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SUMMATIVE ANALYSIS OF MAIN COMPONENTS IN
COMMON HARDWOODS AND SOFTWOODS OF TURKEY

Y.Dog. Dr. Mualla BALABAN D

Abstract

The extractives and structural components of four softwood and three
hardvvood species vvere determined by using the converitional methods of wo-
od chemistry. The acid-soluble and acid insoluble lignin analyses vvere carri-
ed out in vvoods and holocelluloses to calculate the true yields of holocellulose
and lignin in each species. After the yields of holocelluloses have been correc-
ted for the soluble lignin, the sum of holocellulose- and lignin percentages ca-
me up to about 99 for ali vwood samples. Moreover and as expected, the amo-
unts of acid-soluble lignin in hardvvoods vvere higher than those in softvvoods.
In comparison to softvvood holocellulose, the holocellulose of hardvvoods also
contained higher amounts of acid-soluble lignin. From the results can then be
concluded, that the conventiona! delignification vvith acidified NaC102soluti-

on is insufficient to remove lignin, especially, from hardvvoods.

1. INTRODUCTION

Wood vvith its main component cellulose is the vvorld’s chief structural material for pul-
ping. Therefore, especially for producing Chemical pulps, the attention is directed to the high cel-
lulose content of vvoods, thus many countries are so far continuously investigating their vvood spe-

cies for using them effectively in Chemical industry.

In Turkey too, the contents of structural components (cellulose, polyoses and lignin) and
extractives in some important hardvvood and softvvood species have been repoited by several aut-
hors (HAFIZOGLU et al. 1997, BALABAN et al. 1999, TANK 1964, TANK 1978). To prove the
reliability of such data, calculating the sum of main components is often the simple and easy way
to carry out. Usually the holocellulose- and lignin content of the vvoods have to be determined to
characterize the species chemically at first glance. The sum of related data shovvs hovvever, most
often an excess dver hundred percent up to 112 for instance. The reason for the excesy is not to
consider the acid soluble lignin existing in holocellulose in appreciable amounts vvhich leads to
Over estimated holocellulose yields. On the other side the retaining of the lignin in holocellulose
is explained by the presence of Chemical linkages betvveen cellulose, hemicellulose and lignin
(ISOGAI et al. 1989).

1) 1.U. Orman Fakilltesi, Orman Uriinleri Kimyasi ve Teknolojisi Anabilim Dali
Yayin Komisyonuna Sunuldugu Tarih: 01.11.2000
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To more or less extent, the acid soluble lignin also involves lignin in woods. MUSHA et
al. (1974) showed that the amount of acid-soluble lignin wvas increased vvhen the vvood contained
high amount syringyl moiety. The acid-soluble lignin content in hardvvoods wvas approximately 3-
5% and the real lignin amount in these species could be calculated if acid-soluble lignin content is
added to Klason lignin (MAEKAWAet al 1989, KAAR/BRINK 1991).

The aim of the present study is first, to visualize and emphasize the problem related vvith
acid soluble lignin in correct determination of Chemical composition of vvood. Secondly, to over-
come this problem, a standardized method shall be applied on several timber producing hard- and
softvvood species of Turkey and results should be discussed. Abrief description of the species cho-

sen for the experiments is given as follovvs:

Pinus brutia is vvidely distributed on the Mediterranean and Aegean costs of Turkey and
Cyprus and it is used for production of kraft pulp in Dalaman mili, and also the tree is preferenti-
ally tapped to obtain oleoresin in Turkey. Pinus slyvestris is found in the northern part of Anato-
lia. Picea orientalis is the only spruce species grovving naturally in Turkey (YALTIRIK 1988).
Abies equi-trojani is an endemic species and growvs in local districts in Marmara Region. These are
the main softvvood species utilized in building sector and furniture industry. On the other hand, Fa-
gus orientalis is grovvn in Black sea and Marmara Regions of Turkey, and Carpinus betiilus is fo-
und wvith beech, mostly in mixed stands, especially at lovver altitudes as an understory tree (YAL-
TIRIK/EFE 1994). Both species have various uses in furniture and pulping industries. Quercus
rubra (red oak) is an exotic and rapid grovving species.

