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EXTRACTIVE SUBSTANCES OF SELECTED SPECIESOF EXOTIC WOODBogusªawa Waliszewska, Iwona Wiaderek,Wªodzimierz Pr¡dzy«skiFaulty of Wood TehnologyPozna« University of Life SienesSYNOPSIS. The study determined the ontent of substanes soluble in an organi solventas well as hot and old water of exoti woods: merbau, wenge, padouk and doussie. Inaddition, harateristis of these substanes in UV and IR were presented.KEY WORDS: exoti wood, soluble substanes, UV, IRINTRODUCTIONVarious speies of imported exoti wood have beome inreasingly popular inPoland in reent years. Exoti wood is a raw material whih derives, primarily,from the tropial zone extending between the tropi of Capriorn and Caner. Fromamong a huge number of tree speies, approximately 140 enjoy wider ommerialpopularity (Kozakiewiz and Szkarªat 2004). Many of them derive from wetequatorial forests whih an be found in three regions of the globe: Central andSouth Ameria, East and Central Afria and Madagasar, as well as South-EasternAsia, on the Pai� islands and in the state of Queensland in Australia.Growing onditions of exoti trees di�er onsiderably in relation to those whihour in Poland. There are only slight temperature di�erenes in the tropial zonelimate whih allow onstant growth dependant on the preipitation ourringon a given area. There are no distint divisions into annual inrements in treesgrowing in rainforests. Most of broad-leaved speies, whih are dominant amongexoti trees, exhibit sattered-vasular struture with large vessels forming a verye�etive system of water transport and that explains why the sapwood area in thesetrees is fairly narrow. A di�erent piture emerges in the wood of trees ourring inthe monsoon forests where onentri rings of annual inrements are quite apparenton the trunk ross setion (Kozakiewiz and Szkarªat 2004).In the ase of wood of exoti trees, due to the wide area of their ourrene, oneof the serious problems is poorly reognised and desribed systematis. That is why



24 B. Waliszewska, I. Wiaderek, W. Pr¡dzy«skimany onfusing names of tree speies growing on the territories of many ountriesinhabited by di�erent ethni groups are frequently oined. It is not unommon to�nd several reognised Latin names for a large number of exoti trees. The mostdiÆult situation ours when several or even several dozen loal and trade namesare used for a single speies.Wood of exoti tree speies is partiularly valuable for its individual and rareaestheti value and physio-hemial properties unmathed by any Polish treespeies allowing muh wider appliation of the exoti wood. It is widely appliedin onstrution and furniture industries, as well as in hemial proessing. Speiesharaterised by onsiderable durability and stability, e.g. iroko, ipe or teak, areused as elements working in hanging environmental onditions suh as bathroomequipment, garden furniture, gates, fenes, ood-gates and port protetion faili-ties. Due to its deorative values, exoti wood is used to manufature veneers andfurniture faings. Some exoti wood speies are employed in very narrow, speial�elds, for example guaiaum is used to manufature bearings, amshafts and ma-rine srew propellers; zapatero { to make ontrol-measuring equipment, housingof apparatuses, whereas light, porous balsa { to make insulation in refrigeratingequipment, oats and ying models (Kozakiewiz and Szkarªat 2004). Manyexoti wood speies are used to produe plywood, while worse quality wood, o�utsand peeling wastes an be utilised as raw material for hipboard prodution.Frequently wood of exoti tree speies ontain various auxiliary substanes inits hemial omposition. Some of them provide these woods with impregnationand protet them against fungi and miroorganisms. These substanes often givewood deorative patterns, e.g. striped struture of the zebrano speies.It is lear from the performed investigations of their physial properties thatexoti wood speies are haraterised by similar, very good mehanial properties.Table 1. Comparison of some physial and mehanial properties of seleted exoti woodspeies (Kozakiewiz 2006 a, b, 2007, Wagenf�uhr 2007) SpeiesSpei�ation Afzelia Millettia Pteroarpusafriana laurentii Instsia sp. soyauxiiDe Wild. Toub.Green wood density [kg/m3℄ 1100-1200 1100-1200 1100-1300 900-1000Wood density in air-dry state [kg/m3℄ 950 860 830 700Longitudinal shrinkage [%℄ { 0.7 0.5 0.45Radial shrinkage [%℄ 2.2-3.0 4.1-5.9 2.1-4.0 2.4-3.6Tangential shrinkage [%℄ 3.6-4.4 8.6-9.4 4.4-7.4 4.1-5.4AIM OF THE RESEARCHThe objetive of the performed investigations was to examine quantities of sub-stanes soluble in organi solvents and water and the harater of these ompoundsfound in the seleted speies of exoti wood.



