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Abstract: Determination of the structural substances content in the field maple wood (Acer campestre L.) – 
comparison of the classical methods with instrumental. The aim of these studies was comparison the classical 
and instrumental methods for determining of the structural substances content (cellulose, pentosans/xylan and 
lignin) in the field maple wood (Acer campestre L.). Among the instrumental techniques, HPLC and 
spectrophotometric method were used. On the basis of studies it was observed, that the spectrophotometric 
method for determining lignin content gives the most compatible results.� To examine the lignin content, the 
method according to PN-92/P-50092 can be successfully used. In turn, HPLC method gives more reliable results 
for cellulose content determination. In the case of xylan content analysis, the optimization of hydrolysis process 
is necessary. 
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INTRODUCTION 

Wood is a plant material that is chemically consists of three main substances: cellulose, 
hemicelluloses and lignin. The most important representative of hardwood hemicelluloses is 
glucuronoxylan called for simplifying xylan. These three substances are structural. Structural 
substances are the components which form a cell wall. However, nonstructural substances, 
called extractives, fill or saturate the cell wall. It is assumed that the percentage of the 
structural substances in wood is about 95%, the remainder being non-structural substances. 
Structural substances from wood can be used in many different industries. Recently, the idea 
of using cellulose and especially hemicelluloses (mainly xylan) for the production of liquid 
biofuels is very popular [Ragauskas et al. 2006]. The content of structural substances in 
different wood species is not the same and depends on many factors such as age, growth 
conditions of tree or zone sampling. The above-mentioned factors and the chemical 
heterogeneity of wood material cause the problems in precise determinations of the main 
wood structural substances. 

Instrumental methods are increasingly being appreciated. In contrast to the classical 
methods of analysis of the chemical composition of the wood are much less time consuming, 
more ecological, usually are characterized by the much higher accuracy and to analysis a 
small amount of material is sufficient. In addition, an important advantage is the possibility of 
become independent the results from the skills and experience of the operator. These methods 
are not without drawbacks, however, the most important of these is the high cost of 
purchasing the equipment [Krutul et al. 2008]. 

Among the instrumental techniques for many years, HPLC (High Performance Liquid 
Chromatography) and UV-Vis spectrophotometry are widely used in various kinds of 
analyzes. One of the examples is the use of liquid chromatography to analyze the 
monosaccharides produced by hydrolysis of wood. The content of the corresponding 
polysaccharides can be calculated on the basis of monosaccharides content determination. 
Generally, to the hydrolysis of wood concentrated and diluted acids, and more recently 
enzymes are used [Wyman et al. 2005]. In turn, the UV-Vis spectrophotometry is an 
instrumental technique which can be used to lignin content analysis. Among the many 
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methods for determining lignin content in wood, acetyl bromide method is important and 
widely used [Dence 1992]. The most advantage of this method, is obtaining comparable 
results of the lignin content with the classical method according to PN-92/P-50092. However, 
from the classical methods for determining cellulose, the Seifert method is often used. Seifert 
method involves the removal of lignin and hemicelluloses from the wood under the influence 
of  acetylacetone, hydrochloric acid and dioxane mixture [Fengel and Wegener 2003]. On the 
other hand, to determine the content of hemicelluloses (pentosans) distillation method is used. 
In this method, pentoses are formed by the hot hydrochloric acid and in the next step they are 
converted to furfural by dehydration. The furfural, which was created, can be determined by 
titration and then the pentosans content is calculated [Fengel and Wegener 2003]. 

The aim of these studies was comparison the classical and instrumental methods for 
determining of the structural substances content (cellulose, pentosans/xylan and lignin) in the 
field maple wood (Acer campestre L.). The determination of structural substances content in 
the wood is a problem of particular importance for the quality assessment of the raw material 
in the technology of liquid biofuels. 

MATERIALS AND METHODS 
In the studies, wood of about 40 years old field maple (Acer campestre L.) was used. 

The material was taken from the trunk of the butt-end. To determinations of the chemical 
composition by classical methods size reduced wood to sawdust with dimensions 0.43 - 1.02 
mm according to the guidelines described by Krutul [2002] was used. However, in the 
instrumental methods size reduced wood to dust – fraction (less than 0.43 mm) was used. 

At the beginning, before the proper studies, extraction of sawdust and dust in a mixture 
of chloroform and ethanol in a weight ratio of 93:7 [Antczak et al. 2006] was done. In this 
way extractives, which hinder the isolation and determination process of the individual 
substances were eliminated. Before each of analysis wood was dried to constant weight in a 
vacuum drier at 60°C and under pressure 0.4 kPa. In order to obtain the best results each 
determination was repeated at least three times. 

 
Chemical content determination of structural substances by classical methods 
Among the classical chemical analysis in the field maple (Acer campestre L.) wood the 
following determinations were done:  

�cellulose content by Seifert method [PN-92/P-50092, Krutul 2002]; 
�pentosans content by distillation method [Krutul 2002];  
�lignin content according to PN-92/P-50092. 