2. MATERIALS AND METHODS

Samples of hardvvoods [Fagiis orientalis (diameter at breast hight: 35 cm, age: 67), Ouer-
cus rubra (diameter: 60 cm, age:67) Carpinus betitlus (diameter: 20 cm. age:45)] vvere obtained
from Belgrad Forest in istanbul. Samples of softvvoods [Abies equi-trojani (diameter:36 cm age:
48), Picea orientalis (diameter:35 cm, age:67), Pinus slyvestris (diameter: 32 cm, age: 64)] vvere
felled from Black Sea Region of Turkey, and other softvvood [Pinus brutia (diameter: 29 cm, age:
56)] vvas obtained from Cyprus.

Discs vvere cut from bottom, middle and top of each stem and only in case of Q. rubra he-
artvvood and sapvvood vvere separated. The vvood wvas grounded in a Wiley mili, and the product
was screened, the fraction betvveen 40 and 100 mesh wvas used for the Chemical analyses (TAPPI
Tlim-59).

Total extractives vvere determined according to TAPPI T 204 oni-88 Standard procedure in
soxhlet apparatus. Two solvents vvere successively used each time for 4-6 hours as follovvs: the
mixture of ethanol wvith benzene (1:2 v/v) and ethanol. The solubilities in hot vvater and 1% Na-
OH wvvere estimated according to the TAPPI test methods (T 207 om-88 and T 21 om-88).

The often used, conventional method by Wise et al. (1946) vvas chosen to prepare holocel-
lulose and extracted samples vvere delignified wvith acidified sodium chlorite Solutions. The holo-
celluloses vvere treated with 17.5% NaOH solution to estimate alpha-cellulose content (TAPPI T
203).

The pentosan determinations vvere carried out according to the ISO method: The vwood me-
al wvas first boiled wvith 3.2 M HBr solution to convert the pentoses to furfural vvhich then is spect-
rometrically assayed by measuring its absorbance at 277 nm (Shimadzu UV-1601 Spectrophoto-
meter) (BROVVNING 1967).
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After the treatment of material with 72% H2S 04 solution, the insoluble residue was vveig-
hed and so gravimetrically, Klason lignin content in vvoods and holocelluloses was determined.
Ultraviolet spectroscopy has been employed for the determination of acid-soluble lignin (TAPPI
UM 250.). The method comprises the measuring the absorbance of the decantate from the second
stage of the acid-insoluble lignin determination at the wavelength 205 nm (DENCE 1992).

3. RESULTS AND DISCUSSION

The results related the solubilities of hardvvoods and softwoods were given in Table 1. Ge-
nerally the softwood species investigated here exhibit lower amounts of soluble substance than
hardvvoods. A trend of increment in solubility can also be observed with solvents in the following
order; alcohol (second step after alcohol/benzene-extraction), alcohol/benzene, hot water and 1%
NaOH-solution.

Among hardwoods, the sapwood of Q. rithra contains the highest extractable materials
witli organic solvents. Higher levels of hot water and 1% NaOH solubilities also indicate more tan-
nin content in red oak wood.

Table 1 :Solubility characteristics of hardvvoods and softvvoods (based on oven-dry, unexf. wood)
Tablo 1:Yaprakl ve igne Yaprakli Odunlarin Cézinurliik Degerleri (ekst. edilmemis FK)

EtOH-benzene EtOH Hot wvater 1% NaOH

Species (%) (%) (%) (%)
Hardhvoods:

F orientalis 151 0.45 2.34 17.32
C. betulus 2.3 0.5 4.16 20.30
Q. rubra H. 2.96 0.95 4.84 20.81
Q. rubra S. 3.68 1.43 6.24 22.63
Softvvoods:

P. orientalis 1.53 0.19 261 10.45
A.eguitrojani 175 0.17 131 11.43
P. brutia 2.0 0.25 154 11.45
P. slyvestris 11.23 0.17 3.01 20.37

The amount of extractives soluble in alcohol/benzene is conspicuously very high in case
of P. slyvestris. Its wood also dissolves in alkali to much more extent, as much as the hardvvoods.
Alkali solubility of other softwoods is about 11 % and very close to each other. The lowest solu-
bility in alcohol for ali samples has the reason because it was the following step after the alcohol-
benzene extraction.