Extrative substanes of seleted speies of exoti wood 25MATERIAL AND METHODSInvestigations were arried out on exoti wood obtained in the form of sawntimber approximately 80-100 m long, from the \DLH DREWNO" Company. In-vestigations were arried out on the heartwood part of the trunk and, in the aseof padouk wood, also for sapwood, due to its onsiderable proportions, as wellas very high variability in the olour: sapwood { light, heartwood { dark red.The material intended for experiments was seasoned in an air-onditioned fail-ity with the temperature of 20ÆC and then ut and ground in a Pulverisette 15mill and then sieved through sieves with the aim to separate the proper frationof 0.5-1.0 mm. Assays of substanes soluble in hot and old water, as well as in or-gani solvents were arried out in aordane with the methodology reommendedby Tappi (2007, 2008). In addition, analyses of water solutions were arried outin UV light using a SPECORD M40 spetrophotometer, while dry residues whihwere left after the extration with hot water were subjeted to Fourier TransformInfrared Spetrometers (FTIR). The �ltrate was evaporated in an evaporating dishin a water bath. The dry residue was examined. Infrared spetra were ondutedusing KBr (1.5 mg extrat + 200 mg KBr).The desribed investigations were arried out on the following four exoti woodspeies:{ Merbau { Instsia sp. { sawn wood of harateristi \earthy" smell andof orange-brown olour heartwood and white-yellow sapwood. This wood isharaterised by natural high resistane to the e�et of atmospheri fatorsas well as to destrutive ations of fungi and miroorganisms and insets.{ Wenge { Millettia laurentii De Wild. { this wood speies is haraterisedby very narrow sapwood { from 2-4 m wide { and has white-yellow olour.Its heartwood is brown and darkens under the inuene of light and oxygen.{ Padouk { Pteroarpus soyauxii Toub. { a harateristi feature of this woodis its low pH (below 4) whih an hange depending on the moisture ontentand method of drying. The low pH makes this wood diÆult to glue andrequires smaller quantities of hardener (Kozakiewiz and Szkarªat 2004).{ Doussie { Afzelia afriana { this wood is haraterised by whitish sapwoodand pink-brown heartwood. Another harateristi feature of this wood isthe ontent of oil substanes whih makes this wood diÆult to glue (Noga1998).RESULTSThe ontent of extrative substanes is presented in Table 2. In the ase of theexamined speies of exoti trees, the ontent of ompounds soluble in old waterranged from 7.47% in heartwood of the padouk wood to almost two times more,i.e. 13.35% { in the wood of doussie. Wood of the wenge speies ontained 10.23%