 
Chemical content determination of structural substances by instrumental methods 
In turn, among the instrumental methods, analysis of saccharides (xylose/xylan; 
glucose/cellulose) and lignin content in the field maple (Acer campestre L.) wood were done. 
The HPLC method was used to saccharides content determination. Whereas, in case of lignin 
analysis the spectrophotometric method was useful.  
 
Analysis of saccharides content – HPLC method 

The hydrolysis process was carried out according to method described in the 
literature [Ka\ik and Solár 1999, Antczak et al. 2012, Sadrak 2012]. The samples (about 
100mg) of extracted wood were placed in conical flasks with a capacity of 50 cm3. Next, 
1cm3 of 72% sulphuric acid was added and the flasks were tightly closed with stopper. In this 
way, prepared wood samples were heated in water bath during 1 hour at 30°C. After this time, 
samples were cooled to room temperature and 28 cm3 of distilled water was added. Then, 
samples were closed again and heated at 120°C in oil bath during 3 hours. After heating, 
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samples were cooled to room temperature, filtered through Schott G3 and filtrate was 
quantitatively transferred to beaker with a volume 250 cm3. Then, 0.5 cm3 0.05M solution of 
sodium azide was added and the filtrate was neutralized with sodium carbonate to pH about 5. 
Finally, the neutralized samples were concentrated in a vacuum evaporator (Büchi company) 
and transferred by using distilled water to volumetric flasks with a capacity of 10 cm3. Before 
the HPLC analysis, hydrolysates were diluted using distilled water in volumetric proportion 
1:1. 

Analysis of monosaccharides content, which were obtained after the wood hydrolysis, 
was carried out on liquid chromatograph (Shimadzu company). The device was equipped with 
the following parts: pump LC-20AD, degasser DGU-20A, oven CTO-20A, differential 
refractive detector RID-10A and module control CBM-20A. The results were elaborated 
using LC Solution v.1.21 SP1 software. Moreover, Genore Cosmosil Sugar-D column was 
used to monosaccharides (xylose and glucose) distribution. HPLC analysis was done in the 
following conditions: 

- eluent: acetonitrile : water (75 : 25)v 
- analysis temperature: 50°C  
- eluent flow: 2cm3/min 
- sample volume: 20^l 

Monosaccharides content in hydrolysates was determined on the basis of calibration 
curves of xylose and glucose standards. For the purposes of this work the earlier elaborated 
calibration curves were used [Antczak et al. 2012, Sadrak 2012]. Equations of xylose and 
glucose calibration curves were as follows:   
  

y=689336x; R2=0,9997 (xylose) 

  y=791397x; R2=0,9995 (glucose) 

Analysis of lignin content – spectrophotometric method  
The spectrophotometric analysis of lignin content was carried out according to method 

described in the literature [Iiyama and Wallis 1988, Hatfielda et al. 1999, Rodrigues et al. 
1999, Micha�uszko 2013]. Weighed samples (about 8mg) were placed in test-tubes which had 
volume 10 cm3. In test-tubes 5 cm3 of 25%w acetyl bromide dissolved in glacial acetic acid 
(CH3COOH) was also placed. Subsequently, to test-tubes 0.2 cm3 of 70% perchloric acid was 
added. In parallel, blank test was prepared, which only consisted of solvent (5 cm3 of 25%w 
acetyl bromide and 0.2 cm3 of 70% perchloric acid). Test-tubes were tightly turned off and 
heated in water bath during 2 hours at 50°C. Samples were shaken every about 10 min. After 
heating, samples and blank test were placed in water solution of calcium chloride, which had 
temperature about -24°C (the solution was stored in refrigerator). Samples were cooled during 
half hour. After cooling every sample was thermostated in room temperature during 10 min. 
In this time flat-bottomed flasks (50 cm3) were prepared to which 5 cm3 of 2M NaOH 
(sodium hydroxide), 10 cm3 of glacial CH3COOH, 1.3 cm3 of thermostated sample (or blank 
test) and 8.7 cm3 of glacial acetic acid were added to volume 25 cm3. In this way prepared 
samples and blank test, before spectroscopic analysis, were thermostated during 5 min. 
Samples solutions relatively to blank test were analyzed by UV-Vis spectroscopy method on 
Shimadzu UV mini 1240 spectrophotometer. Absorbance measurement was done at 280 nm 
in quartz cuvettes.  
 Lignin concentration was calculated on the basis of equation: 
 

l
AbsC
��

�  
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where: 

 C – lignin concentration (mg/ cm3), 
 Abs – absorbance of  tested sample, 
 ` – extinction coefficient (23,6 cm3/(mg×cm)) [Johnson  et al. 1961], 

l – distance, which light overcome in cuvette (1 cm). 
 

On the basis of calculated concentration, percentage content of lignin in studied samples 
was determined. 
 
RESULTS AND DISCUSSION 

By using classical and instrumental methods the content of structural substances in the 
field maple (Acer campestre L.) wood was determined. The results were presented in Table 1. 
 