In Table 2, celi wall components of investigated species were presented. Concerning the
pentosan content of woods, the hornbeam shovvs the highest amount while the percentage of this
substance in beech and oak is quite close. The results of Chemical analysis of beech and hornbe-
am vvoods also confirm the related data reported in the earlier works (TANK 1964, TANK 1978).
Softvvoods contain obviously less and around 8-9 percent pentosan than hardwoods, since arabi-
noxylans is not dominating polyoses in softvvoods.

In Table 2 holocellulose yields in hardvvoods are strikingly high signaling their high resi-
dual lignin content vvheleas those values are lower in softvvoods. In order to check the possible los-
ses of carbohydrates during delignification, the most susceptible polysaccharides i. e. xylanes, we-
re taken into consideration and the pentosan content in hardvvood holocelluloses wvas determined.
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It can be seen easily from the results that either no-, or only negligible losses of pentosan occur-
red during delignification.

It is knovvn that, comparing to softwoods, hardvvoods yield lovver Klason lignin and the re-

lated data in Table are in accordance wvith this fact.

Table 2 :Celi vvall components of hardvvoods and softvroods (based on oven-dry, extracted vvood)
Tablo 2 : Yaprakh ve igne Yaprakli Odunlarinda Asil Bilesenlerin Miktari (eks. edilmis, FK)

Species Lignin Pentosan in wood  Holocellulose Pentosan in Holo a-cellulose
(%) (%) (%) (%) (%)
Hardvvoods:
F. orientalis 23.04 22.15 86.8 22.65 47.86
C. betulus 18.35 27.37 89.67 27.59 46.75
Q. rubra H. 233 22.15 85.2 22.33 50.4
0. rubras. 23.27 22.38 85.28 21.81 50.02
Softvvoods:
P. orientalis 26.08 9.24 81.48 nd 50.55
A.equani 28.49 8.17 79.12 nd 46.6
P. brutia 27.3 9.66 80.96 nd 49.98
P. slyvestris 28.0 7.92 80.57 nd 50.47

nd: not determined

The yields of Klason- and acid-soluble lignin in vvoods and holocelluloses, as wvvell as cal-
culated total lignin vvere given in Table 3.

Table 3 :Klason- and acid-soluble lignins in vvood and holocellulose (based on extracted vvood)
Tablo 3 : Odun ve Holoselulozlarda Klason ve Asitte C6zinir Lignin Degerleri

WQOB HOLOCELLULOSE

Species Klason Acid-soluble Total lignin Klason Acid-soluble Total lignin

(%) (%) (%) (%) (%) (%)
Hardvvoods:
F. orientalis 23.04 3.72 26.76 4.87 8.94 13.81
C. betulus 18.35 5.45 23.8 4.05 9.14 13.19
Q. rubra H. 23.3 3.17 26.47 4.43 8.09 12.52
Q. rubraS. 23.27 3.01 26.28 4.54 7.89 12.43
Softvvoods:
P. orientalis 26.08 0.3 26.38 4.6 5.18 9.78
A.equani 28.49 0.27 28.76 4.67 5.04 9.70
P. brutia 27.3 0.29 27.59 3.94 5.73 9.67
P. slyvestris 28.0 0.29 28.29 4.33 4.87 9.2

The results indicate that the total lignin values in hardvvoods are particularly high due to
high acid-soluble lignin content, vvhereas the total lignin in softvvoods can be considered as prac-
tically acid insoluble. Total lignin contents of three hardvvood samples are almost the same except
C. betulus containing the lovvest amount of Klason lignin. The literatiire survey shovvs that the
amount of soluble lignin in softvvoods is small (0.2 to 0.5%), but in hardvvoods the acid-soluble
lignin content can be approximately 3to 5 % (LAI/SARKANEN 1971). The results in Table 3 are
then in good agreement wvith these values.

Contrarily to the vvoods, amazingly great amount of soluble lignin is present in holocellu-
loses of both hardvvoods and softvvoods. Especially large amounts of total lignin retain in hardvvo-
od holocellulose, thus the dissolved lignin hardly exceeds 50 % of that found in original vvood. In
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softwoods however, the delignification seems to work better, since less total lignin remains in ho-
locellulose. Approximately 65 % of original lignin is removed from softwood.