26 B. Waliszewska, I. Wiaderek, W. Pr¡dzy«skiTable 2. Quantities of extrative substane [%℄ in seleted speies of exoti woodWood speiesSpei�ation padouk padoukdoussie wenge merbau heartwood sapwoodpart partSubstanes soluble in old water 13.35 10.23 12.58 7.47 8.74Substanes soluble in hot water 19.07 13.07 25.71 11.39 9.77Substanes soluble in mixture 9.54 3.87 9.14 18.51 0.64of alohol : benzene (1:1)of substane extrated by old water and merbau wood { 12.58% of suh sub-stanes. Despite distint di�erenes in the olour of the padouk wood, i.e. verylight sapwood and dark-red heartwood indiating a higher ontent of dyes andresins (Prosi«ski 1984), slightly more old-water-soluble substanes were deter-mined in the sapwood (8.74%, by 1.27% more) than in the heartwood of this woodspeies.The highest level of substanes soluble in hot water { 25.71% was determined inthe merbau wood and the lowest { 9.77% in the sapwood part of the padouk wood.The heartwood part of the latter wood ontained 11.39% of ompounds extratedby hot water. High ontents of substanes soluble in hot water were determinedin doussie wood { 19.07%, whereas the wenge wood was found to ontain 13.07%of these substanes.Very high disrepanies were determined in the ontent of substanes solubleby the alohol:benzene mixture. In the padouk wood alone, the ontent of theseompounds ranged from 0.64% in sapwood to nearly 30 times more, i.e. 18.51%,in the heartwood part. The examined wenge wood ontained 3.87% of substaneextrated by the alohol:benzene mixture, whereas woods of doussie and merbauwere haraterised by similar levels of these ompounds, namely: 9.54% and 9.14%,respetively.The water solutions, after the analysis of substanes soluble in hot and oldwater, were subjeted to the analysis in UV light. The harater of the spetrumof ompounds soluble in hot and old water for the same wood speies followedthe same ourse.Courses of the UV spetra of aqueous solutions of soluble substanes of theexamined exoti wood speies are presented in Figures 1 to 3. It was found thatharateristi inlination of spetra in the form of peaks ourred, in the aseof the doussie wood, at approximately 275 nm wave length whih ould indiatea partially hydrolysing and ondensed harater of tannins (Botha et al. 1978).In the ase of the remaining wood speies: merbau, wenge and padouk a distintpeak in the spetral run ourred at 285 nm wave length; the two inlinations { at�= 250 and 287 nm { visible on the UV spetral run of the padouk wood heartwoodindiate a omplex nature of phenoli substanes ourring in this speies. On theother hand, the gentle run of the spetrum from the softwood part of the padoukwood shows a partially hydrolysing harater of tannins.The shift of the peak in the diretion of long waves indiates the preseneof tannins of ondensed harater.
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28 B. Waliszewska, I. Wiaderek, W. Pr¡dzy«skiDry residue whih remained after substanes soluble in hot water from theexamined exoti wood speies was subjeted to IR light analysis. Courses of thesespetra are presented in Figures 4 to 8. It is visible on the presented spetrogramsthat all speies have a harateristi peak at the wave number of about 3300 m�1.This is a wide, intensive band of valent vibrations of hydroxyl groups partiipatingin intermoleular hydrogen bonds indiating water presene. At the wave numberof about 2950 and 2850 m�1, C-H valent vibrations our. This is typial formethylene and methyl groups. These groups were found to our both in theheartwood and softwood parts of the padouk wood, as well as in doussie wood andsmall quantities in the wenge wood. On the other hand, the ourse in this spetralarea from the merbau wood is very gentle whih may indiate lak of these groupsor their negligible quantities.At the wave number of approximately 1710 m�1, valent vibrations of arbonylgroups our. Runs of spetra without inlinations at this wave number indiatelak of ompounds whih have these funtional groups whih was observed in allthe examined wood speies.A very large number of bands our in the datylosopi region in the rangefrom 1500-500 m�1. The most intensive bands an be found at the following wavenumbers: 1380 m�1, 1270 m�1, 1237 m�1, 1220 m�1, 1115 m�1, 1030 m�1,854 m�1 and 630 m�1. In this region, individual bands are harateristi forwater soluble substanes, among others: tannins, dyes, some arbohydrates, petinset. (Baeza and Freer 2001). In this respet, the spetrum of the heartwood partof the padouk wood appears most diverse (Fig. 7). Muh smaller variability of thesegroups was determined in the sapwood part of the wood of the above speies, aswell as in the wenge wood (Figs. 8 and 5).

304050
607080
90100

304050
607080
90100

Transmittane[%
℄

3500 3000 2500 2000 1500 1000 500

3500 3000 2500 2000 1500 1000 500

Wavenumber [m�1℄Fig. 4. IR spetrum of the dry residue of substanes from the doussie wood soluble inhot water



Extrative substanes of seleted speies of exoti wood 29

304050
607080
90100

304050
607080
90100

Transmittane
[%℄

3500 3000 2500 2000 1500 1000 500

3500 3000 2500 2000 1500 1000 500

Wavenumber [m�1℄Fig. 5. IR spetrum of the dry residue of substanes from the wenge wood soluble in hotwater

304050
607080
90100

304050
607080
90100

Transmittane
[%℄

3500 3000 2500 2000 1500 1000 500

3500 3000 2500 2000 1500 1000 500

Wavenumber [m�1℄Fig. 6. IR spetrum of the dry residue of substanes from the merbau wood soluble inhot water