Tab. 1 The content of structural substances in the field maple (Acer campestre L.) wood, which was determined 
by classical and instrumental methods 

classical methods 

determined substance absolutely dry 
sample weight [g] 

content of 
determined 

substance [%] 
comments 

average content of 
determined 

substance [%] 

1.004 36.55   

1.006 37.38 rejected cellulose - Seifert method 

1.004 36.70   

36.7 ± 0,2 

0.503 13.67 rejected 

0.509 15.67   pentosans - distillation method 

0.504 15.71   

15.7 ± 0,0 

1.004 24.37   

1.005 24.15   
lignin - method according to PN-

92/P-50092 
1.002 24.30   

24.3 ± 0,1 

instrumental methods 

0.1002 43.13 / 38.82   

0.1004 43.21 / 38.89   

0.1009 39.78 / 35.80 rejected 
glucose / cellulose - HPLC method 

0.1001 43.22 / 38.90   

43.2 / 38.9 ± 0,0 

0.1002 15.13 / 13.31   

0.1004 14.87 / 13.09   

0.1009 14.13 / 12.44 rejected 
xylose / xylan - HPLC method 

0.1001 15.20 / 13.37   

15.1 / 13.3 ± 0,2 

0.0083 24.91   

0.0084 24.26   

0.0085 23.48   

0.0084 22.25 rejected 

lignin - spectrophotometric method 

0.0082 25.68   

24.6 ± 0,9 
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Comparing the results showed in Table 1 it can be seen that the best compatibility was 
obtained for the lignin content. According to the classical method, the average content of 
lignin in the field maple wood is 24.3%, while according to the instrumental method 24.6%. 
The results are consistent with the literature data. Fengel and Wegener (2003) report, that the 
content of lignin in maple wood of different species is in the range of 20.7 to 25.3%.  

In turn, the results of polysaccharides content obtained by classical and instrumental 
methods are quite different. The average cellulose content determined by Seifert method in 
the field maple wood is 36.7%. However, the average cellulose content determined by HPLC 
method is about 2% higher and amounts 38.9%. Comparing the results of the cellulose 
content with the literature data, better compatibility was obtained for instrumental methods.�
Pettersen (1984) report that the cellulose content in different species of maple wood is from 
34 to 49%. The lower result of cellulose content isolated by Seifert method probably is due to 
the aggressive conditions of this method. Based on the studies carried out by Dro�d�ek (2011) 
it was shown, that the method causes significant degradation of cellulose, which results in 
receiving lower its contents. Also lower results were obtained for the content of pentosans and 
xylan (15.7 and 13.3% respectively) determined by distillation and HPLC method. In the case 
of pentosans content in the field maple wood determined by classical method the results are 
lower than literature findings. According to Pettersen (1984), the content of pentosans in 
different species of maple wood is from 17 to 26%. However, in the case of xylan, Pettersen 
(1984) states, that its content in different species of maple wood is from 15 to 19%. The 
discrepancy in the obtained results can be caused by too aggressive conditions used in 
distillation and HPLC method. Certainly, for more accurate determining of the xylan content, 
a dilute acid and/or lower the temperature of hydrolysis should be used. Hydrolysis conditions 
used in HPLC method are better for cellulose determination, so in this case the content 
received is more reliable.  
 
SUMMARY AND CONCLUSIONS 

In summary, from among the methods of structural substances content analysis in the 
field maple (Acer campestre L.) wood, the spectrophotometric method for determining 
lignin gives the most compatible results.� To verification of the lignin content results, the 
method according to PN-92/P-50092 can be successfully used. In turn, HPLC method gives 
more reliable results for cellulose content determination. In the case of xylan content 
analysis, the optimization of hydrolysis process is necessary. 

The instrumental methods have an advantage over classical methods, because in 
analysis is sufficient a small amount of material (from a few to several hundred mg), are 
characterized by higher accuracy and the result in a lesser degree depends on the skill and 
experience of the researcher. Additionally, HPLC method gives possibility of qualitatively 
and quantitatively determination of sugars profile, which in the case of classical methods is 
not possible. 
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Streszczenie: Oznaczenie zawarto�ci substancji strukturalnych w drewnie klonu polnego 
(Acer campestre L.) – porównanie metod klasycznych z instrumentalnymi. Celem bada� by�o 
porównanie metod klasycznych z instrumentalnymi pod k
tem oznaczania zawarto�ci 
substancji strukturalnych (celulozy, pentozanów/ksylanu i ligniny) w drewnie klonu polnego 
(Acer campestre L.). Spo�ród technik instrumentalnych zosta�y wykorzystane metoda HPLC i 
spektrofotometryczna. Na podstawie przeprowadzonych bada� zosta�o zaobserwowane, �e 
metoda spektrofotometryczna do oznaczania zawarto�ci ligniny daje najbardziej zgodne 
wyniki. Do weryfikacji zawarto�ci ligniny, mo�na z powodzeniem stosowa� metod	 wg PN-
92/P-50092. Z kolei, odno�nie metody HPLC, bardziej wiarygodne wyniki uzyskano dla 
oznaczania zawarto�ci celulozy. W przypadku analizy zawarto�ci ksylanu konieczna jest 
optymalizacja procesu hydrolizy. 
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