An additional comparison of soluble lignin contents would also be helpful, to recognize
the degree of changes in lignin structure. In this context, the amount of soluble lignin in holocel-
lulose became increased to threefold in case of hardwood and to twenty fold in softwood. Appa-
rently the softwood lignin is affected more severely by delignifying agents.

On the other side the data in Table 3 indicate, that, if the acid soluble lignin is not consi-
dered in the summative analysis of vvood, it vvould cause errors of up to 9%. The need is also emp-
hasized, that both acid insoluble and acid-soluble lignin should be determined, to obtain true yi-
elds of components, vvhich then vvould sum up close to 100 %.

Klason and acid-soluble lignin in holocelluloses vvere visualized in Figlre 1. The ratio of
acid-soluble lignin to klason is approximately 2 in case of hardvvoods vvhereas this ratio in soft-
vvoods is nearly equal to 1. The higher quantity of acid-soluble lignin in holocelluloses of hardvvo-
ods could originate from the change of siringyl moiety structure during the hydrolysis with 72%
H2S04 (FENGEL/WEGENER 1984). As seen from Figure 1, the sum of acid-soluble and insolub-
le lignin comprises a significant percentage of holocellulose yields.

Figtre 1 : The contents of holocellullose, klason and acid-soluble lignins in holocelloses
Sekil 1 : Holoselulozlarda Klason ve Asitte Cozindr Lignin Miktarlar

s Holocel. SdUblehg QK'M |Ig

By taking the acid soluble lignin in vwwood and holocellulose into account, true contents of
both substances, i.e. lignin and holocellulose, vvere calculated and material balances vvere shovvn
in Table 4.
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Table 4 : Material balances of maim components (al! date are percent of estracted o.d. wood)
Tablo 4 : Asil Bilesenlerin Toplam Degerleri (ekst. edilmis FK)

) Originai Total lignin Corrected Total lignin Total
Species Holocell. Yield in Holocell. Holocel. Yield ©  in wood @ ®+0©
Hardwoodls:

F. orientalis 86.8 13.81 72.99 26.76 99.75
C. betulus 89.67 13.19 76.48 23.8 100.28
Q. rubra - hcart 85.2 12.52 72.68 26.47 99.15
0. rubra - sap 85.28 1243 72.85 26.28 99.13
Softvvoods:

P. orientalis 81.48 9.78 71.7 26.38 98.08
A.egutrojani 79.12 9.70 69.42 28.76 98.18
P. brutia 80.96 9.67 71.28 27.59 98.88
P. sylvestris 80.57 9.2 71.37 28.29 99.66

These results indicate that the corrected holocellulose yields of investigated woods are aro-
und 70 % except for C. betulus, which has high holocellulose level due to its high pentosan con-
tent.

Ideally, ali summative calculations of holocellulose and lignin together should account
100% of the extractive-free, oven-dry weight of the wood. Small deficits are attributed to the los-
ses during delignification as well as inherent errors in applied methods. In wood chemistry the ma-
terial balances of 98-101 % are generally acceptable.

4. CONCLUSIONS

Results presented here indicate that differences in acid-soluble lignin content exist betvve-
en softwoods and hardvvoods as well as their holocelluloses. Considering acid soluble lignin the
true yields of holocelluloses and lignins should be calculated for each sample.

The study demonstrates further that the summative analysis in investigated hardvvoods and
softvvoods results in values of about 99%.