30 B. Waliszewska, I. Wiaderek, W. Pr¡dzy«ski

304050
607080
90100

304050
607080
90100

Transmittane
[%℄

3500 3000 2500 2000 1500 1000 500

3500 3000 2500 2000 1500 1000 500

Wavenumber [m�1℄Fig. 7. IR spetrum of the dry residue of substanes from the padouk heartwood solublein hot water

304050
607080
90100

304050
607080
90100

Transmittane
[%℄

3500 3000 2500 2000 1500 1000 500

3500 3000 2500 2000 1500 1000 500

Wavenumber [m�1℄Fig. 8. IR spetrum of the dry residue of substanes from the sapwood soluble in hotwater



Extrative substanes of seleted speies of exoti wood 31IR spetra of all the examined wood speies revealed harateristi absorptionbands indiating the presene of aromati C-H bonds (1511 m�1), whereas ab-sorption bands asribed to C-H bending vibrations (1384 m�1) were found inthe ase of padouk and wenge speies. Additionally, the absorption band at the774 m�1 wave number, observed only in the wenge wood speies an indiate thepresene of aromati, bending C-H vibrations whih possess three neighbouringhydrogen atoms.CONCLUSIONS1. The amount of substanes soluble in old water found in the examined exotiwood speies ranged from 7.47% to 13.35% and of those soluble in hot water{ from 9.77% to 25.71%.2. A very high variation, ranging from 3.87% to 18.51%, was determined in theexamined heartwood speies in the ontent of substanes extrated by theapplied mixture of alohol-benzene.3. The shift of the spetrum observed in the UV analysis towards long wavesindiates the presene of tannins of ondensed nature. The spetral inli-nation in the form of peaks harateristi for phenoli ompounds observedin the majority of the examined wood speies ourred at the wave lengthof about 285 nm.4. The performed IR spetra analysis in the area from 1500 m�1 to 500 m�1indiates signi�ant variability and intensity of ourrene of ompoundspassing to the solution of hot water. Detailed identi�ation requires spe-ialised investigations.REFERENCESBaeza J., Freer J. (2001): Chemial haraterization of wood and its omponent. In:Wood and ellulosi hemistry. Ed. D.N.-S. Hon, N. Shiraishi. Marel Dekker, NewYork.Botha J.J., Ferreira D., Roux D.G. (1978): Condensed tannins: diret synthesis,struture and absolute on�guration of four biavonoids from blak wattle bark(`mimosa') extrat. J. Chem. So., Chem. Comm. 16: 700-702.Kozakiewiz P. (2006 a): Merbau { drewno egzotyzne z Azji i Oeanii. Przem. Drzew.9: 21-24.Kozakiewiz P. (2006 b): Padouk afryka«ski { drewno egzotyzne z Afryki. Przem.Drzew. 7-8: 25-28.Kozakiewiz P. (2007): Wenge { drewno egzotyzne z Afryki. Przem. Drzew. 5: 33-36.Kozakiewiz P., Szkarªat D. (2004): Drewno egzotyzne { od pohodzenia po wyko-rzystanie. Przem. Drzew. 1: 25-30.Noga K. (1998): �wiatowe gatunki drewna. Wydawnitwo DTM.



32 B. Waliszewska, I. Wiaderek, W. Pr¡dzy«skiProsi«ski S. (1984): Chemia drewna. PWRiL, Warszawa.Tappi 204 m { 07 { Solvent extratives of wood and pulp. Classial method, 2007.Tappi 207 m { 08 { Water solubility of wood and pulp. Classial method, 2008.Wagenf�uhr R. (2007): Holzatlas. Fahbuhverlag, Leipzig. Reeived in June 2010
Authors' addresses:Dr. Bogusªawa WaliszewskaIwona WiaderekProf. Dr. Wªodzimierz Pr¡dzy«skiInstitute of Chemial Wood TehnologyPozna« University of Life Sienesul. Wojska Polskiego 38/4260-637 Pozna«Polande-mail: bwaliszewska�up.poznan.ple-mail: iwona.w�up.poznan.ple-mail: wpradzynski�up.poznan.pl


