 150 (25.32) 2.97 (1.96) 37.43 (11.24) 1T51) 18.50 (4.15)

Table 2b: Fibre and parenchyma cell values
No. of fibres Parenchyma cell No. of parenchyma

Species [no/mnf] length [um] cells [no/mnf]

Asanfena 20.00 (7.16) 110.8 (3.8) 17.33 (7.81)

Emeri 40.20(14.65) 141.8 (11.6) 21.25 (4.0)

Mahogany 31.33 (21.48) 109.8 (12.6) 45.44 (27.96)

Ofram 17.12 (8.13) 117.0 (3.0) 48.50 (16.33)

Sapele 48.18 (22.72) 164.4 (53.2) 26.36 (15.95)

Asanfena had about 7 vessels per’mmaking it the largest amount of vessels folloveydEmeri and Sapele,
which had both around 3 vessels pernamd Ofram and Mahogany, which had on averagerid8l& vessels
per mnf. The values determined for Mahogany and Sapeléoarer than the values cited in literature, where
both species were found to have 5 or more vesselsnpf. It was possible that these species reporteden th
literature may have been extracted under a geompbcation other than Ghana. The ecological dtorts
(soil, moisture, organic matter, temperature atay be different and probably accounted for theatians in
vessel diameters and amounts determined.

The largest vessel diameter was found in the spewith the least amount of vessels in Ofram and ddahy,
followed by Sapele, Asanfena and Emeri. Vessel ditanmand vessel amount seem to be negatively atecel
Sapele hah by far the highest values for fibre tleaand cell wall thickness, but the lowest for éildiameter. In
contrast, Mahogany had the least values for aliesfibre length and cell wall thickness, but thegkst cell
wall diameter. Interestingly, fibre diameter andl e@ll thickness seem to be negatively correlatddwever
some positive correlation could be seen betwean fangth and cell wall thickness.

The proportion of fibres per nfnwvas greatest in Sapele followed by Emeri and Mahggdecreasing sharply
to Ofram. The proportion of fibres per mmwf the species, as well as their correspondingveall thicknesses
values seems to bear some relationship with theitiles (Butterfield and Meylan 1980). Parenchymlaleagth
was longest in Sapele which incidentally had thek#st cell wall through to Mahogany with the lasgébre
diameter.

4. Conclusion

Conclusions drawn from the attempted charactedmratif these five Ghanaian hardwood species commonly
used for the export market, i.e. Asanfena, Emedhbdgany, Ofram and Sapele according to their physicd
anatomical properties are that:

a. all the species were found to be diffuse porewsd with their rays ranging from uniseriate to tizdriate.

b. Asanfena recorded the highest number of vepselmnt and also the least cell wall thickness.

c. the highest number of fibres per mwere seen in Sapele which incidentally also hadgreatest cell wall
thickness and the longest fibre length.

d. the largest vessel diameter was found in theispavith the least amount of vessels in OframMatiogany
e. it was clear that, the proportion of fibres par’ of the species, as well as their correspondintwall
thicknesses values seems to bear some relatiowshiphe densities.

f. that vessel diameter and amount seemed to leively correlated.

g. fibre diameter and cell wall thickness also segho be negatively correlated.
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h. although both Emeri and Ofram belong to the stamly, Ofram had the lowest amount of fibres per?,
but recorded the highest amount of parenchyma walich also reflected in its low density.

i. Sapele was the darkest with the lowest roughness

j- Asanfena was the lightest with Emere havingHigiest roughest surface.

References

Almeida G and Hernandez R. E(2007) Influence ofRbee structure of Wood on Moisture Desorptionighh
Relative humidity. Wood Material Science Enginegyin007; 2: 33-44pp

Anonymous, (2011), The Tropical Timbers of Gharst, Hdition Publishers Ghana Timber Industry Diuisio
21, 27, 49, 69 and 78pp

ASTM D 792, Annual book of ASTM standards. 8.02n€lmohocken, PA: American Soc. Testing Mat.; 2004.

Boateng, K.T., 1992. Prospects of re-introducingniiralia ivorensis A.Chev. into plantations of GhaMSc
thesis, School of Agriculture and Forest Scientésiyversity College of North Wales, Bangor, United
Kingdom. 87 pp.

Butterfield, B. G and Meyland, B. A (1980), Threéni2nsional Structure of Wood"®2Edition. Publishers,
Chapman and Hull 56, 72 pp.

Hall, J.S., Medjibe, V., Berlyn, G.P. & Ashton, P$), 2003. Seedling growth of three co-occurring
Entandrophragma species (Meliaceae) under simuliggd environments: implications for forest
management in central Africa. Forest Ecology anchddgment 179(1/3): 135-144.

Hawthorne W. and Abu-Juam M. (1993). Forest Praiadnh Ghana. ODA Published Report. Kumasi, Ghana:
Forest Inventory and Management Project.

ITTO, (2009), ITTO Market Surveillance Bulletin

Jane, F.W (1970), The Structure of Wood:Exdition A & C Black London 478pp

Opuni-Frimpong, E., 2006. Improving productivitydanonservation of African mahogany: genetic sebegti
propagation and silvicultural management of Hyplsipgobusta (Moore). PhD Forest Science degree
thesis, School of Forest resources and Environrhe3deénce, Michigan Technological University,
Houghton, United States. 177 pp.

Panshin, A. J. & de Zeeuw, C. (1980). Texthook obditechnology(4th ed.). New York: McGraw-Hill.

Phillips, E. W J (1948), Identification of Softwamby their microscopic Structure. Forest Resoubcéietin 22,
1-56pp.

Prota, (2009), www.database.prota.org/search

Siau, C. F (1995), Wood: Influence of moisture dmygical properties. Blacksburg, Virginia Polyteahni
Institute and State University



The I1ISTE is a pioneer in the Open-Access hosting service and academic event
management. The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

There are more than 30 peer-reviewed academic journals hosted under the hosting
platform.

Prospective authors of journals can find the submission instruction on the
following page: http://www.iiste.org/journals/ All the journals articles are available
online to the readers all over the world without financial, legal, or technical barriers
other than those inseparable from gaining access to the internet itself. Paper version
of the journals is also available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e INDEX ({@‘ COPERNICUS

ros I NTERNATIONAL
INFORMATION SERVICES

@ vimsice soumaocs @

£z 8 Elektronische
@O0@ Zeitschriftenbibliothek

open

-

|

o » (..L()R( H()\\\L\I\H{SII\
— UniverseDigitalLibrary —



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/