TURKIYE'DE YAYGIN OLARAK BULUNAN YAPRAKLI VE
iGNE YAPRAKLI AGAC ODUNLARI ASIL
BILESENLERININ BiLANCO ANALIZI

Y. Do¢. Dr. Mualla BALABAN

Kisa Ozet

Bu arastirmada 4 igne yaprakli ve 3 yaprakli agac turi kimyasal bilesim
ve ekstraktif madde miktarlari acgisindan incelenmistir. Ayni zamanda, odun
ve holoselulozlarda gergeklestirilen asitte ¢cdzinir ve ¢ozinmeyen lignin ana-
lizleri yardimi ile her bir tirdeki gercek holoseluloz ve lignin miktarlari da
hesaplanmistir. Dlzeltilmis holoseluloz ve lignin miktarlarinin toplanmasi ile
elde edilen toplam verimler (Bilanco Analizi) her bir odun 6rnegi icin yakla-
stk % 99 olarak belirlenmistir. Ayrica, beklenildigi gibi, yaprakh agaclardaki
asitte ¢ozundr lignin miktari igne yapraklilara gore daha yuksek bulunmus-
tur. Benzer sekilde, yaprakli aga¢ holoselulozlarinda, igne yaprakli agac¢ ho-
loselulozlarina gore daha yiksek miktarda asitte ¢ozinir lignin oldugu belir-
lenmistir. Elde edilen verilerden, delignifikasyonun yaprakli agaglardaki lig-
nini uzaklastirmada yeterli olmadigi sonucuna variimistir.

1. GIRIS

Odun, ginimizde hala seliloz hamuru dretiminde kullanilan baslica hammadde olma
ozelligini korumaktadir. Bu nedenle bir ¢ok ilke, 6zellikle kimyasal seliiloz dretimi igin seliiloz
oram ylksek odunlara yonelmekte, kendi odun tiriini kimya endistrisinde daha etkin kullanmak
icin arastirmalara devam etmektedir.

Bugiine kadar llkemizde bir ¢ok yaprakli ve igne yaprakli agacin temel bilesenleri (selii-
loz, lignin, ve polyozlar) ve ekstraktif maddeleri arastirmacilar tarafindan incelenmistir (HAFI-
ZOGLU et al. 1997, BALABAN et al. 1999, TANK 1964, TANK 1978). Bu verilerin dogrulugu-
nu kanitlamak icin cogunlukla ana bilesenlerin toplamini almak en basit ve en kolay yoldur. Ge-
nellikle holoseluloz ve lignin miktarlari kimyasal olarak tirleri karakterize etmek icin belirlenmek
zorundadir. Bu degerlerin toplami ¢ogunlukla yiizde yiiziin tizerine degerler gdstermekte %112’le-
re kadar ¢ikabilmektedir. Bunun nedeni, holoselulozda bulunan 6nemli miktardaki asitte ¢6zinur
ligninin, holoseluloz verimine katkida bulunmasidir. Holoselulozda ligninin kalmasi, selilloz, he-
miseluloz ve lignin arasindaki olasi kimyasal baglarla a¢iklanmaktadir.

Asitte ¢Ozlinir lignin az veya ¢ok oranda hem yaprakli hem de igne yaprakl odununda bu-
lunmaktadir. Odundaki siringil birimleri miktarinin artmasiyla asitte ¢6ztnur lignin miktarinin art-
tigt MUSHA ve arkadaslari (1974) tarafindan belirlenmistir. Yaprakli agaclardaki asitte ¢ozinir
lignin miktar1 yaklasik olarak %3-5 oraninda bulunmakta ve bu turlerde gergek lignin miktari, an-
cak klason lignini ile asitte ¢ézuntr ligninin toplanmasiyla hesaplanabilmektedir (MAEKAWA et
al 1989, KAAR/BRINK 1991).
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Calismanin amaci oncelikle, odunun kimyasal bilesiminin dogru olarak belirlenmesinde
asitte cozunar lignin ile ilgili problemin énemini vurgulamak ve ortaya koymaktir. Daha sonra, bu
problemi ¢c6zmek igin standart hale gelmis bir metodu Tirkiye’deki bir cok yaprakl ve igne yap-
rakli aga¢ odununa uygulamak ve sonuglari tartismaktir.

Arastirmada yaprakli aga¢ olarak Fagiis orientalis, Quierciis rubra ve Carpinus betuls, ig-
ne yaprakli ajac olarak Abies equi-trojani, Picea orientalis, Pinus slyvestris ve Pinus brutia tir-
leri odunlari kullaniimistir.

Odun drneklerinde, alkol-benzen ve alkol ekstraksiyonlari, sicak su ve %1’lik NaOH ¢o6-
zindrlukleri, holoseluloz, pentozan, alfa seliiloz, kalinti lignin ve ¢oztnar lignin analizleri yapil-
mistir.

Yaprakli ve igne yaprakli odunlarina ait ¢éztndrlik analiz sonuglari Tablo |°de verilmis-
tir. Genellikle igne yaprakli odunlarinin yaprakli odunlarina kiyasla daha disik miktarda ekstrak-
tif madde icerdigi belirlenmistir. Yaprakh agaclar arasinda Querciis rubra diri odununun en yik-
sek miktarda ekstraktif maddeye sahip olmasi, 6zellikle sicak su ve %1 NaOH c¢ozinurliiklerinin
fazla olmasi mese odunundaki ylksek tanen miktarinin da bir gostergesidir.

incelenen tiirlerin hiicre geperi bilesenlerinin miktari Tablo 2’de verilmistir. Pentozan mik-
tarlari karstlastirildiginda, mese ve kayin odunlari birbirine olduk¢a yakin sonuglar gosterirken,
glirgen odununun belirgin élgide ylksek pentozan degeri dikkati cekmektedir. Kayin ve giirgen
odunlarinin kimyasal analiz sonuglari, daha dnce baska arastiricilar tarafindan bildirilen degerlere
yakindir (TANK 1964, TANK 1978). igne yaprakli ajaglarda pentozan miktari yaklasik %8-9 ola-
rak belirlenmistir.Yaprakli aga¢ holoseluloz verimleri fazla miktarda kalinti lignin igcermeleri ne-
deniyle, igne yapraklilara gore daha yiksek bulunmustur.

Delignifikasyon sirasindaki karbonhidrat kaybini kontrol etmek igin yaprakli agac holose-
lulozlarinda pentozan analizleri yapilmis ve belli belirsiz bir kaybin oldugu belirlenmistir.

Odun ve holoselulozlardaki Klason (kalinti) ve asitte ¢ozinur lignin analizleri Tablo 3’te
verilmistir. Yaprakli agaclardaki toplam lignin degerleri ¢oztinir lignin analiz sonuglarinin eklen-
mesiyle artis gosterirken, igne yapraklilardaki toplam ligninin pratik acidan asitte ¢6ziinmez oldu-
gu soylenebilir. Literatiir arastirmasi, ¢ézindr ligninin igne yapraklilarda ¢cok az oldugunu (%0.2-
0.5), buna karsilik yapraklilarda oldukga fazla (%3-5) oldugunu gostermistir. Tablo 3°deki verile-
rin literatlr degerleri ile uyum iginde oldugu goriilmektedir.

Holoselulozlardaki ¢dzlntr lignin oranlart hem yaprakli hem de igne yaprakh drneklerin-
de oduna kiyasla oldukca yiiksektir. Ozellikle yaprakli agag holoselulozunda orijinal odundaki lig-
ninin yaklasik %50’si kalmakta, igne yaprakli olmasi durumunda bu oran %35’ diismektedir.

I
Boylece Tablo 3°de de goruldigi gibi eder asitte ¢dzinir lignin miktar: toplam bilango
analizinde hesaba katilmazsa yaklasik %9’luk bir hata ortaya ¢ikmaktadir. Holoselulozlardaki kla-
son ve asitte ¢dzindr lignin degerleri ayrica Sekil 1’de gosterilmistir.

Hem odun hem de holoselulozlar da asitte ¢ozinur lignin degerlerinin hesaba katiimasiy-
la gercek holoseluloz ve lignin degerlerinin toplami yaklasik %100 olarak belirlenmistir. Bu
degerler Tablo 4°de gorulmektedir. Odun kimyasinda genellikle bu oranin %98-101 arasinda ol-
masi kabul gérmektedir.
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Bu calisma ile igne yaprakli ve yaprakli aga¢ odunlari arasinda ¢ézindr lignin agisindan
onemli farklar oldugu, bunun yani sira holoselulozlarda ¢6zinir ligninin oldukcga fazla bulundugu
ortaya konmustur. Standart kosullarda uygulanan delignifikasyon yonteminin 6zellikle yaprakli
agac¢ odunlarindan holoseluloz elde etmede yetersiz kaldi§i agiktir.
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